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Welcome to the 12th European Biophysics Congress — 10th
International Conference on Biological Physics

Dear colleagues and friends,

On behalf of the Spanish Society of Biophysics (SBE), the European Biophysics Societies Association (EBSA), and the
Biological Physics Commission (C6) of the International Union of Pure and Applied Physics (IUPAP), it is our pleasure
to welcome you to Madrid for the “12™ European Biophysics Congress — 10™ International Conference on Biological
Physics 2019”. After more than four years of organization and planning, in close interaction with national societies, the
Congress chairs, and EBSA and C6-IUPAP Councils, we are delighted to offer you what we think is a spectacular
scientific program, which combines the most advanced biophysics available today. Your participation will complete an
outstanding level of talks, posters and scientific discussions, under the comfortable conditions of our congress venue, at
the most modern congress infrastructure of the city of Madrid.

For the first time, the biennial EBSA Congress takes place in Madrid 2019 together with the triennial ICBP Conference
organized by IUPAP, to have a Congress with a true worldwide coverage, where biologists, physicists, and bio- and
physical-chemists will have an unprecedented opportunity to exchange their complementary views and building novel
interdisciplinary collaborations. Scientists from 27 European countries are expected, plus a significant participation of
biophysicists from a further 20 countries from Asia, Africa and North and South Americas.

The Scientific Committee of the Congress, together with the Councils of EBSA and IUPAP-C6, selected a fair collection
of topics representative of modern biophysics and proposed an extraordinary selection of plenary speakers, including
two recent Nobel Laureates. All EBSA member societies were also asked for suggestions of chairs and speakers for the
different topics. Once chairs were appointed and confirmed, they explored extensively their domains of expertise to
suggest additional speakers to complete their sessions. Chairs also selected additional oral contributions from over 800
abstracts received, which completed the scientific program that the Congress is now offering.

The Spanish Society of Biophysics (SBE, Sociedad de Biofisica de Espafia) (www.sbe.es) is a very active and young
society, established in 1986 with the main goal of favoring contact among biophysicists working in Spain and among
these and the international Biophysics community. SBE has now almost 500 members, with a fair proportion of middle
career scientists and students, and is strongly connected with other biophysical societies in Europe and North and South
America.

Organizing a Congress today is still suffering from the short availability of funds for science derived from recent years
of economic limitations, and a program like the one of EBSA-IUPAP Madrid 2019 would not be possible without the
generosity of chairs and speakers, who accepted coming to Madrid with limited financial support. EBSA itself, also
supports the congress to enable registration and other costs to be kept under control, and we also acknowledge
complementary support from ITUPAP. We are really thankful to all of them for their positive engagement and their
commitment. We are also very grateful to our sponsors and exhibitors, and to the input of Grupo Pacifico, the company
that has been assisting us with all the operational details, and in particular to Carine Saint-Rose, always available with
a smile.

A large numbers of bursaries (60) were provided by EBSA to students, completed with a few bursaries for Spanish
students awarded by the SBE. The Biophysical Society (USA) funded a fair number of prizes for the best poster
communications, which will be managed by the new BPS Executive Officer, Jennifer Pesanaelli. We thank the members
of the Organizing Committee, especially the fantastic help of Mercedes Echaide in most organizational topics along the
four years of preparation of the Congress. Of particular relevance and support has been always the help and advice
coming from Anthony Watts, a reference inspiring the best performance of EBSA and EBSA activities, including the
Biophysics Summer School preceding the Congress and supported also by the International Union of Pure and Applied
Biophysics (IUPAB). We thank Avanti for sponsoring again the prestigious Avanti/EBSA award for membrane
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biophysics, and to Springer-Nature for the continuous support of these congresses — Springer-Nature publishes the
European Biophysics Journal, the revenues of which support EBSA, and hence this congress.

Enjoying biophysics and enjoying the Congress should not prevent the attendants enjoying also the marvelous streets
and museums of old Madrid downtown during the day as well as its splendid nightlife. Connecting attendance at the
Congress with a few days of vacation in sunny and warm Spain will allow a full exploration of Spanish landscapes,
culture and gastronomy, a must that millions of tourists look for every year. Don’t miss Madrid “tapas”, and do not
forget to continue biophysical discussions around some “cafias” and “vinos” in the city’s old quarter.

We look forward to an exciting time in Madrid, full of science, biophysics and Spanish culture!

Lastly, we hope to see you again at the 13" EBSA Congress in Vienna in 2021!

Juan Manuel R. Parrondo, Co-chair, [IUPAP-C6 Council
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A Welcome Message from the Commission on Biological Physics
(C6) of the International Union of Pure and Applied Physics
(IUPAP)

Dear colleagues,

Welcome to the 10th International Conference on Biological Physics 2019 that is held jointly with the 12" European
Biophysics Congress. Our gathering in Madrid provides, for the first time, an opportunity for participation of scientists
working in the full spectrum of this interdisciplinary field. By joining forces with the European Biophysical Societies
Association (EBSA), we have been able to organize a conference that brings together internationally leading experts in
various areas of biological physics.

TUPAP was founded in 1922 by a group of physicists led by William Bragg who wanted to establish a forum that would
promote international cooperation among physicists, to counter the devastating effects of the 1% World War. The Union
has been successful in helping to secure global agreements and safeguarding free movement of scientists and their
science worldwide. IUPAP started with 13 member states and has grown into a global organization representing 56
member states today. The C6 Commission was formally established in 1990 on the initiative of Kai Siegbahn (the
IUPAP president at the time) and the founding chair Hans Frauenfelder. By recognizing the achievements of Young
Scientists from all countries, [UPAP has formed one of the most inclusive scientific organizations in the world.

I would like to extend to you my warmest greetings, and trust that you will find this unique event in Madrid a memorable

experience.

Ramin Golestanian

Chair of IUPAP C6 Commission on Biological Physics
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Welcome from the President of EBSA

EBSA biennial congresses are now becoming a major activity in the world of Biophysics,
and this, the 12™ congress, is no exception. With participants from over almost 40
countries registered, over 800 poster abstracts and around 140 invited talks, including
(again) two Nobel Laureates, we are indeed looking forward to a spectacular congress. In
line with EBSA tradition, we are delighted to be joining up with a local host Biophysical
Society, in this case the Spanish Biophysical Society (SBE), one of the strongest in
Europe. As with the 11™ EBSA congress in Edinburgh which was jointly with the
International Union of Pure and Applied Biophysics (IUPAB), this time in Madrid, we
join with another international union, the biophysical physics section (C6) of the
International Union of Pure and Applied Physics, (IUPAP). As always, we also very
much appreciate the support of the US-based Biophysical Society for their generous support of bursaries and poster
prizes and welcome to Madrid this year, the new Executive Officer, Jennifer Pesanaelli.

Bringing together all the ingredients for such a major congress, is no trivial task, and EBSA would like to thank Jesus
Pérez-Gil and Juan Manuel R. Parrondo, and the members of the various committees, for driving through the
organization of the congress, and ensuring that the scientific quality reflected in the congress, continues to be of such a
high standard. Juggling geopolitical and gender balance with the programme of speakers, both invited, plenary and
short oral talks, as well as maintaining the highest quality science, can be very daunting, but they have pulled off a
very successful and balanced programme, covering a varied breadth of contemporary biophysics, a traditional
characteristic of EBSA congresses. Additionally, since these congresses move throughout the 4-compass points in
Europe (here we are in the west), each congress has its own local flavour reflecting local traditions and style — Madrid
is a fun and cultured city, and we hope you will find time to appreciate its offerings.

The European Biophysical Societies' Association (EBSA) was formed in 1984 as a non-profit making organisation,
with the objectives (www.ebsa.org) "fo advance and disseminate knowledge of the principles, recent developments
and applications of biophysics, and to foster the exchange of scientific information among European biophysicists and
biophysicists in general".

It is composed of 31 Biophysical Societies in the European area, representing around 4000 — 5000 individuals who are
national society members — these individuals do not pay a fee to EBSA, but their national societies pay a membership
fee of just €2 per member, and the vast majority (95%) of the revenues of EBSA (a UK registered charity) come from
the publishing revenues of the European Biophysics Journal, for which EBSA holds the copyright. EBSA also has an
Associate member, the Iranian Biophysical Society, and has been instrumental in the formation of several new
biophysical societies in Europe.

EBSA is associated with the international organizations International Union for Pure and Applied Biophysics
(IUPAB) and Initiative for Science in Europe (ISE). EBSA maintains close links with Springer-Nature, the publishers
of the European Biophysics Journal. The European Biophysics Journal, owned by EBSA, is free of charge for EBSA
members.

Since the purpose of EBSA is to promote Biophysics in Europe, it supports, both financially and organizationally, the
biennial congresses like this one — the next will be in Vienna in 2021. Also, EBSA offers sponsorships to organisers of
meetings and schools that promote biophysics in Europe, as well as satellite meeting to the congress. Support can
come in the form of grants to the organisers or bursaries to participants. EBSA also offers bursaries to individual
young scientists to participate in the Biophysics Congress — 60 have been awarded this year. Furthermore, new
initiatives have been generated, such as support for working visits or bursaries to attend scientific meetings.
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EBSA is also proud to recognize the achievements of European biophysicists, by awarding two
major prizes, namely the EBSA Young Investigator Award which this year goes to Pere Roca-
Cusachs of the University of Barcelona (UB) and Institute for Bioengineering of Catalonia
(IBEC) for his for contributions to the field of mechanobiology. The Avanti/EBSA award for
membrane biophysics this year goes to Bruno Antonny, group leader at the Institut de
Pharmacologie Moléculaire et Cellulaire, Valbonne-Sophia Antipolis, France, for his work on
membrane biophysics. Both awards carry cash prizes from EBSA and generously from Avanti
Polar Lipids Inc., respectively.

Finally, please do approach any of the committee members if you wish to discuss EBSA related

matters, and discuss ways in which EBSA can fulfil its mandate more effectively. We also warmly welcome
Presidents and Secretaries of the national societies to join us for the “Presidents’ meeting” here in Madrid, and then
also nominated Society voting members and observers to the General Meeting of EBSA.

EBSA — Biophysics for Europe — and the world.
Anthony Watts, President (2017 —2019)

The EBSA Executive Committee at a committee meeting, Venice, January 2018. Members are: (from left to right)
Mauro Dalla Serra, Trento, Italy; André Matagne, Liége, Belgium; José Carrescoa, Madrid, Spain; Laszl6 Matyus,
Debrecen, Hungary; Jacqueline Cherfils, Cachan, France; Helmut Grubmiiller, Géttingen, Germany; Anthony Watts,
Oxford, England; Jesus Pérez-Gil, Madrid, Spain; John Seddon, London, England; Pavol Miskovsky, Kosice,
Slovakia; Ilpo Vattulainen, Helsinki, Finland; Robert Gilbert, Oxford, England. Not present are: Pierre-Emmanuel
Milhiet, Montpellier, France; Tony Wilkinson, York, England. New member from July 2019, Elena Pohl, Vienna,
Austria.
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Satellite Events

BIOLOGICAL AND BIO-INSPIRED MATERIALS: FROM RESPONSIVENESS TO ACTIVITY - 19 JULY, 2019-
MADRID (UAM)

https://sites.google.com/view/bioreact2019

ORGANIZED BY: J.L. Aragones, L R. Arriaga, M. Velez and P. Tarazona

COMPLEX NETWORKS IN THE LIFE SCIENCES - JULY 25, 2019 ALCALA DE HENARES (MADRID, SPAIN)
https://complexnetworksebsa2019.weebly.com

twitter: @CompNetLife2019

ORGANIZED BY: Jacobo Aguirre, Saul Ares

HIGH DENSITY DNA ARRAYS: MODELS, THEORIES AND MULTISCALE SIMULATIONS
https://www.cecam.org/workshop-1769.html

OUT-OF-EQUILIBRIUM SOFT MATTER IN COMPLEX MEDIA
https://www.cecam.org/workshop-1666.html

“PROTEO-LIPID NANOSTRUCTURES: FROM DOMAINS TO DEVICES” 25-27 JULY, 2019, Bilbao, Spain
http://prolin2019.com

ORGANIZED BY: Vadim Frolov (Chair), Anna Shnyrova, David Rodriguez-Larrea, Aitor Hierro and Sergi Padilla-
Parra.
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Congresses of the

INTERNATIONAL UNION FOR PURE

AND APPLIED BIOPHYSICS

1st IUPAB CONGRESS, 1961 STOCKHOLM, SWEDEN

2nd [IUPAB CONGRESS, 1966 VIENNA, AUSTRIA

3rd IUPAB CONGRESS, 1969 CAMBRIDGE, MASS., U.S.A

4th IUPAB CONGRESS, 1972 MOSCOW, U.S.S.R

5th IUPAB CONGRESS, 1975 COPENHAGEN, DENMARK

6th IUPAB CONGRESS, 1978 KYOTO, JAPAN

7th IUPAB CONGRESS, 1981 MEXICO CITY, MEXICO

8th IUPAB CONGRESS, 1984 BRISTOL, UNITED KINGDOM

9th IUPAB CONGRESS, 1987 JERUSALEM, ISRAEL

10th IUPAB CONGRESS, 1990 VANCOUVER, CANADA

11th IUPAB CONGRESS, 1993 BUDAPEST, HUNGARY

12th IUPAB CONGRESS, 1996, AMSTERDAM, THE NETHERLANDS
13th IUPAB CONGRESS, 1999, NEW DELHI, INDIA

14th IUPAB CONGRESS, 2002, BUENOS AIRES, ARGENTINA

15th IUPAB / 5th EBSA / SFB CONGRESS, 2005, MONTPELLIER, FRANCE
16th IUPAB CONGRESS, 2008, LONG BEACH, CALIFORNIA, USA
17th IUPAB CONGRESS, 2011, BEIJING, CHINA

18th IUPAB CONGRESS, 2014, BRISBANE, AUSTRALIA

19th IUPAB / 11th EBSA / CONGRESS, 2017, EDINBURGH, UNITED KINGDOM

20th IUPAB CONGRESS, 2020, Rio de Janeiro, Brazil
(see http://www.iupab.org/ for details)
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Biophysics in Europe

Congresses of the

EUROPEAN BIOPHYSICAL SOCIETIES’ ASSOCIATION
1st EUROPEAN BIOPHYSICS CONGRESS, 1971, BADEN, AUSTRIA

2nd CONGRESS, 1997, ORLEANS, FRANCE

3rd CONGRESS, 2000, MUNICH, GERMANY

4t CONGRESS, 2003, ALICANTE, SPAIN

5t EBSA / 15t IUPAB / SFB CONGRESS, 2005, MONTPELLIER, FRANCE

6t CONGRESS, 2007, LONDON, UNITED KINGDOM

7th CONGRESS, 2009, GENOA, ITALY

8th CONGRESS, 2011, BUDAPEST, HUNGARY

9t CONGRESS, 2013, LISBON, PORTUGAL

10th CONGRESS, 2015, DRESDEN, GERMANY

11t EBSA / 19th IUPAB / CONGRESS, 2017, EDINBURGH, UNITED KINGDOM
12in EBSA- 10th ICBP — [UPAP CONGRESS, July 20-24 2019, MADRID, SPAIN

13th EBSA: Vienna, Austria in the Summer of 2021
(see http://www.ebsa.org/ for details)
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Recipients of EBSA Bursaries

Abraham, Agnes
Baranowski, Marek
Bialobrzewski, Michal
Bucataru, Cezara
Cano-Munoz, Mario
Cetin, Ebru

Correa, Wilmar
Cullell-Dalmau,Marta
David, Melinda

Dietel, Lisa

Dragomir, Isabela
Dudas, Balint

Farcas, Alexandra
Ferreira, Rita
Flores-Romero, Hector
Fuente, Diego
Galimzyanov, Timur
Gehan, Pauline
Golovkova, laroslava
Gutiérrez-Rus, Luis
Herrera Ledn, Claudia
Herrera Ledn, Fabio
lonescu, Sandra
Kondrashov, Oleg
Kozarski,Mateusz
KuzminaNatalia

Liebe, Nils Laurin
Luckner, Madlen
Majaron, Hana
Martinez-Rojas, Vladimir
Marx, Lisa

Matwijczuk, Arkadiusz
Melero-Carrillo, Alejandro
Misuraca, Loreto
Mlynarska-Cieslak, Agnieszka
Moga, Akanksha
Moreno-Pescador, Guillermo
Nunes, Rafael

Nufiez Viadero, Eider
Perzanowska, Olga
Pillai, Visakh

Pinet, Louise

Pinto, Giulia

Robert, Charly
Rodriguez Moraga, Nely
Roig-Merino, Sara
Saeedimasine, Marzieh
Silva, itala Cristine
Talafova, Veronika
Tankovskaia, Svetlana
Tetiana, Mukhina
Tosatto, Laura
Tymchenko, Ekaterina
Uriati, Eleonora
Valenzuela-Gomez, Fernando
Venturini, Valeria
Vignolini, Tiziano

Wang, Weigiang
Zimova, Lucie

Fonin, Alexander

Hungary

Poland

Poland

Romania

Spain

Turkey

Germany

Spain

Romania

Germany

Romania

Hungary

Romania

Portugal

Germany

Spain

Russian Federation
France

France

Spain

France

Finland

United Kingdom
Russian Federation
Poland

Russian Federation
Germany
Germany

Slovenia

Italy

Austria

Poland

United Kingdom
France

Poland

Germany

Denmark

Portugal

Spain

Poland

Ireland

France

Italy

Belgium

France

The Nederlands
Sweden

Portugal

Slovakia

Russian Federation
France

Italy

Russian Federation
Italy

Spain

Spain

Italy

Spain

Czech Republic
Russian Federation
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12th EBSA, 10th ICBP-IUPAP CONGRESS DETAILED PROGRAM

Saturday 20 July
17:30 WELCOME ADDRESS
18:00 PLENARY LECTURE

Harnessing Evolution to create new medicines
Sir Gregory Paul Winter

Sunday 21 July

09:00 PLENARY LECTURE
Eukaryotic organelles: deciphering their interdependency, structure and dynamics with new imaging
technologies

Jennifer Lippincott-Schwartz, USA

10:00-12:45 PROTEIN FOLDING
Chairs: Ana Azuaga, Spain
Jacqueline Cherfils, France

Invited speakers:
10:00 Understanding alpha-synuclein amyloid self-assembly and its associated toxicity
Nunilo Cremades, Spain

10:30 Dodging the crisis of folding proteins with non-trivial topology - new challenges.
Joanna Sulkowska, Powland

11:00-11: 30 COFFEE BREAK

11:30 The structural determinants of the toxicity of misfolded protein oligomers associated with
neurodegenerative diseases
Fabrizio Chiti, Italy

Short Talks:

12:00 Prion soft amyloid core driven self-assembly of globular proteins into bioactive nanofibrils
Weiqiang Wang, Spain

12:15 Unravelling the details of the conformational cycle of the Hsp90 chaperone
Katarzyna Tych, Germany

12:30 Strategically positioned slow codons support protein folding

Michal Perach, Israel

10:00-12:45 DNA ARCHITECTURE AND GENE REGULATION
Chairs: Masaki Sasai, Japan
Helmut Schiessel, Netherlands

Invited speakers:
10:00 DNA release from histones in nucleosome core particles: measurements and models
Lois Pollack, USA

10:30 Gene control with a “twist”: Exploring the dynamic chromatin landscape
Beat Fierz, Switzerland

@ Springer



European Biophysics Journal (2019) 48 (Suppl 1):S1-S264 S15

11:00- 11:30
11:30

Short Talks:
12:00

12:15

12:30

10:00-12:45

COFFEE BREAK
Chromosome organization in living human cells revealed by single nucleosome imaging
Kazuhiro Maeshima, Japan

Non-specific action of polyamines leads to specific changes in structure and function of DNA
Takashi Nishio, Japan

Simulating the binding of Pioneer Transcription Factors to the nucleosome
Jan Huertas, Germany

Dependence of DNA Persistence Length on Tonic Strength and Ion Type
Catherine Tardin, France

BIOPHYSICS OF CYTOSKELETON
Chairs: Marisela Velez, Spain
Andreas Janshoff, Germany

Invited speakers:

10:00

10:30

11:00—-11:30

11:30

Short Talks:
12:00

12:15

12:30

10:00-12:45

Mind the gap: polyampholytes meet the neuronal skeleton
Roy Beck, Israel

Reconstitution of basic mitotic spindles in Cell-like confinement
Marleen Dogterom, the Netherlands
COFFEE BREAK

The spindle is a composite of two permeating polar gels
Jan Brugués, Germany

Structure dissection of a contractile phage tail tube
Birgit Habenstein, France

Ultrafast tracking reveals the function of structural domains of single proteins
Kristyna Holanova, Czech Republic

Nucleotide and Osmolyte Induced Folding of FtsZ from Staphylococcus aureus
Sonia Huecas, Spain

MECHANOBIOLOGY
Chairs: Malgorzata Lekka, Poland
Pere Roca-Cusachs, Spain

Invited speakers:

10:00

10:30

Mechanically and biochemically induced pathways regulating integrin-dependent cell adhesion
Daniel Mueller, Switzerland

Molecular to cellular mechanics at short timescales
Felix Rico, France

11:00- 11:30 COFFEE BREAK

11:30

Short Talks:
12:00

Mechanosensitive actomyosin network dynamics and migration plasticity in 3D environments
Verena Ruprecht, Spain

Activation of human aortic valve interstitial cells by local stiffness in Calcific Aortic Valve
DiseaseLoredana Casalis, Italy
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12:15

12:30
12:45-14:30
14:30

15:15
16:00-16:30
16:30 — 17:00
17:00-19:15

Role of Rab8A and Caveolin-1 in the interplay between cell mechanotransduction and cholesterol
trafficking
Giulio Fulgoni, Spain

The Mechanical Work of Vinculin Binding to Talin Regulates Vinculin Activation
Rafael Tapia Rojo, USA

LUNCH AND POSTER SESSION

PLENARY LECTURE

Shaping Membranes with Proteins and Cytoskeleton: Deciphering Mechanisms with Reconstituted
Systems

Patricia Bassereau, France

AVANTI PRIZE CONFERENCE
Control of organelle dynamics by membrane curvature and lipid unsaturation
Bruno Antonny, France

EBSA YOUNG INVESTIGATOR AWARD
Sensing the matrix: transducing mechanical signals from integrins to the nucleus.
Pere Roca-Cusachs, Spain

COFFEE BREAK

MEMBRANE STRUCTURE AND DYNAMICS
Chairs: Claudia Steinem, Germany
Felix Goni, Spain

Invited speakers:

17:00

17:30

18:00

Short Talks:
18:30

18:45

19:00

Lessons Learned from Complex Mimics of Biological Membranes
Georg Pabst, Austria

Regulating the dynamic interactions between herpes simplex viruses and cell-surface
glycosaminoglycans
Marta Bally, Sweden

IQGAP1 links phosphoinositide signaling to the cytoskeleton and promotes cytoskeletal
reorganization
Arne Gericke, USA

Adsorption kinetics of pulmonary surfactant complexes purified from bronchoalveolar lavages of
porcine lungs and human amniotic fluid
José Carlos Castillo-Sanchez, Spain

Microfluidic platforms for the handling, manipulation, and analysis of model cells
Tom Robinson, Germany

Quantified Efficiency of Membrane Leakage Events Relates to Antimicrobial Selectivity
Maria Hoernke, Germany
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17:00-19:15

CELLULAR PROLIFERATION
Chair: Juan M. R, Parrondo, Spain

Invited speakers:

17:00

17:30

18:00

Short Talks:
18:30

18:45

19:00

17:00-19:15

Dynamics of bacterial swarms and biofilms
Knut Drescher, Germany

Biophysical Concepts Applied to Tumor Progression
Herbert Levine, USA

How molecular forces shape bacterial biofilms
Berenike Maier, Germany

Cell-size regulation induces long-term oscillations in population growth rate
Farshid Jafarpour, USA

Molecular architecture of bacterial amyloids in Bacillus biofilms
Nadia El Mammeri, France

Microviscosity of bacterial biofilm matrix characterized by fluorescence correlation spectroscopy and
single particle tracking
Valentin Dunsing, Germany

NON-EQUILIBRIUM PHYSICS
Chairs: Udo Seifert, Germany
Felix Ritort, Spain

Invited speakers:

17:00

17:30

18:00

Short Talks:

18:30

18:45

19:00

17:00-19:15

How rotating ATP synthases can modulate membrane structure
Ivan Lopez-Montero, Spain

Quantifying and modelling active motion in biological systems
Timo Betz, Germany

Dynamics of nanoparticle and virus uptake at cell membranes
Ulrich Schwarz, Germany

Non-Equilibrium Processes in Proteins Triggered by Light: Excited States Molecular Dynamics
Perspective
Wieslaw Nowak, Poland

1/f noise in ion channels formed by the Classical Swine Fever Virus (CSFV) p7 protein
Antonio Alcaraz, Spain

Biophysical models of mRNA translation applied to ribosome profiling data
Juraj Szavits-Nossan, United Kingdom

TRAFFICKING AND SIGNALLING
Chairs: Ana Garcia-Saez, Germany
Carlo Manzo, Spain

Invited speakers:

17:00

17:30

Systematic superresolution analysis of endocytosis reveals an actin nucleation nano-template that
drives efficient vesicle formation
Jonas Ries, Germany

Shedding new light on the nanoscale organization of GPCR signalling
Davide Calebiro, UK
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18:00 Cryo-EM structural analysis of focal adhesion machinery
Naoko Mizuno, Germany

Short Talks:

18:30 TANGO1 Regulates Membrane Tension to Mediate Collagen Export from the Endoplasmic
Reticulum
Felix Campelo, Spain

18:45 Facile membrane flow and tension equilibration at a presynaptic nerve terminal
Erdem Karatekin, USA

19:00 Allosteric regulation of small GTPases at the surface of membranes
Jacqueline Cherfils, France

Monday 22 July

09:00 PLENARY LECTURE

Overcoming the multiscale simulation challenge for biomolecular systems
Gregory Voth, USA

10:00-12:45 BIOMOLECULAR SIMULATION I
Chairs: Claudio Soares, Portuga
Ilpo Vattulainen, Finland

Invited speakers:

10:00 Deep learning for molecular biophysics
Frank Noe, Germany

10:30 Sculpting cell membranes by protein nanomachines
Andela Saric, UK

11:00 - 11:30 COFFEE BREAK

11:30 Pentameric ligand-gated ion channels: new crystal structures and MD simulations
Marc Delarue, France

Short Talks:

12:00 Automated cryo-EM structure refinement using correlation-driven molecular dynamics
Maxim Igaev, Germany

12:15 AP peptides and f-sheet breakers. A coarse grained molecular dynamics approach using GO-Martini
Aishwarya Dhar, Italy

12:30 Effect of pH on the influenza fusion peptide structure and activity: A constant-pH molecular dynamics

approach
Diana Lousa, Portugal

10:00-12:45 MACROMOLECULAR COMPLEXES
Chairs: Tony Wilkinson, UK
Irene Diaz-Moreno, Spain

Invited speakers:

10:00 Recent insights into the peptide-loading complex machinery
Simon Trowitzch, Germany
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10:30

11:00 - 11:30

11:30

Short Talks:
12:00

12:15

12:30

10:00-12:45

LUBAC and linear ubiquitin chains: novel tools to study immune signalling
Katrin Rittinger, UK

COFFEE BREAK

Analysing cryoEM data quality in the post resolution revolution era: Validity criteria
José M. Carazo, Spain

Histone tails in nucleosome: fuzzy interaction with DNA
Sevastyan Rabdano, Russia

New protein-protein interaction modulators for the therapeutic regulation of synapse dysfunction in
neurodevelopmental disorders and neurodegeneration
Maria Jose Sanchez-Barrena, Spain

Structural characterisation of tissue-derived, disease-associated polymers of alpha-1-antitrypsin using
conformation-selective antibodies and single-particle reconstructions from electron microscopy
images

James Irving, UK

EVOLUTIONARY DYNAMICS
Chairs: Susanna Manrubia, Spain
Liedewij Laan, Netherlands

Invited speakers:

10:00

10:30

11:00- 11:30

11:30

Short Talks:

12:00

12:15

12:30

10:00-12:45

Eco-evolutionary dynamics during Escherichia coli colonization of the mouse gut
Isabel Gordo, Portugal

Evolutionary Biology of Cell Division: Integrating Quantitative Genetics and Cellular Biophysics
Daniel Needelman, USA

COFFEE BREAK

Universal properties of genotype-phenotype maps
Sebastian Ahnert, UK

ScarTrace: CRISPR/Cas9-mediated clonal tracing in zebrafish embryonic development and
regeneration
Anna Alemany, Netherlands

Rare beneficial mutations cannot halt Muller's ratchet in spatial populations
Su-Chan Park, South Korea

Exploring phenotypic variability of bacteria using microfluidic cell traps
Agnes Abraham, Hungary

BIOPHYSICS OF MEMBRANE OXIDATION
Chairs: Manuel Prieto, Portugal
Rosangela Itri, Brazil

Invited speakers:

10:00

10:30

Photosensitized oxidation of lipid membranes: yields and rates of chemical and physical changes
Mauricio da Silva, Brazil

Achievements, challenges and hopes in the biophysical analysis of oxidised (phospho)lipids
Ana Reis, Portugal
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11:00-11:30  COFFEE BREAK

11:30 Oxysterols and Truncated Oxidized Phospholipids in Model Membranes
Martin Hof, Czech Republic
Short Talks:
12:00 Lipids as substrates and dynamic activators: pro-apoptotic lipid peroxidation at the mitochondrial
membrane surface.
Patrick Van Der Wel, Netherlands
12:15 The effect of oxidised cholesterol on model red blood cell membranes
Paul Smith, UK
12:30 Lipid curvature modulates function of mitochondrial membrane proteins

Olga Jovanovic, Austria

12:45-15:00 LUNCH AND POSTER SESSION

13:00-15:00 MEETING OF EBSA Presidents

15:00 PLENARY LECTURE
Cryo-EM to visualize structure and dynamics of complex biological macromolecular assemblies
Eva Nogales, USA

15:45 IUPAP Young Scientist Prize in Biological Physics 2019
Bacterial collective behaviors
Knut Drescher, Germany

16:00 IUPAP Young Scientist Prize in Biological Physics 2018
Thermodynamics of biological active matter
Nikta Fakhari, USA

16:30-19:15 PROTEIN STRUCTURE AND FUNCTION
Chairs: Mark Baldus, Netherlands
Juan Hermoso, Spain

Invited speakers:

16:30 Unraveling the role of SepF in the early actinobacterial divisome
Pedro Alzari, France
17:00 Molecular Basis for the Extra-Mitochondrial Roles of Cytochrome C in Cell Life and Death

Miguel Angel de la Rosa, Spain

17:30- 18:00 COFFEE BREAK

18:00 Atomistic Simulation of Biomolecular Function: Ribosomal Translation and Ligand Binding
Heterogeneity
Helmut Grubmueller, Germany

Short Talks:

18:30 Campylobacter jejuni Tlp3 dCache sensing domain specifically recognises hydrophobic amino acids
Mohammad Firoz Khan, Australia

18:45 Dynamics of intrinsically disordered and unfolded proteins: investigations using neutron spin-echo

spectroscopy
Andreas Stadler, Germany
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19:00

16:30-19:15

Side chain to main chain hydrogen bonds stabilize a polyglutamine helix in the activation domain of a
transcription factor
Albert Escobedo, Spain

GENE NETWORK DYNAMICS AND SIGNALING
Chairs: Marta Ibafiez, Spain
Jan Brugues, Germany

Invited speakers:

16:30

17:00

17:30- 18:00

18:00

Short Talks:
18:30

18:45

19:00

16:30-19:15

Stochastic Turing patterns in the development of a one-dimensional organism
Joel Stavans, Israel

Human time vs. Mouse time: in vitro segmentation clock as a model system
Miki Ebisuya, Spain

COFFEE BREAK

Distinguishing dormant from dead by triggering life in spores
Hyun Youk, Netherlands

A nonequilibrium phase transition theory for the formation of diverse homeostasis and the emergence
of systematic aging in multicellular systems
Yuting Lou, Japan

Post-transcriptional regulation, noise and spatial transcript localization of small RNA-controlled genes
in an Escherichia coli stress response network
Rinat Arbel-Goren, Israel

Modeling cytoneme guidance for Hedgehog signaling
Adrian Aguirre-Tamaral, Spain

NEW FRONTIERS IN BIOIMAGING
Chairs: Silvia Caponi, Italy
Christian Eggelin, Germany

Invited speakers:

16:30

17:00

17:30 — 18:00

18:00

Short Talks:
18:30

18:45

19:00

Faster and gentler optical nanoscopy for brain cell imaging
llaria Testa, Sweden

The mesolens: a new instrument for 3d optical imaging of large biological specimens with sub-cellular
resolution throughout
Gail McConnell, UK

COFFEE BREAK

Brillouin Microscopy for cell and tissue biomechanics
Giuliano Scarcelli, USA

Wavefront shaping for low background, high resolution STED-FCS in three dimensions
Aurélien Barbotin, UK

High density single particle tracking reveals nano- and meso-scale dynamic organization of plasma
membrane receptors in living cells
Nicolas Mateos Estevez, Spain

Photophysics and engineering of transgene labels for optoacoustics
Andre C. Stiel, Germany
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16:30-19:15

CELL MEMBRANE BIOPHYSICS (CPL Symposium)
Chairs: Edgard Koijmann, USA
Gemma Fabries, Spain

Invited speakers:

16:30

17:00

Cholesterol modulation of nicotinic acetylcholine receptor single molecule and nanocluster
trajectories
Francisco Barrantes, Argentina

Morphology of Membrane Contact Sites Contributes to the Regulation of the Phosphatidylinositol
Cycle
Richard Epand, Canada

17:30 — 18: 00 COFFEE BREAK

18:00 Redox lipidomics deciphers phospholipid signals of programmed cell death
Valerian Kagan, USA
Short Talks:
18:30 Linking Structure, Stability and Function in the Anti-Measles Virus Action of Tocopherol-Derivatized
Peptide Nanoparticles (Prize SBfP)
Tiago N. Figueira, Portugal
18:45 Antimicrobial Peptides Impair Bacteria Cell Structure Within Seconds
Enrico F. Semeraro, Austria
19:00 Elucidating the nanoscale architecture of the plasma membrane with super-resolution spectroscopy
Erdinc Sezgin, UK
19:15-20:15 NATIONAL ASSEMBLIES
Tuesday 23 July
09:00 PLENARY LECTURE 6
Titin folding powers muscle contraction
Julio Fernandez, USA
10:00-12:45 MECHANISMS OF MEMBRANE PROTEINS

Chairs: Manuela Pereira, Portugal
Antonio Ferrer, Spain

Invited speakers:

10:00

10:30

11:00-11:30

11:30

Factors affecting lon Permeation through K'-Channels
Carmen Domene, UK

The first human lacking functional TRPV1 channel: Implications on
TRPV1 functions in nociception
Baruk Minke, Israel

COFFEE BREAK

Optoelectrical dynamics of BK channel activation
Teresa Giraldez, Spain
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Short Talks:
12:00

12:15

12:30

10:00-12:45

Structural insight into TRPVS channel function and modulation
Jenny Van Der Wijst, Netherlands

Biophysical insights into membrane fission mediated by ESCRT-III
Vasil Georgiev, Germany

Ion transport, interfacial effects and scaling behavior in protein channels
Vicente Aguilella, Spain

SINGLE MOLECULE BIOPHYSICS
Chairs: Nuno Santos, Portugal
David Rueda, UK

Invited speakers:

10:00

10:30

11:00 - 11:30

11:30

Short Talks:
12:00

12:15

12:30

10:00-12:45

The mechanical stability of proteins regulates their translocation rate into the cell nucleus
Sergi Garcia-Manyes, UK

Mechanosensitive states of the giant muscle protein titin
Miklos Kellermayer, Hungary

COFFE BREAK

Single-molecule live-cell imaging of mRNA life cycle
Maria Carmo-Fonseca, UK

ParB dynamics and the critical role of the C-terminal domain in DNA condensation unveiled by
combined Magnetic Tweezers and TIRF Microscopy
Julene Madariaga-Marcos, Spain

A folding nucleus and minimal ATP binding domain of Hsp70 identified by single-molecule force
spectroscopy
Gabriel Zoldak, Slovakia

Single-molecule dissection of the dihydrofolate reductase reaction revealed multiple conformers
leading to a catalytic product release
Nicole Galenkamp, Netherlands

BIOPHYSICS OF IMMUNE RESPONSE
Chairs: Jean Marie Ruysschaert, Belgium
Mario Castro, Spain

Invited speakers:

10:00

10:30

11:00 - 11:30

11:30

Membrane Sensing and Remodelling during the immune synapse. A spatiotemporal adaptive tale of
lipid packing dynamics and collective assembly
Jorge Bernardino de la Serna, Spain

Mechanosensing via immunoreceptors
Cheng Zhu, USA
COFFEE BREAK

The role of oligomeric scaffolds in inflammatory signal transduction through Toll-like receptors and
MyDS88
Nick Gay, UK
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Short Talks:

12:00 Insights into the Molecular Mechanism of Lipids/Toll-Like Receptors Interaction
Malvina Pizzuto, Spain

12:15 Super-resolution microscopy analysis of molecular interactions between epithelial cells and tissue-
resident T cells in mouse epidermis
Dmitry Ushakov, UK

12:30 Shape matters: Towards a molecular understanding of the innate immune response to microbial lipids

Andra Schromm, Germany

12:45-15:00 LUNCH AND POSTER SESSION

14:00-15:00 INFORMATION SESSION
The European Research Council — Funding for frontier research in Europe
Janne Salo, Research programme officer, European Research Council Executive Agency
Andela Sarié¢, London, Starting grantee
Cait MacPhee, Edinburgh, Advanced Grant panel chair 2018

15:00-16:15 NEW AND NOTABLE
Chairs: Anthony Watts, UK
Maria Garcia-Parajo, Spain

15:00 A molecular mechanism for transthyretin amyloidogenesis
Trevor Forsyth, France

15:25 Cryo-EM of Helical Polymers at Near Atomic Resolution Yields Surprises: From
Microbial Nanowires to Indestructible Pili
Edward H. Egelman, USA

15:50 To spread or not to spread: the mechanosensitive dilemma of T cells
Kheya Senguptaa, France

16:15-19:00 BIOMOLECULAR SIMULATION II
Chairs: Claudio Soares, Portugal
Ilpo Vattulainen, Finland

Invited speakers:

16:15 Advances in Multiscale Simulation of DNA
Modesto Orozco, Spain

16:45 Nanoparticle-bio interactions: the role of interface composition, conformation and softness
Giulia Rossi, Italy

17:15-17:45 COFFEE BREAK

17:45 Lipid regulation of structure, dynamics, energetics, and function of membrane proteins
Emad Tajkhorshid, USA
Short Talks:
18:15 The catalytic mechanism of MB-COMT: new drug design paradigm?
Alex Bunker, Finland
18:30 Combining theoretical and experimental approaches to understand the mechanism of antibiotic

permeation: implications on the fight against bacterial resistance
Carla F. Sousa, Portugal
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18:45

16:15-19:00

Exploring Conformational Transitions and Free Energy Profiles of Proton Coupled oligopeptide
Transport
Mariana Batista, Brazil

LIVE IMAGING AND OPTICAL MICROSCOPY
Chair: Sussane Fenz, Germany

Invited speakers:

16:15

16:45

17:15-17: 45

17:45

Short Talks:

18:15

18:30

18:45

16:15-19:00

Faster and better: taking localisation microscopy into live cells
Susan Cox, UK

A Multi Messenger microscope to paint chromatin in cells
Alberto Diaspro, Italy

COFFEE BREAK

Looking into the nursery of platelets: Imaging of the bone marrow in vivo, in vitro and in silico
Katrin Heinze, Germany

Strong cytoskeleton activity on millisecond timescales upon particle binding revealed by ROCS
microscopy
Felix Jiinger, Germany

Multiplexed single-molecule fluorescence imaging by FRET-PAINT
Nina Deufiner--elfmann, Germany

In vivo single-molecule imaging of DNA gyrase
Ji-Eun Lee, UK

ACTIVE MATTER AND BIOLOGICAL SELF-ORGANIZATION
Chairs: Sriram Ramaswamy, India
Ramin Golestanian, Germany

Invited speakers:

16:15

16:45

17:15-17: 45

17:45

Short Talks:

18:15

18:30

18:45

Active Polymers and Membranes
Gerhard Gompper, Germany

The microtubule/kinesin system: A versatile realization of an active nematic
Francesc Sagues, Spain

COFFEE BREAK

Spontaneous tension cable generation and convergence-extension flows in the gastrulating chick
embryo
Silke Henkes, UK

Design principles for robust self-assembly of multiple biological structures from limited resources
Deb Sankar Banerjee, UK

Active phase separation in mixtures of chemically-interacting particles
Jaime Agudo-Canalejo, UK

Self-organization of ciliary beats in bronchial epithelium
Simon Gsell, France
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16:15- 19:00 IONIC LIQUIDS AND BIOMOLECULES
Chairs: Hans-Joachim Galla, Germany
Pietro Ballone, Ireland

Invited speakers:

16:15 Ionic liquids in bio-systems: from model biomembranes to living cells
Antonio Benedetto, Ireland

16:45 Aqueous Ionic Liquids: Consequences for Biological Stabilities
Jens Smiatek, Germany

17:15 - 17: 45 COFFEE BREAK

17:45 Studying fundamental role of ionic interactions to connect structure and properties of ionic liquids
with biological activity
Valentine Ananikov, Russia

Short Talks:

18:15 Probing the effect of a room temperature ionic liquid on self-assembled structure of phospholipid
membranes
Saheli Mitra, India

18:30 The effect of imidazolium-based ionic liquids on human insulin aggregation/amyloid fibrillization
Viadimir Vanik, Slovakia

18:45 Effect of lonic Liquids on the Mechanoelasticity of Biomembranes: from Model Phospholipid

Bilayers to Living Cells
Pallavi Kumari, Ireland

19:00-20:00 EBSA GENERAL ASSEMBLY

Wednesday 24 July

09:00 PLENARY LECTURE
Nonequilibrium stresses and fluxes: compositional organization at the cell surface and organelle
morphodynamics

Madan Rao, India

10:00-12:45  LIPID AND LIPIDOME
Chairs: John Seddon, UK
Francisco Monroy, Spain

Invited speakers:

10:00 Membrane remodeling by the amyloidogenic peptide IAPP: surface crowing relevance
Manuel Prieto, Portugal

10:30 How the globoside Gb3 partitions in phase-separated membranes
Claudia Steinem, Germany

11:00 - 11: 30 COFFEE BREAK

11:30 Curvature rigidity of asymmetric and differentially stressed membranes
Markus Deserno, USA
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Short Talks:
12:00

12:15

12:30

10:00-12:45

Formation of membrane domains: insight from simulations on different scales
Andreas Heuer, Germany

Monte Carlo and molecular dynamics simulations to explain biomembrane meso-patterning by a
composition-curvature coupling mechanism
Julie Cornet, France

Biophysical properties of 1-deoxyceramides in ordered and disordered bilayers
Felix M Goiii, Spain

BIG DATA IN BIOPHYSICS
Chairs: Remy Monasson, France
Alfonso Valencia, Spain

Invited speakers:

10:00

10:30

A systems approach to understanding the allosteric mechanism of pyruvate kinase M2
Franca Fraternali, UK

Data-driven models of protein sequence landscapes: inference, 3D structure prediction and protein
design
Martin Weigt, France

11:00 — 11: 30 COFFEE BREAK

11:30

Short Talks:
12:00

12:15

12:30

10:00-12:45

Combining imaging and gene expression data in mathematical models for immuno-oncology
Vera Pancaldi, France

Real-time dynamic changes in serum metabolome during the anticancer treatment by means of NMR-
based metabolomics
Lukasz Boguszewicz, Poland

Decrypting interaction fingerprints in protein molecular surfaces
Bruno Correia, Switzerland

Bayesian inference and machine learning approaches to determine protein copy number from
localization microscopy
Carlo Manzo, Spain

LIQUID-LIQUID PHASE SEPARATION IN BIOLOGICAL SYSTEMS
Chairs: Rumiana Dimova, Germany
Mauro della Serra, Italy

Invited speakers:

10:00

10:30

Bacterial division protein phase-separated condensates: biochemical and functional consequences
(Bruker SBE Prize)
German Rivas, Spain

Light controlled cytoplasmic transport to probe cellular organization
Mortiz Kreysing, Germany

11:00 — 11: 30 COFFEE BREAK

11:30

Multivalency of proteins in cellular phase separation
Samuel Safran, Israel

@ Springer



S28 European Biophysics Journal (2019) 48 (Suppl 1):S1-S264

Short Talks:

12:00 General sol to gel transition of liquid-liquid phase separated protein under shear
Yi Shen, UK

12:15 Recapitulation of nucleocytoplasmic transport with phase-separation of engineered protein repeats
Sheung Chun Ng, Germany

12:30 Protein phase transition: from biology towards new dynamic protein

materials
Paolo Arosio, Switzerland

10:00-12:45 INSTRUCT-ERIC: INTEGRATING ACCESS TO BIOPHYSICS AND STRUCTURAL
BIOLOGY IN EUROPE
Chair: Ray Owens, UK

Invited speakers:

10:00 Structure and mechanism of bactericidal mammalian perforin-2, an ancient
agent of innate immunity
Rob Gilbert, UK

10:30 NMR-based hybrid approaches for cellular structural biology
Marc Baldus, Netherlands

11:00 — 11: 30 COFFEE BREAK

11:30 Towards High Throughput cryoEM data acquisition and processing, assuring reproducibility
Jose-Maria Carazo, Spain

Short Talsk:

12:00 Access to structural biology and biophysics technologies through Instruct-ERIC
Naomi Gray, UK

12:15 Crystal structures of bacteriophage receptor binding proteins
Mark J. Van Raaij, Spain

12:30 The Cryo-EM Structure of a Non-toxic Greek Key Oligomer of Alpha Synuclein

Ritobrita Chakraborty, India

12:45-15:00 LUNCH AND POSTER SESSION

14:00-15:00 EBSA EC SECOND MEETING

15:00-17:45 MOLECULAR MOTORS
Chairs: Christoph Schmidt, USA
José Carrascosa, Spain

Invited speakers:

15:00 Cooperative Functions of Molecular Motor Assemblies
Shin'lchi Ishiwata, Japan

15:30 A molecular hurdle race: How does DNA polymerase deal with SSBs stably bound to the template?
Borja Ibarra, Spain

16:00 - 16:30 COFFEE BREAK
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16:30

Short Talks:
17:00

17:15

17:30

15:00-17:45

A ratchet mechanism governs load adaptation by branched actin networks
Peter Bieling, Germany

Kinesin-2 stepping reflects its heteromeric nature
Willi L. Stepp, Germany

Reverse stroke of cardiac myosin revealed by single molecule microscopy is essential for heart
function
Yongtae Hwang, Japan

Artificial Assembly of the Bacterial Flagella Motor on DNA Scaffolds
Sophie Hertel, Australia

TISSUE BIOPHYSICS AND MORPHOGENESIS
Chairs: Francoise Brochard-Wyart, France
Stephan Grill, Germany

Invited speakers:

15:00

15:30

16:00 — 16:30

16:30

Short Talks:
17:00

17:15

17:30

15:00-17:45

Forming, watching and stressing organoids
Pierre Nassoy, France

Physics of epithelial folds and flows
Guillaume Salbreux, UK

COFFEE BREAK

Bacterial colonies as active droplets - from single cells to continuum theory
Vasily Zaburdaev, Germany

Biomimetic emulsions probe the mechanics of tissues
Lea-Laetitia Pontani, France

Mechano-transduction and coordination of epithelial cells during Drosophila morphogenesis
Matthias Hdiring, Germany

A hydraulic instability underlies oocyte size selection in C.elegans
Arghyadip Mukherjee, Germany

EMERGING BREAKTHROUGH MOLECULAR-SCALE BIOPHYSICS METHODOLOGIES
(ARBRE-MOBIEU COST Action)

Chairs: Patrick England, France

Isabel Alves, France

Invited speakers:

15:00

15:30

16:00 — 16:30

16:30

Adventures with dynamic and disordered systems
Perdita Barran, UK

Access to Atomic Resolution Structural Information of Homo-Repeats: The Huntingtin Case
Pau Bernado, France

COFFEE BREAK

Investigating the bacterial translocon at the single molecule level
Peter Hinterdorfer, Austria
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Short Talks:
17:00 Correlative p-Brillouin and p-Raman spectroscopy: emerging tool for simultaneous mechanical and
chemical analysis of cells and tissues
Silvia Caponi, Italy
17:15 Revisiting the structure-function relationship with mass photometry
Philipp Kukura, UK
17:30 Hierarchical micro- and nanostructured surface architectures for label-free spectroscopic and
microscopic protein interrogation
Julia Flesch, Germany
18:00 CLOSING PLENARY LECTURE
MINFLUX Nanoscopy: Superresolution post Nobel
Stefan Hell, Germany
19:00 CLOSING CEREMONY
21:00 CONGRESS DINNER
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Saturday 20" July

Plenary Lecture 1

0-001

Harnessing Evolution to create new medicines

Gregory Winter

Trinity College., Cambridge, UK

Abstract: Antibodies are produced naturally by the immune system in
response to foreign proteins (or antigens) and help protect against infectious
agents such as bacteria and viruses. In many senses, antibodies are nature’s
own pharmaceuticals. Generally, antibodies have a Y-shape, with two arms
and stem. Like the Swiss Army knife, the antibody is a multi-functional tool.
The tips of the antibody arms bind to the virus or bacterium; this alone may
be sufficient to prevent it adhering to or infecting a cell. The antibody stem
can also act as a flag to the immune system, and trigger other cells and
molecules to attack the infectious organism.

Although in nature, antibodies have evolved to attack infectious agents and
toxins, we have learned in the last thirty years how to redesign or evolve
antibodies to attack non-infectious diseases such as cancer and immune
disorders. Such engineered antibodies have transformed the treatment of
these diseases, revolutionising the pharmaceutical industry and generating
products worth more than $70bn per annum.

More recently we have applied the same methods to create small antibody
mimics based on short peptides covalently attached to an organic core. We
believe that these will have some advantages over antibodies, and are
currently evaluating their potential in animal models and early human
clinical trials.

Sunday 21*" July

Plenary Lecture 3

0-003

Shaping Membranes with Proteins and Cytoskeleton: Deciphering
Mechanisms with Reconstituted Systems

P. Bassereau.

Institut Curie.

Cell plasma membranes are highly deformable: they are strongly curved
during cell migration upon the formation of cellular protrusions or during
endo/exocytosis where small buds form and eventually detach. These
membrane-shaping processes always require the interaction with proteins
(for instance BAR-domain proteins with an intrinsically curved shape, or
proteins that insert into the lipid bilayer) and in some cases with the actin
cytoskeleton. Over the years, in vitro reconstituted membrane systems
combined to theoretical models have been instrumental for understanding
how proteins and cytoskeleton shape cellular membranes. T will present
examples from my group that illustrate how with these model membranes
we have deciphered some mechanisms underlying endocytosis as well as the
generation of filopodia.

Monday 22" July

Plenary Lecture 4

0-004

Overcoming the Multiscale Simulation Challenge for Biomolecular
Systems

G. Voth.

The University of Chicago.

Department of Chemistry, James Franck Institute, and Institute for
Biophysical Dynamics, The University of Chicago, Chicago, IL, USA
Advances in theoretical and computational methodology will be presented
that are designed to simulate complex (biomolecular and other soft matter)
systems across multiple length and time scales. The approach provides a
systematic connection between all-atom molecular dynamics, coarse-
grained modeling, and mesoscopic phenomena. At the heart of these
concepts are methods for deriving coarse-grained (CG) models from
molecular structures and their underlying atomic-scale interactions. This
particular aspect of the work has strong connections to the procedure of
renormalization, but in the context of CG models it is developed and
implemented for more heterogeneous systems. An important new
component of our work has also been the concept of the “ultra-coarse-
grained” (UCG) model and its associated computational implementation. In
the UCG approach, the CG sites or “beads” can have internal states, much
like quantum mechanical states. These internal states help to self-
consistently quantify a more complicated set of possible interactions within
and between the CG sites, while still maintaining a high degree of coarse-
graining in the modeling. The presence of the UCG site internal states
greatly expands the possible range of systems amenable to accurate CG
modeling, i.e., quite heterogeneous systems, including complex self-
assembly processes involving large multi-protein complexes. Applications
to experimentally important targets such as cytoskeleton actin filaments and
HIV virions will be given.

Monday 22" July

Plenary Lecture 5

0-005

Cryo-EM to visualize structure and dynamics of complex biological
macromolecular assemblies

E. Nogales.

UC Berkeley.

Cryo-EM to visualize structure and dynamics of complex biological
macromolecular assemblies

Eva Nogales, Avinash Patel and Basil Greber

UC Berkeley

Cryo-EM can be used to investigate complete and fully functional
macromolecular complexes in different functional states, providing a
richness of biological insight. We are using cryo-EM in the study of complex
gene expression machinery acting at the transcription level.

TFIID and TFIIH are large protein complexes required for transcription
initiation by eukaryotic RNA polymerase II (Pol II). A major effort in my
lab during the last twenty years has been to describe the structure and
dynamics of human TFIID, an assembly of over 1 MDa that binds to core
promoter DNA and recruits the rest of the transcription initiation machinery.
TFIID functions as a central hub in the recognition of the core promoter
sequences and neighboring chromatin marks and loads the TATA-box
binding protein onto the DNA. TFIIH, a complex of about 0.5 MDa, enables
transcription bubble opening and promoter clearance by Pol II via its
ATPase and kinase activities, respectively. Methodological advances in
cryo-electron microscopy have led to recent breakthroughs in the
characterization of the structures of both of these complexes. I will present
these recent structural insights and discuss their implications for our
understanding of eukaryotic transcription initiation.
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Tuesday 23" July

Plenary Lecture 6

0-006

Titin folding powers muscle contraction

Julio M Fernandez

Department of Biological Sciences

Columbia University

By combining springs with motors and chemical switches biological systems
can achieve great scales of mechanical power amplification, for example when
jumping or launching a projectile. However, the molecular mechanisms of how
this is achieved remain unknown. The giant muscle protein titin, composed of
hundreds of tandem Ig domains, is a complex elastic protein whose role in
muscle function is still poorly understood. A crucial recent discovery that we
have made is that titin domains do a surprisingly large amount of mechanical
work when they fold against an opposing mechanical force. We have shown
that the amount of mechanical work done by a folding titin Ig domain can be 2-
3 times larger (~120 zJ) than that of the chemically powered motor myosin II;
~38 zJ. Titin molecules store mechanical energy by unfolding and extending
under force. Elastic energy is stored this way by stretching caused by
gravitational pulling during locomotion, inertia, chemical modifications, and
ATP powered sources to name a few. Titin unfolding occurs at varying rates
over a very wide range of forces above >8 pN. By contrast, most of the stored
mechanical energy is delivered back only over a small range of forces where
the folding probability increases from 0 to 1 (< 6 pN) and the folding protein
does large amounts of mechanical work. Thus, protein folding/unfolding is
likely to operate as a mechanical battery where different types of energy
sources are stored, and then converted back into contractile power. Given that
titin is now known to be the third filament of muscle, determining if protein
folding can deliver work quickly enough to match the power output of the
myosin motors, is a central question to be answered. The mechanical power
output of protein folding is a novel concept and thus has never been studied
before. Cryptic cysteine residues are common in the elastic I band region of
titin where they can oxidize to form intra-domain disulfide bonds, limiting the
extensibility of an unfolding Ig domain. Here we use magnetic tweezers force
spectroscopy to study the folding dynamics of a disulphide bonded modular
titin protein operating in the physiological range, with the ability to control the
oxidation state of the protein in real time. We show that the midpoint folding
probability of the parent Ig domain reversibly shifts up from 4.0 pN to 12.8 pN
upon oxidation. In this force range, the folding contraction dominates the
elastic recoil of the protein, delivering stepwise mechanical work which
depends on the oxidation state in an all-or-none manner. For example, the
output power of a folding contraction at 6 pN goes from 0 zZW to 6,000 zZW
upon introduction of the disulfide bond. This large amount of power is
delivered by folding at forces where single molecular motors are typically
stalled. From our observations we predict that during muscle contraction,
activation of myosin II motors by Ca++ leads to a drop in the force experienced
by titin, triggering delivery of mechanical power by titin folding. Thus, it seems
inevitable now that the three filaments of the muscle sarcomere act in concert
to both store and deliver mechanical power, revolutionizing our understanding
of the molecular mechanisms of muscle contraction.

Wednesday 24™ July

Plenary Lecture 7

0-007

Nonequilibrium stresses and fluxes: composition organization at the cell
surface and organelle morphodynamics

M. Rao.

Simons Centre for the Study of Living Machines

National Centre for Biological Sciences — TIFR

Bengaluru 560065, India

Abstract : 1 will discuss two levels of cellular organisation that are
predominantly driven by nonequilibrium stresses and fluxes of material. (a)
The physical organization and dynamics of many signalling molecules at the
cell surface are locally controlled by their coupling to the thin cortical
actomyosin layer, which actively drives local cell membrane composition
and shape. In many cases, this organisation involves a collaboration with
specific lipids on the cell surface. While this active organisation occurs
constitutively, it gets locally amplified by external cues. These studies are
revealing an elaborate mechanism of local composition control. (b) A
defining feature of eukaryotic cells is the appearance of functional
compartmentalisation in the form of membrane-bound organelles. Cellular
compartments, such as the Endosomal or Golgi systems, are subject to
stochastic trafficking that involves active fission and fusion of cargo
vesicles. These exhibit stable structures driven far from equilibrium. I will
discuss our recent attempts to understand the physical basis of
nonequilibrium control of size, shape, spatial position and number of
compartments, with special emphasis to the Golgi system.

Wednesday 24" July

Plenary Lecture 8

0-008

MINFLUX Nanoscopy: Superresolution post Nobel

Stefan W. Hell

Max Planck Institute for Biophysical Chemistry, Gottingen, GER

Max Planck Institute for Medical Research, Heidelberg, GER

The 2014 Nobel Prize in Chemistry was awarded “for the development of
super-resolved fluorescence microscopy”. More than 125 years after Ernst
Abbe’s definition of the supposedly insurmountable diffraction resolution
limit, fluorescence “microscopes crossed the threshold”, as the Nobel poster
put it. The result has been the breathtaking development of far-field optical
super-resolution microscopy or, in short, ‘nanoscopy‘ as an entire field over
the past years.

A fresh look at the foundations [1] shows that an in-depth description of the
basic principles of nanoscopy spawns new powerful concepts such as
MINFIELD [2], MINFLUX [3] and DyMIN [4]. Although they differ in
some aspects, these concepts harness a local intensity minimum (of a
doughnut or a standing wave) for determining the coordinate of the
fluorophore(s) to be registered. Most strikingly, by using an intensity
minimum of the excitation light to establish the fluorophore position,
MINFLUX nanoscopy has obtained the ultimate (super)resolution: the size
of a molecule [3]. The talk will highlight recent developments.

[1] Hell, S.W. Far-Field Optical Nanoscopy. Science 316, 1153-1158
(2007).

[2] Gottfert, F., Pleiner, T., Heine, J., Westphal, V., Gorlich, D., Sahl,
S.J., Hell, S.W.

Strong signal increase in STED fluorescence microscopy by imaging
regions of subdiffraction extent. PNAS 114, 2125-2130 (2017).

[3] Balzarotti, F., Eilers, Y., Gwosch, K. C., Gynna, A. H., Westphal,
V., Stefani, F. D., EIf, J., Hell, S.W. Nanometer resolution imaging and
tracking of fluorescent molecules with minimal photon fluxes. Science 355,
606-612 (2017).

[4] Heine, J., Reuss, M., Harke, B., D’Este, E., Sahl, S.J., Hell, S.W.
Adaptive-illumination STED nanoscopy. PNAS 114, 9797-9802 (2017).
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0-009

Understanding alpha-synuclein
associated toxicity

Nunilo Cremades

Institute of Biocomputation and Physics of Complex Systems (BIFI), Joint
Unit BIFI-Institute of Physical Chemistry “Rocasolano” (CSIC), University
of Zaragoza, 50018 Zaragoza, Spain.

Many neurodegenerative disorders are characterised by the conformational
change of normally soluble proteins or peptides into pathological
conformers by a process of misfolding and self-assembly that leads to the
formation of amyloid aggregates. Our recent studies on alpha-synuclein, the
protein whose aggregation and deposition is associated with a number of
neurodegenerative diseases collectively referred to as synucleinopathies,
including Parkinson’s disease, support the idea that multiple aggregated
species can be generated through diverse misfolding pathways during the
process of amyloid aggregation of a given polypeptide, which possess
different degrees of neuronal toxicity and infectivity [1,2]. We are
elucidating some of the different mechanisms that lead to alpha-synuclein
self-assembly and the formation of structurally different amyloid
polymorphs, some of which could be involved in distinct pathologies and/or
stages of the development of a particular disease, i.e. in the initial induction
of neurotoxicity or in the propagation of pathology [3]. In addition, we have
been able to trap and isolate some intermediate oligomeric species with
significant biological relevance and determine the structural basis of their
toxicity [4], which can help us to develop rational strategies based on
amyloid toxicity for the early detection and treatment of synucleinopathies
[5].

References

[1] Cremades N., et al. (2012). Direct observation of the interconversion of
normal and toxic forms of alpha-synuclein. Cell 149, 1048-1059.

[2] Chen S.W., et al. (2015). Structural characterization of toxic oligomers
that are kinetically trapped during alpha-synuclein fibril formation. Proc.
Natl. Acad. Sci USA. 112, E1994-E2003.

[3] Cremades N. and Dobson C.M. (2018). The contribution of biophysics
and structural studies of protein self-assembly to the design of therapeutic
strategies for amyloid diseases. Neurobiol. Dis. 109, 178-190.

[4] Fusco G., et al. (2017). Structural basis of membrane disruption and
cellular toxicity by alpha-synuclein oligomers. Science 358, 1440-1443.

[5] Perni M., et al. (2017). A natural product inhibits the initiation of alpha-
synuclein aggregation and suppresses its toxicity. Proc. Natl. Acad. Sci
USA. 114, E1009-E1017.

amyloid self-assembly and its

0-010
Dodging the crisis of folding proteins with non-trivial topology - new
challenges

J. Sulkowska Ida.
University of Warsaw.
The mechanism of folding of deeply knotted proteins into their native
structure is still not understood [1,2]. Current thinking about protein folding
is dominated by the Anfinsen dogma stating that the structure of the folded
proteins is uniquely dictated by the amino acid sequence of a given protein
and that the folding is driven uniquely by the energy gained from
interactions between amino acids that contact each other in the native
structure of the protein. The role of ribosomes in protein folding was only
seen as permitting the folding to progress from the N-terminal part of
nascent protein chains. We propose here that ribosomes can participate
actively in the folding of knotted proteins by actively threading nascent
chains emerging from the ribosome exit channels through loops formed by
a synthesized earlier portion of the same protein. Our simulations of folding
of the protein with the deepest knot — Tp0624 [3] positively verify the
proposed ribosome-driven active threading mechanism leading to the
formation of deeply knotted proteins [4].

Suggested mechanism can be see here
https://www.youtube.com/watch?v=wuUctgrQOPA
[1] KnotProt: a database of proteins with knots and slipknots, M Jamroz, W
Niemyska, EJ Rawdon, A Stasiak, KC Millett, P Sutkowski, JI Sulkowska,
Nucleic Acids Res. (2014), 43: D306-D314.
[2] Dodging the crisis of folding proteins with knots, JI Sulkowska, P
Sutkowski, JN Onuchic PNAS (2009) 106, 3119-3124
[3] Proteins’ knotty problems, AI Jarmolinska, AP Perlinska, R Runkel, B
Trefz, P Virnau, JI Sulkowska, Journal of Molecular Biology (2018) 431, 2
[4] Protein Knotting by Active Threading of Nascent Polypeptide Chain
Exiting From the Ribosome Exit Channel P Dabrowski-Tumanski, M Piejko,
S Niewieczerzal, S Stasiak, JI Sulkowska The Journal of Physical Chemistry
B (2018) 122,49, 11616-11625

0-011

The structural determinants of the toxicity of misfolded protein oligomers
associated with neurodegenerative diseases

F. Chiti.

University of Florence, Italy.

The structural determinants of the toxicity of misfolded protein
oligomers associated with neurodegenerative diseases

Fabrizio Chiti'

! Department of Experimental and Clinical Biomedical Sciences “Mario
Serio”, Section of Biochemistry, University of Florence, Italy.

e-mail: fabrizio.chiti@unifi.it

Misfolded protein oligomers are thought to be the pathogenic species in
protein deposition diseases. However, the morphological, structural and
dynamic characteristics of these species causing cell toxicity are not entirely
understood. We will show the characteristics of three pairs of toxic and
nontoxic oligomers formed by A4, the peptide associated with
Alzheimer’s disease, a-synuclein, the protein associated with Parkinson’s
disease, and the model protein HypF-N.

Using a number of biophysical techniques, such as far-UV circular
dichroism spectroscopy, Fourier-transform infrared spectroscopy, ANS, and
ThT fluorescence assays, site-directed dye labelling, atomic force
microscopy, etc. we will show the morphological characteristics, size,
degree of solvent-exposed hydrophobic groups and secondary structure
content of the six oligomeric species. In addition, using cell toxicity assays,
such as the MTT reduction assay, intracellular Ca** and ROS measurements,
calcein release measurements, the caspase-3 activity assay, etc. we will
show the toxicity of the various species to cultured neuronal cells and
primary neurons.

In each of the three pairs, the species found to be toxic have the same size,
but a higher solvent-exposed hydrophobicity, relative to the biologically
inert species. Using the model protein HypF-N, the toxic species can be
converted into nontoxic ones by clustering them into larger assemblies in
the presence of chaperones. By contrast, the toxicity of the oligomers was
not found to be correlated with their B-sheet structure content.

The analysis of the three pairs of toxic and nontoxic oligomers of ABa, o-
synuclein and HypF-N indicate that (i) oligomer toxicity correlates
positively with the surface hydrophobicity of the oligomers, (ii) negatively
with their size and (iii) indicate that a $-sheet architecture in the oligomers
is not a structural determinant of their toxicity, despite common
assumptions.

0-012 (P-001)

Prion soft amyloid core driven self-assembly of globular proteins into
bioactive nanofibrils

W. Wang', S. Navarro?, M. Bafio-Polo?, S. A. Esperante?, S. Ventura?,
"Universidad autonoma de Barcelona, Cerdanyola del Valles, Spain;
2Universidad Autonoma de Barcelona, Cerdanyola del Valles, Spain.
Amyloids have been exploited to build up amazing bioactive materials. In
most cases, short synthetic peptides constitute the functional components of
such materials. The controlled assembly of globular proteins into active
amyloid nanofibrils is still challenging, because the formation of amyloids
implies a conformational conversion towards a -sheet-rich structure, with
a concomitant loss of the native fold and the inactivation of the protein.
There is, however, a remarkable exception to this rule: the yeast prions.
They are singular proteins able to switch between a soluble and an amyloid
state. In both states, the structure of their globular domains remains
essentially intact. The transit between these two conformations is encoded
in prion domains (PrDs): long and disordered sequences to which the active
globular domains are appended. PrDs are much larger than typical self-
assembling peptides. This seriously limits their use for nanotechnological
applications. We have recently shown that these domains contain soft
amyloid cores (SACs) that suffice to nucleate their self-assembly reaction.
Here we genetically fused a model SAC with different globular proteins. We
demonstrate that this very short sequence act as minimalist PrDs, driving
the selective and slow assembly of the initially soluble fusions into amyloid
fibrils in which the globular proteins keep their native structure and display
high activity. Overall, we provide here a novel, modular and straightforward
strategy to build up active protein-based nanomaterials at a preparative
scale.
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0-013 (P-002)

Unravelling the details of the conformational cycle of the Hsp90 chaperone
K. Tych!, M. Jahn!, H. Girstmair!, T. Hugel?, J. Buchner', M. Rief".
'Technical University of Munich, Munich, Germany; 2University of
Freiburg, Freiburg, Germany.

The molecular chaperone, heat shock protein 90 (Hsp90), is a large, dimeric
ATP-driven molecular machine. It is essential in eukaryotes and is known
to function as a part of many complexes. These complexes are involved,
amongst other things, in the regulation of cell division and signalling [1].
As such, Hsp90 has emerged as an important target for the development of
cancer therapeutics [2].

Despite the importance of this fascinating molecular machine, the exact
mechanisms by which Hsp90 undergoes conformational changes, the roles
of nucleotides, different domain orientations and how these influence the
function of the chaperone in complex with its co-chaperones are mostly
unknown.

Using a custom-built single molecule optical trapping experimental setup,
we have so far elucidated the mechanism by which this large protein folds
[3], characterised the role of its flexible charged linker region [4], performed
a detailed comparison of Hsp90 orthologues [5] and uncovered the role of
nucleotide binding in the stability of the dimeric interface of Hsp90 [6].
Current research efforts are building on these findings to study the effect of
co-chaperones on the conformational cycle and single molecule mechanics
of Hsp90.

[1] A. J. McClellan, et al. Cell 131, 121-135, (2007).

[2] 7. S. Isaacs, et al. Cancer cell 3, 213-217, (2003).

[3] M. Jahn, et al. Proc. Nat. Acad. Sci. 113, 1232-1237, (2016).

[4] M. Jahn, et al. Proc. Nat. Acad. Sci. 111, 17881-17886, (2014).

[5] M. Jahn and K. Tych, et al. Structure 26(1), 96-105 (2018)

[6] K. Tych, et al. J. Phys. Chem. B 112(49), 11373-11380 (2018)

0-014 (P-003)

Strategically positioned slow codons support protein folding

M. Perach!, Z. Zafrir?, T. Tuller?, O. Lewinson®.

'The Department of Biochemistry, The Faculty of Medicine, The Technion
- Israel Institute of Technology, Haifa, Israel; 2The Department of
Biomedical Engineering, Tel Aviv University, Tel Aviv, Israel; *The
Department of Biochemistry, The Faculty of Medicine, The Technion -
Israel Institute of Technology, Tel Aviv, Israel.

The genetic code is redundant, where several alternative codons code for a
single amino acid. Synonymous codons are translated at different rates by
the ribosome, with some codons considered to be “fast-translating” and
others to be “slow- translating”. Since many proteins fold co-
translationally, synonymous codon usage, and the resulting translation
speed, was suggested to influence nascent chain folding. A proposed
underlying mechanism suggests that pausing between the translation of
independently-folding units supports their correct folding. The importance
of codon usage to protein folding and function was shown for a few
individual cases, but a clear and general understanding of the phenomenon
is still missing. In this work, we aim to identify conserved regions of slow
codons that are important for correct protein folding and function.

To this end, we analyzed 1,115 orthologue protein groups from E. coli and
B. subtilis to identify slow codon stretches that appear to be important for a
specific 3-D protein fold. Based on this analysis, we selected several
proteins for experimental validation. We generated a modified version of
each gene in which the slow codon stretch was replaced with a synonymous
fast one. We compared the modified version to the wild type one in a set of
experiments checking expression, solubility and function. Preliminary
results show that in several cases, especially in oligomeric proteins,
strategically positioned slow codons are important for protein stability and
function, suggesting that biased codon usage is a general mechanism that
assists correct protein folding.

Sunday 21°" July

DNA ARCHITECTURE AND GENE REGULATION

0-015

DNA release from histones in nucleosome core particles: measurements
and models

L. Pollack.

Cornell University.

For efficient storage, DNA is tightly packaged in nucleosome core particles
(NCPs). However, it must also be readily accessible for processing. My
group is interested in understanding how DNA release from NCPs is
affected by factors including histone variants, DNA sequence variation or
the action of partner molecules, such as remodelers or chaperones. We
apply new methods to detect the dynamic global structure(s) of the DNA in
the presence of protein partners. Contrast variation small angle x-ray
scattering is an ideal probe of the conformation of the nucleic acid
component of a protein-nucleic acid complex and can be implemented in
either static or time-resolved studies. Our first studies probed the
equilibrium and time dependent conformations of DNA in NCPs as a
function of increasing salt, which facilitates release. We applied an
ensemble optimization method to identify plausible structural ensembles
present under each different solution condition or at different times during
a time-resolved release experiment. At first, our studies employed the
tightly positioning Widom 601 DNA sequence and canonical histones.
Recently this work has expanded to account for DNA sequence, histone
variants, and the addition of chaperones, such as the Chd-1 remodeler.

0-016

Gene control with a “twist”: Exploring the dynamic chromatin
landscape Gene control with a “twist”: Exploring the dynamic
chromatin landscape

B. Fierz.

EPFL.

The dynamic organization of the eukaryotic genome into chromatin is
integral to genome regulation. Chromatin structure and dynamics,
modulated by histone post-translational modifications (PTMs) as well as
architectural proteins, dictate DNA access for transcription factors and the
gene expression machinery. While of key importance, the detailed
mechanisms of DNA access regulation by chromatin dynamics are however
still poorly understood.

We dissect chromatin signaling on the single-molecules scale, combining
chemical biology approaches and mechanistic biophysics. We recently
developed a single-molecule FRET (smFRET) approach to directly observe
the dynamic architecture of chemically defined chromatin fibers. We find
that local chromatin organization is based on tetranucleosome units, which
undergo structural fluctuations on the micro- to millisecond timescale.
These dynamics are regulated by histone PTMs and linked to function.
Indeed, internal chromatin dynamics are exploited by transcription factors
(TF) to invade chromatin structure. Employing single-molecule
fluorescence imaging we could observe how a yeast pioneer TF, Rapl, binds
its target promoter in compact chromatin. Importantly, we show that Rap1
binding opens chromatin fiber structure by inhibiting nucleosome-
nucleosome contacts. Finally, we reveal that Rapl collaborates with the
chromatin remodeler RSC to shift promoter nucleosomes, paving the way to
form long-lived bound states on now exposed DNA.

In summary, our results provide a mechanistic view of how a pioneer TF
gains access and opens chromatin, thereby establishing an active promoter
architecture and controlling gene expression.
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0-017

Chromosome organization in living human cells revealed by single
nucleosome imaging

K. Maeshima.

National Institute of Genetics.

Chromatin organization and dynamics play a critical role in gene
transcription. However, how they interplay remains unclear. To approach
this issue, the single-nucleosome imaging is a powerful technique because
local chromatin motion reflects chromatin organization in living cells (1).
Using the imaging technique, we investigated genome-wide chromatin
behavior under various transcriptional conditions in living human cells.
While transcription by RNA polymerase II (RNAPII) is generally thought
to need more open and dynamic chromatin, surprisingly, we found that
active RNAPII globally constrains chromatin movements. RNAPII
inhibition or RNAPII rapid depletion by AID system released the chromatin
constraints and increased chromatin dynamics. Perturbation experiments of
P-TEFb clusters, which are associated with active RNAPII, had similar
results. On the other hand, treatment of RNA polymerase I inhibitor or
splicing inhibitor did not have significant effect on the chromatin dynamics.
Furthermore, chromatin mobility also increased in resting GO cells and UV-
irradiated cells, which are transcriptionally less active. Our results
demonstrated that chromatin is globally stabilized by loose connections
through active RNAPII, which is compatible with models of classical
transcription factories or liquid droplet formation of transcription-related
factors. Together with our computational modeling, we propose the
existence of loose chromatin domain networks for various intra-
/interchromosomal contacts via active RNAPII clusters/droplets (2).
References:

Nozaki, T. et al. (2017) Dynamic organization of chromatin domains
revealed by super-resolution live-cell imaging. Molecular Cell. 67, 282-293.
Nagashima, R. et al. (2019) Single nucleosome imaging reveals loose
genome chromatin networks via active RNA polymerase II. Journal of Cell
Biology.

doi: 10.1083/jcb.201811090

0-018 (P-037)

Non-specific action of polyamines leads to specific changes in structure
and function of DNA

T. Nishio', Y. Yoshikawa', N. Umezawa?, C.Y. Shew?’, K. Yoshikawa'.
"Doshisha University, Kyoto, Japan; Nagoya City University, Nagoya,
Japan; *NewYork City University, NewYork, United States.

Polyamines are found in all living organisms, where they are involved in
many cellular processes including cell growth and proliferation. The most
commonly occurring natural polyamines are putrescine, spermidine and
spermine, and they exhibit linear-chain skeleton. In addition to these
common polyamines, hyperthermophiles require long and branched-chain
polyamines for growth at high temperatures. Therefore, structural
differences among polyamines are expected to play an important role in the
mechanism of self-control of living state.

Here, we report the effect of various polyamines including linear- and
branched-chain isomers on the higher-order structure of DNA based on the
results of our experiments. From atomic force microscopic (AFM)
measurements, it was found that the branched polyamine induces a mesh-
like structure on DNA at room temperature. Interestingly, with increasing
temperature up to 80°C, DNA molecules tend to unwind, and form multiple
nano-loops with a diameter of 10-50 nm along the DNA strand. On the other
hand, linear polyamines tend to form flower-like structure, suggesting the
parallel alignment of DNA and does not cause nano-loop structure at higher
temperatures.

We have also studied the effect of various polyamines on the activity of gene
expression through in vitro luciferase assay. It was revealed that gene
expression activity is completely suppressed accompanying the folding
transition of DNA into a compact state. It was also found that the activity of
gene expression is enhanced several times at the polyamine concentrations
just below the critical concentration to induced the compaction of DNA.
Based on these experimental observations, we may argue the biological role
of polyamines in relation to the structural change of genomic DNA
molecules in living cellular environment.

T. Nishio, et al., Branched-Chain Polyamine Found in Hyperthermophiles
Induces Unique Temperature-Dependent Structural Changes in Genome-
Size DNA. ChemPhysChem, 19, 2299(2018).

Y. Kashiwagi, T. Nishio, et al., Repulsive/attractive interaction among
compact DNA molecules as judged through laser trapping: Difference
between linear- and branched-chain polyamines. Colloid Polym Sci.
https://doi.org/10.1007/s00396-018-4435-3 1-11 (2018)
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Simulating the binding of Pioneer Transcription Factors to the nucleosome
J. Huertas', C.M. Maccarthy', H.R. Schéler!, V. Cojocaru?.

'"Max Planck Institute for Molecular Biomedicine, Miinster, Germany;
2Hubrecht Institute, Utrecht, Netherlands.

Transcription factors are proteins that bind to DNA to regulate gene
expression. In most cases, accessibility to DNA is a prerequisite for their
function. However, in the nucleus the DNA is packed into chromatin, which
is often inaccessible. The fundamental unit of chromatin is the nucleosome,
in which 147 DNA basepairs are wrapped around a core of eight histone
proteins.

Interestingly, a series of transcription factors, known as pioneers, are able
to bind to closed chromatin states, recognizing their binding sites even in
the presence of nucleosomes. They can help open chromatin, increase DNA
accessibility, and support binding of other transcription factors. For
example, Oct4, a master regulator of stem cell pluripotency, is able to bind
native nucleosomes in a sequence specific manner.

To understand the nucleosome properties that are involved in the binding of
Oct4, we performed all-atom simulations of three nucleosomes with
different DNA sequences, in presence and absence of Oct4. By comparing
three sequences with characteristic Oct4 binding profiles, we identified
differences in dynamics and structural properties of the three nucleosomes,
most of which are located in the regions known to be important for
nucleosome unwrapping. We also characterized how the addition of Oct4
alters the dynamics of the nucleosomes, and which are the relevant
nucleosome properties that explain the binding and behavior change. These
findings help us understand the role of pioneer transcription factors in the
binding ofclosed chromatin.

0-020 (P-039)

Dependence of DNA Persistence Length on Ionic Strength and Ion Type
S. Guilbaud', L. Salome', N. Destainville?, M. Manghi?, C. Tardin'.
'Institut de Pharmacologie et de Biologie Structurale, Université de
Toulouse, CNRS, UPS, Toulouse, France; *Laboratoire de Physique
Théorique (IRSAMC), Université de Toulouse, CNRS, UPS, Toulouse,
France.

The rigidity of double-stranded DNA plays a major role in the structuring
of the chromosome and thus in the expression of genes, as well as in
nanotechnology where DNA is used as a building block. But how is this
rigidity influenced by the presence of different types of ions? In this work,
we responded both experimentally and theoretically to this question. Thanks
to the massive parallelization of the single-molecule technique of Tethered
Particle Motion (TPM), we measured the dependence of persistence length,
reflecting the stiffness of the polymer DNA, over a wide range of ions and
salt concentrations. We demonstrated a unique decay for monovalent or
divalent metal ions perfectly described by recent theories, which take into
account the non-linear electrostatic effects as well as the finite diameter of
the DNA. Our findings, published in Phys. Rev. Lett. 122 028102 (2019),
make it possible to predict conformational changes of complex structures
formed by DNA both in vitro and in vivo.
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Mind the gap: polyampholytes meet the neuronal skeleton

R. Beck.

Tel Aviv University.

Mind the gap: polyampholytes meet the neuronal skeleton

Prof. Roy Beck, School of Physics and Astronomy, Tel-Aviv University

A key hurdle in modeling biological systems originates from the complex
interactions between multiple components. Physical models and
experiments often reduce the number of components aiming to address the
fundamental mechanisms. Nevertheless, in most cases, the inherent
heterogeneity is an essential ingredient in the biological context. Similar to
the skeleton of bridges and towers, the neuronal skeleton contains well-
aligned arrays of rigid beams, made out of proteins, which resist
deformations. However, neurons also contain many spaghetti-like flexible
charged proteins, which protrude from the rigid beams and are otherwise
free to move in between them. These flexible components naturally do not
resist deformations very strongly, which raises the following fundamental
questions: what can nature gain by such architecture? Can a simplified
physical model capture the complexity of disordered proteins interaction?
In the talk, I will try to answer this and other related questions on the
advantages of disordered polyampholyte proteins have in functional
biological systems, and on how the delicate balance between electrostatics
and entropy bridge the gap between physics and biology.!™

! Kornreich, M. et al. Neurofilaments Function as Shock Absorbers:
Compression Response Arising from Disordered Proteins. Phys. Rev.
Lett. 117, 148101 (2016).

2 Laser-Azogui, A. et al. Neurofilament assembly and function during
neuronal development. Curr. Opin. Cell Biol. 32,92 (2015).

3 Kornreich, M. et al. Order and disorder in intermediate filament
proteins. FEBS Lett. 589, 2464 (2015).

4 Malka-Gibor, E.et al. Phosphorylation-Induced Mechanical
Regulation of Intrinsically Disordered Neurofilament Proteins. Biophys.
J. 112, 892 (2017).

3 Kornreich, M. et al. Composite bottlebrush mechanics: a-internexin
fine-tunes neurofilament network properties. Soft Matter 11, 5839 (2015).
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Reconstitution of basic mitotic spindles in cell-like confinement

M. Dogterom.

Delft University of Technology.

Reconstitution of basic mitotic spindles in cell-like confinement

Bipolar organization of the mitotic spindle is the result of forces generated
by dynamic microtubules and associated proteins in interaction with
chromosomes and the cell boundary. Biophysical experiments on isolated
spindle components have provided important insights into the force-
generating properties of different components, but a quantitative
understanding of the force balance that results from their concerted action
is lacking. Here we present an experimental platform based on water-in-oil
emulsion droplets that allows for the bottom-up reconstitution of basic
spindles. We find a typical metaphase organization, where two microtubule
asters position symmetrically at moderate distance from the mid-zone, is
readily obtained even in the absence of chromosomes. Consistent with
simulations, we observe an intrinsic repulsive force between two asters that
can be counterbalanced alternatively by cortical pulling forces, anti-parallel
microtubule crosslinking, or adjustment of microtubule dynamics,
emphasizing the robustness of the system. Adding motor proteins that slide
anti-parallel microtubules apart drives the asters to maximum separation, as
observed in cells during anaphase. Our platform offers a valuable
complementary approach to in vivo experiments where essential mitotic
components are typically removed, instead of added, one by one.

0-023

The spindle is a composite of two permeating polar gels

J. Brugués.

Max Planck Institute.

During cell division, correct segregation of chromosomes depends on the
ability of microtubules to self-organize into a bipolar spindle. Our current
understanding of large spindle assembly is based on the interplay between
spatial microtubule nucleation and microtubule transport. It has been
recently shown that branching nucleation is the main mechanism by which
microtubule nucleation occurs away from centrosomes. However,
microtubule branching naturally leads to explosive waves of microtubule
nucleation that rapidly travel away from initially created microtubules at a
speed much faster than the microtubule flux velocity. This behavior should
normally result in spindles with outward polarity (or inverted polarity)
originating from the chromosomes, where microtubule nucleation is highest.
Yet, spindles manage to robustly assemble bipolar spindles despite
branching nucleation and slow microtubule flux. Here, we used experiment
and theory to study how spindles from Xenopus laevis egg extracts acquire
the proper microtubule organization despite the slow microtubule transport
and branching nucleation. We found that microtubules in spindles self-
organize into two mechanically distinct microtubule networks that undergo
a gelation transition. This gelation allows the propagation of long-range
extensile stress from the center of the spindle that push these two gels apart.
This process transports microtubules independently of their local polarity
environment, and thus local sorting. The emergence of two gelated
microtubule networks that push against each other explains how
microtubules can be sorted out into the proper bipolar structure in the
presence of branching nucleation despite the slow microtubule transport.

0-024 (P-053)

Structure dissection of a contractile phage tail tube

D. Martinez!, M. Berbon', B. Armel’, S. Camille?, R. Fronzes!, A. Loquet!,
Z.J. Sophie?, B. Habenstein'.

ICNRS, Pessac, France; 2CEA, Gif-sur-Yvette, France.

Bacteriophages are infectious nano-objects that inject their genetic material
into the host via complex molecular machineries. To cross the biological
barriers encompassing the extracellular space and the bacterial membrane,
phages expose a tail, composed of several proteins, which executes
numerous functions during infection. The particularity of the Myoviridae
bacteriophages resides in the additional sheath, surrounding the inner tail
tube. This contractile sheath pushes the inner tube across the host membrane
acting therefore like a molecular syringe transferring the viral genome into
the host cell. This complex machinery increases the infection efficiency in
this type of phages, containing a higher amount of DNA content to transfer
than other phage families.

We here elucidate the structural basis and the molecular mechanisms of a
Mpyoviridae phage inner tail tube. Among them, the tail tube of
bacteriophage Mu stands out because the molecular subunit protein of the
tube assembly (gpM) fulfils its biological function with the minimal
structural motif. We investigate the structural features of the Mu tail tube
using a combination of solid-state NMR, liquid-state NMR and cryo-EM
performed on in vitro assembled filaments. We show that the subunit protein
gpM is partially folded in its monomeric state and adopts a globular beta-
rich structure in a very rapid polymerisation process towards the native
assembly. Our results suggest that the minimal construction motif in gpM
conserves the structural features shared also by the Caudovirales phages.
The apparent resemblance of these structures supports the idea that the 3D
fold of the tail tube protein is conserved despite the poor sequence
conservation.
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Ultrafast tracking reveals the function of structural domains of single
proteins

K. Holanova', E. Bujak', A. Garcia Marin!, V. Henrichs?, M. Braun?, Z.
Lansky?, M. Piliarik’.

'Institute of Photonics and Electronics of the Czech Academy of Sciences,
Prague, Czech Republic; *Institute of Biotechnology of the Czech Academy
of Sciences, Vestec, Czech Republic.

Protein-protein interactions and their dynamics have been extensively
studied mostly by fluorescence. Fluorescent labels are usually incorporated
to discriminate biological processes under study from the complex
background or visualize small molecules.

To overcome spatio-temporal limitations of fluorescence [1], we employ
interferometric detection of scattering (iSCAT). iSCAT detects the light
scattered on a protein molecule or a scattering label via its interference with
a reference wave, e.g. light partially reflected at a glass coverslip. By these
means, it is possible to image very small scattering labels [2] or even
unlabeled proteins [3].

PRC1 (protein regulator of cytokinesis 1) belongs to the
Asel/MAP65/PRCI family of microtubule-associated proteins (MAPs) and
plays an important role in cytokinesis. These proteins serve as rigid
connections between MTs and can interact with other proteins. Each
structural domain of the PRC1 protein seems to play its role but details
remain unclear [4].

We studied two different domains via a specific attachment of scattering
labels. 3D maps of PRC1 on a single microtubule were measured and
analyzed. We observe that each domain has a different behavior and we
propose a new functional model of the interaction.

References

[1] S. Weisenburger and V. Sandoghdar, “Light microscopy: an
ongoing contemporary revolution,” Contemp. Phys., vol. 56, no. 2, pp. 123—
143, 2015.

[2] K. Holanova, M. Vala, and M. Piliarik, “Optical imaging and
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Opt. Laser Technol., vol. 109, pp. 323-327, 2019.
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Nucleotide and Osmolyte Induced Folding of FtsZ from Staphylococcus
aureus
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!Centro de Investigaciones Bioldgicas, CSIC, Madrid, Spain; *Institute for
Physical Chemistry Rocasolano, CSIC, Madrid, Spain.

The essential bacterial cell division protein FtsZ uses GTP binding and
hydrolysis to assemble into filaments that treadmill around the Z-ring,
guiding septal wall synthesis and cell division. FtsZ is a structural homolog
of tubulin and a target for discovering new antibiotics. We have found that
purified FtsZ monomers from the pathogen S. aureus (SaFtsZ) require bound
nucleotide to keep a folded structure in solution. Nucleotide-less apo-SaFtsZ
is essentially unfolded, as assessed by NMR and CD, and crystallizes in a
non-native structure. Addition of GTP (> ImM) dramatically shifts the
equilibrium towards the folded protein, rendering SaFtsZ active for
assembly. Other mesophile FtsZs are also stabilized by nucleotide binding.
Apo-SaFtsZ also folds in CD with glycerol, and other stabilizing osmolytes
such as TMAO, ethylene glycol, betaine and proline, which enable high-
affinity GTP binding (K4 20 nM in 3.4 M glycerol, determined by ITC)
similar to thermophile stable FtsZ. We have devised a competition assay to
detect any molecules that bind overlapping the nucleotide site of SaFtsZ or
EcFtsZ, employing glycerol-stabilized apo-FtsZs and the specific
fluorescence anisotropy change of mant-GTP upon dissociation from the
protein. This robust assay provides a basis for robotic screening for high
affinity GTP-replacing ligands, which combined with phenotypic profiling,
may yield the next generation of FtsZ-targeting antibacterial inhibitors.
Finally, by solving several SaFtsZ crystal structures, we identified a cavity
behind the nucleotide-binding pocket that harbors distinct compounds,
opening the way for designing extended inhibitors.
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Mechanically and biochemically induced pathways regulating integrin-
dependent cell adhesion

D. Mueller.

Nico Strohmeyer, Mitasha Bharadwaj, Patrizia Spoerri, Reinhard Fissler
and Daniel J. Miiller

Integrin-mediated sensing of the biochemical and biophysical properties of
the extracellular matrix (ECM) allows cells to control adhesion and
signaling. Currently, the understanding emerges on how different integrins
binding to the same ECM ligand cooperate during initiating adhesion and
how cells sense and respond to mechanical cues sensed during adhesion
initiation. First, we will report how fibroblasts during initiating adhesion
respond to mechanical load by strengthening integrin-mediated adhesion to
fibronectin in a biphasic manner. In moderate load regime, fibronectin-
engaged aS5B1 integrins sense mechanical load via catch bonds and
immediately trigger signaling cascades. This signaling activates additional
integrins to bind fibronectin and to strengthen cell adhesion. If the
mechanical load applied to fibronectin-bound a5f1 integrins exceeds a
threshold, the bond properties of the individual integrins change and
fibroblasts fail to activate additional integrins. This unique response to
mechanical load regulates integrin-mediated adhesion much before visible
adhesion clusters assemble. Additionally, we will report that aVp3 integrins
first outcompete aSB1 integrins for ligand binding and later induce signaling
cascades that increases a5B1 integrin clustering. Finally, we will discuss
how G-protein coupled receptors regulate the conformational equilibrium of
a5pB1 integrins and thereby regulate the adhesion formation of fibroblasts to
fibronectin. The regulation of a5B1 integrins by GPCRs translates into
changes in the spreading and migratory behavior of fibroblasts. The
discussed results highlight how fibronectin-binding integrins coordinate
adhesion initiation of fibroblasts to fibronectin via diverse signaling
pathways and how these can be used to control cellular attachment
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Molecular to cellular mechanics at short timescales

F. Rico', L. Leda?, R. Annafrancesca’.
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MOSAIC, Inst Fresnel CNRS.

The mechanical properties of living cells provide structural stability and
mechanical flexibility, crucial for their function. Thus, molecular
understanding of the mechanics of the cell is relevant to understand
biological function. Atomic force microscopy (AFM) [1]) is a unique
technology that combines nanometric-imaging capabilities with piconewton
force resolution. While conventional AFM has been extensively used to
probe cell mechanics, its time resolution is limited to a few
milliseconds [2]. We have recently adapted high-speed AFM (HS-AFM) [3]
to probe the mechanics of individual cytoskeletal proteins and adhesion
complexes at microsecond time resolution, providing a more detailed
description of the unfolding mechanism [4-6]. We have also adapted HS-
AFM to probe the viscoelastic properties of living cells [7]. Here, I will
first introduce HS-AFM for force measurements on single cytoskeleton
molecules. I will then show that probing cell mechanics at the shortest time
scales (~10 ps) provides a description of the response of the ultimate
components of the cytoskeleton. At high frequencies, cells exhibit rich
viscoelastic responses that reflect the state of the cytoskeleton filaments.
Compared to benign cancer cells, malignant cells revealed a remarkably
different scaling law at short timescales compatible with a more tensed
cytoskeleton. Microrheology over a wide dynamic range provides
mechanistic understanding of cell mechanics and a univocal fingerprint,
applicable to diagnosis or prognosis of disease. Finally, I will discuss the
application of HS-AFM to determine other mechanical behavior of living
cells, such as poroelasticity, with microsecond time resolution.
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Mechanosensitive actomyosin network dynamics
plasticity in 3D environments
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Role of Rab8A and Caveolin-1 in the interplay between cell
mechanotransduction and cholesterol trafficking

G. Fulgoni', F. Lolo', P. Roca-Cusachs?, M.A. Del Pozo', M. Montoya'.

1ICFO-Institute of Photonic Sciences, Castelldefels, Spain
2CRG-Centre for Genomic Regulation, Barcelona, Spain
*Presenting author

Abstract:
Cells constantly experience mechanical forces within their tissue
microenvironment that influence cytoskeletal organisation, cellular

dynamics and migration plasticity. We were recently able to show that
mechanical forces in confined environments trigger a rapid switch to
amoeboid cell migration (Ruprecht et al.,, Cell 2015). Amoeboid cell
transformation depends on the activation of myosin II motor proteins and
stochastic fluctuations in cortical contractility that lead to spontaneous
cellular symmetry breaking and fast amoeboid motility. Still, mechanisms
regulating actin network dynamics and cortical contractility levels by
physical parameters of the tissue microenvironment remain largely
clusive. Using a combination of controlled 3D biomimetic ex vivo assays
with superresolution imaging and live-cell in vivo imaging, we study
mechanosensitive mechanisms regulating actomyosin network architecture
and cellular dynamics in embryonic progenitor stem cells. We show that
mechanical forces and tissue stress in 3D environments regulate the setpoint
of actomyosin network contractility through the mechanosensitive
activation of myosin II motor proteins, thereby modulating cellular
biomechanics, polarization and migration competence via the physical
tissue environment. We further present evidence that the nucleus is a core
element of high-sensitivity force sensing and mechanotransduction in soft
and low-adhesive embryonic tissues. The regulation of cellular
biomechanics by the 3D physical tissue environment enables a fast and
reversible cellular response to shape changes and mechanical loads and
confers mechanical robustness and cellular plasticity to tissue stress
conditions.

0-030 (P-071)

Activation of human aortic valve interstitial cells by local stiffness in
Calcific Aortic Valve Disease
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(SISSA), Trieste, Italy; *Universita degli studi di Trieste, Trieste, Italy;
“Elettra Sincrotrone Trieste, Trieste, Italy.

Differentiation of valve interstitial cells (VICs) into pro-calcific cells is one
of the central events in calcific aortic valve (AoV) disease (CAVD). A
contribution of mechanical factors to such disease has been recently
hypothesized due to the cyclic load that valve tissue withstands during
cardiac cycle and the susceptibility of VICs to mechanical forces supporting
their role as tissue ‘mechanosensors’. Here, we investigated the role of
mechanical compliance on activation of VICs obtained from patients with
valve stenosis and valve insufficiency. We employed a 2D culture system
onto polyacrylamide gels with atomic force microscopy (AFM) controlled
elastic modulus to establish correlations between nuclear translocation of
mechanically-activated transcription factor YAP and substrate mechanical
compliance. We found that high stiffness levels determined YAP nuclear
translocation with a different dynamics in cells from the two pathologic
settings, thus revealing a pathology-specific VICs response to mechanical
cues. In stenotic VICs, YAP nuclear translocation was associated to
stiffness-dependent formation of stress fibers, adhesion complexes, and
loading of aSMA onto F-Actin cytoskeleton. AFM force mapping
performed along radial sections of human calcific valve leaflets identified,
finally, areas with high and low levels of rigidity within a similar range to
those controlling YAP nuclear translocation in vitro. Since VICs juxtaposed
to these areas exhibited nuclear localized YAP, we conclude that subtle
variations in matrix stiffness are involved in mechanosensing-dependent
VICs activation and pathological differentiation in CAVD.

ICNIC (Centro Nacional de Investigaciones Cardiovasculares), Madrid,
Spain; 2IBEC (Institute for Bioengineering of Catalonia), Barcelona, Spain.
Rab8A is a small GTPase involved in the regulation of intracellular traffic
and cell shape. Preliminary data from our lab and others showed that Rab8A
and Caveolin-1 participate of complementary traffic pathways. Given the
key role of Caveolin-1 in mechano-transduction, we hypothesized that
Rab8A activity and localization might be sensitive to changes in membrane
tension. Using cell stretching and osmotic shock experiments, we
demonstrate that Rab8A is recruited to the plasma membrane upon changes
in membrane tension. Moreover, PM rupture induced by laser ablation
promoted Rab8A recruitment to the damaged site. Since Rab8A is involved
in cholesterol efflux, we are exploring its function in lipid homeostasis, and
the potential relevance of such function for mechanoadaptation. Preliminary
data obtained from CRISPr/Cas9-edited Rab8AKO cells suggest that
feedback systems regulating cholesterol homeostasis require Rab8A.
Rab8AKO cells exhibit a blunted response to cholesterol deprivation (i.e.
reduced induction of SREBP2 activation and of the upregulation of the
mevalonate synthesis pathway). Further supporting an important role for
Rab8A in the regulation of cholesterol trafficking, Rab8 over-expression per
se normalizes cholesterol levels at the endosomal compartment in CavlKO
cells. Our observations support a model whereby Rab8 plays a key role in
both mechano-transduction pathways and cholesterol homeostasis. We
propose that Rab8A is a candidate regulator coupling mechanoadaptation to
cholesterol homeostasis through mechanisms intersecting with Cavl
function.

0-032 (P-073)

The Mechanical Work of Vinculin Binding to Talin Regulates Vinculin
Activation

R. Tapia Rojo, A. Alonso-Caballero, J.M. Fernandez.

Columbia University, New York City, United States.

Talin is a multidomain protein that bridges the extracellular
matrix with the active cellular cytoskeleton in focal adhesions; hence, talin
is a molecular adaptor that works as a force sensor to allow the cell to
communicate mechanically with its environment. Talin is a promiscuous
protein, and a multitude of molecular partners are known to bind talin at
different stages of the mechanosensitive signaling pathways. Among them,
vinculin stands particularly out, given that it binds to at least 11 of the talin
helices to recruit the actin filaments, and that all of these sites are cryptic;
talin must be mechanically unfolded in order for vinculin to bind. Therefore,
the interaction between talin and vinculin requires of force spectroscopy
techniques to be studied. Previous work has demonstrated that vinculin
locks talin in an unfolded state, and that this state can be reversed if the
force is increased, suggesting a feedback regulatory mechanism in this
mechanosensing pathway. However, the origin of this effect is unknown,
and the force range under which the talin-vinculin complex is stable has not
been accurately measured. Here, we focus on the R3 domain of talin, and
use our magnetic tweezers force spectrometer to directly observe the binding
of vinculin to talin over a large range of forces and timescales. Our
experiments demonstrate that vinculin binding is always preceded by a ~3
nm contraction of the unfolded talin polypeptide, which, interestingly, does
not occur steeply, but rather with a slow ~500 millisecond-long time-scale.
This observation implies that vinculin binding to talin does mechanical
work, which might be the cause for the inhibitory effect at high forces. We
measure the probability of vinculin binding in the range from 4 to 50 pN,
and determine that binding occurs optimally between 8.5 and 15 pN. Our
results are accurately represented by a simple analytical theory that
combines the unfolding dynamics of talin, and the mechanical work
necessary to contract a stretched polymer, which establishes the physical
grounds for the formation of this complex. We propose this to be a universal
mechanism for ligand binding to substrates extended under force.
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LESSONS LEARNED FROM COMPLEX MIMICS OF BIOLOGICAL
MEMBRANES

Georg Pabst

University of Graz, Institute of Molecular Biosciences, Graz, Austria
Lipid-only mimics of biological membranes serve as valuable platforms for
studying the functional role of membrane lipids under chemically well-
defined conditions. Of recent, we have focused on complex mimics of
mammalian and bacterial plasma membranes with either lateral or
transbilayer inhomogeneities. In particular, we have developed protocols for
fabricating and analyzing asymmetric lipid vesicles, which are sufficiently
stable and which are amenable for biophysical studies using diverse
techniques. We have specialized on small-angle X-ray/neutron scattering
combined with complimentary techniques to address leaflet specific
structure and transbilayer coupling mechanisms. Complementary, we are
currently developing tools for reliable estimates for intrinsic lipid
curvatures, which are known to play a pivotal role in coupling to protein
function. T will present recent research highlights resulting from these
efforts and discuss some applications with a specific focus on antimicrobial
peptides and their synergistic activity.
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Regulating the dynamic interactions between herpes simplex viruses
and cell-surface glycosaminoglycans

Marta Bally

Department of clinical microbiology & Wallenberg Centre for Molecular
Medicine, Umed University

marta.bally@umu.se

Virus entry is a complex dynamic multistep process requiring a series of
fine-tuned events mediating virus diffusion through the glycocalyx, its
attachment to the cell membrane and lateral diffusion to the point of entry.
A number of enveloped viruses, including herpes simplex viruses (HSV)
attach to susceptible host cells via interaction between their glycoproteins
and cell-surface glycosaminoglycans (GAGs).

In our work, we study the molecular and physical mechanisms modulating
HSV binding, diffusion and release from cell-surface glycosaminoglycans.
Using single virus tracking in combination with either in vitro minimal
models of the cell surface or live cell microscopy, we gain insights into the
modulatory function of protein glycosylation (the presence of mucin-like
regions on viral glycoproteins) and interrogate the role of GAG sulfation in
the process. We show that mucin-like regions found on the glycoproteins of
HSV-1 and HSV-2 play an important role in modulating the interaction, an
observation further supported by cell experiments. We further show that the
diffusion of virions on the surface depends on the type of GAGs and their
degree of sulfation. Taken together, our research contributes to a better
understanding of the mechanisms underlying the interaction between a virus
and the surface of its host. Such insights will without doubt facilitate the
design of more efficient antiviral drugs or vaccines.
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2. Peerboom, N., et al., Binding Kinetics and Lateral Mobility of HSV-1 on
End-Grafted Sulfated Glycosaminoglycans. Biophysical Journal, 2017.

3. Delguste, M., Peerbom, N. et al. The mucin-like region of gC-1 regulates
the binding strength and mobility of herpes simplex virus type 1 during
initial attachment to glycosaminoglycans. ACS Chemical Biology, 2019.

4. Peerboom, N., et al. Cell Membrane Derived Platform To Study Virus
Binding Kinetics and Diffusion with Single Particle Sensitivity. ACS
Infectious diseases, 2018.
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IQGAP1 links phosphoinositide signaling to the cytoskeleton and
promotes cytoskeleta reorganization

A. Gericke!, V.S. Yerramilli', A.H. Ross?, S.K. Lindberg', S. Scarlata'.
'Worcester Polytechnic Institute; *Worcester Polytechnic Insitute.

IQGAPI is a multi-domain protein that acts as a scaffold for multiple
signaling pathways, including the PI3K signaling pathway. IQGAPI has
been suggested to generate the lipid messenger PI(3,4,5)P; by scaffolding
the phosphoinositide kinases, PIPKIs and PI3K that generate P1(4,5)P, from
phosphatidylinositol via PI(4)P to be selectively used by PI3K for
PI(3,4,5)P; generation. The dynamics of the assembly of these proteins on
IQGAPI in intact, living cells is unknown. Fluorescence lifetime imaging
microscopy (FLIM) in combination with Fluorescence Resonance Energy
Transfer is a technique uniquely suited to probe the dynamic assembly of
proteins on the scaffolding protein since it provides information about the
interaction of proteins (FRET) along with spatiotemporal information. In
this presentation we focus on investigating the sequence of binding of PI3K
pathway components to IQGAP1 and we investigate the potential IQGAP1
mediated cross-talk between the PI3K and cdc4?2 signaling pathways. We
report on the change in association between components of the PI(3,4,5)P;
signaling system in real time in live cells under basal and stimulated
conditions. We show that IQGAP1 integrates PI(3,4,5)P; mediated signaling
with cell migration through direct physical interaction between PIPKIy and
PI3K, and the cytoskeletal proteins talin and Cdc42. Our work shows that
IQGAPI- provides a scaffold that allows different signaling pathways to
converge to regulate cytoskeletal rearrangements in response to
extracellular stimuli.

0-036 (P-099)

Adsorption kinetics of pulmonary surfactant complexes purified from
bronchoalveolar lavages of porcine lungs and human amniotic fluid
J.C. Castillo-Sanchez', E. Batllori-Badia®>, A. Galindo®, J. Pérez-Gil', A.
Cruz'.

'Biochemistry and Molecular Biology Department, Faculty of Biology,
Complutense University and Research Institute Hospital Universitario “12
de Octubre” (imasl2) and Complutense University, Madrid, Spain;
*Department of Obstetrics and Gynaecology. Hospital Universitario 12 de
Octubre, Madrid, Spain; *Research Institute Hospital Universitario “12 de
Octubre” (imasl2) and Complutense University and Department of
Obstetrics and Gynaecology. Hospital Universitario 12 de Octubre, Madrid,
Spain.

Surface tension forces are overwhelmed by lung surfactant complexes at the
alveolar air-liquid interface. Specifically, type-II pneumocytes are the cells
involved in synthesizing and assembling surfactant into dehydrated and
highly packed multilamellar structures called lamellar bodies. Upon
stimulation, alveolar type II cells secrete lamellar bodies to the alveolar air-
liquid interface where they replace pulmonary surfactant spent during
respiratory cycling. Owing to compression-expansion respiratory cycles, a
wealth of membrane structures, which are thought to be related to surfactant
metabolism, may be observed in alveolar spaces. In this context, lamellar
bodies have been demonstrated to exhibit outstanding adsorption properties
since they keep the molecular determinants defining surfactant activity.
Nevertheless, the molecular mechanism of lamellar bodies adsorption to the
interface is not well-understood yet. Additionally, lung surfactant
preparations used for both research and clinical applications are routinely
purified from bronchoalveolar lavages of animal lungs, thus they are mainly
composed by already used pulmonary surfactant complexes in which
lamellar bodies are a minority component. Alternatively, a pulmonary
surfactant purified from human amniotic fluid has been recently
demonstrated to keep structural features of a freshly secreted surfactant.

In the present work, we compare interfacial adsorption kinetics
of a surfactant purified from porcine lungs with those of a surface-active
preparation obtained from human amniotic fluid using a Wilhelmy surface
balance. In addition, Langmuir interfacial films were transferred onto glass
coverslips and observed under epifluorescence microscopy. We observed
meaningful differences between the behaviour of both surfactants that may
be related to their contrasting structural features.
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Microfluidic platforms for the handling, manipulation, and analysis of
model cells

T. Robinson.

Max Planck Institute of Colloids and Interfaces, Potsdam, Germany.
Biological cells in their natural environment experience a variety of external
forces such as fluidic shear stress, osmotic pressures, and mechanical loads.
How the cell membrane itself responses to such forces is of great interest.
Synthetic membranes such as giant unilamellar vesicles (GUVs) offer a
reduced cell model, whereby individual components can be isolated and
studied without interference from cellular complexity (Robinson 2019).
However, being able to handle and apply forces to these delicate objects in
a controllable manner is non-trivial. Therefore we present several
microfluidic methods to capture, analyse and apply a variety of forces to
GUVs. First we present novel methods for the capture and isolation of
vesicles for membrane pore analysis (Robinson 2013; Yandralli & Robinson
2019). Next we discuss a device that contains micro-patterned electrodes
which allow the application of electric fields and observations of subsequent
membrane fusion (Robinson 2014). While membrane proteins are a crucial
part of the cellular response to external stimuli, lipid rafts are thought to
play an important role in the spatial organization of membrane proteins. To
this end, we produce vesicles with membrane domains to model them and
explore their behaviour in response to external forces. We use a valve-based
system to apply precise fluidic shear stresses to vesicles (Sturzenegger,
Robinson 2016). The final device comprises an integrated micro-stamp
which can mechanically compress GUVs to study the effects that
deformation has on the membrane and domains (Robinson 2019 submitted).
Yandrapalli, N., and Robinson, T. (2019). Ultra-high capacity microfluidic
trapping of giant vesicles for high-throughput membrane studies. Lab Chip
19, 626—633.

Sturzenegger, F., Robinson, T., et al. (2016). Membranes under shear stress:
visualization of non-equilibrium domain patterns and domain fusion in a
microfluidic device. Soft Matter 12, 5072-5076.

Robinson, T., et al. (2014). Controllable electrofusion of lipid vesicles:
initiation and analysis of reactions within biomimetic containers. Lab Chip,
2852-2859.

Robinson, T., et al. (2013). Microfluidic trapping of giant unilamellar
vesicles to study transport through a membrane pore. Biomicrofluidics 7,
44105.

Robinson, T. (accepted 2019). Microfluidic handling and analysis of giant
vesicles for use as artificial cells. Advanced Biosystems.

0-038 (P-101)

Quantified Efficiency of Membrane Leakage Events Relates to
Antimicrobial Selectivity

S. Braun, A. Stulz, S. Shi, N. Quarta, M. Hoernke.

Pharmaceutical Technology and Biopharmacy, University of Freiburg,
Freiburg i. Br., Germany.

In many therapeutic strategies like killing pathogenic microbes by
antimicrobial peptides, drug delivery, endosomal escape, and in disease-
related processes such as apoptosis, the membrane is permeabilized.

Our concept for quantifying the efficiency of individual membrane leakage
events replaces less stringent descriptions of dye leakage. The concept is
applicable to many types of leakage events including thinning, defects,
(toroidal) pores, or channels.

We measure release and fluorescence lifetime of a self-quenching dye. Apart
from the dose-response, our analysis also quantifies the efficiency of
individual leakage events. Additionally, cumulative leakage kinetics can
indicate certain membrane permeabilization mechanisms. For example,
applying our concept to three series of antimicrobial peptide analogues
shows how the leakage mechanism and leakage efficiency of a given
compound change with lipid composition. Thus, lipids play an important
role for the selectivity of membrane permeabilization.

I will also point out aspects to consider when comparing leakage in vesicle
of various sizes or cells, the possible occurrence of more than one type of
leakage event, and artefacts from vesicle aggregation or fusion.

The concept for the quantitative description of leakage behaviour and
understanding of leakage mechanisms aids the design and improvement of
membrane-active antimicrobials.
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Dynamics of bacterial swarms and biofilms

K. Drescher.

In nature, bacteria often engage in a range of collective behaviors, which
coordinate activities of communities. In this presentation, I will demonstrate
how two bacterial behaviors, swarming and biofilm formation, are unified
by physical interactions, chemical signaling, and dynamical transitions. [
will show how these collective behaviors arise from cell-cell interactions,
and the physiological state of individual cells. Furthermore, I will introduce
new experimental methods for investigating bacterial collective behaviors.

0-040

Biophysical Concepts Applied to Tumor Progression

H. Levine.

Northeastern Univ.

In recent years many physicists have begun working on aspects of cancer
research. These aspects include the growth of the primary tumor, the
transition to metastasis, the emergence of drug resistance to targeted
therapies, and most recently the interaction of the tumor with the immune
system. This talk will survey some of these recent developments from a
perspective first elucidated in our opinion piece on how insights from
bacterial colony growth can provide a conceptual framework for modeling
tumor progression (see Ben-Jacob, Eshel, Donald S. Coffey, and Herbert
Levine. "Bacterial survival strategies suggest rethinking cancer
cooperativity." Trends in microbiology 20.9 (2012): 403-410). Remarkably,
many of these models have found significant applicability and this will be
illustrated by comparisons to recent experimental data on metastasis
obtained in the cancer biology community.

0-041

How molecular forces shape bacterial biofilms

Berenike Maier

Institute for Biological Physics, University of Cologne

Communities of bacterial cells can live together embedded within a slime-
like molecular matrix as a biofilm. This allows the bacteria to hide from
external stresses. A single bacterium can replicate itself and develop into a
biofilm, and over time the bacterial cells in specific regions of the biofilm
will start to interact with their neighbors in different ways. Very little is
known about the link between physical interaction forces and the structure
of colonies and biofilms. In my talk I will discuss how mechanical
interactions between bacteria govern the structure and dynamics of bacterial
biofilms. We have generated a molecular toolbox that allows tuning the
interaction forces systematically. Using this toolbox, we address the
question how differential interaction forces govern cell sorting, biofilm
structures, and shape relaxations. Interestingly, moderate changes in
attractive interactions between pairs of bacteria induce dramatic changes in
the materials properties of bacterial colonies. Currently, we are evaluating
how biofilms might benefit from the structural diversity that develops due
to differential interactions.

0-042 (P-141)

Cell-size regulation induces long-term oscillations in population growth
rate

F. Jafarpour.

University of Pennsylvania, Philadelphia, United States.

There are negative correlations between the generation time of a bacterial
cell and those of its descendants. If a cell grows for a longer time than
expected, its daughter cells (and subsequent descendants) will be larger at
birth and have to compensate for their sizes by dividing slightly earlier than
expected. This process is known as cell-size regulation. In this talk, I discuss
the effect of these correlations on the dynamics of population growth of
microorganisms. I show that any non-zero correlation that is due to cell-size
regulation can induce long-term oscillations in the population growth rate.
The population only reaches its steady state due to the often-neglected
variability in the growth rates of individual cells. The relaxation time scale
of the population to its steady state is determined from the distribution of
single-cell growth rates and is surprisingly independent of the details of both
the division process and the cell-size regulation. I propose an experimental
method to measure single-cell growth variability by observing how long it
takes for the population to reach its steady state, a measurement that is
significantly easier and less biased than single-cell measurements.
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Molecular architecture of bacterial amyloids in Bacillus biofilms

N. El Mammeri', J. Hierrezuelo?, J. Cdmara-Almirén?, J. Caro-Astorga?, A.
Alvarez-Mena?, J. Tolchard', A. Dutour', M. Berbon', J. Shenoy', E.
Morvan®, A. Grélard', B. Kauffmann®, S. Lecomte', A. De Vicente?, B.
Habenstein!, D. Romero?, A. Loquet'.

ICBMN - IECB - University of Bordeaux, Pessac, France; 2Departamento
de Microbiologia, Universidad de Malaga, Malaga, Spain; *CNRS, IECB,
UMSO001, University of Bordeaux, Pessac, France.

The formation of biofilms provides structural and adaptive bacterial
response to the environment. In Bacillus species, the biofilm extracellular
matrix is composed of exopolysaccharides, hydrophobins and several
functional amyloid proteins.
We report the molecular architecture of Bacillus  subtilis and
pathogenic Bacillus  cereus functional amyloids, using multi-scale
approaches such as solid-state  NMR, electron microscopy, X-ray
diffraction, DLS, ATR-FTIR and immune-gold labeling. Solid-state NMR
data reveal that the major amyloid component TasA in its fibrillar amyloid
form contain B-sheet and a-helical secondary structure, suggesting a highly
non-typical amyloid architecture, and species variability between B. subtilis
and B. cereus. Proteinase K digestion experiments indicate the amyloid
moiety is approximately ~100 amino-acids long, and subsequent solid-state
NMR and FTIR signatures for Bacillus subtilis and Bacillus cereus TasA
filaments highlight a conserved rigid amyloid core albeit with substantial
differences in structural polymorphism and secondary structure
composition. Structural analysis and cross-seeding data on the accessory
protein TapA in B. subtilis and its counterpart CalY in B. cereus reveal a
catalyzing effect between the functional amyloid proteins and a common
structural architecture, suggesting a co-assembly in the context of biofilm
formation.

Our findings highlight non-typical amyloid behavior of these bacterial
functional amyloids, underlining structural variations between biofilms
even in closely related bacterial species.

0-044 (P-143)

Microviscosity of bacterial biofilm matrix characterized by
fluorescence correlation spectroscopy and single particle tracking

V. Dunsing, T. Irmscher, S. Barbirz, S. Chiantia.

University of Potsdam, Potsdam, Germany.

Bacterial biofilms are surface-adherent communities of bacteria surrounded
by an extracellular polymeric substance (EPS) consisting of secreted
polysaccharides and other biomolecules. In healthcare settings bacterial
biofilms represent a severe threat, causing chronic infections and
contamination of medical devices. To remove biofilms, multiple strategies
have been developed, e.g. treatment with antibiotics or bacteriophages,
which are advantageous to specifically target bacterial species. In this
context, it remains unclear to which extent the EPS matrix imposes a
physical barrier to the transport of bacteriophages through the biofilm. To
address this question, we have reconstituted the EPS matrix of the bacterium
Pantoea stewartii, responsible for a severe disease of corn plants, and
investigated the diffusion properties of fluorescent particles using
fluorescence correlation spectroscopy and single particle tracking. This
approach allows to study the EPS spatial organization under various
physico-chemical conditions. We show that small probes diffuse freely in
the EPS with diffusion coefficients similar to those measured in water. In
contrast, large probes are drastically slowed down, showing anomalous
subdiffusion. The degree of confinement increases with EPS concentration.
Tracking single fluorescently labeled bacteriophages at physiological
concentrations, we observe a population of strongly confined particles,
showing distinct subdiffusive dynamics with anti-correlation of successive
steps. To overcome the physical barrier imposed by the EPS, bacteriophages
are equipped with EPS degrading enzymes. By treating the EPS with
purified bacteriophage enzymes, we show that upon EPS degradation
strongly confined diffusion rapidly turns to free diffusion. Thus, our
approach allows the investigation of dynamic changes of the biofilm
microviscosity and demonstrates that the EPS matrix imposes a probe size
dependent diffusion barrier under physiological conditions. Our data
suggests that the ability to degrade the EPS provides a key for
bacteriophages to evade trapping in the biofilm.
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Quantifying and modelling active motion in biological systems

T. Betz

Institute of Cell Biology, ZMBE, University Miinster, Germany

Living biological systems are continuously reorganizing their structure to
perform their function. The mechanical activity plays here an important role,
as the constant generation of forces drives fluctuations as well as controlled
motion of intracellular particles, membranes and cells. From a physical
point of view, this active motion drives the system far away from
thermodynamic equilibrium, which can be measured as a violation of
equilibrium quantities such as the fluctuation dissipation theorem.
Quantifying the out-of-equilibrium components provides the possibility to
model the active molecular processes. We measure the energy and the forces
actively applied on membranes [1] as well as cellular granules [2] and model
these with an active Langevin approach. By comparing the predictions of
forces and mechanics with the measurement of the fluctuations and
viscoelastic properties we can extract molecular parameters from
mesoscopic measurements. This gives timescales and chemical reaction
parameters such as forces, binding states and velocities of the underlying
proteins using a simple average measurement of the active motion.

Active collective cell migration is furthermore studied in the early
development of the zebrafish embryo. Here we can show that a wetting
approach combined with a constant active pulling force can explain the time
evolution of the contact angle between embryo and yolk [3].

References

[1] H. Turlier et al Nature Physics 12, 513-519 (2016)

[2] M. Almonacid et al, Nature Cell Biology 17, 470-479 (2015)

[3] B. Wallmeyer et al Biophysical Journal in press
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Dynamics of nanoparticle and virus uptake at cell membranes

Felix Frey, Falko Ziebert and Ulrich S. Schwarz

Heidelberg University, Institute for Theoretical Physics and BioQuant,
Heidelberg, Germany

Receptor-mediated uptake of nanoparticles and virus into cells requires that
the energy of adhesion overcomes the deformation energy of the cell
membrane. It is well known that this competition leads to a minimal particle
size of around 50 nm and an optimal particle size of around 100 nm, which
is a typical size for viruses. However, it is much less understood which role
is played by the shapes of both the particle and the free membrane.
Moreover, not much is known about the role of stochastic processes in these
small systems. We have developed a comprehensive theoretical treatment
that allows us to address all of these questions in one common framework.
By considering the shape equations of the free membrane, we first show that
its elastic energy can be neglected for tense and loose membranes. For the
intermediate but biologically relevant regime, it can be approximated by a
phenomenological expression that is similar to but different from a line
tension. We then derive deterministic dynamical equations for particle
uptake and show that in general, cylindrical particles are taken up faster than
spherical ones. We finally map the deterministic equations onto one-step
master equations and show that for large particles, now spheres can be taken
up faster than cylinders due to stochastic effects. Our results demonstrate
the importance of non-equilibrium physics for an essential biological
process.
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How rotating ATP synthases can modulate membrane structure

1. Lopez Montero.

UNIVERSIDAD COMPLUTENSE DE MADRID.

Systems that convert energy into rotational motion are of particular interest
due to their exotic out-of-equilibrium behavior. Specifically, the rotatory
movement of microparticles can lead to collective effects with a major
impact on the self-organization properties on the embedding media [1].
These effects have been reported theoretically and demonstrated at the
microscale. In nature, the membrane protein F,;F,-ATP synthase (ATP
synthase) is the most important biological motor with rotational movement.
ATP synthase plays a key role in creating more than 90% of the biochemical
energy ATP in cells. The ATP synthase is composed of two linked multi-
subunit complexes: the soluble catalytic domain F, and the membrane-
spanning rotor Fo. An electrochemical gradient of protons across F, causes
the central shaft to spin rapidly within the head inducing the synthesis of
ATP in F; [2]. The molecular motor is reversible and an excess of ATP
provokes a rotation in the opposite direction driven by a two-state Brownian
ratchet mechanism [3]. I show here how the protein activity of ATP synthase
can significantly alter the properties of the surrounding lipid membrane [4]
and I present preliminary results that support the action of rotating ATP
synthases in the out of equilibrium process of membrane structure [5].

1. van Zuiden, B. C., Paulose, J., Irvine, W. T. M., Bartolo, D. & Vitelli, V.
Spatiotemporal order and emergent edge currents in active spinner
materials. Proceedings of the National Academy of Sciences of the United
States of America 113, 12919-12924 (2016).

2. Noji, H., Yasuda, R., Yoshida, M. & Kinosita, K. Direct observation of
the rotation of F-1-ATPase. Nature 386, 299-302 (1997).

3. Kulish, O., Wright, A.D., & Terentjev, E.M. F1 rotary motor of ATP
synthase is driven by the torsionally-asymmetric drive shaft. Scientific
Reports. 6, 28180 (2016)

4. Almendro-Vedia, V. G. et al. Nonequilibrium fluctuations of lipid
membranes by the rotating motor protein FIFO-ATP synthase. Proceedings
of the National Academy of Sciences of the United States of America 114,
11291-11296 (2017).

5. Lenz, P., Joanny, J. F., Julicher, F. & Prost, J. Membranes with rotating
motors. Physical review letters 91 (2003).

0-048 (P-153)

Non-Equilibrium Processes in Proteins Triggered by Light: Excited
States Molecular Dynamics Perspective

W. Nowak!, J. Rydzewski!, L. Peplowski', K. Walczewska-Szewc', P.
Miszta?, W. Lachmanski'.

'Theoretical Molecular Biophysics Group, Institute of Physics, Nicolaus
Copernicus University in Torun, TORUN, Poland; *Dept. of Chemistry,
Warsaw University, Warsaw, Poland.

Classical molecular dynamics (MD) simulations of proteins are mainstream
tools in biophysics. However, simulations of protein systems in which light
absorption is taken into account are far from trivial. Many methods have
been proposed so far [1]rydzewski nowak chapter], but there is no consensus
on how to monitor rare events triggered by light absorption. Here, we
present our results of protein structural rearrangements that are induced by
absorbing photons in the chromophore parts of proteins. We adopt a
simplified approach of switching the dynamics between electronic states,
named the Landau-Zener model. We model fluorescent probes dynamics
(Prodan, Aldan) embedded in apomyoglobin, the photodissociation of nitric
oxide from a neuroglobin mutant [2], and structural changes induced by the
cis-trans transition in proteins involved in the control of glucose level:
EPAC2 and KATP Kir6.2/SURI channel [3,4]. We extract and indicate
possible nano-mechanical events stimulated by light on a nanosecond time
scale. Data show that systematic structural light-triggered effects in these
proteins happen and that such motions may play a functional role. Our
results indicate that developing light-controlled drugs related to diabetes
treatment should be possible.

This work is supported by National Science Centre, Poland grants
n0.2016/23/B/ST4/01770, 2016/20/T/ST3/00488 and partly by ICNT NCU.
[1]J. Rydzewski, W. Nowak ,“Molecular Dynamics Simulations of Large
Systems in Electronic Excited States”, in Handbook of Computational
Chemistry, Springer, 1917-1941, 2016.

[2] J. Rydzewski, W. Nowak, Photoinduced Transport in an H64Q
Neuroglobin Antidote for Carbon Monoxide Poisoning, J. Chem. Phys.,
148(11), 2018, 115101,

[3] Broichhagen J, Schonberger M, Cork SC et al. Optical control of insulin
release using a photoswitchable sulfonylurea. Nat Commun 2014; 5:5116.
doi: 10.1038/ncomms6116.

[4] K. Walczewska-Szewc, W. Nowak, Spacial models of malfunctioned
protein complexes help to elucidate signal transduction critical for insulin
release. Biosystems. 2019 Mar;177:48-55. doi:
10.1016/j.biosystems.2018.11.001.
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1/f noise in ion channels formed by the Classical Swine Fever Virus
(CSFV) p7 protein

Antonio Alcaraz®, Vicente M. Aguilella?, Eneko Largo® and José L. Nieva®
* Laboratory of Molecular Biophysics. Department of Physics. University
Jaume I, 12071 Castellon, Spain

® Biofisika Institute (CSIC, UPV/EHU) and Biochemistry and Molecular
Biology Department, University of the Basque Country (UPV/EHU), P.O.
Box 644, 48080 Bilbao, Spain.

Permeabilization of the endomembrane system by viroporins is instrumental
in the progression of host-cell infection by many viral pathogens. Previous
studies showed that CSFV viroporin p7 assembles into channels of
nanometric dimensions. Here we analyze the power spectrum of current
traces. We focus on the low-frequency range where the power spectrum
shows typically 1/f* behavior with 0.5< a < 2 (the so called “pink noise”).
We investigate several lipid mixtures to show that lipid composition
determines not only the absolute value of current fluctuations but also the o
parameter in the power spectrum of the current traces. Our findings give
support to previous studies hypothesizing that p7 viroporin forms channels
with at least two different types of pore architecture. Overall, our
observations suggest that pink noise is caused by conductance fluctuations
governed by equilibrium processes, in particular the conformational
dynamics involving the proteins and lipids that assemble together to form
proteolipidic pores.

0-050 (P-155)

Biophysical models of mRNA translation applied to ribosome profiling
data

J. Szavits-Nossan', L. Ciandrini®.

"University of Edinburgh, Edinburgh, United Kingdom; 2Universite de
Montpellier, Montpellier, France.

Protein synthesis is regulated at many different levels including
transcription of DNA into mRNA and translation of mRNA into protein.
There is an accumulated evidence that synonymous codon choice affects
mRNA translation, particularly the rate of protein production and the quality
of the protein produced [1]. Dynamical details of this intricate process have
recently become available thanks to rapid advances in DNA sequencing and
single-cell imaging. However, existing biophysical models of mRNA
translation have had limited success so far interpreting the new data because
of our lack of mathematical tools to describe nonequilibrium systems [2]. 1
will present a newly developed method for solving the most commonly used
models of mRNA translation, the ones that are based on the totally
asymmetric simple exclusion process. The method assumes that translation
initiation is rate-limiting for protein synthesis and predicts the rate of
translation and ribosome density from translation elongation rates of
individual codons. I will demonstrate how to use the method for analyzing
ribosome profiling data and discuss what it teaches us about codon
optimization.

[1] Brule CE, Grayhack EJ. 2017. Synonymous codons: choose wisely for
expression. Trends Genet 33:283-297.

[2] Zur H, Tuller T. 2016. Predictive biophysical modeling and
understanding of the dynamics of mRNA translation and its evolution.
Nucleic Acids Res 44:9031-9049.

[3] Szavits-Nossan J, Cinadrini L, Romano MC. 2018. Deciphering mRNA
Sequence Determinants of Protein Production Rate. Phys Rev Lett
120:128101.
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Systematic superresolution analysis of endocytosis reveals an actin
nucleation nano-template that drives efficient vesicle formation

Markus Mund, Jan van der Beek, Joran Deschamps Serge Dmitrieff, Jooske
Monster, Andrea Picco, Frangois Nédélec, Marko Kaksonen, Jonas Ries
EMBL Heidelberg

Meyerhofstr. 1, 69117 Heidelberg, Germany

Email: ries@embl.de

Clathrin-mediated endocytosis is an essential cellular function of all
eukaryotes. It relies on a self-assembled macromolecular machine of over
50 different proteins in tens to hundreds of copies that mediate vesicle
formation. How so many proteins can be organized to produce endocytic
vesicles with high precision and efficiency is not understood. To address
this gap, we developed high-throughput superresolution microscopy to
reconstruct the nanoscale structural organization of 23 endocytic proteins
from over 100,000 endocytic sites in yeast. This allowed us to visualize
where individual proteins are localized within the machinery throughout the
endocytic process.

By combining superresolution imaging, live-cell microscopy and Brownian
dynamics simulations, we aim to identify the architectural features that
allow the endocytic machinery to create vesicles with high efficiency and
robustness. We found that actin filament nucleation is pre-patterned by a
nucleation nanotemplate, which directly links molecular organization to the
mechanics of endocytosis, and might represent a general design principle
for directional force generation in other membrane remodeling processes
such as during cell migration and division.

I will present first results on a dynamic reconstruction of the yeast endocytic
machinery from thousands of images of fixed structures.

Mund et al. “Systematic analysis of the molecular architecture of
endocytosis reveals a nanoscale actin nucleation template that drives
efficient vesicle formation,” Cell, (2018).

0-052

Shedding new light on the nanoscale organization of GPCR signalling
Davide Calebiro

University of Birmingham, UK

My group investigates the basic mechanisms of G protein-coupled receptor
(GPCR) signalling and their alterations in disease, which we study using
innovative microscopy methods such as fluorescence resonance energy
transfer (FRET) and single-molecule microscopy. Using these methods, we
have demonstrated that GPCRs do not only signal via cyclic AMP at the cell
surface but also at intracellular sites (Calebiro et al., PLoS Biology 2009).
We have shown that this is required for the biological effects of hormones
like TSH and LH. Moreover, we have shown that this occurs via retrograde
trafficking of the internalized receptors to the trans-Golgi network (TGN),
where they induce local cAMP signalling (Godbole et al., Nat Commun
2017). In parallel, we have developed an innovative single-molecule
microscopy approach to investigate receptor interactions on the plasma
membrane with unprecedented spatiotemporal resolution. Using this
approach, we could demonstrate that GPCRs from transient complexes that
differ considerably in size and location among receptors (Calebiro et al.,
PNAS 2013). Very recently, we have succeeded for the first time in directly
visualizing individual receptors and G proteins as they interact and signal in
living cells (Sungkaworn et al., Nature 2017). This has revealed “hot spots”
for G protein signalling at the plasma membrane, which we hypothesize
confer speed and specificity to GPCR signalling. Altogether, the most recent
findings by our and other groups suggest that GPCR signalling is highly
organized in time and space, which likely plays a key role in determining
signal specificity downstream of this important family of membrane
receptors. These findings also have major implications for drug discovery,
as they might provide a new basis to precisely modulate GPCR activity, and,
thus, develop innovative drugs with improved efficacy and less side effects.

0-053

Cryo-EM structural analysis of focal adhesion machinery

N. Mizuno.

Focal Adhesion (FA) is an intracellular protein machinery essential for cell
migration, signaling and immune functions. Talin is a 270 kDa cytoplasmic
adaptor protein that connects integrin receptors on the cell surface to the
actin cytoskeleton within FA, thus, playing a key role in the assembly of
FA. Upon its activation, talin can stretch up to ~80 nm within FA, acting as
an activator of integrin, a recruitment platform for several signaling
molecules, and finally a cross-linker of actin to the membrane. It is
necessary for the tethering action of cells to the extracellular matrix (ECM).
In cells, talin is highly expressed with a concentration of up to 25 pM. While
activated talin is essential for the FA formation, it is also critical to be
properly switched off during the resting state. The auto-inhibited state of
talin has been long proposed and structural information of short talin
fragments has been reported. However, the molecular organization and the
functional relevance of the auto-inhibition has been a mystery. It has been
challenging to obtain preparative amounts of talin and to control its
conformational state. This is due to the complex and flexible domain
organization of talin with 16 domains, sub-devided into a 50 kDa head and
a 220 kDa rod with 13 helical bundles and a putative dimerization domain.
In order to understand the mechanistic features of talin’s auto-inhibition, we
characterized talin from structural (cryo-EM) and dynamic (biophysical)
aspects. We recombinantly prepared a series of talin fragments including
full-length. We further successfully obtained a cryo-EM structure of full-
length talin in its autoinhibited state, showing a charge-based arrangement
of the rod domains folding into a compact globular structure covered by the
head domain. The dynamic analysis of talin revealed a molecular opening
of talin, leading to a drastic change of the conformation from a 15-nm
globular, autoinhibited to a 80-nm active string-like formation, which can
be reversed. This conformational switch explains the dynamic behavior of
talin and its long-range effects during cell migration and signaling.

0-054 (P-164)

TANGO1 Regulates Membrane Tension to Mediate Collagen Export
from the Endoplasmic Reticulum

I. Raote!, M.F. Garcia-Parajo?, V. Malhotra', F. Campelo?®.

!Centre for Genomic Regulation (CRG), Barcelona, Spain; 2ICFO-Institut
de Ciencies Fotoniques, Castelldefels, Barcelona, Spain.

Collagens are the main component of the extracellular matrix, a
proteinaceous network that provides the structural integrity necessary for
multicellularity. Collagens are bulky secretory proteins, which are de novo
synthesized into the endoplasmic reticulum (ER), from where they are
exported to the Golgi complex before being secreted. Despite their
fundamental importance, the molecular and biophysical mechanisms of how
collagens are exported from the ER still remain poorly understood. An ER-
resident transmembrane protein, TANGOI, is required for the export of
collagens by modulating and physically connecting the cytosolic COPII
membrane-remodeling machinery to the collagens in the ER lumen. We
recently monitored by super-resolution nanoscopy the organization of
TANGOI1 at collagen export sites, showing that TANGO1 assembles into
rings around COPII proteins. How are these TANGOI rings formed? How
do they mediate collagen export from the ER? Here, we present a
biophysical model in which TANGOI1 forms a linear filament that wraps
around COPII lattices to stabilize the neck of a growing carrier. Our model
predicts how the different physical interactions of TANGOI proteins
regulate the size and shape of the rings. Moreover, our results indicate that
the growth of a collagen-containing export intermediate may be driven by a
local reduction of the ER membrane tension, which can be ascribed to the
TANGOI1-dependent tethering and fusion of ER-Golgi intermediate
compartment (ERGIC) membranes to the sites of collagen export.
Altogether, our results show that TANGOI1 can induce the formation of
transport intermediates by regulating ER membrane tension and thus
controlling collagen export from the ER.
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Facile membrane flow and tension equilibration at a presynaptic nerve
terminal

N. Dudzinski, B. Machta, D. Zenisek, E. Karatekin.

Yale University, New Haven, CT, United States.

A crucial factor regulating synaptic transmission by neurons and hormone
release by neuroendocrine cells is membrane tension, o. Increased o
promotes fusion pore dilation leading to increased cargo release and
strongly inhibits endocytosis, while decreased o leads to transient pore
opening resulting in incomplete cargo release and facilitates endocytosis. It
has been proposed that a reduction in ¢ due to exocytic membrane addition
to the presynaptic terminal surface could provide a mechanism that couples
exo- and endocytosis. Such a coupling implies membrane flow from an
exocytic site to an endocytic one, but such flows have never been
demonstrated, and so the relationship between synaptic vesicle (SV) and o
dynamics is unknown. This is mainly due to challenges in the measurement
of activity-dependent tension changes at nerve terminals, which are
typically too small to allow direct access for tension measurements. We have
overcome these challenges by using the giant synaptic terminal (~10 um) of
the goldfish retinal bipolar neuron. Such terminals are ideal for studying
properties of presynaptic membranes, as each is filled with ~500,000 SVs,
and respond to stimulation in a graded manner, increasing terminal area by
up to ~15 % upon depolarization due to rapid exocytosis, followed by slower
recovery due to endocytosis.

To measure o, we use optical tweezers to manipulate a 1-3 pm bead, which
is briefly brought into contact with a synaptic terminal, then pulled away to
create a thin membrane tether between the bead and the terminal. The tether
force reports o. In addition, we manipulate membrane tethers to probe
membrane flows and membrane-cortex drag.

We observe activity-dependent changes in ¢ consistent with exo- and
endocytosis, as well as changes in tether force resulting directly from
synapse depolarization— a mechano-electric effect. Unexpectedly, we also
found that membrane tethers can be dragged across the terminal with little
resistance, in sharp contrast to other cell membranes where cytoskeleton-
PM interactions regulate ¢ and severely limit membrane flows. We conclude
that exceptionally facile membrane flow and tension equilibration at the
presynaptic plasma membrane is tuned for rapid turnover of synaptic
vesicles, thus playing a key role in neurotransmission.

0-056 (P-166)

Allosteric regulation of small GTPases at the surface of membranes

J. Cherfils.

CNRS and Ecole Normale Supérieure Paris-Saclay, Cachan, France.
Lipidated small GTPases regulate most aspects of “cell logistics” including
signaling, membrane traffic, cell shape and motility, and they are associated
with myriad severe diseases. To function, they assemble multiprotein
complexes at the surface of membranes to propagate actions in the cell, but
an integrated understanding of their interactions with the lipid bilayer is still
lacking. I will describe recent research in which we combined X-ray
crystallography, SAXS, molecular dynamics, HDX-MS and fluorescence
kinetics to understand the inner workings of small GTPases and their
regulators on membranes, and how it led to new concepts in drug discovery.
References:

Aizel et al., Integrated conformational and lipid-sensing regulation of
endosomal ArfGEF BRAG2. PLoS Biol. (2013) 11:e1001652.

Karandur et al. Multiple interactions between an Arf/GEF complex and
charged lipids determine activation kinetics on the membrane. PNAS
(2017), 114:11416-11421.

Nawrotek et al. PH-domain-binding inhibitors of nucleotide exchange factor
BRAG?2 disrupt Arf GTPase signaling. Nat. Chem. Biol. (2019) 15:358-366.
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Deep learning for molecular biophysics

Prof. Dr. Frank Noe

Head of Computational Molecular Biology group

Freie Universitaet Berlin, Germany

We present new methods that exploit the power of deep learning to address
fundamental problems of molecular biophysics. Firstly, VAMPnets exploit
a variational approach for Markov processes in order to learn Markov state
models (MSMs) using neural networks. We demonstrate that VAMPnets can
automatically learn high-quality MSMs of protein kinetics and how MSMs
can drive simulations in order to sample processes well beyond the seconds
timescale, including protein-protein association and dissociation. Secondly,
we demonstrate the use of deep learning in learning physically valid coarse-
grained potentials from all-atom simulations, and the application of this
approach to learn effective few-bead models of proteins that faithfully
model the missing all-atom solvent.

0-058

Sculpting cell membranes by protein nanomachines

Andela Sari¢, L. Harker-Kirschneck, B. Baum, A. Paraschiv, T. Pilizota.
Department of Physics & Astronomy, Institute for the Physics of Living
Systems

University College London, Gower St, London WCIE 6BT, UK

Cellular membranes require constant remodeling to allow cells to maintain
homeostasis, to grow and to divide. This involves protein machines that can
sense mechanical forces and physically sculpt membranes in both directions,
toward and away from the cytoplasm. Such machines are typically
composed of a large number of membrane-bound proteins organised into
filaments and other functional assemblies. Due to their multiscale nature,
the formation and function of these assemblies are challenging to resolve
with current experimental techniques and are too complex for detailed
molecular simulations. Coarse-grained computer simulations, rooted in
statistical mechanics and soft-matter physics, can be of great value in
determining how functional protein nanostructures operate. Here we will
discuss cooperative mechanosensing of membrane channels, and membrane
remodelling by ESCRT-III filaments, studied using minimal coarse-grained
models. We will provide quantitative predictions for cooperative action of
bacterial mechanosensitive channels, from molecular to cellular scales. We
will propose how geometrical transitions of ESCRT-III filaments can
remodel and sever membranes of various shapes and topologies, creating
membrane tubes, buds, and dividing tubular and spherical membranes.
Beyond their biological context, our findings can also guide the design of
artificial structures that mechanically sculpt cells and sense mechanical
forces at the nanoscale.
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Pentameric Ligand-gated Ion Channels: New Crystal Structures and
MD simulations

Marc Delarue

Unit of Structural Dynamics of Biological Macromolecules,

UMR 3528 du CNRS, Pasteur Institute

25-28 Rue du Docteur Roux

75015, Paris, France

Pentameric Ligand-gated Ion Channels (pLGICs) are allosteric membrane
receptors that mediate rapid chemo-electrical signal transduction in animals
through the binding of neurotransmitters (agonists). Their functional
response to agonists is regulated by a variety of molecules of
pharmacological interest, such as benzodiazepines, alcohols, general
anesthetics and barbiturates. pLGICs also exist in prokaryotes and display
structure-function relationships remarkably similar to eukaryotic ones.

In the past, we have been able to solve the structures of both open and closed
forms of a proton-gated ion channel GLIC, from the cyanobacteria
Gloeobacter violaceus. Despite recent progress (H. Hu et al., PNAS, 2018,
115 :12172-81), its detailed mechanism is hard to decribe comprehensively,
due to the large number of proton binding sites in the receptor.

We recently solved the crystal structure of another pLGIC from a bacterial
symbiont of a large tubeworm living in deep sea (7. jerichonana) that can
be open at basic pH in the presence of analogues of amino-acids (H. Hu et
al., PNAS 2018, 115:3959-68). Surpisingly, its pore is widely open, while
its extra-cellular domain contains a closed constriction ring.

We have used extensive MD simulations to probe the stability of this open
state in a native lipidic environment and model its gating. This new structure
sheds new light of the functional state of the closed form of ELIC, another
receptor from the plant pathogen E. chrystantemi.

In addition, bacterial pLGIC are often fused to other domains, thus
displaying a greater diversity in their architecture than their eukaryotic
counterparts. Nothing is known at present on the higher architecture of these
larger receptors of the pLGIC family.

We will present here the crystal structures at atomic resolution of two
different conformations of DeCLIC, a pLGIC from a deltaproteobacterium
Desulfofustis that contains two additional amino-terminal domains (NTD1
and NTD2), directly fused to the conventional ligand binding domain
(LBD). Both NTD have a jelly-roll topology (H. Hu et al., submitted).

The structure obtained with Ca®" shows a closed transmembrane pore. In
contrast, the one obtained in the absence of Ca®" displays a wide-open pore.
The NTDs establish tight interactions with themselves and with the LBD. In
the wide-open pore conformation, because of the global compaction and
twisting motions of the NTDs and LBDs, the NTD2 modulates the
conformation of the classical agonist binding site at the interface of
subunits.

This pair of new structures also illuminates the remodeling of known
allosteric sites in the LBD during the gating transition and provides a
framework that allows to interpret a large body of experimental and
structural data in other members of the pLGIC family.

0-060 (P-453)

Automated cryo-EM structure refinement using correlation-driven
molecular dynamics

M. Igaev, C. Kutzner, L.V. Bock, A.C. Vaiana, H. Grubmiiller.

Max Planck Institute for biophysical Chemistry, Gottingen, Germany.

We present a correlation-driven molecular dynamics (CDMD) method for
automated refinement of atomistic models into cryo-electron microscopy
(cryo-EM) maps at resolutions ranging from near-atomic to subnanometer.
It utilizes a chemically accurate force field and thermodynamic sampling to
improve the real-space correlation between the modeled structure and the
cryo-EM map. Our framework employs a gradual increase in resolution and
map-model agreement as well as simulated annealing, and allows fully
automated refinement without manual intervention or any additional
rotamer- and backbone-specific restraints. Using multiple challenging
systems covering a wide range of map resolutions, system sizes, starting
model geometries and distances from the target state, we assess the quality
of generated models in terms of both model accuracy and potential of
overfitting. To provide an objective comparison, we apply several well-
established methods across all examples and demonstrate that CDMD
performs best in most cases.

0-061 (P-454)

AP peptides and pB-sheet breakers. A coarse grained molecular dynamics
approach using GO-Martini

A. Dhar', E. De Santis', G. Rossi?, F. Stellato’, S. Morante'.

"University of Rome Tor Vergata, INFN, Rome, Italy; 2University of Rome
Tor Vergata, INFN,Centro Fermi-Museo Storico della Fisica e Centro Studi
e Ricerche “Enrico Fermi, Rome, Italy.

The problem of protein misfolding is at the origin of a class of pathologies
called protein conformational disorders (PCD) to which all neuro-
degenerative diseases belong. PCD’s are characterized by the misfolding of
proteins that grow in aggregates of fibrillar shape. Among them, Alzheimer
Disease (AD) is one of the most studied for its high impact on the modern
society. The plaques present in the brain of AD patients show deposition of
fibril made of amyloid B (AB) peptides [1]. The process that leads to
misfolding, aggregation and amyloid plaques formation is not yet fully
elucidated. It seems, however, that the “trigger” of the process is an
abnormal switch of the peptide secondary structure leading to B-sheet
formation.

Several factors are known to affect A aggregation processes. An important
role seems to be played by metal ions that have been observed to be quite
abundant in fibrils [2-4]. Recently, the observation that short synthetic
peptides, called B-sheet breaker (BSB's), are able to directly interact with
AB, precluding (or disfavouring) amyloid polymerisation. This finding has
stimulated a lot of work in the direction of trying to understand the
molecular mechanism by which BSB's are able to slow down or even prevent
AP aggregation and fibrillation [5].

In this presentation we show how one can get a good understanding of the
role that BSBs play in the aggregation process of AP peptides by means of
coarse-grained molecular dynamics simulations based on the Martini force-
field. Since the secondary structure switching is a crucial event for the
successive aggregation process, we have extended the standard Martini
approach to incorporate GO-Martini algorithm [6] that allows to properly
model structural switches and study the secondary structure dynamical
evolution of AP peptides in the presence of BSBs.

. LC Serpell, BB4, 1502(1):16-30, 2000

. E De Santis et al., JPCB, 119, 15813-15820, 2015

. S Morante, GC Rossi, Advance Alz Res,2:100-147, 2014

. F Stellato et al., Biophys Chem, 229, 110-114, 2017

. V Minicozzi et al., JBC, 289, 11242-11252, 2014

. AB Poma et al., J Chem Theory Comput, 13(3):1366-1374, 2017
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Effect of pH on the influenza fusion peptide structure and activity: A
constant-pH molecular dynamics approach

D. Lousa', A.R.T. Pinto?, S.R.R. Campos', A.M. Baptista', A.S. Veiga?,
M.A.R.B. Castanho?, C.M. Soares'.

'ITQB NOVA, Ogiras, Portugal; 2iMM - FMUL, Lisbon, Portugal.
Influenza pandemics are serious health threats of our time, in view of the
limited treatments available. Research on the molecular mechanisms of
infection by the influenza virus (IV) is needed to find new therapeutic
targets. Inactivating the fusion of the viral and host membranes is considered
a promising strategy, but this process is poorly understood at the molecular
level.

The IV fusion process is promoted by the protein hemagglutinin (HA). The
IV is uptaken by endocytosis and the low pH of the late endosome triggers
a large conformational change of HA that initiates fusion. HA contains a
region that is essential for this process: the fusion peptide (FP), which binds
to the host membrane and promotes fusion. Interestingly, this peptide is able
to induce fusion of lipid vesicles, even in the absence of the rest of the
protein, making it a privileged model to study fusion.

In the last years, our group has studied the molecular determinants of the FP
activity, showing that this peptide can adopt two different conformations in
the membrane, which have different impacts on the membrane properties.
Our work also shed light into the mechanisms by which the peptide perturbs
the membrane, which include promoting lipid disorder and lipid-tail
protrusion.

Given that fusion takes place when the virus is exposed to the low pH of the
endosome, we are currently investigating the effect of pH on the influenza
FP structure and membrane-interacting properties, by using an in-house
developed constant-pH molecular dynamics method to shed light into this
question. Our results show that lower pH stabilizes a deeper insertion of the
peptide in the membrane and strengthens the interaction of the peptide with
the lipids, which results in a higher fusogenic activity. By combining the
simulation results with experimental studies performed by our collaborators,
this study provides a detailed molecular characterization of the effect of pH
on the influenza FP, which can be useful for the design of novel therapies
against this devastating pathogen.
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Recent insights into the peptide-loading complex machinery

S. Trowitzsch.

Goethe-University Frankfurt.

Abstract

Identifying and eliminating infected or malignantly transformed cells are
fundamental tasks of the adaptive immune system. For immune surveillance,
the cell’s metastable proteome is displayed as short peptides on major
histocompatibility complex class I (MHC I) molecules to cytotoxic T-
lymphocytes. Our knowledge about the track from the proteome to the
presentation of peptides has greatly expanded, leading to a quite
comprehensive understanding of the antigen-processing pathway, which
comprises many transient and dynamic macromolecular machineries. I will
report on the mechanisms of antigen translocation, chaperoning, and editing,
as well as on quality control mechanisms for peptide-MHC I complexes that
are key for the understanding of autoimmune diseases. Based on an
integrative approach, we have elucidated the contribution of individual
proteins to the architecture of the MHC I peptide-loading complex (PLC)
and other MHC I editing complexes. Consequences of viral immune evasion
strategies will be discussed. The data provide a framework for a mechanistic
understanding of quality control steps during antigen selection and unveil
the molecular details underlying the onset of an adaptive immune response.

0-064

LUBAC and linear ubiquitin chains: novel tools to study immune
signalling

Katrin Rittinger

The Francis Crick Institute, London, UK.

Linear ubiquitin chains linked through Metl are important players of
immune and inflammatory signalling and apoptotic cell death. They are
generated by a multi-subunit E3 ligase complex called linear ubiquitin
assembly complex (LUBAC) that is thus far the only E3 ligase capable of
forming linear ubiquitin chains. The complex consists of three subunits,
HOIP, HOIL-1L and SHARPIN, with the HOIP subunit providing the E3
ligase activity of the complex. While the HOIL-1L and SHARPIN subunits
are clearly required for the overall activity of the complex, their precise
contribution to the observed biological functions of LUBAC remains
unclear. I will discuss recent work on the design of novel tools to study
LUBAC function and interfere with activity in a cellular context.

0-065

Analysing cryoEM data quality in the post resolution revolution era:
Validity criteria

J.M. Carazo.

CNB-CSIC (Spanish National center for Biotechnology).

Cryo Electron Microscopy (cryoEM) is possibly the fastest growing area in
Structural Biology. Many specimens are amenable to their study by Electron
Microscopy, and a logical question inside and outside of the cryoEM field
is to ask for information about the quality and possible “peculiarities” of
this new boom of data. Logically, we are all interested in validity criteria.
In this talk I will start reviewing current practices in cryoEM to help
addressing this issue, to then introduce a new quality/validation criterion
that has the capacity to work only on the cryoEM maps and to derive an
impressive amount of new quantitative information about map quality. We
refer to the new Directional Local Resolution

0-066 (P-185)

Histone tails in nucleosome: fuzzy interaction with DNA

S. Rabdano', M. Shannon?, S. Izmailov!, N. Gonzalez Salguero?, M.
Zandian?, M. Poirier?, N. Skrynnikov', C. Jaroniec®.

!Saint Petersburg State University, Saint Petersburg, Russian Federation;
>The Ohio State University, Columbus, United States.

New evidence from NMR spectroscopy suggests that histone tails remain
highly dynamic even in the condensed state of chromatin. To probe the
dynamic behavior of H4 histone N-terminal tail in greater detail, we
prepared a sample of mononucleosome containing '"N,'*C-labeled H4
histone. The HSQC spectrum of this sample features observable signals
from the first fifteen residues in H4; half of these signals have been
successfully assigned and wused for site-specific "N relaxation
measurements. The experimentally obtained chemical shifts and relaxation
rates paint the picture of moderately mobile H4 tail with random-coil-like
conformational properties. We have also recorded a ps-long MD trajectory
of mononucleosome in the explicit TIP4P-D solvent, which has been
designed specifically for (partially) disordered protein systems. This
trajectory successfully reproduced the experimentally measured chemical
shifts and relaxation rate constants. According to the MD data, the positively
charged H4 tail hovers over the negatively charged ds-DNA, making
transient contacts with both DNA backbone and major/minor grooves. This
type of behavior, underpinned by electrostatic attraction and characterized
by substantial mobility of H4 tail relative to the DNA chain, can be
classified as "fuzzy interaction". The research was supported by RSF grant
15-14-20038 (modeling component) and NIH grant GM118664
(experimental component).

0-067 (P-186)

New protein-protein interaction modulators for the therapeutic
regulation of synapse dysfunction in neurodevelopmental disorders and
neurodegeneration

A. Mansilla', A. Chaves-Sanjuan®, C. Roca®, A. Canal-Martin®, M. Daniel-
Mozo?, L. Martinez-Gonzalez®, L. Infantes?, A. Ferrus?, A. Martinez’, R.
Perez-Fernandez®, N. Campillo®, M.J. Sanchez-Barrena?.

"Hospital Ramén y Cajal, Madrid, Spain; “Institute Rocasolano (CSIC),
Madrid, Spain; *Centro de Investigaciones Biolégicas (CSIC), Madrid,
Spain; “Institute Cajal (CSIC), Madrid, Spain.

The protein complex formed by the Ca** sensor neuronal calcium sensor 1
(NCS-1) and the guanine exchange factor protein Ric8a co-regulates
synapse number and probability of neurotransmitter release, emerging as a
potential therapeutic target for diseases affecting synapses [1]. In
neurodevelopmental disorders, such as Fragile X syndrome (FXS) or
Autism, neurons show an abnormally high synapse number. On the contrary,
in neurodegeneration, such as Alzheimer’s, Huntington’s or Parkinson’s
diseases, patients show a low synapse number. In the recent years, we have
been investigating the structural basis of the NCS-1/Ric8a interaction and
found out that the formation of this complex is essential to increase synapse
number [1,2]. Therefore, an inhibition of the NCS-1/Ric8a complex would
constitute a potential strategy to regulate synapse function in FXS and
related disorders. Conversely, the stabilization of this protein-protein
interaction could be key to regulate synapses in neurodegeneration. With
this aim, virtual screenings and dynamic combinatorial chemistry
approaches have been used to find out regulatory molecules of this protein-
protein interaction. Further, a multidisciplinary approach including,
biochemical, biophysical, crystallographic, cellular and in vivo studies have
been performed to demonstrate the activity of the compounds, their
therapeutic potential and molecular mechanism of action [3,4].

[1] Romero-Pozuelo, J. et al. (2014) Journal of Cell Science 127, 4246-
4259.

[2] Bafios-Mateos, S. et al. (2014) Acta Crystallographica A70, 530-534.
[3] Mansilla, A. et al. (2017) PNAS 114(6), E999-E1008.

[4] Canal-Martin, A. et al. (2019) Under review.
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Structural characterisation of tissue-derived, disease-associated
polymers of alpha-1-antitrypsin using conformation-selective
antibodies and  single-particle reconstructions from electron

microscopy images

E. Elliston', S. Faull?, M. Laffranchi®, B. Gooptu®, A. Jagger!, E. Miranda®,
J. Perez®, N. Heyer-Chauhan', N. Lukoyanova’, A. Redzej’, A. Fra’, E.
Orlova’, D. Lomas', J. Irving'.

'University College London, London, United Kingdom; “Institute of Cancer
Research, London, United Kingdom; *Universita' di Brescia, Brescia, Italy;
“University of Leicester, Leicester, United Kingdom; Sapienza Universita'
di Roma, Rome, Italy; *Universidad de Malaga, Malaga, Spain; "Birkbeck
College, University of London, London, United Kingdom.

al-Antitrypsin is an abundant plasma inhibitor of neutrophil elastase,
expressed at high levels by hepatocytes, and one of the causative agents of
a class of conformational diseases termed serpinopathies. In its active state,
al-antitrypsin is in a kinetically stable, but thermodynamically unstable,
configuration, rendering it susceptible to inappropriate conformational
change. In individuals homozygous for the Z (E342K) mutation, o,-
antitrypsin accumulates in the liver as dense intracellular deposits, leading
to a reduced level in circulation. These deposits are the consequence of an
‘ordered aggregation’ that yields linear, unbranched protein chains, termed
polymers, that are both extremely stable and functionally inactive. The
circulating deficiency results in a protease-antiprotease imbalance in the
lung, predisposing affected individuals to emphysema and COPD, whilst the
hepatic accumulation can lead to liver disease, including cirrhosis and
hepatocellular carcinoma.

Our aim is to define the molecular details of the polymerisation pathway, in
which a,-antitrypsin passes through different conformational states as it
transitions from the active monomer via one or more structural intermediates
to a hyperstable polymeric form. Different models have been proposed for
the terminal structure adopted by the pathological polymer; these are are
largely based on characterisation of polymers produced under conditions
mechanistically or biologically distinct from those existing in vivo, and as
such their relevance to the pathological context has not been established. To
probe the structural and energetic aspects of the polymerisation pathway,
we have generated a molecular toolkit of conformation-specific monoclonal
antibodies (mAbs), and mapped their epitopes. We have utilised these mAbs
and applied single-particle reconstruction techniques to negative stain and
cryo-EM images of polymers extracted from patient explant liver tissue. The
resulting maps, in conjunction with molecular modelling, have allowed us
to critically evaluate the proposed mechanisms of polymer formation.
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Eco-evolutionary dynamics during Escherichia coli colonization of the
mouse gut

I. Gordo.

Evolutionary Biology Group, Instituto Gulbenkian de Ciencia, Portugal
ABSTRACT: Bacterial laboratory experiments where evolution is followed
in real time have allowed us to test theoretical predictions on microbial
adaptation and to unravel how pervasive the spread of beneficial mutations
can be when they face novel environments.

Much less is known about bacterial real time evolution in more natural
environments, such as that comprising the gut microbiota. The pace and
pattern of evolutionary change during the life of a health mammal is
currently unknown. We have been following the emergence of new strains
in commensal E. coli when it colonizes the gut of laboratory mice (in vivo
experimental evolution).

These semi-controlled experiments have revealed that rapid evolutionary
change occurs, which is marked bystrong effect mutations, evolution of
mutator clones and high rates of horizontal gene transfer.

0-070

Evolutionary Biology of Cell Division:
Genetics and Cellular Biophysics

Daniel Needleman

Gordon McKay Professor of Applied Physics and Professor of Molecular
and Cellular Biology
Harvard University

We are using a combination of biophysics, quantitative genetics (i.e. QTL
mapping), and comparative approaches to study spindle elongation and
positioning in C. elegans and other nematodes. This work has lead to a
quantitative understanding of how cortical pulling forces can stably position
the spindle (and asters), and revealed the genetic basis of natural variations
in spindle behaviors among C. elegans wild isolates. Taken together, our
work provides a mechanistic explanation for the patterns of within species
variations in the spindle, and it's changes over ~100 million years of
evolution across different nematode species.

Integrating Quantitative
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Universal properties of genotype-phenotype maps

Sebastian E. Ahnert!’

1 Sainsbury Laboratory, University of Cambridge, Bateman St, Cambridge
CB2 1LR, United Kingdom

2 Cavendish Laboratory, University of Cambridge, JJ Thomson Avenue,
Cambridge CB3 OHE, United Kingdom

Over the past three decades the genotype-phenotype (GP) maps of several
simple biological model systems have been studied in great detail. These
model systems include RNA secondary structure and the HP model of
protein folding. Because these systems are relatively tractable it is possible
to study large-scale properties of the GP map, such as the distribution of
genotypes per phenotype, the robustness and evolvability of phenotypes,
and the accessibility of phenotypes in a given number of mutational steps.
In recent years the measurement of these properties has been extended to
further model systems, such as the Polyomino GP map of biological self-
assembly, among others. In all of these maps similar relationships between
phenotypic evolvability, robustness, and frequency are observed, such as a
positive correlation between phenotypic evolvability and robustness, a
negative correlation between genotypic evolvability and robustness and a
linear scaling of phenotypic robustness with the logarithm of phenotype
frequency. These properties therefore appear to potentially be universal to
GP maps. Here we address possible reasons for this universality and
introduce several highly simplified, abstract GP maps that nevertheless
succeed in reproducing the same properties. These simplified maps allow us
to identify possible underlying causes for the universal properties of GP map
structure, which we find to be (a) the partition of sequence regions into
constrained and unconstrained parts, and (b) non-local interdependence of
sequence positions with regard to their constraints. Since biological
sequences display these characteristics in almost every biological context it
is likely that the same GP map properties we observe in abstract model
systems also hold for much more complex and biologically realistic
phenotypes.
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0-072 (P-213)

ScarTrace: CRISPR/Cas9-mediated clonal
embryonic development and regeneration

A. Alemany, M. Florescu, C.S. Baron, J. Peterson-Maduro, A. Van
Oudenaarden.

Hubrecht Institute, Utrect, Netherlands.

Embryonic development is a crucial period in the life of multicellular
organisms when limited sets of embryonic progenitors produce all cells in
the adult body. Determining which fate these progenitors acquire in adult
tissues requires simultaneously measuring clonal history and cell identity at
single-cell resolution, which has been a major challenge. In this talk, I will
present ScarTrace, a single-cell sequencing strategy that allows to
simultaneously quantify clonal history and cell type for thousands of cells
obtained from different organs of the adult zebrafish. Using ScarTrace we
show that a small set of multipotent embryonic progenitors generates all
hematopoietic cells in the kidney marrow. ScarTrace also reveals that
epidermal and mesenchymal cells in the caudal fin arise from the same
progenitors, and osteoblast-restricted precursors can produce mesenchymal
cells during regeneration. Remarkably, we identify a subsetof immune cells
in the fin with an epidermal and mesenchymal clonal origin, while a very
similar cell type detected in the brain (microglia) shares clonality with the
hematopoietic system. This suggests the existence of organ-dependent
mechanisms in the role of immunity in tissue repair and maintenance in
zebrafish. Similar approaches will have major applications in other
experimental systems, in which matching the embryonic clonal origin to the
adult cell type will ultimately allow the reconstruction of how the adult body
is built from a single cell. Because ScarTrace provides a glimpse of the
cellular past, it will be interesting to explore how this history is predictive
of the current epigenetic and expression state.

tracing in zebrafish

0-073 (P-214)

Rare beneficial mutations cannot halt Muller's ratchet in spatial
populations

S.C. Park!, P. Klatt?, J. Krug?®.

'The Catholic University of Korea, Bucheon, Korea (South, Republic Of);
*University of Cologne, Cologne, Germany.

Muller’s ratchet describes the irreversible accumulation of deleterious
mutations in asexual populations. In well-mixed populations the speed of
fitness decline is exponentially small in the population size, and any positive
rate of beneficial mutations is sufficient to reverse the ratchet in large
populations. The behavior is fundamentally different in populations with
spatial structure, because the speed of the ratchet remains nonzero in the
infinite size limit when the deleterious mutation rate exceeds a critical value.
Based on the relation between the spatial ratchet and directed percolation,
we develop a scaling theory incorporating both deleterious and beneficial
mutations. The theory is verified by extensive simulations in one and two
dimensions.

0-074 (P-215)

Exploring phenotypic variability of bacteria using microfluidic cell
traps

A. Abraham, K. Nagy, E. Csakvari, L. Dér, P. Galajda.

HAS BRC, Szeged, Hungary.

In changing environments cell-to-cell variation of phenotypic
characteristics and behaviour plays a key role in the survival, adaptation and
evolution of bacterial populations. Therefore, single cell level observations
are fundamental in order to understand the development and functioning of
bacterial populations and communities.

We are developing microfluidic devices consisting single cell traps for
bacteria that are used to study long-term growth of bacterial cells and their
responses to various environmental factors. We use Escherichia coli and
Pseudomonas aeruginosa cells to study cell to cell variability in quorum
sensing, growth, division, cell size, and response to nutrient stress and
antibiotics.

In a modified mother machine we are able to trap and observe the
descendants of single bacterial cells through many generations. This enables
us to correlate phenotypic and behavioural variability to cell relatedness and
ageing.

Monday 22" July
BIOPHYSICS OF MEMBRANE OXIDATION (Sponsored by IUPAB)

0-075

Photosensitized oxidation of lipid membranes: yields and rates of
chemical and physical changes

M. S. Baptista', R. Itri2.

'UNIVERSIDADE DE SAO PAULO; IF-USP.

Photosensitized oxidations occur when photosensitizers absorb light and
transform the energy of light photons into chemical potential to allow
oxidation of biological targets. Damages in membranes (cytoplasm and/or
organelle) are of particular importance since they are key elements in terms
of biological structure of cells and organelles and also are fundamental in
triggering cell signaling responses. We aim to unravel the role of these
mechanisms in membrane oxidation and correlate the physical changes
observed in membranes with the chemical modifications induced in the
lipids. Changes in phospholipids are initiated as a consequence of the
formation of free radicals and singlet oxygen. The first reaction usually
involves the “ene” reaction between the lipid and triplet oxygen (formed
from PS triplet reaction with molecular oxygen) leading to the formation of
hydroperoxide (LOOH), causing important membrane changes such as the
increase in the area per lipid, reduction in the membrane stretching module
and the reorganization of domains. However, even in the presence of 100%
of lipid hydroperoxides, membrane leakage does not occur. Irreversible
damage starts with the abstraction of a hydrogen atom from an unsaturated
fatty acid (LH), leading to the formation of a carbon-centered lipid radical
(L ¢) that suffers the addition of an oxygen molecule forming peroxyl radical
(LOO *). The propagation phase comprises the initiation of a new oxidation
chain by the peroxyl radical (LOO ¢) and the decomposition of the lipid
hydroperoxides into other intermediate radicals. In light-induced reactions,
formation of alkoxides is catalyzed by direct contact reactions between the
triplet photosensitizer, the lipid double bond and the lipid hydroperoxide,
leading to chain breakage by B-scission. This process leads to the formation
of lipid truncated aldehydes, which are the molecules responsible for
starting of the leakage process. We are confident that this information will
allow the development of more efficient photosensitizers for photomedicine
as well as better strategies for sun protection.

0-076

Achievements, challenges and hopes in the biophysical analysis of
oxidised (phospho)lipids

A. Reis', A. Reis?, V. De Freitas®.

"Faculdade de Ciencias da Universidade do Porto; *Department of
Chemistry and Biochemistry, Faculty of Sciences, University of Porto.
Lipid peroxidation products are becoming increasingly recognized as
bioactive mediators in signalling events in inflammation, immunity and
infection. Phospholipids as components of lipid bilayers are one of the main
targets of radical species and prone to oxidative modification. The
randomness of radical-based reactions generates a myriad of primary and
secondary phospholipid oxidation products (OxPL) that has been confirmed
by mass spectrometry conducted on model membranes. The oxidative
modification of one single phospholipid results in dozens of OxPL. On the
other hand, the panel of OxPL described for fluids and cells is narrow and
the structural homogeneity found ex vivo contrasts with the structural
heterogeneity reported in vitro. Moreover, quantitative analyses of OxPL in
fluids and tissues have shown the presence of OxPL in sub-micromolar
concentrations and a residual OxPL/PL ratio (<1%).

To date, the reported biophysical changes of OxPL to lipid membranes
including the increase of hydration layer, reversal of oxidized chain into the
aqueous medium with increasing water permeability, with decrease of
bilayer thickness and even pore formation result from work with individual
OxPL, which do not reflect the structural diversity formed. Moreover, the
amounts of OxPL used in model membranes as high as 50% are unlikely to
occur in cell membranes. At the moment, due to experimental, instrumental
and technological challenges little is known about the spatial distribution of
OxPL at the surface of cells. Nevertheless, the biophysical changes reported
using high OxPL amounts may find relevance in other scenarios namely in
macromolecular aggregates with very low volumes (lipoproteins) with co-
localization of OXPL in nanoscale domains (“patches”) as predicted by the
“lipid whisker model”.

The challenges underlying the ex vivo analysis of OxPL and the influence
of these lipid microenvironments in the permeability, absorption and
delivery of polyphenols transported by lipoproteins will be discussed.
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0-077
Oxysterols
Membranes
M. Hof", P. Jurkiewicz?, R. Sachl?, L. Cwiklik®.

'J. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences;
2]. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences;
3. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences.
Products of lipid and cholesterol oxidation are commonly, although in
limited quantities, present in our bodies both under physiological and
pathological conditions. While their recognition by proteins triggers many
signaling pathways, their presence can also have severe effects on the
physical properties of lipid membranes. In the lecture we will summarize
our experimental and computational research on the behavior of truncated
oxidized lipids and oxysterols in model lipid membranes. '

1-P. Jurkiewicz, et al., Biochimica Et Biophysica Acta-Biomembranes 2012,
(1818) 2338

2-M. Stefl, et al., Biochimica Et Biophysica Acta-Biomembranes 2014,
(1838)1769

3-P. Parkkila, et al., Biochimica Et Biophysica Acta-Biomembranes 2015,
(1848) 167

4-W. Kulig, et al., Free Radic. Biol. Med 2015, (84)30

5-W. Kulig, et al., J. Phys. Chem. Lett. 2018, (9) 1118

6-1. Vinklarek et al., submitted

and Truncated Oxidized Phospholipids in Model

0-078 (P-220)

Lipids as substrates and dynamic activators: pro-apoptotic lipid
peroxidation at the mitochondrial membrane surface.

M. Li', A. Mandal', V. Tyurin!, M. Delucia', J. Ahn', V. Kagan', P. Van
Der Wel®.

"University of Pittsburgh, Pittsburgh, United States; 2University of
Groningen, Groningen, Netherlands.

Oxidative chemical modifications of lipids change their biophysical
properties and thus the behavior and structure of the surrounding membrane.
An important recent realization is that the modified lipids are also employed
by the cell as crucial quality control signals. The oxidation of mitochondrial
lipids is an important trigger of apoptosis, in line with the common
observation that pathogenic mitochondrial dysfunction generates excessive
reactive oxygen species (ROS). Remarkably, it has been shown that cells do
not rely merely on incidental oxidative events, but actually facilitate the
pro-active peroxidation of specific mitochondrial lipids with the help the
mitochondrial heme-containing protein cytochrome c.

We dissect the molecular interactions that mediate the formation and
activation of the protein-lipid complex behind this pro-apoptotic
peroxidation reaction [1]. By solid-state NMR, we probe the interactions
between the protein and the lipid bilayer surface, interactions with solvent
molecules, and the conformation and dynamics of the membrane-bound
protein. Crucially, we also measure the lipid-specific peroxidase activity
under these sample conditions via mass spectrometry-based lipidomics,
finding a recapitulation of the type of pro-apoptotic cardiolipin peroxidation
seen in vivo.

We observe the structural and dynamic changes affecting the protein as it
associates with the negatively charged bilayer surface. While attaining a
lipid-dependent activation of cardiolipin peroxidase activity, the native fold
is largely preserved. This is apparent from spectral signatures of the
membrane-bound protein, which are clearly distinct from those of denatured
cytochrome c. Instead, specific spectral changes indicate localized dynamics
that respond to the membrane fluidity. These lipid-associated dynamic
changes in the protein rationalize the peroxidase activation in absence of a
large-scale unfolding reaction. Upon protein-induced clustering into lipid
nanodomains, the cardiolipin lipids themselves act not only as the preferred
substrate but also as dynamic regulators in this lethal engagement between
proteins and lipids at the mitochondrial inner membrane.

[1] M. Li, A. Mandal, V.A. Tyurin, M. DeLucia, J. Ahn, V.E. Kagan, &
P.C.A. van der Wel (2019) Structure, in press, DOI:
https://doi.org/10.1016/j.str.2019.02.007

0-079 (P-221)

The effect of oxidised cholesterol on model red blood cell membranes
C. Lorenz, P. Smith.

King's College London, London, United Kingdom.

The human erythrocyte is responsible for delivering oxygen to all the body’s
tissues. To do so effectively, a red blood cell must be able to deform its 8
um, biconcave plasma membrane to flow through blood vessels as small as
3 um in diameter. As such, decreased deformability of a red blood cell can
significantly reduce its ability to oxygenate tissues. Under oxidative stress,
the red blood cell membrane becomes enriched with oxysterols, which
increase membrane stiffness, decrease cell deformability and reduce the
ability of the cell to transmit signals. A particularly cytotoxic oxysterol, 7-
ketocholesterol, is associated with many pathologies such as type 2 diabetes,
cardiovascular disease and numerous neurodegenerative diseases. It has
previously been found that high levels of 7-ketocholesterol leads to more
disordered and less condense lipid membranes. In a erythrocyte, a
disordered inner leaflet will interact more strongly with the cytoskeleton,
which leads to a stiffer, less deformable cell. We have used a series of all-
atom and coarse-grain molecular dynamics simulations to probe the effects
of 7-ketocholesterol on model red blood cell membranes. In doing so, we
have gained a mechanistic understanding of how 7-ketocholesterol effects
the order, dynamical, structural and mechanical properties of the model red
blood cell membranes.

0-080 (P-222)

Lipid curvature modulates function of mitochondrial membrane
proteins

0. Jovanovic', K. Chekashkina?, P. Bashkirov?, S. Skuljc*, M. Vazdar*, E.E.
Pohl'.

'Institute of Physiology, Pathophysiology and Biophysics, Vetmeduni
Vienna, Vienna, Austria; Federal Scientific Clinical Center of Physical-
Chemical Medicine of FMBA of Russia,, Moscow, Russian Federation;
Federal Scientific Clinical Center of Physical-Chemical Medicine of
FMBA of Russia, Moscow, Russian Federation; ‘Division of Organic
Chemistry and Biochemistry, Ruder Boskovi¢ Institute, Zagreb, Croatia.
Lipid curvature plays an important role in the function of membrane
proteins. Oxidative stress and formation of reactive oxygen species (ROS)
in mitochondria result in significant modification of membrane lipids: (i)
lysolipids are formed due to activation of mitochondrial phospholipase A2
(mt-PLA?2), (ii) reactive aldehydes 4-hydroxy-2-nonenal (HNE) and 4-oxo-
2-nonenal (ONE) covalently modify phosphatidylethanolamine (PE)
headgroup forming HNE-PE, ONE-PE — adducts'. We focused on the effect
of native and modified membrane lipids with different spontaneous
curvatures on the activity of mitochondrial uncoupling protein 1 (UCP1) and
ATP/ADP carrier (ANT). By combining measurements of total membrane
conductance’ and lipid bilayer bending moduli we revealed that (i)
lysophosphatidylcholines with positive curvature, such as MPC and OPC,
decrease bending modulus in neat lipid bilayers and increase protonophoric
activity of UCP1 and ANT, (ii) negatively curved PE does not influence
protein activity and (iii) PE modified by reactive aldehydes (HNE-PE, ONE-
PE — adducts) acts similar to lipids with a positive spontaneous curvature.
Molecular dynamics simulations revealed that modified PEs and lysolipids
alter lateral pressure profile in lipid bilayer membrane in the same direction
and range. Molecular mechanism described in this work brings new
perspective in understanding (i) the transport function of mitochondrial
membrane proteins and (ii) processes associated with mitochondrial
dynamic, including fusion and fission, during oxidative stress.
REFERENCES

1.Jovanovic, O. et al. The molecular mechanism behind reactive aldehyde
action on transmembrane translocations of proton and potassium ions. Free
Radic Biol Med 89, 1067-1076 (2015).

2.Beck, V. et al. A new automated technique for the reconstitution of
hydrophobic proteins into planar bilayer membranes. Studies of human
recombinant uncoupling protein 1. Biochim Biophys Acta 1757, 474-479
(2006).
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0-081

Unraveling the role of SepF in the early actinobacterial divisome

Adria Sogues Castrejon, Mariano Martinezl, Mathilde Ben-Assaya, Anne
Marie Wehenkel and Pedro M. Alzari.

Structural Microbiology Unit, Institut Pasteur, CNRS UMR 3528 &
Université Paris Diderot, 75015 Paris, France.

One of the most ancient and diverse prokaryotic phyla, Actinobacteria lack
several of the components that are essential in bacterial model systems such
as Escherichia coli for the formation of the divisome, the protein machine
responsible for cytokinesis. Divisome assembly at the cell division site
depends on the initial placement of tubulin-like FtsZ into a structure called
the Z-ring. Here we will present our structural and functional
characterization of actinobacterial SepF, a crucial factor for Z-ring
formation and early divisome assembly, using an integrative approach going
from structural biochemistry and biophysics to bacterial genetics and
cellular imaging.

0-082

Molecular Basis for the Extra-Mitochondrial Roles of Cytochrome c in
Cell Life and Death

M.A. De La Rosa', M.A. De La Rosa?, K. Gonzalez-Arzola?, A. Guerra-
Castellano?, F. Rivero-Rodriguez?, A. Veldzquez-Cruz?, G. Pérez-Mejias?,
M.A. Casado-Combreras?, I. Rodriguez-Gonzalez?, A. Diaz-Quintana?, I.
Diaz-Moreno?.

"University of Seville; *University of Seville-CSIC.

0-083

Atomistic Simulation of Biomolecular Function: Ribosomal Translation
and Ligand Binding Heterogeneity

Lars V. Bock, Michal Kolar, Andrea C. Vaiana, Andreas Russek, Benjamin
von Ardenne, Helmut Grubmiiller

Max Planck Institute for Biophysical Chemistry, Theoretical and
Computational Biophysics Department, Gottingen, Germany

Ribosomes are highly complex biological nanomachines which operate at
many length and time scales. We combined single molecule, x-ray
crystallographic, and cryo-EM data with atomistic simulations to elucidate
how tRNA translocation, the action of antibiotics, and frameshifting work
at the molecular level. We describe a new combined allosteric mechanism
for erythromycin-induced translational stalling of the antibiotics sensor
peptide ErmB, as well as a free energy model that can explain and predict
frameshifting efficiencies. Using streptavidin/biotin as a model system with
super-strong affinity, we show that the underlying free energy landscape
which governs ligand binding and unbinding can be extracted from
combined atomic force microscopy (AFM) and force probe simulation data,
which covers loading rates of 11 orders of magnitude.

[1] Arenz S, Bock LV, ..., Grubmiiller H, Vaiana AC, Wilson DN. Nature
Comm. 7, 12026 (2016)
[2] Fischer N, .., Stark H. Nature 540 (7631), 80-85 (2016)
[3] Bock LV, Blau C, Vaiana AC, Grubmiiller H. Nucl. Acids Res. 43 (14),

6747-6760 (2015)
[4] Bock LV, ..., Grubmiiller H. Nature Struct. Molec. Biol. 20 (12), 1390-
1396 (2013)
[5] Bock LV, Kolar MH, Grubmiiller H. Curr. Opin. Struct. Biol. 49, 27—
35 (2018)

[6] Huter P et al. Mol. Cell 68 (3), 515-527 (2017)
[7] Rico F, Russek A, Gonzalez L, Grubmiiller H, Scheuring S. PNAS, 116
(14) 6594-6601 (2019)

0-084 (P-223)

Campylobacter jejuni Tlp3 dCache sensing domain specifically
recognises hydrophobic amino acids

M.F. Khan', M.A. Machuca', A. Roujeinikova®.

Infection and Immunity Program, Monash Biomedicine Discovery
Institute; Department of Microbiology, Monash University, Clayton,
Victoria 3800, Australia; “Infection and Immunity Program, Monash
Biomedicine Discovery Institute; Department of Microbiology, Monash
University; Department of Biochemistry and Molecular Biology, Monash
University, Clayton, Victoria 3800, Australia.

In Campylobacter jejuni, chemotaxis and motility have been identified as
important virulence factors that are required for host colonisation and
invasion. The chemotaxis process involves recognition of chemical cues by
the ligand binding domain (LBD) of chemoreceptors also known as methyl-
accepting chemotactic proteins. Recently, we determined the crystal
structure of C. jejuni Tlp3-LBD chemoreceptor in complex with attractant
isoleucine, revealing this receptor belongs to the dCache_1 family of
sensing modules. In this work, we performed a high-throughput screening
of potential ligands and identified additional small molecules that directly
interact with Tlp3-LBD. All of the new ligands (leucine, valine, a-amino-
N-valeric acid, 2-Amino-3,4-dimethylpentanoic acid, 2-Amino-3-
methylhexanoic acid, amino-3,3-dimethylpentanoic acid, alanine and
phenylalanine) are hydrophobic amino acids chemically and structurally
similar to isoleucine. Analysis of the crystal structures of Tlp3-LBD in
complex with these ligands showed that like isoleucine, they bind to the
membrane-distal subdomain of the dCache Tlp3 sensing module. The TIp3-
LBD residues that interact with the main chain of isoleucine, leucine, valine,
a-amino-N-valeric acid, 2-Amino-3,4-dimethylpentanoic acid, 2-Amino-3-
methylhexanoic acid, amino-3,3-dimethylpentanoic acid, alanine and
phenylalanine are located at equivalent positions in all complex structures,
whilst residues that interact with the side chain move to accommodate the
different amino acid ligands up to the length of 5 carbon chain, beyond this
length the side chain is flipped from inside of the pocket towards the B34
loop as in the case of 2-Amino-3-methylhexanoic acid. In addition, analysis
of the structure activity relationship (SAR) reveals that isoleucine possesses
the most favored structure to interact with TIp3-LBD and hence, has highest
binding affinity.

0-085 (P-224)

DYNAMICS OF INTRINSICALLY DISORDERED AND UNFOLDED
PROTEINS: INVESTIGATIONS USING NEUTRON SPIN-ECHO
SPECTROSCOPY

F. Ameseder!, L. Stingaciu’, A. Radulescu®, O. Holderer’, P. Falus*, M.
Monkenbusch!, R. Biehl!, D. Richter', A. Stadler'.

"Forschungszentrum Jiilich GmbH, Jiilich, Germany; 2Oak Ridge National
Laboratory, Oak Ridge, United States; *Forschungszentrum Jiilich GmbH,
Garching, Germany; *Institut Laue-Langevin, Grenoble, France.

A characteristic property of intrinsically disordered and unfolded proteins
is their high molecular flexibility, which enables the exploration of a large
conformational space. We present neutron scattering experiments on the
structure and dynamics of the intrinsically disordered myelin basic protein
(MBP) and the chemically denatured bovine serum albumin (BSA) in
solution (1,2,3). Small-angle neutron scattering (SANS) experiments
allowed us to gain information of structural aspects of MBP and denatured
BSA as response to denaturant conditions. Using neutron spin-echo (NSE)
experiments, we were able to investigate collective motions of the protein
chain up to several hundred nanoseconds on the nanometre length-scale.
NSE results showed a high flexibility of the unfolded proteins. Internal
motions of the intrinsically disordered MBP and denatured BSA were
described using normal mode analysis and concepts derived from polymer
theory. The contribution of residue-solvent friction was accounted for using
the Zimm model including internal friction. Motions of MBP are well
described by collective normal modes, while dynamics of denatured BSA
show polymer-like dynamics. Disulphide bonds forming loops of amino
acids of the peptide backbone have a major impact on internal dynamics of
denatured BSA. We see directly in a molecular picture that topological
restrictions due to disulfide bridges in denatured BSA create confinement
effects: Long-wavelength Zimm modes are strongly reduced in amplitude
due to loops formed by disulfide bridges.

Dynamics in folded native BSA was measured by NSE as reference. The
observed internal dynamic process in native BSA can be attributed to
opening and closing motion of the BSA dimer. An intermolecular disulphide
bridge between the BSA monomers can form a covalent cross-link
establishing a molecular hinge in dimeric BSA in solution. The effect of that
hinge on the observed motion of BSA in the dimer is discussed in terms of
normal modes in a molecular picture.

References

[1] Stadler et al. J. Am. Chem. Soc., 2014, 136 (19), pp 6987-6994

[2] Ameseder et al. J. Phys. Chem. Lett, 2018, 9, 2469-2473

[3] Ameseder et al. Phys Chem Chem Phys, 2018, 20 (7), 5128-5139
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Side chain to main chain hydrogen bonds stabilize a polyglutamine helix
in the activation domain of a transcription factor

A. Escobedo!, B. Topal', M. Ben Achim Kunze?, J. Aranda', G. Chiesa', D.
Mungianu!, G. Bernardo-Seisdedos’, B. Eftekharzadeh!, M. Gairi*, R.
Pierattelli®, I. Felli®, T. Diercks®, O. Millet®, J. Garcia', M. Orozco', R.
Crehuet’, K. Lindorff-Larsen?, X. Salvatella'.

'IRB, Barcelona, Spain; *University of Copenhagen, Copenhagen,
Denmark; 3CIC bioGUNE, Derio, Spain; “Universitat de Barcelona,
Barcelona, Spain; *CERM, Sesto Fiorentino, Italy; °CSIC, Barcelona, Spain.
Poly-glutamine (polyQ) tract expansions have been linked to nine human
neurodegenerative diseases. Their biological role has been suggested to
involve their organization into secondary structure elements depending on
their protein sequence context'??. For the particular case of the Androgen
Receptor (AR) — linked to Kennedy’s disease - we recently reported that the
Leu-rich segment N-terminal to the polyQ tract acts as a helix-inducing
sequence that propagates helicity into the tract itself'. We have collected
CD, NMR and molecular simulations data on a set of recombinant,
isotopically enriched peptides representing increasingly longer AR polyQ
tracts up to the lengths found in the average human population (16-25 Gln
residues, depending on ethnicity)*. Experimental data shows that the helicity
of the sequence positively correlates with tract length, and that a rotameric
selection affects the sidechains of the initial glutamine residues in the tract
upon helicity gain. In turn, chemical shift-reweighted, MD and QM/MM
simulation-derived conformational ensembles unveil that helix stabilization
is achieved through bifurcate hydrogen bonds involving both the backbone
and glutamine sidechains, resulting in a non-canonical helical arrangement
and providing a rationale for the sidechain rotameric selection observed by
NMR. Leucine to alanine mutations N-terminal to the polyQ tract result in
helix destabilization, despite of Ala being intrinsically more efficient at
helix propagation. We propose that Leu residues generate a hydrophobic
shielding for Gln side-chain-involving hydrogen bonds, providing energetic
stabilization by preventing water competition®. Such effect can also be
observed in the polyQ tract of huntingtin, which has also been reported to
populate a helical ensemble®. Thus, our observations provide a mechanistic
basis for the link that exists between polyQ tract length and transcriptional
activity in AR® and, more generally, between tract length and aggregation
via helical oligomeric intermediates in polyQ diseases.

. Eftekharzadeh, B. et al. Biophys. J. (2016) Jun 7; 110(11): 2361-6.

. Warner, JB. et al. JACS (2017) 139; 14456-15569.

. Baias, M. et al. JACS (2017) 139; 1168-1176.

. Weng et al. Scientific Rep. (2017), Jan 16; 7:40554.

. Gao, J. et al. Nat. Struct. Mol. Biol. (2009) /6, 684-690.

. Beilin, J. et al. J. Mol. Endocrinol. (2000) 25; 85-96.
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0-087

Stochastic Turing patterns in the development of a one-dimensional
organism

J. Stavans', F. Di Patti?, L. Lavacchi’, R. Arbel-Goren', L. Schein-
Lubomirsky!, D. Fanelli’.

'Weizmann Institute of Science; *Universita degli Studi di Firenze.

Cells having the same genetic information can behave very differently, due
to inevitable stochastic fluctuations in gene expression, known as noise.
How do cells in multicellular organisms achieve high precision in their
developmental fate in the presence of noise, in order to reap the benefits of
division of labor? We address this fundamental question from Systems
Biology and Statistical Physics perspectives, with Anabaena cyanobacterial
filaments as a model system, one of the earliest examples of multicellular
organisms in Nature. These filaments can form one-dimensional, nearly-
regular patterns of cells of two types. The developmental program uses
tightly regulated, non-linear processes that include activation, inhibition,
and transport, in order to create spatial and temporal patterns of gene
expression that we can follow in real time, at the level of individual cells.
We study cellular decisions, properties of the genetic network behind pattern
formation, and establish the spatial extent to which gene expression is
correlated along filaments. Motivated by our experimental results, T will
show that pattern formation in Anabaena can be described theoretically by
a minimal, three-component model that exhibits a deterministic, diffusion-
driven Turing instability in a small region of parameter space. Furthermore,
I will discuss how noise can enhance considerably the robustness of the
developmental program, by promoting the formation of stochastic patterns
in regions of parameter space for which deterministic patterns do not form,
suggesting a novel, much more robust mechanism for pattern formation in
this and other systems.

0-088

Human time vs. Mouse time: in vitro segmentation clock as a model
system

M. Ebisuya Matsuda.

Miki Ebisuya (EMBL Barcelona)

Different species have different tempos of development: larger animals tend
to grow more slowly than smaller animals. My group has been trying to
understand the molecular basis of this interspecies difference in
developmental time, using the segmentation clock as a model system. The
segmentation clock is the oscillatory gene expressions that regulate the
timing of somite formation from presomitic mesoderm (PSM) during
embryogenesis. We have recently succeeded in inducing PSM from both
human iPS cells and mouse ES cells, detecting the oscillation and traveling
wave of segmentation clock in vitro. Interestingly, the oscillation period of
human segmentation clock was 5-6 hours while that of mouse was 2-3 hours.
Taking advantage of our in vitro system and simple mathematical models,
we have been comparing the genome sequences and molecular processes of
the segmentation clock between human and mouse to explain the
interspecies difference in the oscillation period.

0-089

Distinguishing dormant from dead by triggering life in spores

Y. Hyun.

Delft University of Technology.

The fact that dormant cells show no outward signs of life makes it
challenging to distinguish them from dead cells. By tuning and measuring
the expression of a reporter gene within dormant yeast spores, we quantified
the spores' ability to express a generic gene. We show that this ability varies
greatly between genetically identical spores and is a predictor of (1) how
much nutrient is necessary to revive it and (2) how long it can remain viable
in the absence of nutrients. With this investigation, we address why some
spores would germinate but not others, when spores die.
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A nonequilibrium phase transition theory for the formation of diverse
homeostasis and the emergence of systematic aging in multicellular
systems

Y. Lou.

The University of Tokyo, Kashiwa, Japan.

The breakdown of homeostasis in tissues is fatal to living beings. Numerous
factors across multiple scales from subcellular to extracellular levels could
account for the deregulation of homeostasis. Here we present a prototypical
multicellular homeostasis model in the form of a 2D stochastic cellular
automaton with three cellular states, proliferative, dead and quiescent, of
which the state-updating rules based on fundamental cell biology regarding
self-replication, apoptosis and cell cycle arrest. This simple model can
reproduce the formation of diverse homeostatic patterns with distinct
morphologies, turnover rates and lifespans without considering genetic,
metabolic or other exogenous variations. Besides, through mean-field
analysis and Monte-Carlo simulations, those homeostatic states are found to
be classified into extinctive, proliferative and degenerative phases, whereas
healthy multicellular organizations (characterized by a large proportion of
quiescent cells with few proliferative cells) could evolve from proliferative
to degenerative phases over long time, undergoing a systematic aging. From
statistical analyses, this aging process is found to be deeply related to the
phase transitions into an absorbing state in some nonequilibrium physical
systems featuring generalized epidemic process. A theory in the language of
nonequilibrium statistical physics is thence proposed to attribute the
collapse of homeostasis (at the multicellular level) to an isomorphism
between a generalized epidemic process and the fundamental nature of
biology regarding cell proliferation, death and cell cycle arrest.

0-091 (P-295)

Post-transcriptional regulation, noise and spatial transcript localization
of small RNA-controlled genes in an Escherichia coli stress response
network

R. Arbel-Goren', J. Mufloz-Garcia?, D. Court?, J. Stavans'.

"Weizmann Institute of Science, Rehovot, Israel; *Universidad Carlos III de
Madrid, Madrid, Spain; *National Cancer Institute, Frederick, United States.
Post-transcriptional regulatory processes may change transcript levels and
affect cell-to-cell variability or noise. We study small-RNA regulation to
elucidate its effects on noise in the iron homeostasis network of Escherichia
coli. In this network, the small-RNA RyhB undergoes stoichiometric
degradation with the transcripts of several target genes, as well as
upregulates the translation of other target genes, in response to iron stress.
Using single-molecule fluorescence in situ hybridization (smFISH), we
measured transcript numbers of RyhB-regulated genes in individual cells,
as a function of iron deprivation. We observed a monotonic increase of noise
with iron stress, but no evidence of theoretically predicted, enhanced
stoichiometric fluctuations in transcript numbers, nor of bistable behavior
in transcript distributions. Direct detection of RyhB in individual cells
shows that its noise is much smaller than that of these two targets, when
RyhB production is significant. A generalized stochastic, two-state model
of bursty transcription that neglects RyhB fluctuations describes
quantitatively the dependence of noise and transcript distributions on iron
deprivation, enabling extraction of in vivo parameters such as RyhB-
mediated transcript degradation rates. The transcripts’ threshold-linear
behavior indicates that the effective in vivo interaction strength between
RyhB and its two target transcripts is comparable. Visualization of various
transcripts by smFISH and super-resolution microscopy indicates that their
subcellular localization is not significantly affected by iron stress. The
results do not support predictions of a theoretical model that claims that
excluded volume effects favor transcript localization at the cellular poles.

0-092 (P-296)

Modeling cytoneme guidance for Hedgehog signaling.

A. Aguirre-Tamaral', M. Cambén?, D. Poyato?, J. Soler?, I. Guerrero'.
!ICBMSO (CSIC-UAM), Madrid, Spain; ?Departamento de Matematica
Aplicada, University of Granada, Granada, Spain.

Cell-cell communication is crucial during the development of an organism
and is mediated through signal molecules called morphogens, which are
distributed in a morphogenetic field in graded form, activating different
target genes in a concentration-dependent manner. Classical models assume
that the gradient distribution of those signaling is through a diffusion
mechanism. However, new experimental results challenge this idea since
most of the morphogens cannot diffuse freely through the extracellular
matrix (ECM) due to their biochemical properties. A new mechanism for
morphogen transport has been proposed that solves this issue and is based
on the idea of distribution of the signal molecules through filopodia-like
structures, also called signaling filopodia or cytonemes. These actin-based
structures seem to play a critical role in the process of cell communication
in several biological systems during development. Cytonemes protrude from
the cell membranes of both producing and receiving cells and extend
through the ECM to reach distant cells to deliver and collect the signaling
molecules. Therefore, knowing the mechanism that control their dynamics,
elongation, polarization and orientation is key to understand the correct
signaling pattern. We are studying those cytonemes implicated in the
Hedgehog (Hh) signaling pathway in Drosophila epithelia. We have
analyzed in this system the possible role of certain adhesion and ECM
proteins of this pathway in the cytoneme guiding process. We have used a
set of genetic tools to modify the local levels of those proteins and then
quantify biophysical parameters, such as length and orientation of
cytonemes, under these conditions. Due to the non-linear dynamics of the
process, we have developed a mathematical model using a novel theoretical
approach where cytoneme guiding can be explained as an emergent
biophysical property of potentials generated by concentration-dependent
sources of several proteins.
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Faster and gentler optical nanoscopy for brain cell imaging

Ilaria Testa

The formidable ability of fluorescent nanoscopy to image features closer
than half the wavelength of light often comes at the expense of time and
increased dose of energy for recording. We developed a gentle fluorescent
nanoscope based on the reversible switch of fluorescent proteins, capable of
resolving cellular structures within the whole cell at spatial resolutions
down to between 40—-60 nm using minimal light intensities (50-500 W/cm2).
Our approach, named MoNaLISA for molecular nanoscale long term
imaging with sectioning ability, is based on thousands of focal spots that
switch and read-out the fluorescence signal emitted by reversible switchable
fluorescent proteins. MoNaLISA illumination scheme happen in three steps
and it is highly parallelized enabling acquisition time in the order of the 0.2—
2Hz for large fields of view (50pum). The spatially modulated illuminations
in ON-switching and read-out lead to images with tenfold enhanced contrast
and intrinsic optical sectioning. MoNaLISA imaging is extendable to the
whole range of reversible switchable fluorescent proteins without
compromising image contrast. We demonstrate the general use of
MoNaLISA in living cells and tissues such as human fibroblast,
hippocampal neurons, colonies of mouse embryonic stem cells and
organotypic slice culture.

0-094

The Mesolens: a new instrument for 3D optical imaging of large
biological specimens with sub-cellular resolution throughout

G. Mcconnell.

University of Strathclyde.

For more than a century, the design of low-magnification microscope
objectives has been guided by the angular acuity of the human eye
(approximately 1 second of arc). At x4 magnification, this requires a
numerical aperture no greater than 0.1 or 0.2, which can be achieved cheaply
and ecasily by simple optical designs. With the advent of confocal and
multiphoton microscopy, however, it became apparent that the poor axial
resolution of more than 30 microns with low magnification objectives was
intolerable for these 3D methods.

To overcome this, we have developed a new and complex objective with a
magnification of 4x and an NA of just less than 0.5 which we call the
Mesolens. We specified this lens for mammalian embryology, and have
shown that it can image every cell of a 6mm-long embryo 3mm thick with
sub-cellular resolution if the tissue is cleared appropriately. A by-product of
the high NA is that the optical throughput is approximately 20x greater than
a conventional 4x objective. The pupil size of the lens is so great that it
cannot be used with a conventional microscope frame, so we have built the
imaging system around the lens, and use either a sensor-shifting camera for
widefield imaging or point-scanning fluorescence detection to create
images. We have applied the Mesolens to a range of biomedical specimens:
I will present data from current applications and describe our plans to further
develop the lens.

0-095

Brillouin microscopy for cell and tissue biomechanics

G. Scarcelli.

UMD

The ability to measure the mechanical properties of biological tissue and
biomaterials in vivo would have a significant impact in many areas of
biomedical research and clinical application. At the cellular scale, the
biomechanical component of the interaction between cells and their local
microenvironment has emerged as a crucial regulator of cellular function.
However, current instruments to assess cell mechanics, including atomic
force microscopy and microrheology, require contact or are limited to the
analysis of few points at random locations. As a result, it is difficult to map
cellular mechanical properties when cells are not physically accessible such
as in microfluidics chips or in 3D microenvironments.

Brillouin microscopy is an intriguing solution to the non-invasive
measurement of material mechanical properties without contact. In Brillouin
light scattering, the interaction of light with intrinsic mechanical vibrations
of material, allows to read out mechanical information optically via the
spectral analysis of the scattered light. Brillouin spectroscopy has long been
employed as a non-contact method for mechanical testing, but its poor
temporal resolution limited the analysis to few points per sample. In the
past years, by developing a spectrometer with several orders of magnitude
improved throughput and extinction, we created a Brillouin imaging
technology, where label-free contrast is provided by the local longitudinal
elastic modulus[1, 2], or viscosity and density [3] .

In this talk we will discuss the recent progress in terms of sensitivity and
measurement speed as well as the applications in ocular tissue [4],
developmental biology[5] and cell biomechanics [6].

References

[1] G. Scarcelli et al. Nature Photonics, 2, 39 (2008).

[2] G. Scarcelli et al. Nature Methods, 12, 1132 (2015).

[3] A. Fiore et al., Physical Review Letters, (2019).

[4] G. Scarcelli et al. JAMA ophthalmology, 133, 480 (2015).

[5] R. Raghunathan et al. Journal of Biomedical Optics, 22, 086013
(2017).

[6] J. T. Zhang et al., Lab on a Chip, 17, 663 (2017).
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Wavefront shaping for low backgound, high resolution STED-FCS in
three dimensions

A. Barbotin', S. Galiani', I. Urban¢i¢', C. Eggeling?, M. Booth'.
"University of Oxford, Oxford, United Kingdom; ’Leibniz-Institute of
Photonic Technologies, Jena, Germany.

Fluorescence correlation spectroscopy (FCS) is a powerful tool to study
molecular diffusion. However, the spatial resolution of FCS experiments is
restrained by the diffraction limit and many diffusion processes happening
at the nanoscale cannot be resolved by conventional FCS. To overcome this
limitation, FCS can be used together with stimulated emission depletion
(STED) microscopy, and this STED-FCS approach has already found
multiple applications, particularly when studying the cellular plasma
membrane. STED-FCS has however rarely been used to study 3-dimensional
diffusion, mainly because with the most widely used STED depletion
pattern, a ring-shaped focus (“doughnut”, 2D STED), the non-depleted out-
of-focus volumes contribute to high background noise and deteriorate the
effective spatial resolution. A solution to this problem consists in using a
bottle-shaped pattern as the depletion beam (3D STED); but this pattern
suffers from an exacerbated sensitivity to optical aberrations.

We present here an adaptive optics method that corrects aberrations
affecting 3D STED-FCS experiments. Using a spatial light modulator
(SLM) as a wavefront shaping device in the depletion path of a STED
microscope, we corrected aberrations affecting STED-FCS measurements in
the cytoplasm of living cells, leading to increased resolution, improved
signal quality, and larger accessible depth range for measurements.
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High density single particle tracking reveals nano- and meso-scale
dynamic organization of plasma membrane receptors in living cells

N. Mateos Estevez', P. Sil>, C. Manzo®, J. Torreno-Pina', S. Mayor?, M.
Garcia-Parajo’.

'ICFO, Castelldefels, Spain; 2National Centre for Biological Sciences,
Bangalore, India; *Facultat de Ciencies i Tecnologia, Universitat de Vic -
Universitat Central de Catalunya, Vic, Spain.

Transmembrane adhesion receptors at the cell surface, such as CD44, are
often equipped with modules to interact with the extracellular matrix (ECM)
and the intracellular cytoskeletal machinery. CD44 has been recently shown
to compartmentalize the membrane into domains by acting as membrane
pickets, facilitating the function of signalling receptors. While spatial
organization and diffusion studies of membrane receptors are usually
conducted separately, here we combine observations of the organization and
diffusion of CD44 using high spatial and temporal resolution imaging on
living cells to reveal a hierarchical organization of the receptor. We used
high-density single particle tracking (HD-SPT) to generate cartography
maps, with nanometre localization accuracy, of regions explored by the
receptor as it diffuses in the cell membrane. Using this approach, we found
that CD44 dynamically organizes along a meshwork-like pattern at the
mesoscale. Interestingly, these patterns are enriched by actin-dependent
CD44 nanoclusters. We characterized the properties of these clusters in
terms of size and time evolution for different CD44 mutants and
reconstructed an in-silico meshwork to further quantify to strength of the
interaction of CD44 with the underlying network. Overall, our methodology
provides valuable insight into the hierarchical organization of CD44 at the
cell surface and should be equally applicable to the study of other membrane
receptors.

0-098 (P-299)

Photophysics and engineering of transgene labels for optoacoustics

J.P. Fuenzalida-Werner', K. Mishra', 1. Weidenfeld', A. Chmyrov', T.
Drepper?, V. Ntziachristos', A.C. Stiel'.

"Helmholtz Zentrum Miinchen / Institute for Biological and Medical
Imaging, Miinchen, Germany; *Heinrich Heine University / Institute of
Molecular Enzyme Technology, Diisseldorf, Germany.

Photo- or Optoacoustic (OA) imaging combines optical contrast with
ultrasound resolution enabling high-resolution real time in vivo imaging
well-beyond the 1 mm penetration depth typical of purely optical methods.
While OA already successfully employs endogenous contrast like blood or
lipids to inform on tumor states, vascularization, inflammation or metabolic
processes, targeted labels similar to those used in fluorescence imaging are
few. This scarcity, particularly of labels that can be expressed as transgenes,
limits the full exploitation of OA in life science applications. Since both
modalities rely on optical absorption, OA labels can be developed from
fluorescent ones, but their photophysical characteristics have to be
engineered specifically for OA.

Our group studies the photophysics of OA signal generation from major
classes of chromophore-bearing proteins (GFP-like, Bacteriophytochromes
and Phycobiliproteins) using OA, absorption and fluorescence spectroscopy
under ns-pulsed laser excitation as in OA imaging [1]. We use the insights
from these analyses to engineer novel OA labels through screening- and
structure-based rational design [2]. A focus of our group is on photo-
controllable labels to overcome the abundant signal from natural absorbers
during OA imaging in vivo [1,3-4]. In parallel, we explore ways to develop
molecular sensors for OA imaging (e.g. Ca>*-responsive) as well as cell-
based sensors, e.g. our recent work in tracking macrophage activity within
tumors using changes in the spectra of bacteriochlorophyll [5].

Our long-term goal is to provide a varied toolbox of OA labels and sensors
that will allow researchers to exploit the penetration depth and non-
invasiveness of this powerful imaging technique for their basic and
preclinical studies of neural signaling, metabolism, cell physiology and
tumor biology in entire organisms. Our conference contribution will
introduce to this novel area of label development and its underlying
photophysics.

Further reading:

Vetschera, Analytical Chemistry, 2018

Fuenzalida-Werner, JSB, 2018

Stiel, Optics Letter, 2015

Dean-Ben XL, Optics Letters, 2015

Peters, Nat. Comm., 2019
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Morphology of Membrane Contact Sites Contributes to the Regulation
of the Phosphatidylinositol Cycle

R. Epand, J.C. Bozelli.

McMaster University.

The phosphatidylinositol cycle (PI-cycle) plays an important role in a
number of signal transduction pathways and it is the principle pathway for
the synthesis of phosphatidylinositol (PI) and its phosphorylated derivatives
. In primary mammalian cells the major fraction of PI is a single molecular
species containing 18:0 and 20:4 acyl chains on the sn-1 and sn-2 positions,
respectively. This acyl chain enrichment is accounted for in part by the
substrate acyl chain specificity of enzymes of the PI-cycle, in addition to
acyl chain remodeling enzymes. Another unusual property of the PI-cycle is
that some steps of the cycle occur in the plasma membrane (PM), while other
steps occur in the endoplasmic reticulum (ER). This requires that lipid is
transferred between the ER and PM in both directions. One example of this
is the transfer of diacylglycerol (DAG) and/or phosphatidic acid (PA) from
the PM to the ER. DAG is produced in the Pl-cycle by the action of
phospholipase C on PI(4,5)P2 that occurs in the PM. DAG can be converted
to PA by the epsilon isoform of the enzyme diacylglycerol kinase (DGKg).
The PA that is produced is used in the PI-cycle in the ER for the synthesis
of CDP-DAG. There is evidence that DGKe is present in both the PM and
the ER and that it is also present at PM-ER contact sites. DGKe acts on a
lipid substrate, DAG, and therefore requires a membrane in which to act.
Recently it has been shown that the enzyme’s activity and substrate acyl
chain specificity is very sensitive to the physical properties of the membrane
in which it acts. In stable planar bilayers DGKe has lower activity and lower
acyl chain specificity. Furthermore it is not sensitive to the intrinsic
curvature properties of the constituent lipids, as long as a bilayer
arrangement is maintained. However, DGKe activity and substrate acyl
chain specificity is remarkably increased by a change in membrane
morphology. Specifically it has been shown that membranes with negative
Gaussian curvature (bicontinuous cubic phase or membrane fusion
intermediates) have the required morphology to activate the enzyme and
endow it with acyl chain specificity. DGKe is thus the first example of an
enzyme whose properties are modulated by membrane shape but not by
membrane intrinsic curvature. It is proposed that DGKe acts as a bridge for
the hierarchic coupling of membrane physical properties and lipid
composition to synergistically regulate membrane signaling events.

0-100

Cholesterol modulation of nicotinic acetylcholine receptor single
molecule and nanocluster trajectories

Francisco J. Barrantes, Alejo Mosqueira, Pablo Camino and Ignacio
Delmont. Laboratory of Molecular Neurobiology, Institute of Biomedical
Research, UCA-CONICET, Av. A Moreau de Justo 1600, 1107 Buenos
Aires, Argentina. francisco_barrantes@uca.edu.ar

Translational motion of neurotransmitter receptors is an important factor for
determining receptor number and stability at the synapse and hence,
synaptic efficacy. We combine single-molecule STORM superresolution
localization microscopy of nicotinic acetylcholine receptor (nAChR) with
single-particle tracking, mean-squared displacement, turning angle,
ergodicity, and clustering analyses to characterize the diffusional properties
of individual molecules and their collective behavior in living cells. nAChR
diffusion is highly heterogeneous: a mix of anomalous subdiffusive,
Brownian and superdiffusive. Cholesterol-depleted trajectories exhibit weak
ergodicity breaking. At the single-track level, the free walks of an individual
trajectory are transiently interrupted by confinement sojourns in small
nanodomains (~50 nm radius), with millisecond-long lifetimes. Nanocluster
assembly occurs in bursts lasting for seconds, separated by periods of cluster
disassembly. The two dynamic processes occur in similar spatial scales, but
in different time frames and with different cholesterol sensitivities. The ms-
long confinement sojourns and the s-long reversible nanoclustering affect
all trajectories and determine the resulting macroscopic motional regime and
the breadth of the heterogeneity in the ensemble population. The emerging
picture is that the nAChR operates in a complex variety of motional regimes,
including anomalous diffusion, and that these are subject to cholesterol
modulation at the cell surface.
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Linking Structure, Stability and Function in the Anti-Measles Virus
Action of Tocopherol-Derivatized Peptide Nanoparticles

T.N. Figueira', D.A. Mendonga', D. Gaspar', M.N. Melo?, A. Moscona®, M.
Porotto*, M.A. Castanho', A.S. Veiga'.

'Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de
Lisboa, Lisbon, Portugal; *Instituto de Tecnologia Quimica e Biologica
Antonio Xavier, Universidade Nova de Lisboa, Oeiras, Portugal;
3Department of Pediatrics, Department of Microbiology & Immunology,
Department of Physiology & Cellular Biophysics, Center for Host-Pathogen
Interaction, Columbia University Medical Center, New York, United States;
“Department of Pediatrics, Center for Host-Pathogen Interaction, Columbia
University Medical Center, New York, United States.

Amyloids have been exploited to build up amazing bioactive materials. In
most cases, short synthetic peptides constitute the functional components of
such materials. The controlled assembly of globular proteins into active
amyloid nanofibrils is still challenging, because the formation of amyloids
implies a conformational conversion towards a B-sheet-rich structure, with
a concomitant loss of the native fold and the inactivation of the protein.
There is, however, a remarkable exception to this rule: the yeast prions.
They are singular proteins able to switch between a soluble and an amyloid
state. In both states, the structure of their globular domains remains
essentially intact. The transit between these two conformations is encoded
in prion domains (PrDs): long and disordered sequences to which the active
globular domains are appended. PrDs are much larger than typical self-
assembling peptides. This seriously limits their use for nanotechnological
applications. We have recently shown that these domains contain soft
amyloid cores (SACs) that suffice to nucleate their self-assembly reaction.
Here we genetically fused a model SAC with different globular proteins. We
demonstrate that this very short sequence act as minimalist PrDs, driving
the selective and slow assembly of the initially soluble fusions into amyloid
fibrils in which the globular proteins keep their native structure and display
high activity. Overall, we provide here a novel, modular and straightforward
strategy to build up active protein-based nanomaterials at a preparative
scale.

0-103 (P-318)

Antimicrobial Peptides Impair Bacteria Cell Structure Within Seconds
E.F. Semeraro', L. Marx!, T. Narayanan?, H. Bergler®, K. Lohner', G. Pabst'.
"University of Graz, Institute of Molecular Biosciences, Biophysics
Division / BioTechMed Graz, Graz, Austria; 2ESRF - The European
Synchrotron, Grenoble, France; *University of Graz, Institute of Molecular
Biosciences, Microbiology Division / BioTechMed Graz, Graz, Austria.
Novel antibiotics based on membrane active antimicrobial peptides (AMPs)
are promising candidates for defending the spread of diseases caused by
multi-resistant pathogenic bacteria [1]. Notwithstanding the number of
works that explore the relationship between AMP activity and membrane
architecture [2,3], the dynamics and full mechanism that lead to cell death
are currently not clear. This prompted us to investigate the cinematographic
effects of human lactoferricin derivatives on live E. coli using high-
resolution  (ultra) small-angle X-ray scattering (USAXS/SAXS)
measurements and complementary techniques.

In order to discriminate scattering signals originating from peptides and
bacteria, SAXS measurements of AMP suspensions were firstly analysed by
means of colloidal and polymer models. Secondly, dependencies of AMP
Minimum-Inhibitory-Concentration on bacterial number density were
modelled via a phenomenological Hill equation in order to extract effective
association constants and the minimum number of AMPs required for
inhibiting cell growth. Finally, time-resolved USAXS/SAXS combined with
stopped-flow mixing allowed us to probe AMP activity on the submicron to
nanometre length (cell body and cell envelope, respectively) and time scales
using a recently reported multi-scale model [4]. First results suggest that
part of the cell function is lost due to a general disruption of the cell wall,
involving a decrease of correlations between inner and outer membranes, as
well as a loss of cytoplasm. These key events of killing occur just within a
few seconds after exposure to AMPs, i.e. much faster than anticipated from
previous reports.

[1] K. Lohner, editor, Development of novel antimicrobial agents: Emerging
strategies. Horzon Scientific Press, Norfolk, UK (2001).

[2] K. Lohner, E. Sevcsik and G. Pabst, Liposome-based biomembrane
mimetic systems: implications for lipid-peptide interactions. In Advances in
Planar Lipid and Liposomes (Vol. 6). A. Leitmannova-liu, editor. Elsevier,
Amsterdam, pp. 103-137 (2008).

[3] D. Zweytick et al., J. Biol. Chem. 286(24), 21266 (2011).

[4] E. F. Semeraro et al., IUCrJ 4(6), 751 (2017).
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Elucidating the nanoscale architecture of the plasma membrane with
super-resolution spectroscopy

E. Sezgin, C. Eggeling.

University of Oxford, Oxford, United Kingdom.

Cellular homeostasis is usually maintained via complex signalling
mechanisms. Although these signalling events involve a multitude of signal
transduction molecules, they are usually triggered by interactions between
a ligand and a receptor on the cell membrane. The investigation of
spatiotemporal interactions between signalling components in the
membrane has been hampered by the complex structure of the cell
membrane: signalling in the plasma membrane involve not only the core
protein components, but also membrane lipids, the actin cytoskeleton and
the glycocalyx. Moreover, early phases of signalling occur at very fast
temporal (milliseconds) and small spatial (nanometre) scales, which further
hampers thorough elucidation of these processes. Therefore, studies aiming
at a complete understanding of signalling require both advanced imaging
techniques with high spatiotemporal resolution and well-defined
reconstituted systems that can pinpoint the role of each functional
component. Here, I will explain how we utilize super-resolution STED
microscopy combined with fluorescence correlation spectroscopy (STED-
FCS) to access the diffusion characteristics of fluorescently labelled lipids
and proteins in the live cell plasma membrane. Our data showed that
nanoscale mobility of lipids and proteins in the plasma membrane is highly
heterogeneous and this heterogeneity gives invaluable information on the
molecular bioactivity. We also developed simplified biomimetic of cell
membrane to clarify the principles underlying cell signalling at the
molecular level and to dissect the essential drivers of these processes.
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0-105

Factors affecting Ion Permeation through K*-Channels

Victoria Oakes”', Simone Furini’ and Carmen Domene’?

'Department of Chemistry, University of Bath, Claverton Down, Bath, BA2
7AY, UK

*Department of Medical Biotechnologies, University of Siena, Siena, Italy
3Department of Chemistry, University of Oxford, Oxford, OX1 3TA, UK
The energetic barriers associated with ion translocation across the
selectivity filter of K'-channels have been computed in various studies,
leading to the proposal of two alternate mechanisms of conduction,
involving or neglecting the presence of water molecules in between the
permeating ions. The effect of membrane composition, specifically anionic
lipids, and the protonation states of key protein residues are assessed,
serving as contemporary aspects of this work. The information gained brings
to light several novel prospects concerning conduction of potassium ions.

0-106

Optoelectrical dynamics of BK channel activation

Teresa Giraldez, PhD

Basic Medical Sciences Department (Physiology), ULL Medical School &
Biomedical Technologies Institute (ITB), University of La Laguna, 38071-
Tenerife, Spain.

In neurons, sites of Ca®" influx and Ca®' sensors are located within 20-50
nm, in subcellular “Ca®" nanodomains”. Such tight coupling is crucial for
the functional properties of synapses and neuronal excitability. Two key
players act together in nanodomains, coupling Ca*" signal to membrane
potential: the voltage-dependent Ca®" channels (Cav) and the large
conductance Ca*" and voltage-gated K* channels (BK, hslo or KCal.l). BK
channels are high conductance potassium channels characterized by
synergistic activation by intracellular Ca’>" and membrane depolarization,
but the complex molecular mechanism underlying channel function is not
adequately understood. Numerous studies have identified the Ca*" binding
sites within an intracellular structure known as the gating ring. However,
many questions remain about the complex structural rearrangements
involved in coupling Ca** binding to channel gating. Information about the
pore region, voltage sensing domain or isolated intracellular domains has
been obtained separately using electrophysiology, biochemistry and
crystallography. In our laboratory we use a combination of genetics,
biochemistry, electrophysiology and spectroscopy, which we correlate with
protein structural analysis, to investigate the real time structural dynamics
underlying the molecular coupling of Ca?', voltage and activation of BK
channels in the membrane environment, its regulation by accessory subunits
and channel effectors. BK subcellular localization and role in Ca>* neuronal
nanodomains make these channels perfect candidates as reporters of local
changes in [Ca®'] restricted to specific subcellular regions close to the
neuronal membrane. We have created fluorescent variants of the channel
that report BK activity induced by Ca** binding, or Ca*" binding and voltage.
In addition to the above-mentioned structure-function studies, we aim to
optimize and deploy these novel optoelectrical reporters to study
physiologically relevant Ca**-induced processes both in cellular and animal
models. Overall, optically-active BK channels with spectrally-separate
photoactivation and FRET modules offer many possibilities for the study of
physiologically relevant processes involving ion channel activation in
mammalian cells.

0-107

The first human lacking functional TRPV1 channel: Implications on
TRPV1 functions in nociception

Ben Katz '*, Rachel Zaguri'¥, Simon Edvardson*, Orly Elpeleg’, Shaya
Lev', Chana Maayan?, Elyad Davidson?, Maximilian Peters', Esther Berger®,
Alexander Binshtok' and Baruch Minke'*

'Department of Medical Neurobiology, Faculty of Medicine and the
Edmond and Lily Safra Center for Brain Sciences (ELSC), Hebrew
University, Jerusalem 91120, Israel; *Pediatric Neurology Unit, Hadassah
University Hospital, Mount Scopus, Jerusalem, Israel; *Department of
Human Genetics, Hadassah University Hospital, Ein Kerem, Jerusalem,
Israel. *Pain Relief Unit, Department of Anesthesiology and Critical Care
Medicine, Hadassah University Hospital, Ein Kerem, Jerusalem, Israel;
*Department of Pathology, E. Wolfson Medical Center, Holon, Israel;

# Contributed equally to this work

Correspondance: Baruch Minke'* Department of Medical Neurobiology,
Faculty of Medicine, Ein Kerem, Jerusalem, Israel 91120, phone- 972-2-
6758407, Email- baruchm@ekmd.huji.ac.il

Many body functions, in particular, noxious heat sensation and
inflammatory pain have been attributed to activation of the TRPV1 channel.
Nevertheless, the functional roles of the human TRPV1 (hTRPV1) channel
remain poorly define. We performed whole-exome sequencing analysis in a
patient who eats "hot" chili peppers without any signs of taste aversion,
blotching, or tears. This patient was found to carry a novel homozygote
mutation in the hTRPVI channel. He also revealed no sensitivity to
capsaicin, elevated noxious heat tolerance and reduced sensitivity to
noxious heat. Surprisingly, he showed unusually high sensitivity to noxious
cold, but had normal sensitivity to mechanical stimuli and to induction of
inflammation by histamine. Other sensory modalities, immune response,
blood sugar and general health were normal. In vitro Ca®" imaging,
electrophysiological, biochemical and messenger RNA assays clearly
showed elimination of the hTRPV1 functions without eliminating the
TRPV1 protein. Our results show that \TRPV1 is a determinant of noxious
heat detection, but surprisingly other properties of TRPV1 knock-out mice
have not been observed in human.
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Structural insight into TRPVS channel function and modulation

S. Dang', M. Van Goor?, D. Asarnow!', Y. Wang', D. Julius®, Y. Cheng', J.
Van Der Wijst®.

"Department of Biochemistry and Biophysics, University of California San
Francisco, San Francisco, United States; 2Department of Physiology,
Radboud Institute for Molecular Life Sciences, Nijmegen, Netherlands;
3Department of Physiology, University of California San Francisco, San
Francisco, United States.

TRPVS5 (transient receptor potential vanilloid) is a uniquely calcium-
selective TRP ion channel that plays a crucial role in the maintenance of
calcium homeostasis. TRPVS and its close homologue TRPV6 do not
exhibit thermosensitivity or ligand-dependent activation, unlike other TRPV
channels. They are constitutively opened at physiological membrane
potentials. Both are tightly regulated by calcium and the calcium-sensing
protein calmodulin (CaM). However, little was known on CaM binding and
stoichiometry, or how it arranges TRPV5/6 channel inactivation. Full length
and truncated TRPVS proteins, expressed in human embryonic kidney
(HEK293) cells, were affinity-purified and reconstituted into lipid
nanodiscs (disc-shaped membrane mimics) or detergent micelles. After
assessing the reconstitution efficiency with size-exclusion chromatography,
SDS-PAGE and negative stain EM, pure TRPVS protein fractions were
pooled, concentrated and used for cryo-EM analysis. Data collection took
place on a Titan Krios electron microscope, operated at 300kV. Data
analysis was carried out in CryoSPARC and RELION software. We report
high resolution cryo-EM structures of full length and truncated TRPVS in
lipid nanodiscs, a TRPV5 W583 A mutant structure, and a complex structure
of TRPVS with CaM. Overall, TRPVS5 closely resembles previously
reported TRPV channel structures but we highlight some new features,
which include an extended S1-S2 linker that forms tight interactions with
the upper pore region, as well as an essential tryptophan residue (W583) at
the bottom pore. While the W583A mutation does not affect the
conformation at the upper pore, the lower pore region is clearly open for ion
permeation. Our TRPV5-CaM complex structure demonstrates interaction
of CaM with specific carboxy-terminal regions of TRPVS. Interestingly,
residue K115 of CaM inserts deeply into the lower pore surrounded by
W583, thereby blocking the pore. Furthermore, 3D classification suggests a
flexible stoichiometry of 1:1 or 2:1 CaM binding to TRPVS. Our structures
highlight interesting channel features divergent from the thermosensitive
TRPV channels and extend our understanding from what is currently known
for TRPVS and its homolog TRPV6. Most notable, we provide insight into
TRPVS5 channel gating and propose a model for CaM-dependent channel
regulation.
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Biophysical insights into membrane fission mediated by ESCRT-III

V. Georgiev', Y. Avalos-Padilla?, T. Robinson', E. Orozco®, R. Lipowsky',
R. Dimova'.
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The endosomal sorting complex required for transport (ESCRT) engages in
processes of membrane remodelling and fission, such as formation of
multivesicular bodies, plasma membrane repair, neuron pruning, virus
budding and autophagy as reviewed in [1]. The ESCRT machinery contains
more than 15 proteins organized in four sub-complexes (ESCRT-0, ESCRT-
I, ESCRT-II and ESCRT-III), among which the ESCRT-III (composed by
Vps2, Vps20, Vps24 and Vps32) is highly conserved across the eukaryotic
lineage and mediates the processes required for membrane deformation and
fission [2]. Membrane models such as giant unilamellar vesicles (GUVs) [3]
can be employed to unravel the ESCRT action in vitro, given the complexity
and the number of proteins involved. It has been recently shown that solely
Vps20, Vps32 and Vps24 from the phagocytic parasite E. histolytica are
required to generate intraluminal vesicles (ILVs) in GUVs [4]. However, the
current models do not provide a complete picture of the biophysical
mechanisms by which the ESCRT-III components reshape the membrane.
Moreover, the role of the membrane material properties in tuning the
ESCRT-III activity is unrevealed. In this study, we observed for first time
the consecutive action of the ESCRT-III proteins on a single-vesicle level,
combining GUVs and microfluidics. We characterized several mechanisms
involved in the membrane remodelling by the ESCRT-III complex and the
regulation of the protein activity. Namely, (i) increase in the membrane
tension results in distortion of the ESCRT-III scaffold in the intraluminal
buds; (ii) the ESCRT-III proteins influence both the membrane stiffness and
the spontaneous curvature, and thus control the size of the ILVs; (iii) a
membrane fluid-fluid phase separation was induced in the presence of the
ESCRT-III machinery, whereby the ILVs formed from the liquid-ordered
phase.

[1] L. Christ et al., Trends Biochem. Sci., 2017, vol. 42, p. 42

[2] J Schoéneber et al., Nature Rev., 2017, vol. 18, p. 5

[3] R. Dimova, Annu. Rev. Biophys., 2019, DOI: 10.1146/annurev-biophys-
052118-115342.

[4] Y Avalos-Padilla et al., Front. Cell. Infect. Microbiol., 2018, vol.8,p. 53
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Ion transport, interfacial effects and scaling behavior in protein
channels

V. Aguilella', A. Alcaraz', M. Aguilella-Arzo', L. Lopez-Peris', M. Queralt-
Martin?.

"Universitat Jaume I, Castellon, Spain; 2NICHD, National Institutes of
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Many protein channels have in common the importance of electrostatic
interactions between the permeating ions and the nanochannel. Since ion
transport occurs under confinement conditions, interfacial effects such as
access resistance (AR) may play a significant role. We measure AR in a
large ion channel, the bacterial porin OmpF, by means of single channel
conductance measurements in electrolyte solutions containing varying
concentrations of high molecular weight PEG, sterically excluded from the
pore. We found that AR might reach up to 80% of the total channel
conductance in diluted solutions, where electrophysiological recordings
register essentially the AR of the system and depend marginally on the pore
characteristics. On the other hand, charged polar groups of the lipid may
have a strong influence on the electric potential and the ionic concentration
near the membrane-solution interface. Charged residues within the protein
located near the pore mouth can also play a role, although to a lesser extent
than AR and membrane surface charges. These three factors are obviously
coupled and are strongly dependent on the channel aperture size, 3D
structure and channel-lipid assembling. Comparison of experiments
performed in charged and neutral planar membranes shows that lipid surface
charges modify the ion distribution and determine the value of AR,
indicating that lipid molecules are more than passive scaffolds even in the
case of large transmembrane proteins. These findings are relevant to the fact
that ionic conductance in membrane channels exhibits a power-law
dependence on electrolyte concentration (G ~ ¢*). We critically evaluate the
predictive power of scaling exponents by analyzing conductance
measurements in four biological channels with contrasting architectures. We
show that scaling behavior depends on several interconnected effects whose
contributions change with concentration so that the use of oversimplified
models missing critical factors could be misleading. In fact, the presence of
interfacial effects could give rise to an apparent universal scaling that hides
the channel distinctive features. We complement our study with 3D
structure-based Poisson—Nernst—Planck calculations, giving results in line
with experiments and validating scaling arguments.

Tuesday 23" July

SINGLE MOLECULE BIOPHYSICS

O-111

The mechanical stability of proteins regulates their translocation rate
into the cell nucleus
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2LS, London, UK.

2Cardiovascular Division, James Black Centre, King’s College London,
London SE5 9NU, UK

*Institute for Bioengineering of Catalonia (IBEC), The Barcelona Institute
of Science and Technology (BIST), and University of Barcelona, 08028
Barcelona, Spain

‘The Francis Crick Institute, 1 Midland Road, London, NW1 1AT, UK

The translocation of mechanosensitive transcription factors (TFs) across the
nuclear envelope is a crucial step in cellular mechanotransduction. Yet the
molecular mechanisms by which mechanical cues control the nuclear
shuttling dynamics of TFs through the nuclear pore complex (NPC) to
activate gene expression are poorly understood. Here, we show that the
nuclear import rate of myocardin-related transcription factor A (MRTFA)
— a protein that regulates cytoskeletal dynamics via the activation of the
TF serum response factor (SRF) — inversely correlates with the protein’s
nanomechanical stability and does not relate to its thermodynamic stability.
Tagging MRTFA with mechanically-stable proteins results in the
downregulation of SRF-mediated gene expression and subsequent slowing
down of cell migration. We conclude that the mechanical unfolding of
proteins regulates their nuclear translocation rate through the NPC and
highlight the role of the NPC as a selective mechanosensor able to
discriminate forces as low as ~10 pN. The modulation of the mechanical
stability of TFs may represent a new, general strategy for the control of gene
expression.

O-112

Mechanosensitive states of the giant muscle protein titin

Miklos Kellermayer, Pasquale Bianco, Katalin Naftz, Dorina Kdszegi,
Gydrgy Ferenczy, Zsolt Martonfalvi

Semmelweis University.

Titin, a multi-domain filamentous protein is thought to act as a sensor of
stress and strain in the muscle sarcomere. The exact mechanisms of this
mechanosensing function are not fully understood. To gain an insight into
the mechanosensitive structural states of titin, we have manipulated single
molecules with high-resolution optical tweezers and imaged structural states
of extended molecules with atomic force microscopy. Discrete, stepwise
transitions can be resolved in titin during stretch at forces as low as 5 pN.
Numerous mechanisms and molecular regions contribute to a pattern of
transitions which is sensitive to mechanical history. Globular domains are
selected for unfolding according to a spatial gradient of mechanical stability,
which acts as a safety mechanim against sarcomeric structural
disintegration. A C-terminally located region corresponding to the titin
kinase unfolds systematically under overstretching forces, suggesting that
this domain may be mechanically activated in intrasarcomeric conditions.
Mechanically unfolded weak domains may dynamically reorganize towards
the molten-globule and the folded state, thereby generating force that aids
saromere contraction. Altogether, titin displays a complex pattern of
history-dependent, force-driven structural transitions which, by dynamically
exposing ligand-binding sites, may set the stage for the sensing of the
sarcomere's mechanical status.
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Single-molecule live-cell imaging of mRNA life cycle

M. Carmo-Fonseca.
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Lisboa, Lisboa, Portugal

Expression of genetic information in eukaryotes involves a series of
interconnected processes that ultimately determine the quality and amount
of proteins in the cell. Many individual steps in gene expression are
kinetically coupled, but tools are lacking to determine how temporal
relationships between chemical reactions contribute to the output of the final
gene product. Previous studies have imaged RNAs in living cells by
genetically inserting the binding sites for bacteriophage coat proteins in the
RNA of interest. However, multiple nascent RNAs were simultaneously
detected at the site of transcription, necessitating a modelling approach to
infer kinetic information. To circumvent these significant limitations and
potential problems in data interpretation, we developed a strategy that
permits direct tracking of single nascent pre-mRNA molecules in live cells.
We are using this approach to study kinetics of the different steps of mRNA
life cycle.

O-114 (P-397)

ParB dynamics and the critical role of the C-terminal domain in DNA
condensation unveiled by combined Magnetic Tweezers and TIRF
Microscopy

J. Madariaga-Marcos', C.L. Pastrana', G.L.M. Fisher?, M..S. Dillingham?, F.
Moreno-Herrero'.

!Centro Nacional de Biotecnologia - CSIC, Madrid, Spain; *University of
Bristol, Bristol, United Kingdom.

ParB is a central component of partition systems responsible for the faithful
segregation of chromosomes and low-copy number plasmids in bacteria.
Bacillus subtilis ParB forms multimeric networks involving non-specific
DNA binding leading to DNA condensation. In previous work [1], it was
found that the C-terminal domain (CTD) of ParB is essential for the
formation of those higher-order structures, and that an excess of the free
CTD impeded DNA condensation or promoted decondensation of pre-
assembled networks. However, interpretation of the molecular basis for this
phenomenon was complicated by the inability to uncouple protein binding
from DNA condensation or to correlate both measurements in parallel. Here,
we have combined lateral magnetic tweezers with total internal reflection
fluorescence microscopy to simultaneously control the restrictive force
against condensation and to visualize ParB protein binding by fluorescence.
At non-permissive forces for condensation, ParB binds non-specifically and
highly dynamically to DNA, whereas at low forces ParB condenses DNA as
shown previously [2]. Our new approach allowed direct tests of different
models to explain CTD-dependent condensation inhibition. We conclude
that the free CTD blocks the formation of ParB networks by
heterodimerization with full length ParB which remains bound to the DNA.
This strongly supports a model in which the CTD acts as a key bridging
interface between distal DNA binding loci within ParB networks [3].

[1] Fisher, G.L.M., et al., Elife, 2017. 6: 28086

[2] Taylor, J.A., et al., NAR, 2015. 43(2): p. 719-31

[3] Madariaga-Marcos, J., et al., Elife, 2019 (accepted)
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A folding nucleus and minimal ATP binding domain of Hsp70 identified
by single-molecule force spectroscopy

G. Zoldak.

CIB, TIP-UPJS, KOSICE, Slovakia.

The folding of large proteins can be a very complex process; many large
proteins critically rely on the aid of molecular chaperones while some
equally large proteins fold spontanecously. Along the folding pathways,
partially folded intermediate states are frequently populated and can
accelerate or even decelerate efficient folding process. The structures of
these intermediates are generally unknown because they are often very
short-lived. In our recent work [1], single-molecule force measurements
were used to scrutinize the hierarchy of intermediate states along the folding
pathway of the nucleotide binding domain (NBD) of Escherichia coli Hsp70
DnaK. DnaK-NBD is a member of the sugar kinase superfamily that
includes Hsp70s and the cytoskeletal protein actin. Using optical tweezers,
a stable nucleotide-binding competent en route folding intermediate
comprising lobe II residues (183-383) was identified as a checkpoint for
productive folding. We have obtained a structural snapshot of this folding
intermediate that shows native-like conformation. To assess the
fundamental role of folded lobe II for efficient folding, we turned our
attention to yeast mitochondrial NBD, which does not fold without a
dedicated chaperone. After replacing the yeast lobe II residues with stable
E. coli lobe II, the obtained chimeric protein showed native-like ATPase
activity and robust folding into the native state, even in the absence of
chaperone. In summary, lobe II is a stable nucleotide-binding competent
folding nucleus that is the key to time-efficient folding and possibly
resembles a common ancestor domain.

[1] Bauer D, Meinhold S, Jakob RP, Stigler J, Merkel U, Maier T, Rief M,
Zoldak G. A folding nucleus and minimal ATP binding domain of Hsp70
identified by single-molecule force spectroscopy. Proc Natl Acad Sci U S
A. 2018 May 1;115(18):4666-4671.
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Single-molecule dissection of the dihydrofolate reductase reaction
revealed multiple conformers leading to a catalytic product release

N. Galenkamp, G. Maglia.

University of Groningen, Groningen, Netherlands.

It is generally accepted that enzymes stabilise the transition-state of a
catalysed reaction. Here using a nanopore as a single-molecule nano-reactor
we provide experimental evidence for a more sophisticated narrative. The
sampling of hundreds of consecutive reactions from single enzymes
revealed that dihydrofolate reductase (DHFR) populates frequent non-
productive transition-state conformations and undergoes second-long
catalytic pauses. We also found that the free-energy landscape of the enzyme
is sculpted with multiple ground-state conformers with different affinity for
substrate, cofactor and product that undergo hierarchical changes during the
catalytic cycle. As in a two-stroke engine, the chemical step provides the
power stroke to switch the enzyme to the product-bound conformer,
promoting the simultaneous release of the oxidised cofactor. The subsequent
binding of a reduced cofactor to the vacated site provides the free energy for
the recovery stroke, which induce the allosteric release of the product and
resets the initial configuration. This catalytic remodeling of the affinity
landscape of DHFR is likely to be a general feature for complex enzymatic
reaction where the release of the products must be facilitated.
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Mechanosensing via immunoreceptors

Cheng Zhu
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The immune response is orchestrated by a variety of immune cells, the
function of which then is determined by the collective signals from different
immunoreceptors. Recent studies have highlighted the presence of
mechanical force on these receptor-ligand pairs and its important role in
regulating antigen recognition/discrimination and function. In this
perspective, we use the T cell receptor as an example to review the current
understanding of the mechanosensing properties of immunoreceptors. We
discuss the types of forces that immunoreceptors may encounter, the effects
on ligand recognition, conformational changes and mechanosensing
mechanisms, as well as the consequences in downstream signal transduction
and function.
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The role of oligomeric scaffolds in inflammatory signal transduction
though Toll-like receptors and MyD88

Nicholas J. Gay and Martin C. Moncrieffe

Dept Biochemistry, University of Cambridge, Cambridge CB2 1GA, UK
Toll like receptors (TLRs) are pivotal in triggering the innate immune
response to pathogen infection. Ligand binding to leucine rich repeats on
the receptor induces the dimerization of both receptor ectodomain and the
cytosolic Toll/interleukin-1 receptor (TIR) domain, providing a nucleation
signal for assembly of an oligomeric scaffold, the Myddosome, leading to
inflammatory signalling. Myeloid differentiation primary response 88
(MyD88) is required by all TLRs except TLR3 and signalling is thought to
proceed via a mechanism that involves the stepwise, sequential assembly of
individual components. Recent studies in our lab find that the death domains
of human MyD88 spontaneously and reversibly associate to form helical
filaments in vitro. A 3.1 A cryo-EM structure reveals that the architecture
of the filament is identical to that of the MyD88-IRAK4-IRAK2
heterooligomeric Myddosome. Additionally, the death domain of IRAK4
interacts with the filaments to reconstitute the non-stoichiometric 6:4
MyD88-IRAK4 complex. Single molecule analysis in vivo shows that in the
resting state MyD88 is present as short oligomers or monomers and that
interaction with the activated receptor relieves autoinhibition allowing the
rapid assembly of the closed Myddosome complex. Together, these data
suggest that the MyD88 scaffold may be preformed or rapidly assembled on
receptor activation and TIR engagement.
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Insights into the Molecular Mechanism of Lipids/Toll-Like Receptors
Interaction

M. Pizzuto', P. Bigey?, A.M. Lachages®, V. Escriou?, P. Pelegrin', C.E.
Bryant’, J.M. Ruysschaert*, N.J. Gay’, C. Lonez’, M. Gangloff®.
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2Université Paris Descartes, Sorbonne-Paris-Cité University, paris, France;
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Toll-like Receptors (TLRs) are the main protagonists of the innate immune
system. Among them TLR2 and TLR4/MD2 recognize lipid patterns located
in bacterial membrane and alert the immune system of pathogen invasion
through stimulating secretion of pro-inflammatory cytokines. We showed
that TLR4 and 2 are able to recognize also synthetic lipids, used as nucleic
acid nanocarriers, and the mitochondrial lipid cardiolipin.

In silico analysis coupled with in vitro and in vivo experiments brought us
to understand the molecular parameters for which a lipid would be inert or
recognized by TLR2 or TLR4/MD2. More specifically, we demonstrated
that short saturated di-acyl cationic lipids lipopolyamines (LPAs) activate
TLR2 and 4, whereas longer saturated cationic lipids activate only
TLR2(Lonez et al.,, 2015 CMLS; Pizzuto et al., 2017, 2018 J Control
Release). Moreover the tetra-acyl mitochondrial lipid cardiolipin (CL) acts
as a TLR4/MD2 agonist or antagonist depending on its unsaturation degree
(Pizzuto et al. 2019 CMLS).

Although we found that all CL docked to the hydrophobic cavity of MD2,
unfortunately, molecular docking failed to predict physiologically
meaningful conformations or the pharmacology of CLs, revealing the
limitations of such an approach with this family of molecules.

By contrast, docking of di-acyl LPAs in TLR2/TLR1 and TLR2/TLR6 was
able to predict their activity, suggesting potential TLR2 binding modes
reminiscent of bacterial lipopeptide sensing (natural TLR2/1/6 ligands). The
saturated or mono-unsaturated LPAs share the ability of burying their lipid
chains in the hydrophobic cavity of TLR2 and, in some cases, TLR1, at the
vicinity of the dimerization interface. The cationic headgroups form
multiple hydrogen bonds, thus crosslinking TLRs into functional
complexes. According to our in silico analysis and in vitro data, TLR2
activation could no longer be achieved if both LPA chains were unsaturated.
(Pizzuto et al., 2017 J Control Release)

We therefore recommend the use of unsaturated C18 chains for the synthesis
of inert transfection agents or TLR4 antagonists. On the other hand, we
recommend saturated LPAs in vaccine formulation as their
immunostimulatory activity coupled to their carrier properties conferred
good adjuvant properties as demonstrated by our in vivo studies(Pizzuto et
al., 2018 J Control Release).
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Super-resolution microscopy analysis of molecular interactions between
epithelial cells and tissue-resident T cells in mouse epidermis
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Epithelial tissues, such as skin, gut or lung, are the first line of animal
defence against external factors. Mammal epidermis is populated by a large
number of immune-cells. In mouse these include immune monitoring y3 T
cells, also known as dendritic epidermal T cells (DETC), which form a dense
network in parallel to the network of Langerhans cells. Previously, a
transmembrane-protein Skintl expressed by keratinocytes was suggested to
play a pivotal role in molecular interactions between T cells and surrounding
epithelial cells. Here we applied a super-resolution microscopy approach to
investigate the role of Skintl in defining tissue homeostasis and cell
functionality. Using Structured Illumination Microscopy, we were able to
visualize Skintl clustering in vicinity of T cell receptor (TCR) clusters at
dendrite contact points of DETC, suggesting their direct interaction in
tissue. The clustering of Skintl on epithelial cell surface was further
characterised in Skintl mutant, Skintl knockout, Skintl transgenic and
vd TCR knockout mouse lines. The role of dimerization between Skintl and
Skint2 molecules was investigated by analysing Skintl in Skint2 knockout
line and by quantitating Skint2 clustering in Skintl knockout and transgenic
lines. Moreover, we applied two-colour Single Molecule Localization
Microscopy approach revealing Skint1-TCR interactions in tissue at 15 nm
isotropic resolution. These super-resolution imaging data provide a direct
support for Skint family protein -mediated immune sensing in epithelial
tissues.
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Shape matters: Towards a molecular understanding of the innate
immune response to microbial lipids
A. Schromm.
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Bacterial membrane components such as lipopolysaccharides (LPS) and
lipopeptides are highly effective activators of the innate immune response
and trigger inflammation and antimicrobial defense mechanisms by
activation of Toll-like receptors (TLR). Dysregulation of this immune
response can lead to severe diseases like pneumonia, acute respiratory
distress syndrome, and sepsis. We characterize the structural and physical
prerequisites for the inflammatory activity of bacterial lipids to elucidate
how lipids are recognized by the immune system as danger signals. To this
aim we investigate natural and reconstituted membrane systems and use
biophysical methods such as fluorescence and infrared spectroscopy to
characterize membrane properties. Small angle X-ray diffraction (SAXS) at
the electron synchrotron PETRA III at DESY is employed to determine the
membrane organization in solution. We have analyzed a variety of isolated
natural bacterial lipids, synthetic analogs, and synthetic microbial-lipid-
mimetics. These studies reveal that the three-dimensional organization of
lipid aggregates correlates with their ability to activate or antagonize cell
activation. Accordingly, only cubic inverted aggregate structures exhibit
high inflammatory activity, whereas cylindrical molecules, forming lamellar
aggregate structures, exhibit low or no activity. Interestingly, we found
several examples showing that this behaviour is not correlated with a
specific degree of acylation, but depends on the respective packing of the
acyl chains in the hydrophobic moiety. Thus, inflammation inducing
structures can be adopted by di- and triacyl-as well as highly acylated hexa-
acyl lipids of different molecular origin.

Comparing reconstituted lipid aggregates from purified lipopolysaccharide
(LPS) of Gram-negative bacteria with purified outer membrane vesicles
(OMYV) isolated from bacterial cultures we can demonstrate that the
interaction mechanisms of both membrane systems with the host cell are
quite different. Whereas LPS requires protein mediated transport and
activates cell surface receptors, LPS as part of OMVs can enter the host cell
by membrane interaction without transporter and activates intracellular
signalling pathways. Our data suggest that physico-chemical characteristics
represent a key to an understanding of the biological activity of bacterial
lipids and determine the molecular mode of action of activators and
inhibitors. This knowledge is essential for the further development of lipid-
based drugs as adjuvants and therapeutics.

Lung Center, Division of
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Cryo-EM of Protein Polymers Yields Many Surprises

E. Egelman.

University of Virginia.

Large amounts of protein in eukaryotic, bacterial and archaeal cells is often
found in the form of helical polymers. Viruses infecting these cells can also
be helical. We have been using cryo-EM to study the structure and function
of many of these polymers. Since the introduction of direct electron
detectors about six years ago, there has been a “resolution revolution” where
near-atomic levels of resolution can now almost routinely be achieved for
many macromolecular complexes. While some of these complexes can, in
principle, be crystallized, cryo-EM has emerged as the method of choice for
structural studies of such complexes as it does not require crystallization,
uses far less sample, and is much faster. But for helical polymers most can
never be crystallized and cryo-EM is not only the preferred method but the
only method available for reaching near-atomic resolution. I will describe
our most recent applications of cryo-EM to a range of systems, from viruses
that infect organisms living in nearly boiling acid (1-3), to an archaeal pilus
that is nearly indestructible (4), to “microbial nanowires” that conduct
electrons (5). All of these studies provide not only new understanding of
biology and evolution, but yield insights into novel structures that can have
applications to drug delivery, biomedical engineering and nanotechnology.

1. Liu Y, Osinski T, Wang F, Krupovic M, Schouten S, Kasson P,
Prangishvili D, & Egelman EH (2018) Structural conservation in a
membrane-enveloped filamentous virus infecting a hyperthermophilic
acidophile. Nature communications 9(1):3360.

2. Kasson P, DiMaio F, Yu X, Lucas-Staat S, Krupovic M, Schouten
S, Prangishvili D, & Egelman EH (2017) Model for a novel membrane
envelope in a filamentous  hyperthermophilic  virus. eLife
6:doi:10.7554/eLife.26268.

3. DiMaio F, Yu X, Rensen E, Krupovic M, Prangishvili D, &
Egelman EH (2015) A Virus that Infects a Hyperthermophile Encapsidates
A-Form DNA. Science 348:914-917.

4. Wang F, Cirvkaite-Krupovic, V., Kreutzberger, M., Su, Z., de
Oliveira, G., Sherman, N., DiMaio, F., Wall, J., Prangishvili, D Krupov1c

M., Egelman E.H. (2019) An extensively glycosylated archaeal pilus
survives extreme conditions. Nature Microbiology in press.

5. Wang F, et al. (2019) Structure of Microbial Nanowires Reveals
Stacked Hemes that Transport Electrons over Micrometers. Cel/ 177(2):361-
369.e310.
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Advances in Multiscale Simulation of DNA.

M. Orozco

DNA is not only the key molecule of life and one of the most promising
biotechnological entities, but a paradigm of a multiscale system whose study
implies the representation of A-scale details in a meter long polymer. This
10'° scale problem forces the need to use multi-physics approaches where
different levels of theoretical treatments are combined from high- level QM
approaches to rough mesoscopic modeling approaches. I will summarize in
my talk recent advances done in Barcelona in the development of new
approaches for the multiscale representation of DNA.

0-127

Nanoparticle-bio interactions:
conformation and softness

G. Rossi', S. Salassi?, F. Simonelli?, R. Ferrando?, L. Monticelli®, E.
Lavagna?.

"Physics Department, University of Genoa, Italy; *University of Genoa,
Italy, Physics Department; *IBCP/CNRS, Lyon, France.

The design of ligand-protected metal nanoparticles (NP) with biomedical
applications relies on the understanding, at the molecular level, of their
solubility in the biological environment and of their interactions with
different biological systems. Here we focus on gold NPs, functionalized by
an organic ligand shell, in water and in contact with serum proteins and lipid
membranes. We use molecular dynamics and enhanced sampling
techniques, at atomistic and coarse-grained resolution, to characterize the
molecular mechanisms and the thermodynamics of NP-NP aggregation, NP-
protein and NP-lipid interactions.

Depending on the composition of the ligand shell, NPs can form different
aggregates in water, including planar, linear or porous 3D aggregates. Once
interacting with a biological target, such as a lipid membrane or a serum
protein, the NP aggregation state, surface composition (e.g. charge and/or
hydrophobicity) and conformation (e.g. folded vs extended, ordered or
disordered) concur to dictate the thermodynamics and the kinetics of the
interaction. We will show examples in which a) the NP charge state affects
the kinetics of interaction with a zwitterionic membrane; b) the NP surface
patterning affects the kinetics and thermodynamics of interaction with a
zwitterionic membrane and c) the hydrophobicity and conformation of the
NP ligand shell determines the strength of interaction of the NP with a serum
protein.

the role of interface composition,

O-128

Lipid Regulation of Structure, Dynamics, Energetics, and Function of
Membrane Proteins

Emad Tajkhorshid

J. W. Hastings Endowed Chair of Biochemistry,

Professor of Chemistry, Bioengineering, Neuroscience, Biophysics and
Quantitative Biology, and Pharmacology

Director, NIH Center for Macromolecular Modeling and Bioinformatics
Department of Biochemistry, Beckman Institute for Advanced Science and
Technology and

University of Illinois at Urbana Champaign

Membrane proteins have evolved to function optimally while embedded
within the heterogeneous and dynamically changing environment of
biological membranes. As a matter of fact, the structure and dynamics, and
thus the function of membrane proteins are largely affected by the
membrane. Given their complex lipid composition, wide range of shape and
charge variation, and diverse mechanical properties, biological membranes
can modulate the function of membrane proteins through a number of
molecular mechanisms. It is now well accepted that lipid-protein
interactions are central to the modulation of fundamental cellular processes,
including signaling and transport across the biological membranes. While
the importance of lipid-protein interactions is widely recognized,
characterization of lipid-protein interactions and the lipid-modulated protein
dynamics is often challenging, if not impossible, with currently available
experimental techniques. Application of molecular dynamics simulations
opens up the possibilities for obtaining atomic-level details as well as the
associated free energies of such interactions. In this talk, I will provide
recent examples of computational studies in which the role of lipid bilayers
and their constituents on a number of transport proteins has been
successfully characterize at an atomic resolution. These studies, often
complemented by experimental validation, offer invaluable insights on the
functional mechanisms of physiologically important membrane proteins and
how lipids can control and regulate energy landscapes associated with their
function

0-129 (P-456)

The catalytic mechanism of MB-COMT: new drug design paradigm?
A. Bunker!, T. Rég', A. Magarkar?, P. Parkkila', T. Lajunen', E. Mobarak',
0. Cramariuc!, G. Licari®, E. Vauthey?.

"University of Helsinki, Faculty of Pharmacy, Helsinki, Finland
2University of Helsinki, Faculty of Physics, Helsinki, Finland

3Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic
“Department of Physics, Tampere University of Technology, Tampere,
Finland

*Department of Physical Chemistry, University of Geneva, Geneva,
Switzerland

e-mail: alex.bunker2@gmail.com

We used computational molecular modelling in synergistic combination
with a wide range of experimental methodologies, to study a
pharmaceutically — important enzyme: catechol-O-methyltransferase
(COMT) [1]. The enzyme has both water soluble (S-COMT) and membrane
bound (MB-COMT) isoforms; MB-COMT is a drug target in the treatment
of Parkinson’s disease: it is desirable to selective target this isoform. This
should also be possible since the substrate profiles of S-COMT and MB-
COMT differ, in spite of the fact that they possess identical catalytic
domains [2]. While our study culminates in the determination of the catalytic
mechanism of MB-COMT [3] that differentiates it from S-COMT, and opens
the door to the possibility of selective targeting, this presentation describes
a ten-year arc of research that preceded this publication.

We hypothesized that the mechanism of substrate differentiation was the
interaction with the membrane of both potential inhibitors or substrates and
the catalytic domain of MB-COMT; we then proceeded to determine the
catalytic mechanism specific to MB-COMT. We ascertained that (1)
substrates with a preferred affinity for MB-COMT over S-COMT had an
orientation in the membrane conducive to catalysis from the membrane
surface and (2) binding of COMT to its cofactor ADOMET induced a
conformational change that causes the catalytic surface of the protein to
adhere to the membrane surface, where substrates and Mg?" ions, required
for catalysis, are found. Through bioinformatics analysis we found evidence
of this mechanism in other proteins, including several existing drug targets.
References

[1] P. T. Ménnist6 and S. Kaakkola, Pharmacol. Rev., 51, 593-628,
(1999).

[2] R. G. Robinson ef al. ACS Chem. Neurosci., 3, 129-140, (2012).
[3] A. Magarkar et al. Chem. Commun., 54, 3440, (2018).
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Combining theoretical and experimental approaches to understand the
mechanism of antibiotic permeation: implications on the fight against
bacterial resistance

C.F. Sousa', J.T. Coimbra?, M.J. Ramos?, P.A. Fernandes?, P. Gameiro'.
'Requimte, LAQV, FCUP, Porto, Portugal; *Requimte, UCIBIO, FCUP,
Porto, Portugal.

Bacterial resistance is a critical public health threat whose importance has
been increasing over the years. Fluoroquinolones (FQ) are a group of
antibacterial drugs that are classified as “highest priority critically important
antimicrobials” by the World Health Organization. The extensive use of FQs
led to an exponential increase in bacterial resistance to these drugs. Known
mechanisms of bacterial resistance to FQs, often encompass a reduction of
the antibiotics’ permeation through the Omp porin channels present at the
bacterial cell membrane. Since FQs have intracellular targets, the study of
their permeation is crucial to comprehend bacterial resistance and develop
alternative drugs.

With the perspective of finding alternatives to the use of FQs, copper
complexes of FQs have been studied, as they are expected to have an
increase permeation through the membrane. In the present study the
translocation of Ciprofloxacin (Cpx) and its copper ternary complex
(CuCpxPhen) are compared. Model membranes mimicking the bacterial
membrane in the presence or absence of the OmpF porin were used.
Spectroscopic methods were employed to determine drugs’ partition
coefficient to the model membranes and drugs’ binding constant to the
porin. To further explore structural and dynamical aspects of the
translocation process, a theoretical approach was considered, using
molecular dynamics simulations. Using umbrella sampling we were able to
describe the thermodynamics of the translocation process for each pathway.
The results show that CuCpxPhen has a greater partition in lipid membranes,
with theoretical results pointing for a greater ability of this complex to cross
the lipid membrane, as it shows lower energy barriers at bilayer’s centre.
Additionally, and despite experimental results showing similar binding
constants for Cpx and CuCpxPhen with OmpF, theoretical results show a
more favourable energy profile for Cpx translocation across this channel.
Overall, our results indicate that CuCpxPhen’s permeation in the bacterial
membrane should be porin independent. Copper complexes are then
expected to be good candidates to bypass the bacterial resistance related
with reduction of antibiotic permeation by porin mutation. The findings of
this work are important to proceed with the study of CuFQPhen complexes
as an alternative to free FQs in resistant bacteria.

0O-131 (P-458)

Exploring Conformational Transitions and Free Energy Profiles of
Proton Coupled oligopeptide Transporters

M. Batista, A. Costa-Filho.

University of Sdo Paulo, Ribeirdo Preto, Brazil.

Proteins involved in peptide uptake and transport belong to the proton-
coupled oligopeptide transporter (POT) family. Crystal structures of POT
family members reveal a common fold consisting of two domains of six
transmembrane o helices that come together to form a “V” shaped
transporter with a central substrate binding site. Proton coupled oligopeptide
transporters operate through an alternate access mechanism, where the
membrane transporter undergo global conformational changes, alternating
between inward-facing (IF), outward-facing (OF) and occluded (OC) states.
Conformational transitions are promoted by proton and ligand binding,
however, due to the absence of crystallographic models of outward-open
state, the role of H'and ligands are still incomplete. To provide a
comprehensive picture of the POT conformational equilibrium,
conventional and enhanced sampling molecular dynamics simulations of
PepT, in the presence or absence of ligand and protonation were performed.
Free energy profiles of the conformational variability of PepT, were
obtained from microseconds of adaptive biasing force (ABF) simulations.
Our results reveal that both, proton and ligand, change significantly the
conformational free energy landscape. In the absence of ligand and
protonation, only transitions involving IF and OC states are allowed. After
protonation, the wider free energy well for E300 protonated PepT, indicates
a greater conformational variability relative to the apo system, and OF
conformations became accessible. For the E300 Holo-PepTy, the presence
of a second free energy minimum suggests that OF conformations are not
only accessible, but also, stable. The differences in the free energy profiles
demonstrate that transitions toward outward facing conformation occur only
after protonation and, probably, this should be the first step in the
mechanism of peptide transport. Our extensive ABF simulations provide a
fully atomic description of all states of the transport process, offering a
model for the alternating access mechanism and how protonation and ligand
binding control the conformational changes.

Tuesday 23" July
LIVE IMAGING AND OPTICAL MICROSCOPY

0-132

A Multi Messenger microscope to paint chromatin in cells.

A. Diaspro.

A Multi messenger microscope designed within liquid tunable microscopy
approach - LIQUITOPY - is presented. The possibility of integrating
different light-matter interactions for imaging is the starting point for the
design and realization of a LIQUITOPY architecture (Won R (2018)
NatPhot; Diaspro A et al. (2018) BJ). It aims integrating
simultaneous acquisition mechanisms coupled with supervised machine
learning to foster a brand new way of imaging. It is liquid because it
operates with a blend of mechanisms of contrast and tunable in terms of
spatial and temporal resolution. It aims to contribute to elucidate an
open universal question in biology about the way chromatin organization in
the nucleus rules the compaction and function of the human genome in the
interphase of cells and mitotic chromosomes. As label free approach the
multi messenger microscope will integrate the possibility of performing
Mueller matrix microscopy specially oriented to detect changes in helical
structures within the cell.

0-133

Looking into the nursery of platelets: Imaging of the bone marrow in
vivo, in vitro and in silico

Katrin G Heinze' & David Stegner?

'Rudolf Virchow Center for Experimental Biomedicine, University of
Wiirzburg, Josef-Schneider-Str. 2, D15, 97080, Wiirzburg, Germany
Institute of Experimental Biomedicine, University Hospital Wiirzburg,
Josef-Schneider-Str. 2, D15, 97080, Wiirzburg, Germany

In mammals, platelets are produced by megakaryocytes (MKs) that are
predominantly residing in the bone marrow (BM). MKs originate from
hematopoietic stem cells and are thought to migrate from an endosteal niche
towards the vascular sinusoids during their maturation.

Light sheeet Fluorescence Microscopy (LSFM) is a powerful tool to study
megakaryopoiesis, and has already widened our perspective on MKs in their
3D environment. Through LSFM imaging of MKs and the vasculature in the
intact BM, we show that MKs can be found within the entire BM, without a
bias towards bone-distant regions. We developed and compared different
image processing pipelines and simulation scenarios for precise
identification of MKs in 3D light-sheet fluorescence microscopy of uncut
murine bones. By combining in vivo two-photon microscopy and in situ
LSFM with computational simulations, we reveal surprisingly slow MK
migration, limited intervascular space, and a vessel-biased MK pool. These
data challenge the current thrombopoiesis model of MK migration and
support a modified model, where MKs at sinusoids are replenished by
sinusoidal precursors rather than cells from a distant periostic niche. If MKs
themselves do not need to migrate to reach the vessel, therapies to increase
MK numbers might be sufficient to raise platelet counts.

We supported our imaging approaches by realistic computational
simulations. Typically, simulation studies use artificial meshes as templates
to minimize the computational effort or due to the lack of experimental data.
Here, we show that 3D cells and vessels derived from LSFM can
dramatically improve simulations as those maximally mimic the
physiological situation. Thus, imaging and simulations go hand in hand
when segmented objects perfectly serve as biological templates for
advanced simulations. Such reliable whole-bone analysis in silico identify
MKs as biomechanical restraints for bone marrow cell mobilization and
extravasation influencing for example neutrophil and HSC migration.
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Faster and better: taking localisation microscopy into live cells

Susan Cox

Randall Division of Cell and Molecular Biophysics, Guy’s Campus, King’s
College London, London, UK, SE1 1UL

Super-resolution microscopy is a powerful tool for imaging structures at a
lengthscale of tens of nm, but its utility for live cell imaging is limited by
the time it takes to acquire the data needed for an image. For localisation
microscopy the acquisition time can be cut by more than two orders of
magnitude by using advanced algorithms which can analyse dense data,
trading off acquisition and processing time. Information can be traded for
resolution: for example, the whole dataset can by modelled as arising from
blinking and bleaching fluorophores (Bayesian analysis of Blinking and
Bleaching), although at a high computational cost. However, all these
approaches will come with a risk of artefacts, which can mean that the image
does not resemble the underlying sample. We have recently developed Harr
Wavelet Kernel (HAWK) analysis, a multi-timescale prefiltering technique
which enables high density imaging without artefacts. The results of
benchmarking with other techniques reveal that at high activation densities
many analysis approaches may achieve high apparent precision (very sharp
images), but poor accuracy (the images don’t look like the sample).
However, HAWK analysis produces images free from sharpening artefacts
allowing accurate images to be rapidly taken. Furthermore, this property of
HAWK can be used to identify artificial sharpening artefacts and assess the
quality of localisation microscopy images.

0-135 (P-499)

Strong cytoskeleton activity on millisecond timescales upon particle
binding revealed by ROCS microscopy

F. Jiinger, A. Rohrbach.

University of Freiburg, IMTEK, Laboratory for Bio- and Nano-Photonics,
Freiburg im Breisgau, Germany.

Cells change their shape on the scale of seconds, cellular protrusions even
on subsecond timescales enabling various responses to stimuli of
approaching bacteria, viruses or pharmaceutical drugs. Typical response
patterns are governed by a complex reorganization of the actin cortex, where
single filaments and molecules act on a much smaller and faster timescale.
These dynamics have remained mostly invisible due to a superposition of
slow and fast motions, but also due to a lack of adequate imaging
technology. Whereas fluorescence techniques require too long integration
times, novel coherent techniques such as ROCS microscopy can achieve
sufficiently high spatiotemporal resolution. ROCS uses rotating back-
scattered laser light from cellular structures and generates a consistently
high image contrast at 150nm resolution and frame rates of up to 100 Hz -
without fluorescence or bleaching. Here, we present an extension of ROCS
microscopy that exploits the principles of dynamic light scattering for
precise localization, visualization and quantification of the cytoskeleton
activity of mouse macrophages. The locally observed structural
reorganization processes, encoded by dynamic speckle patterns, occur upon
distinct mechanical stimuli, such as soft contacts with optically trapped
beads. We find that a substantial amount of the near-membrane cytoskeleton
activity takes place on millisecond timescales, which is much faster than
reported ever before.

0-136 (P-500)

Multiplexed single-molecule fluorescence imaging by FRET-PAINT

N. DeuBner--elfmann', A. Auer?, M. Strauss?, S. Malkusch', M. Dietz!, H.D.
Barth!, R. Jungmann?, M. Heilemann®.

!Goehte University Frankfurt/Main, Frankfurt/Main, Germany; 2Max Planck
Institute of Biochemistry, Martinsried, Germany; >Goehte University
Frankfurt/Main, Martinsried, Germany.

We combined DNA-PAINT imaging with single-molecule FRET read-out
and demonstrate multiplexed detection with sub-diffraction optical
resolution [1]. For this purpose, we designed pairs of short oligonucleotides
labeled with donor and acceptor fluorophores for different FRET
efficiencies, and integrated the design into the concept of DNA-PAINT. We
demonstrate this FRET-PAINT approach by designing and imaging DNA
origami, on which several target binding sites were spaced ~ 55 nm. We
resolved the individual binding sites, and in addition determined the FRET
efficiency for each site in single and mixed populations. The combination
of FRET read-out and DNA-PAINT allows for multiplexed super-resolution
imaging with low background, in conjunction with distance sensitive
readout in the 1-10 nanometer range. We apply FRET-PAINT as a
multiplexing imaging tool in combination with RNA-FISH.

[1] Deussner-Helfmann et al. (2018). Correlative Single-Molecule FRET
and DNA-PAINT Imaging. Nano Letters /8, 4626-4630.

0-137 (P-501)

In vivo single-molecule imaging of DNA gyrase

JLE. Lee', A. Syeda', A. Wollman', V. Leek?, P. Zawadzki’, A. Maxwell?,
M. Leake'.

"University of York, York, United Kingdom; 2John Innes Centre, Norwich,
United Kingdom; *Adam Mickiewicz University, Poznan, Poland.

DNA gyrase is a type I topoisomerase that performs a vital function in
bacteria of introducing negative supercoils and relaxing positive supercoils
generated by DNA replication and transcription. This essential role of DNA
gyrase has resulted in the development of several antibiotics that kill the cell
by specifically targeting it and interfering with its function. Although there
have been extensive biochemical, structural and genetic data, we know little
of how it operates in complex cellular environments. Here, we used genetic
techniques to attach specific fluorescent proteins to the subunits of gyrase
and to other parts of the cellular molecular machinery, which are involved
in the activities of gyrase. We tracked gyraseA (GyrA) and gyraseB (GyrB)
subunits in real time using high-speed single-molecule fluorescence
microscopy in living Escherichia coli cells, allowing us to explore
accurately where in the cell these molecules act to super-resolution precision
and how many of them are involved in their cellular activities. We correlated
the data on GyrA and GyrB to assess if both gyrase subunits are permanently
coupled or if they assemble during catalytic engagement with DNA. We also
studied how the activities respond to antibacterials, which target gyrase, to
address how gyrase poisons can be tolerated by cells and lead to
antibacterial resistance.

Our single-molecule approach with DNA gyrase using advanced light
microscopy in living cells is allowing us to address fundamental questions
concerning the role of ATP hydrolysis in general topoisomerase activity in
order to perform its vital role of relaxing torsional stress in DNA.
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Tuesday 23" July
ACTIVE MATTER AND BIOLOGICAL SELF-ORGANIZATION

O-138

Active Polymers and Membranes

Thorsten Auth, Jens Elgeti, Roland G. Winkler, and Gerhard Gompper
Theoretical Soft Matter and Biophysics,

Institute of Complex Systems and Institute of Advanced Simulations,
Forschungszentrum Jiilich, D-52425 Jiilich, Germany;

email: g.gompper@fz-juelich.de

Active matter exhibits a wealth of emerging non-equilibrium behaviors [1].
A paradigmatic example is the interior of cells, where active components,
such as the cytoskeleton, are responsible for its structural organization and
the dynamics of the various components. Of particular interest are the
properties of polymers and filaments [2]. The intimate coupling of thermal
and active noise, hydrodynamic interactions, and polymer conformations
implies the emergence of novel structural and dynamical features.

Recent theoretical and simulation developments and results for the structural
and dynamical properties of polymers and filaments exposed to activity will
be reviewed. Different propulsion mechanisms are considered, such as
chains of active Brownian particles [3], or filaments propelled along their
contours [4,5,6]. This leads to interesting single-particle behavior, such as a
softening of a semiexible filament of active Brownian particles at
intermediate levels of activity [3], or a sperm-like beating motion of a
filament pushing a load. At high polymer densities in two dimensions,
collective dynamics characterized by active turbulence is observed [5].
Closed polymer rings (in two-dimensions) can be considered as a model of
cell membranes. Here, active components lead to enhanced uctuations [7]
and cell motility [8].

[1] J. Elgeti, R.G. Winkler, and G. Gompper, Rep. Prog. Phys. 78, 056601
(2015).

[2] R.G. Winkler, J. Elgeti, and G. Gompper, J. Phys. Soc. Japan 86, 101014
(2017).

[3] T. Eisenstecken, G. Gompper, and R.G. Winkler, J. Chem. Phys. 146,
154903 (2017).

[4] R.E. Isele-Holder, J. Elgeti, and G. Gompper, Soft Matter 11, 7181
(2015).

[5] O. Duman, R.E. Isele-Holder, J. Elgeti, and G. Gompper, Soft Matter 14,
4483 (2018).

[6] A. Ravichandran, O. Duman, M. Hoore, G. Saggiarato, G.A.
Vliegenthart, T. Auth, and G. Gompper, eLife 8, 39694 (2019).

[7] S.M. Mousavi, G. Gompper, and R.G. Winkler, J. Chem. Phys. 150,
064913 (2019).

[8] C. Abaurrea Velasco, S.D. Ghahnaviyeh, H.N. Pishkenari, T. Auth, and
G. Gompper, Soft Matter 13, 5865 (2017).

0O-139

The microtubule/kinesin system: A versatile realization of an active
nematic

F. Sagués'

"Departament de Ciéncia de Materials I Quimica Fisica

Universitat de Barcelona

Microtubule-based systems are viewed as minimal in vitro reconstitutions
of the cytoskeleton. They are made active by mixing micron-size
microtubules with kinesin proteins fueled with ATP. When this material is
two-dimensionally interfaced with oil, it conforms nematic textures
pervaded by topological defects and active flows. As an Introduction, I will
start by briefly reviewing the field of active systems, singularly those with
a biophysical interest. In the central part of the talk I will present
experimental results corresponding to different scenarios of the
microtubule/kinesin active nematic system. First, I will introduce recent
observations relative to the onset dynamics and full characterization of a
turbulent-like regime, identifying the basic length scales involved in the
instability mechanism [1,2,]. Later, a strategy of control of these active
flows will be commented, based on patterning the viscous coupling of the
active nematic at the oily interface [3]. Finally, I will refer to situations of
active nematics droplets, dispersed in isotropic and anisotropic oils (liquid
crystals) [4].

[1] B. Martinez et al., Nature Physics 15:362, 2019

[2] P. Guillamat et al. Nat. Comm. 8:564, 2017

[3] P. Guillamat et al., PNAS 114, 5498, 2016

[4] P. Guillamat et al., Sci. Adv. 4:eeca01470, 2018

O-140

Spontaneous tension cable generation and convergence-extension flows
in the gastrulating chick embryo

S. Henkes Henkes', 1. Djafer-Cherif', K. Weijer?, R. Sknepnek®.
'University of Bristol; *University of Dundee.

During gastrulation, and other development stages like germband extension,
epithelial cell sheets spontaneously organise to exert contractile mechanical
forces, resulting in convergence-extension flow. Current models assume
different types of chemical signalling based pre-patterning of the junctions,
leading to both tension and flow. In the chick embryo, in the absence of pre-
patterning and in the presence of strong local mechanical disorder,
contractile mechanical forces and flows still emerge. Here, we present the
active junction model (AJM), a model of self-amplifying contractile cell
sheets that posits a myosin-dependent junction contractility with a tension-
dependent feedback loop. This active mechanics model leads to the
spontaneous formation of tension chains with directionality in the presence
of an applied stress. Spontaneous active flow results from the activated
junctions through active T1 transitions, and convergence-extension flow
results for appropriate boundary conditions. This active intercalation pattern
is only productive under highly specific conditions, including a hierarchy of
time scales, with slow myosin response, an intermediate viscoelastic time
scale and fast elastic response.

O-141 (P-519)

Design principles for robust self-assembly of multiple biological
structures from limited resources

D.S. Banerjee, S. Banerjee.

University College London, London, United Kingdom.

Controlling the size of sub-cellular structures is very important for proper
execution of physiological functions of the cell. While it is well known that
the sizes of intracellular structures (filaments, organelles, networks) scale
with cell size, the underlying physical mechanisms for size control remains
poorly understood. The limiting pool hypothesis- the assembly rate of
macromolecular structures scales with the available amount of resources-
provides a robust mechanism for size control of a single structure. However
it fails to capture size control of multiple structures assembled from the same
pool of resources. Examples include, assembling multiple protein structures
from a limited pool of ribosomes, assembly of multiple organelles, multiple
distinct cytoskeletal structures etc.

Here we present a physical model for active self-assembly and size
regulation of 3-dimensional sub-cellular structures, which provides a
mechanism for robust size regulation of multiple structures in the presence
of stochasticity and competition for resources. Using this model we predict
size regulation of multiple organelles, filaments and networks in
quantitative agreement with experimental data. We also discuss how
competition for resources between multiple networks can lead to cell
polarization.

0O-142 (P-520)

Active phase separation in mixtures of chemically-interacting particles
J. Agudo-Canalejo', R. Golestanian?.

"University of Oxford, Oxford, United Kingdom; 2Max Planck Institute for
Dynamics and Self-Organization, Gottingen, Germany.

Microorganisms and cells can chemotax in response to gradients of
chemicals that they themselves produce or consume. The same behaviour
has been recently observed at the nanoscale for individual enzymes, and can
be mimicked in synthetic systems using catalytically-active phoretic
colloids. Importantly, when many such particles are placed in solution, they
interact with each other through their influence on the chemical's
concentration field. We show that mixtures of chemically-interacting
particles can undergo macroscopic phase separation, displaying a wealth of
different configurations that are intimately related to the active, non-
equilibrium character of the interactions. The fundamentally new class of
phase separation behaviour arises generically from the chemical
interactions, making our results directly applicable to self-organisation in
heterogeneous populations of microorganisms and cells (e.g. quorum
sensing and competition for nutrients in bacterial ecosystems, or cell-cell
communication via chemokines); to aggregation of enzymes that participate
in common catalytic pathways into a metabolon, which may be harnessed in
the design of better synthetic pathways; or to the development of new active
materials using catalytic colloids. Our results are also of relevance to
fundamental studies of active phase separation phenomena, given that in our
system the activity arises from the non-equilibrium nature of the interactions
between particles that are otherwise non-motile, rather than from the
intrinsic activity of self-propelling particles as commonly studied.
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Self-organization of ciliary beats in bronchial epithelium

S. Gsell', E. Loiseau?, U. D'ortona', A. Viallat?, J. Favier'.

'Aix-Marseille University, M2P2, Marseille, France; 2Aix-Marseille
University, CINAM, Marseille, France.

In the lungs, the bronchial epithelium is covered by motile cilia whose
coordinated beating drives the transport of mucus along the bronchial tree.
This large-scale transport requires a global directional organization of
ciliary beats. Yet the self-organization mechanisms leading to a collective
dynamics of cilia remain to be explored.

In vitro experiments on reconstituted bronchial epithelium show that the
mucus flow exhibits multi-scale swirly patterns during ciliogenesis. These
patterns are closely connected to the underneath ciliary-beat organization.
The nature of the fluid has a major impact on the spontaneous emergence of
these patterns, as shown by the re-organization of the ciliary-beat
orientations when replacing the mucus by a model fluid. This emphasizes
the prominent role of the active response of cilia to their hydrodynamic
interactions with mucus. A simple physical model of ciliary-beat
organization is proposed to investigate the possible emergence of large-scale
ciliary patterns due to hydrodynamic interactions. The mucus flow over the
modeled epithelium is computed using numerical simulations. Depending
on ciliary density and mucus properties, the model solutions can exhibit
several ciliary patterns, including a swirly pattern similar to that observed
experimentally and a fully aligned pattern that is optimal for mucus
transport. This supports that the flow can carry the necessary information
for large-scale ciliary-beat organization.

Tuesday 23" July
IONIC LIQUIDS AND BIOMOLECULES

O-144

Ionic liquids in bio-systems: from model biomembranes to living cells
Antonio Benedetto™”

“Department of Sciences, University Roma Tre, Italy

bSchool of Physics, University College Dublin, Ireland

Ionic liquids (IL) are a relatively new class of organic salts consisting of
organic cations and organic or inorganic anions. Their joint ionic and
organic nature gives them intriguing properties such as being liquid at
ambient temperature and having low vapour pressures, and, for this reason,
they have been investigated for basic research and for industrial
applications. The first interest in their interaction with “bio” systems has
been motivated by the need to assess their toxicity. Evidence of their
specific interaction with bio-systems is the reason of the most recent interest
fuelling the emerging field of “ILs and biomolecules”. The research activity
of the last few years [1-3] has shown, for example, that selected ILs are able
to (i) diffuse into biomembranes and eventually disrupt them; (ii) stabilize
proteins and enzymes, preserving their biochemical functions; (iii) either
promote or prevent the aggregation of proteins into amyloids; (iv) extract,
purify, and even preserve DNA; (v) dissolve polysaccharides and cellulose;
and (vi) kill bacteria and cancer cells, leaving healthy eukaryotic cells
almost unaffected. Research in these subjects aims at understanding the
micro-scopic mechanisms behind the effects relevant in biomedicine,
pharmacology and in bio-nanotechnology. In my invited talk I will present
first an overview of the subject, then I will focus on specific cases currently
under investigation in our Lab [4-6]. I will discuss how ILs, dissolved at low
doses at the biomembrane-water interfaces, penetrate into biomembranes,
changing their microscopic structures, dynamics and mechanoelastical
properties. I will consider a variety of systems, from model phospholipids
bilayers up to living cells. Magnetic ILs will also be considered. Our major
approaches include neutron and light scattering, atomic force microscopy,
optical tweezers and computer simulations as well as a variety of optical and
macroscopic techniques.

Key-words: Ionic liquids; Organic salts
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Aqueous Ionic Liquids: Consequences for Biological Stabilities
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D-88397 Biberach (Riss), Germany

E-Mail: smiatek@icp.uni-stuttgart.de

Aqueous mixtures of ionic liquids (ILs) reveal a plethora of interesting
effects. Of particular importance are structure-stabilizing or structure-
destabilizing mechanisms on proteins and DNA, which crucially depend on
the concentration and the nature of the ions in solution. In this talk, I will
present an overview about our recent research in this direction [1,2]. By
means of atomistic molecular dynamics simulations in combination with
molecular theories of solution, one can show that most effects depend on
preferential exclusion or preferential binding mechanisms [3-5]. The results
of free energy calculations for short peptides in aqueous IL solutions reveal
a good agreement with our theoretical approach. Furthermore, I will shed
more light on the molecular differences between complex ions, simple ions
and standard organic co-solutes with regard to their crucial influence on
protein structures.

1. D. Diddens, V. Lesch, A. Heuer, J. Smiatek, Phys. Chem. Chem. Phys.
19, 20430 (2017)

2. V. Lesch, A. Heuer, C. Holm, J. Smiatek, Phys. Chem. Chem. Phys. 17,
26049 (2015)

3.J. Smiatek, J. Phys. Condens. Matter 29, 233001 (2017)

4. E. A. Oprzeska-Zingrebe, J. Smiatek, Biophys. Rev. 10, 809 (2014)

5. E. A. Oprzeska-Zingrebe, M. Kohagen, J. Kistner, J. Smiatek, Europ.
Phys. J. Spec. Top. 227, 1665 (2019)
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Studying fundamental role of ionic interactions to connect of structure
and properties of ionic liquids with biological activity

Valentine P. Ananikov

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
Leninsky Prospekt 47, Moscow, 119991, Russia; http://AnanikovLab.ru; e-
mail: val@ioc.ac.ru

Tonic interactions in the liquid phase (water solutions and organic solvents)
influence structure and properties of the system on different levels [1].
Molecular interactions of ions, clustering and structuring effects, formation
of polar domains and mico-/nano-scale ordering play the key role in
understanding biological activity of ionic species. Dynamic interactions
with biomolecules add another level of complexity towards biological
activity on living cells [2]. To reflect ongoing challenges, IOLIOMICS was
emerged as a rapidly growing area of research dealing with the studies of
ions in liquids (or liquid phases) and stipulated with fundamental differences
of ionic interactions [2].

In the ongoing project interactions between ionic liquids, water and
biomolecules are studied with a number of experimental methods and the
results dealing with field-emission scanning electron microscopy of ionic
liquid system [3], visualization of dynamic interactions in micro- and nano-
scale systems [4], self-organization of water in ionic liquids [3.,4],
regulation of biological activity and comparison of different drug
development platforms based on ionic liquids [5] will be presented and
discussed.
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Probing the effect of a room temperature ionic liquid on self-assembled
structure of phospholipid membrane
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Ghosh'.

'Shiv Nadar University, Gautam Buddha Nagar, India; 2Bhabha Atomic
Research Centre, Mumbai, India.

A cellular membrane, which is mainly composed of phospholipids and
proteins, is the outer layer of a cell that protects the inner components from
the adverse effects of any foreign molecule. It also plays important roles in
many physiological activities of cell including communication and
endocytosis-exocytosis process. Any deviation from its structure, dynamics,
and stability can influence the biochemical and physiochemical activities of
the membrane. The interaction of inorganic salts is well known to generate
such deviation and thereby affect the cell functionality.

Recently, there has been significant research interest in understanding the
interaction of room temperature ionic liquids (ILs) with the cell membrane.
An IL is a salt in the liquid state below 100°C. These molecules are non-
explosive, non-flammable, and are having good electrical and thermal
conductivities. They do not pollute air as they have low vapour pressure.
Because of these properties, they have a large number of industrial
applications. But some recent studies have revealed the lysing effect of ILs
on environment friendly microorganisms living in soil and water.

The molecular mechanism of toxic activities of ILs is yet to understand. In
this work, multilamellar vesicles (MLV) of phospholipids have been used to
shed light on the effect of an IL on the structure of cellular membrane. The
MLVs formed by zwitterionic lipid, 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) are found to shrink as a consequence of interaction
with an imidazolium-based IL, 1-decyl-3-methylimidazolium
tetrafluoroborate ((DMIM][BF4]). The absorbed IL significantly modify the
surface charge of the MLVs. While these observations indicate a strong
membrane-IL interaction, synchrotron-based small angle x-ray diffraction
(SAXD) measurements have provided a structural description of the
interaction. SAXD and Fourier transform infrared spectroscopy studies have
clearly revealed disordering effect of the IL on the conformational
organization of lipid chains. The presence of negativily charged lipid 1,2-
dipalmitoyl-sn-glycero-3-phospho-L-serine sodium salt (DPPS) in DPPC
MLVs plays an important role in disordering the chains in membrane and
inter-bilayer interaction.

*sajal.ghosh@snu.edu.in
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The effect of imidazolium-based ionic liquids on human insulin
aggregation/amyloid fibrillization

V. Vanik, Z. Bednarikova, Z. Gazova, D. Fedunova.

Institute of Experimental Physics, Slovak Academy of Sciences, Kosice,
Slovakia.

Proteins are one of the most important molecules in living organisms
possessing immense amount of functions in their native state. Under certain
conditions, native proteins could aggregate. These misfolded proteins may
accumulate in a form of protein aggregates called amyloid fibrils. Amyloid
fibrils are elongated unbranched fibers consisting of B-structures of separate
monomers positioned perpendicular to the fibril axis and stacked strictly
above each other. Amyloid aggregates are often correlated with diseases
known as amyloidoses, including Alzheimer’s, Parkinson’s or insulin-
derived amyloidosis. Moreover, amyloid fibrils have also been recently
tested as novel biomaterials due to their specific properties such as high
stability, strength, elasticity or resistance against degradation [1]. Solvent
conditions play an important role in controlling the amyloid aggregation in
vitro. Tonic liquids (ILs) are a new class of media with interesting properties
and low melting-point (< 100°C), that may substitute the volatile organic
solvents. They can be used neat or diluted in water, eventually in other
solvents. ILs consists of large organic cations combined with various anions
and can be designed to match desired properties for various applications.
In this work, we have studied the effect of ILs with 1-ethyl-3-methyl
imidazolium (EMIM) cation and various anions (NO;’, BF,, Cl', CH;COy,
HSOy) on fibrillization kinetics and morphology of insulin fibrils using ThT
fluorescence assay, calorimetry, CD and FTIR spectroscopy and AFM. We
have found that the effect of ILs strongly depends on their concentration and
the extent is not correlated to the position in Hofmeister series. At lower
concentration of ILs, the acceleration of Kkinetics is observed, and
polymorphic fibrils are formed. At higher concentration, amorphous
aggregates are prevalent for all studied ILs. It is important to recognize and
define the relations between physico-chemical properties of ILs and the
kinetics of amyloid fibrillization or morphology of fibrils in order to expand
our understanding of the amyloid fibrillization process.

[1] Assenza, S., et al., Phys Rev Lett. 113 (2014) 268103
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Effect of Ionic Liquids on the Mechanoelasticity of Biomembranes:
from Model Phospholipid Bilayers to Living Cells
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'School of Physics and Conway Institute of Biomolecular and Biomedical
Research, University College Dublin, DUBLIN, Ireland; *Department of
Sciences, University of Roma Tre, Rome, Italy, Laboratory for Neutron
Scattering, Paul Scherrer Institut, Villigen, Switzerland, School of Physics,
Conway Institute of Biomolecular and Biomedical Research and School of
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The interaction between ionic liquids (ILs) and biomolecules is an emerging
area of research [1]. Among biological structures, model biomembranes
such as phospholipid bilayers have been the first to be investigated in
relation with ILs. Recently, by neutron reflectivity and computer
simulations, it has been shown that ILs dispersed at low concentrations at
water-biomembrane interfaces diffuse into biomembranes without
disrupting their overall integrity [2,3]. Computer simulations [3] also
suggested that the mechanoelasticity of biomembranes is affected by the
presence of ILs. To study this experimentally, we recover to atomic force
spectroscopy (AFS) by which we measure the mechanoelasticity of
supported lipid bilayers interacting with water solutions of ILs. Different
lipids and different ILs have been employed in these investigations. As a
result, we found that different ILs change the mechanoelasticity of
phospholipid bilayers in different ways. More precisely, the same ILs can
make phospholipid bilayers either softer or stiffer depending on the lipid
composition of the bilayer. We have also indications that this effect is IL
dependent. In my contribution, I will present these experimental results,
partially published recently [4], and show how the understanding of the
microscopic mechanism behind this behaviour can be used to study the
effect of ILs on living cells. This research holds the promise for new
applications in bio-nanotechnology [5].

[1] A. Benedetto, P. Ballone (2016) Room temperature ionic liquids meet
bio-molecules: a microscopic view of structure and dynamics. ACS
Sustainable Chem Eng 4:392

[2] A. Benedetto, et al (2014) Structure and stability of phospholipid
bilayers hydrated by a room-temperature ionic liquid/water solution: a
neutron reflectometry study. J Phys Chem B 118:12192

[3] A. Benedetto, R.J. Bingham, P. Ballone (2015) Structure and dynamics
of POPC bilayers in water solutions of room temperature ionic liquids. J
Chem Phys B 142:124706
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Controlling the mechanoelasticity of model biomembranes with room-
temperature ionic liquids. Biophys Rev 10:751

[5] A. Benedetto, P. Ballone (2018) Room-Temperature Ionic Liquids and
Biomembranes: Setting the Stage for Applications in Pharmacology,
Biomedicine, and Bionanotechnology. Langmuir 34(33):9579
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Membrane remodeling by the amyloidogenic peptide IAPP: surface
crowing relevance
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Membrane-catalyzed amyloid fibril formation of human islet amyloid
polypeptide (hIAPP) or amylin has been implicated as a mechanism by
which hIAPP exerts its toxicity in type 2 diabetes. On the other hand, the
membrane-bound aggregates of the rat variant of IAPP (rTAPP) are unable
to progress into fibrillar structures since this is a non-amyloidogenic
peptide. Here, we combined steady-state and time-resolved fluorescence
methods and microscopy techniques to perform a comparative study on how
anionic lipid membranes control the self-assembly of these two peptides.
Our studies confirmed that membrane-catalyzed fibrillation of hIAPP results
in fibril growth into the solution. However, the membrane-mediated self-
assembly of rIAPP is confined to the lipid bilayer. To evaluate the impact
of unlabeled rTAPP/lipid concentration on the membrane surface coverage
reached by the peptide, FRET-based measurements of membrane binding of
a tracer amount of fluorescently-labeled Atto488-rIAPP were combined
with fluorescence anisotropy measurements of its membrane-bound
oligomerization state. We found that progressive membrane saturation with
rIAPP correlated with its ability in reducing the average size of anionic
liposomes. Furthermore, a time-resolved emission spectra (TRES) study of
Laurdan revealed that membrane binding and oligomerization of rIAPP
produced an increased rigidity and surface dehydration in the vicinity of the
probe that ultimately might be responsible for rIAPP ability in remodeling
the lipid membranes.
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How the globoside Gb3 partitions in phase-separated membranes

C. Steinem!, S. Jeremias', K. Katharina?, P. Lukas?, S. Ole M.!, W. Daniel
B..

'University of Géttingen; *TU Braunschweig.

Glycosphingolipids serve as receptors for a number of bacterial toxins and
viruses and are thus involved in a variety of physiological and
pathophysiological processes. As an example, the Shiga toxin B subunit
(STxB) being responsible for cell membrane attachment and trafficking of
Shiga holotoxin, binds specifically to the glycosphingolipid Gb3. There is
strong evidence that the fatty acid of Gb3 influences the binding behavior
of STxB as well as the intracellular routing of the protein. To elucidate the
impact of the fatty acid, different Gb3 species were reconstituted into lipid
bilayers resembling the chemical composition of the outer leaflet of
eukaryotic plasma membranes. Such lipid mixtures phase separate into
liquid-ordered (lo) and liquid-disordered (Id) domains. To investigate the
phase behavior of the different Gb3 molecules in these lipid mixtures and to
understand their influence on STxB binding, three fundamentally different
model membrane systems were applied, namely giant unilamellar vesicles
(GUVs), supported lipid bilayers (SLBs) as well as pore-spanning
membranes (PSMs). From fluorescence microscopy imaging of these
membrane systems, we concluded that the fatty acid of Gb3 significantly
influences the partition of the glycosphingolipid in phase-separated
membranes before and after STxB binding. In addition, also the lateral
organization of STxB on the membranes is influenced, which is discussed
in the context of Shiga toxin induced invaginations and its internalization
into the cell.
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membranes
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All lipid biomembranes are asymmetric: their two individual leaflets differ
in their lipid composition. Such a state is only metastable, decaying over a
time scale of (presumably) hours to days into a symmetric distribution via
lipid flip-flop between the leaflets. Cells hence must put work into
maintaining  asymmetry as a  nonequilibrium  steady state.
Recent experimental advances have succeeded in artificially creating such
asymmetric membranes, and to study their properties before the asymmetry
decays. Such experiments suggest that asymmetric membranes have quite
unexpected properties. For instance, they have been found to be much stiffer
than what one would predict based on the curvature elasticity of their
individual leaflets. In this talk I will try to explain these findings, using a
combination of theory and coarse-grained molecular dynamics simulations.
A key part of the puzzle will be that asymmetric membranes are not fully
characterized by their two leaflet compositions alone. One needs at least one
more observable, the differential stress between leaflets, to fully
characterize the state. I will argue that it is not the compositional asymmetry
but the differential stress which is directly responsible for
the experimentally observed stiffening. However, lipid asymmetry is an
indirect cause for that stress, which can be understood by looking at the
processes by which asymmetric membranes are experimentally created.

rigidity of asymmetric and differentially stressed
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Formation of membrane domains: insight from simulations on different
scales
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University Muenster, Muenster, Germany.

The formation of domains in lipid membranes is a key requisite for signal-
processing in cells. In this contribution a profound understanding will be
provided from a simulation perspective. Results will be presented for lipid
mixtures with and without transmembrane domains for a variety of different
lipid types.

First, extensive Molecular Dynamics (MD) simulations of lipid membrane
mixtures are presented on the atomistic as well as the coarse-grained level
(MARTINI) [1]. A close comparison of both levels of description involve
the spatial properties of the domain formation (in case of mixtures of
saturated and unsaturated lipids and cholesterol) and the time evolution of
characteristic observables such as the chain order parameter, indicating the
emergence of domain formation [2,3]. Among others, we check to which
degree the coarse-grained representation matches the atomistic one from a
thermodynamic perspective and get quantitative insight into the enthalpic
and entropic change of the gel-to-liquid transition of a specific saturated
lipid in good agreement with experiments. In this context, the individual
enthalpic and entropic driving forces of the lipid mixtures are quantified [4].
Second, we can map the systems on a lattice model which is exclusively
characterized by properties, inherited from the MD simulations (see [4,5]
for first results). In this way, it is possible to reach length- and timescales
which extend the typical MD scales by orders of magnitudes. Furthermore,
due to the direct accessibility of enthalpic and entropic contributions a close
thermodynamic understanding of the domain formation becomes accessible.
[1] H. J. Risselada and S. J. Marrink, Proc. Natl. Acad. Sci. U. S. A 105,
17367 (2008).
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[4] D. Hakobyan and A. Heuer, J. Chem. Phys. 146, 064305 (2017).

[5] R. Friedman et al., J. Membr. Biol. 251, 609 (2018).

O-154 (P-557)

Monte Carlo and molecular dynamics simulations to explain
biomembrane meso-patterning by a composition-curvature coupling
mechanism
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Plasma membrane forms a selective barrier for the cell, yet its role goes far
beyond a simple frontier. Indeed, it plays a crucial role in biological
functions such as endo and exocytosis, cell communication or adhesion. It
is now widely agreed that membrane lipid and protein spatial repartition is
not homogeneous but that these components are organized into
nanodomains. These domains have proven to be key players in the above-
mentioned biological functions. Combining statistical physics analytical
tools and numerical simulations, we propose a physical mechanism for this
membrane organization in a simple model vesicle. At the mesoscale, we
describe the membrane with a composition-curvature coupling mechanism.
We use an elastic description of the membrane surface via a Helfrich
Hamiltonian and study the species mixture with an Ising model, relevant in
describing phase transition phenomena. We perform Monte Carlo
simulations for different membrane parameters (temperature, composition,
spontancous curvature, surface tension) and study its equilibrium states.
Depending on the range of parameters, we get systems either undergoing a
macrophase separation, either mixing homogeneously, or featuring
domains. We characterize the range of parameters leading to these phase
modulations by drawing phase diagrams from the simulation results. We
compare this phase diagram with the one previously obtained by analytical
field-theoretic techniques. In the case of meso-patterning, different
observables are computed such as correlation functions and domain size
distributions to extract information about the emerging membrane domains,
such as their typical shape, size or spacing. In order to propose a valid
rationale for membrane structuring at a lower scale, we also perform coarse-
grained molecular dynamics simulations (MARTINI) of lipid bilayers
including curvature-generating components. To assess the validity of our
results, we compare them to available analytical predictions and
experimental data.
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Biophysical properties of 1-deoxyceramides in ordered and disordered
bilayers
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Membrane sphingolipids have attracted a considerable attention in the last
decades due to the discovery of the sphingolipid signaling pathway and its
importance in regulating important processes such as cell growth and
apoptosis. Our views on the complexity and variety of this lipid class have
been enriched with the recent discovery of a novel sphingolipid subclass,
the (1-deoxy) sphingolipids that lack the 1-hydroxy group. These lipids
differ in their properties from the canonical (or 1-hydroxy) sphingolipids
and they are toxic when accumulated in cells, inducing neurodegeneration
and other dysfunctions. (1-Deoxy)ceramides, (1-deoxy)dihydroceramides,
and (1-deoxymethyl)dihydroceramides, the latter two containing a saturated
sphingoid chain, have been studied in this work using differential scanning
calorimetry and atomic force microscopy to evaluate their behavior in
bilayers composed of mixtures of three or four lipids. When compared to
canonical ceramides, C16:0 (1-deoxy)ceramides show a lower miscibility in
mixtures of the kind pSM/Chol/XCer (54:23:23 mol ratio), where XCer is
any l-deoxyceramide, giving rise to the coexistence of a liquid-ordered
phase and a gel phase. The latter resembles, in terms of thermotropic
behavior and nanomechanical resistance, the gel phase of the
pSM/Chol/pCer mixture [Busto et al., Biophys. J. 2014, 106, 621-630].
Differences are seen between the different C16:0 (1-deoxy)ceramides under
study in terms of nanomechanical resistance, bilayer thickness and bilayer
topography. When examined in a more fluid environment (an ER-mimicking
model membrane composed of ePC:ePE:ePI, 1:1:1 mol ratio), segregated
gel phases are still present. Interestingly, and probably related to segregated
gel phases, (l-deoxy)ceramides preserve the capacity for membrane
permeation, but their effects are significantly lower than those of canonical
ceramides. Moreover, C24:1 (1-deoxy)ceramides show significantly lower
membrane permeation capacity than their C16:0 counterparts. The above
data may be relevant in the pathogenesis of certain sphingolipid-related
diseases, including certain neuropathies, diabetes, and glycogen storage
diseases.
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A SYSTEMS APPROACH TO UNDERSTANDING
ALLOSTERIC MECHANISM OF PYRUVATE KINASE M2.
Fraternali Franca
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Kingdom.

Allostery is a crucial phenomenon in biology, which enables cells to tune
metabolic and signaling pathways in response to subtle chemical cues.
Despite its importance we are unable to ascribe a quantifiable structural
description to allosteric regulation in many cases, leaving it somewhat of a
biophysical enigma. While allosteric sites hold great promise as therapeutic
targets in recently described cases, little is known about how proteins
propagate allosteric information between distal sites. To better understand
the structural mechanisms behind protein allostery, we combine molecular
dynamics (MD) simulations with experimental biophysical tools to identify
allosteric pathways within key metabolic enzymes.

Initially, we investigated the allosteric mechanism of pyruvate kinase M2
(PKM2). A number of studies have revealed that PKM2 expression may be
enriched in proliferating cells and that allosteric control of its activity is
crucial for their growth and survival. Although PKM2 has been well
characterised, the structural basis of how its activity is regulated remains
poorly understood. To address this apparent gap in the literature, we use
PKM2 as a proof-of-principle to demonstrate that an integrated systems
approach can uncover dynamic and energetic events associated with the
allosteric mechanism of enzymes. Using atomistic molecular dynamics
simulations we find that a network of cooperative residues communicate
structural information to the active site, upon binding of allosteric ligands,
to stabilize either the active or the inactive conformation of the enzyme.

THE
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Data-driven models of protein sequence landscapes: inference, 3D
structure prediction and protein design

Martin Weigt

Sorbonne Université, CNRS, Institut de Biologie
Computational and Quantitative Biology, Paris, France

Paris Seine,

In the course of evolution, proteins undergo substantial changes in their
amino-acid sequences, while conserving their three-dimensional fold and
their biological functionality. Modern sequencing techniques provide us
with increasingly large families of evolutionary related proteins. Such data
can be used to infer statistical models of sequence variability. I will
overview the surprising efficiency of pairwise models (Potts models /
Markov random fields), which reaches from protein structure prediction to
novel, data-driven approaches to protein design.

Cocco, S., Feinauer, C., Figliuzzi, M., Monasson, R., & Weigt, M. (2018).
Inverse statistical physics of protein sequences: A key issues review.
Reports on Progress in Physics, 81(3), 032601.

Figliuzzi, M., Barrat-Charlaix, P., & Weigt, M. (2017). How Pairwise
Coevolutionary Models Capture the Collective Residue Variability in
Proteins. Molecular Biology and Evolution, 35(4), 1018-1027.
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Combining imaging and gene expression data in mathematical models
for immuno-oncology
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Real-time dynamic changes in serum metabolome during the anticancer
treatment by means of NMR-based metabolomics

L. Boguszewicz, A. Bielen, J. Mrochem-Kwarciak, A. Skorupa, M. Ciszek,
A. Heyda, A. Wygoda, A. Kotylak, K. Sktadowski, M. Sokot.

Maria Sklodowska-Curie Memorial Cancer Center and Institute of
Oncology, Gliwice Branch, Gliwice, Poland.

Head and neck squamous cell carcinomas (HNSCC) are mainly located in
larynx, pharynx and oral cavity, which play crucial roles in respiratory,
nutritional, social and communicative functions. The standard organ
preservation treatment method for HNSCC is sequential and/or concurrent
radiotherapy (RT) and chemotherapy (CHT). However, it is associated with
significant temporary or permanent toxic side effects in normal tissue and/or
involved regions (Acute Radiation Sequelae, ARS). We aimed to investigate
the real-time (during-treatment) changes in the serum metabolome and to
correlate these changes with available patients’ clinical data (ARS,
laboratory blood tests, weight/BMI). 230 HNSCC patients were enrolled
into the study. Patients were treated radically with RT and CHT-RT. CHT
was realized as induction and/or concurrent treatment. Blood samples were
collected weekly, starting from the day before the treatment and stopping
within the week after the treatment completion, resulting in a total number
of approximately 1900 samples. Patients were clinically monitored until the
resolution of all ARS symptoms. Serum samples were analyzed using 1H-
NMR spectroscopy followed by multivariate projection techniques (MPT)
and batch analysis (BA). Significant metabolic alterations correlated with
ARS escalation were successfully identified. Patients with significant
treatment induced weight loss showed increased serum ketone bodies (KB)
concentrations. The increase of KB preceded signaling from the clinical
nutritional parameters (albumin, BMI) and may be used as a prognostic
marker. Furthermore, significant changes in concentrations of inflammatory
and energy involved metabolites were observed during the RT/CHRT
treatment. The application of MPT and BA methods allows to track the
trajectories of temporal (during-treatment) changes in the serum
metabolome of HNSCC patients. Which, in turn, gives the opportunity to
predict metabolic alterations and treatment response in new patients.
Multivariate models trained and validated on big datasets may be useful in
introducing personalized medicine to anticancer treatment.

The work has been funded by National Science Centre
2015/17/B/NZ5/01387.

grant
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Decrypting interaction fingerprints in protein molecular surfaces

P. Gainza', F. Sverrisson', F. Monti?, M. Bronstein?, B. Correia'.

'Institute of Bioengineering, Ecole Polytechnique Federale de Lausanne,
Lausanne, Switzerland; 2USI, Lugano, Switzerland.

Interactions between proteins and other biomolecules are the basis of protein
function in all biological processes. Many proteins bear functional
signatures that can be effectively inferred from sequence and structure, but
require the existence of sequence or structural homologues functionally
annotated. A higher-level description of a protein structure is presented by
its molecular surface, which models a protein as a continuous molecule
where geometric and chemical features are presented, to some extent,
independently of the underlying protein sequence. We hypothesized that
molecular surfaces carry fingerprints that can be identified and enlighten
their interaction with other biomolecules. Thus, we develop a computational
algorithm to identify molecular surface interaction fingerprints (MaSIF).
MaSIF exploits geometric deep learning tools to extract geometric and
chemical features from protein surfaces. We used MaSIF to study three
fundamental aspects related to biomolecular interactions: I) determining the
binding specificity of enzymes, where we achieve a 74% accuracy on highly
similar cofactors; II) predicting protein-protein interaction sites, where we
outperform state-of-the-art site predictors with a ROC AUC of 0.85; III)
large scale protein docking, a new paradigm based on surface fingerprints
that outperforms other methods by a factor of 1000 in computational time,
enabling multitarget docking campaigns. In summary, we present a novel
approach - MaSIF — that leverages deep learning techniques to identify
patterns in protein surfaces and from those infer important function-related
properties. We anticipate that these emerging modeling techniques will be
the next generation tools to improve our understanding of protein function
and design.
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Bayesian inference and machine learning approaches to determine
protein copy number from localization microscopy

T. Koguta', 1. Meié¢!, M. Cullell Dalmau', F. Cella Zanacchi?, C. Manzo'.
"Universitat de Vic - Universitat Central de Catalunya, Vic, Spain;
*Nanoscopy and NIC@IIT, Istituto Italiano di Tecnologia, Genoa, Italy.
Single-molecule localization microscopy has become an important tool for
nanoscale imaging and a considerable effort has been devoted to quantifying
protein copy number in super-resolution images. In localization microscopy,
the imaging procedure results in the mapping of a labeled protein into a
stochastic number of molecular localizations, randomly placed around the
actual protein position. Therefore, the determination of the exact protein
copy number is impaired by the stochasticity of the labeling and the complex
photophysics of the fluorescent probes. High protein density and tight
arrangement in oligomeric structures at the nanoscale further complicate this
task. Consequently, even when using ad hoc calibration standards, the
inverse problem of determining protein copy number and positions from the
collected localizations is technically and computationally challenging. We
present two methods to tackle this problem at different levels. The first
consist in a brute force approach, based on a convolutional neural network
architecture to create the most-likely protein spatial arrangement compatible
with an experimental localization map. The neural network is trained on a
calibration image dataset, based either on experiments or numerical
simulations, thus offering the possibility of transfer learning. We discuss
performance and limitations of the method at varying imaging parameters.
While the former approach is directly applied to raw localization lists, other
methods previously described involve the application of a segmentation
algorithm to cluster nearby localizations and then the fit of the distribution
of localization per cluster to infer the relative abundance of different
oligomerization species. In these cases, the latter step is complicated by the
lack of knowledge about the largest oligomeric structure and the increasing
number of free parameters. To improve the fitting step, we describe a
method for Bayesian model comparison and parameter inference via a
nested sampling algorithm that robustly estimate the weight of each
oligomeric population without overfitting. The method has a wide
applicability and - in the presence of a proper calibration - can be also
applied to STED, confocal and TIRF imaging.

We gratefully acknowledge the support of NVIDIA Corporation with the
donation of the Titan Xp GPU used for this research.
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Role of macromolecular phase separation and crowding in bacterial cell
division: synthesis of minimal divisomes in the test tube

Role of macromolecular phase separation and crowding in bacterial cell
division: self-organization and reactivity of FtsZ in cytomimetic media
German Rivas

CIB-CSIC. Madrid (Spain)

E-mail: grivas@cib.csic.es

The interior of living cells consists of a variety of distinct
microenvironments characterized by high total concentration, the immediate
presence of membranes and cytoskeletal fibers, and heterogeneity in
composition. Among the elements of intracellular complexity present in
these media, macromolecular condensation resulting from biologically
regulated liquid-liquid phase separation is emerging as a mechanism to
organize intracellular biochemistry in eukaryotes, with broad implication
for cell physiology and pathology. Intrinsically disordered proteins or those
containing multivalent domains involved in macromolecular interactions are
the ones more prone to form these condensates. Excluded volume effects
due to natural crowding promote these phase separation processes. Bacteria
do not have organelles, that generally argues for a relatively strong impact
of processes connected to liquid phase separation to segregate or otherwise
spatially organize molecules. Recent experimental pieces of evidence
suggesting that phase-separated condensates also occur in bacterial systems
will be summarized. In particular, our findings that the FtsZ protein, an
essential element of the division machinery in most bacteria, forms these
dynamic condensates in crowded cell-like conditions will be described. The
potential implications of macromolecular phase separation and crowding to
organize intracellular space in bacteria and to reconstructing minimal
division machines from the bottom up in the absence of cells will be
discussed.

0O-163

Light controlled cytoplasmic transport to probe cellular organization
Moritz Kreysing

Max Planck Institute of Molecular Cell Biology and Genetics, Dresden,
Germany

Throughout the last decades, genetic perturbations massively advanced our
molecular understanding of cell biological processes. At the same time
however, the spatio-temporal organization of cells and developing embryos
is widely believed to also depend on physical processes as well as on
emergent mechanical properties of the cellular compartments. Here we
demonstrate focused-light induced cytoplasmic-streaming (FLUCS).
FLUCS uses light controlled thermoviscous expansion phenomena to induce
well-defined flows in single cells and developing embryos. These non-
invasive flows are localized, directed, highly dynamical, probe-free, and
non-invasive. By controlling flows inside the cytoplasm of one-cell C.
elegans embryos, we directly demonstrate the causal role of flows for the
establishment of the head-to-tail body axis (aka PAR-polarization).
Moreover, we show how FLUCS perturbations are suitable for an active
micro-rheology of the cytoplasm and even within cell nuclei. Ultimately, we
demonstrate how the underlying temperature stimuli can provide rich
insights into biological phase-separation systems.

References:

Mittasch et al, Nature Cell Biology 20 (2018)
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Multivalency of proteins in cellular phase separation

Saroj Nandi, Dan Deviri, Gaurav Bajpai and Sam Safran

Dept. Chemical and Biological Physics

Weizmann Institute of Science, Rehovot, Israel

Cellular phase separation of proteins results in a variety of membrane-less
compartments which can serve as reaction centers, regions in which
macromolecular assembliecs can nucleate, or nuclear domains in which
chromatin is concentrated. The heterogeneous chemical environment of the
cell provides a variety of binding partners for multivalent proteins that can
then form a relatively concentrated phase in coexistence with an aqueous-
rich, dilute phase. Motivated by recent experiments, we have focused on
the role of multivalency in modifying the usual theoretical concepts and
predictions of phase separation. A minimal model of multivalent proteins
that interact with divalent binding partners is analyzed to predict the phase
diagram as a function of the protein/binding partner concentrations. The
symmetry of the phase diagram is related to the protein valence and the
concentration dependence is shown to scale exponentially with the binding
energy. These predictions are compared with recent experiments by the
Levy group at the Weizmann Institute. In the nucleus, multiconformational,
multivalent proteins such as HP1 can be non-binding, bind to themselves
and/or other proteins, and to chromatin, resulting in a rich phase diagram.
The involvement of the macromolecular chromatin in the phase separation
changes the properties (sizes, distribution, interfacial tension, dynamics) of
the resulting phase-separated domains compared with the case of small
molecule, liquid-liquid phase separation. Both simple models as well as
computer simulations are compared with experiments by the Karpen group
at Berkeley that show how HPI phase separation results in (relatively
concentrated) heterochromatin formation.

0-165 (P-597)

General sol to gel transition of liquid-liqud phase separated protein
under shear

Y. Shen!, S. Qamar!, D. Vigolo?, A. Kamada', S. Zhang', P. St George-
Hyslop', T. Knowles'.

"University of Cambridge, Cambridge, United Kingdom; 2University of
Birmingham, Birmingham, United Kingdom.

It has been discovered that protein undergo reversible liquid-liquid phase
separation (LLPS) forming membraneless compartments with condensed
protein in living cells. This process is essential for information
transportation and spatial organization. However, irreversible phase
transition caused by protein aggregation or fibrillation results in
neurological diseases, such as Amyotrophic lateral sclerosis (ALS) and
Frontotemporal lobar degeneration (FTLD). Nonetheless, the aspects
affecting this irreversible phase transition are not well understood. We have
discovered, for several biological relevant proteins, such as FUS, Annexin
A1l and Dedl, that shear stress triggers the sol-gel transition and can further
transform condensed liquid protein droplets into solid fibres. The process is
remarkably similar to the silk formation. In past studies, a few attempts have
been made to generate fibres mimicking silk spinning but limited only to
silk proteins. Our results have shown that proteins containing intrinsic
disordered regions undergo LLPS, gelation and form solid fibres upon the
response to the shear stress. To well study this phenomenon, microfluidic
techniques have been applied to observe protein phase transition under
controlled laminar flow. We characterized the change of structural
conformation and mechanical properties of these materials of the different
phases. All these discoveries are suggesting the possible mechanism of
irreversible phase transition of liquid-liquid phase separated droplets in
biological systems and opened a door to new sources of shear sensitive
biomaterials.

0O-166 (P-598)

Recapitulation of nucleocytoplasmic transport with phase-separation of
engineered protein repeats

S.C. Ng, D. Gorlich.

Max Planck Institute for Biophysical Chemistry, Goettingen, Germany.
Nuclear pore complexes (NPCs) in eukaryotes are equipped with a selective
permeability barrier, which conducts transport between nucleus and
cytoplasm. The barrier is composed of ~10 subtypes of FG domains, which
are low-sequence-complexity, intrinsically disordered proteins (IDPs)
containing numerous phenylalanine-glycine (FG) dipeptide motifs. The
barrier allows passive diffusion of small molecules, but the diffusion of
larger macromolecules (> 5nm) is restricted. Transport of the latter is
mediated by binding to the shuttling Nuclear Transport Receptors (NTRs),
like Importinf. Such kind of “facilitated translocation” is achieved by the
interactions between NTRs and FG domains.

We previously demonstrated that many FG domains, including the
functionally important Nup98 FG domains, are “cohesive”: they phase-
separate spontaneously from aqueous solutions to form a hydrogel-like
protein rich phase with remarkable NPC-like selectivity: it favours the fast
partition of NTRs but excludes inert large proteins. We proposed that FG
motifs within FG domain molecules interact with each other by polyvalent
n-n/ hydrophobic interactions and these interactions lead to phase-
separation. The phase can be locally and transiently disrupted by the binding
of NTRs but not by inert molecules, thus allowing selective passage of NTRs
and the associated cargos.

One challenge for systematic analyses of FG domain sequences is that they
have very degenerated repeats. Here we attempted to engineer the simplest
possible sequence of FG domain which still confers functions. Along this
line, we discovered that both phase-separation propensity and selectivity
remain unchanged if all xxFG motifs are converted to GLFG motifs;
however, they are correlated with the density of FG motifs. We also
compared different natural existing xxFG motifs systematically: GLFG and
SLFG motifs are of similar cohesiveness. FSFG motifs, however, make the
phase hyper-cohesive and NTRs fail to enter.

Finally, we designed an ultimately simplified FG domain comprising a
perfectly repeated 12mer peptide. Remarkably, it also phase-separates to
form a selective barrier. This dataset establishes that, although NPCs contain
different FG domains with diverse repeat units, sequence heterogeneity is
no fundamental requirement. Instead, the overall cohesive property of FG
domains is essential. The simplified variants set the stage for structural/
atomic-level analyses.

0-167 (P-599)

Protein phase transition: from biology towards new dynamic protein
materials

P. Arosio.

ETH Zurich, Zurich, Switzerland.

It is now recognized that cells can form dynamic membraneless
compartments by liquid-liquid phase separation (LLPS) of proteins and
nucleic acids. Most of the proteins associated with this process contain low
complexity domains (LCDs) or low complexity sequences (LCSs), which
are intrinsically disordered domains enriched in specific amino acids. These
sequences play a crucial role in tuning weak, attractive intermolecular
interactions that compete with the entropic cost associated with de-mixing.
Here, we demonstrate the possibility to generate a new class of bio-inspired
dynamic protein materials by conjugating low complexity domains to
soluble globular regions. Specifically, we derived low complexity domains
from a series of DEAD-box proteins strongly associated with the formation
of processing bodies (P-bodies) in yeast. We show that these biologically
derived molecular velcros enablelds the self-assembly of globular proteins
into Supramolecular[s}}} architectures via aists multistep process. This
multistep pathway involves an initial liquid—liquid phase transition, which
creates protein-rich droplets that mature into protein aggregates over time.
These protein aggregates consist of permeable structures that maintain
activity and release active soluble proteins. We further demonstrate that this
feature, together with the dynamic state of the initial dense liquid phase,
allows one to directly assemble different globular domains within the same
architecture, thereby enabling the generation of both static multifunctional
biomaterials and dynamic microscale bioreactors.

Faltova L., Kiffner A. et al, “Multifunctional Protein Materials and
Microreactors using Low Complexity Domains as Molecular Adhesives”,
ACS Nano, 2018, 12, 9991-9999
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Structure and mechanism of bactericidal mammalian perforin-2, an
ancient agent of innate immunity

Robert Gilbert

Division of Structural Biology, Wellcome Centre for Human Genetics,
University of Oxford, Roosevelt Drive, Oxford OX3 7BN, United Kingdom
Perforin-2 (MPEG1) is thought to enable the killing of invading microbes
engulfed by macrophages and other phagocytes, forming pores in their
membranes. Loss of Perforin-2 renders individual phagocytes and whole
organisms significantly more susceptible to bacterial pathogens than their
wild-types. 1 will describe the mechanism of Perforin-2 activation and
activity determined using a combination atomic structures of pre-pore and
pore assemblies from cryo-EM and X-ray crystallography, high-speed
atomic-force microscopy, molecular dynamics simulations, and functional
assays. Perforin-2 binds to negatively-charged lipid membranes such that its
pore-forming domain points directly away from the membrane surface in the
pre-pore state. Acidification triggers pore formation, via a 180°
conformational change that results in the orientation of its membrane-
inserting regions towards the target bilayer. This novel and unexpected
mechanism prevents premature bactericidal attack, and may have played a
key role in the evolution of all perforin-family proteins.

0O-169

NMR-based hybrid approaches for cellular structural biology

M. Baldus

Increasing evidence suggests that the highly complex and dynamic
environment of the cell interior and its physiochemical setting imposes
critical control on cellular functions, which is hardly reproducible under in
vitro conditions. Cellular NMR provides increasing possibilities to study
molecular interactions and modifications that take place inside and at the
periphery of cells at the atomic level. In our contribution, we outline the
latest advancements in NMR methodology that enable such studies. In
addition, applications will be shown of such methods to membrane proteins
involved in cellular signaling [1] and molecular transport [2]. Combination
of such approaches with modalities such as cryo-electron tomography (CET)
and Fluorescence microscopy carries the potential to obtain structural
insight into cell organization and function from the atomic to sub-
micrometer scale [3].

[1] M. Kaplan, S. Narasimhan, C. de Heus, D. Mance, S. Van Doorn, K.
Houben, D. Popov-Celeketic, R. Damman, E. A. Katrukha, P. Jain, W. J. C.
Geerts, A. J. R. Heck, G. E. Folkers, L. C. Kapitein, S. Lemeer, P. M. P. V.
B. E. Henegouwen and M. Baldus, Cell, 2016, 167, 1241-1247.

[2] C. Pinto, D. Mance, T. Sinnige, M. Daniéls, M. Weingarth and M.
Baldus, Nature Communications, 2018, 9, 4135.

[3] L.A. Baker, T. Sinnige, P. Schellenberger, J. de Keyzer, C. Alistair
Siebert, A. J.M. Driessen, M. Baldus, K. Griinewald, Structure, 2018, 26,
161-170
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Towards High Throughput cryoEM data acquisition and processing,
assuring reproducibility

J.M. Carazo

CNB-CSIC (Spanish National center for Biotechnology).

Electron Microscopy under cryogenic conditions (cryoEM) has reached in
the last few years the capacity to solve the structure of large and complex
systems at quasi atomic resolution (down to 2 A in a number of cases).
However, to do so requires the processing of large amounts of data
(Terabytes of information), which is done over several days of automated
data acquisition using sophisticated and expensive equipment. It is
imperative to assure high levels of data quality during the whole process,
and for that a continuous analysis of the acquired data is imperative. We will
show how we have achieved this in large resources like eBIC (Diamond)
and the ERSF using our software Scipion, that also interfaces with local data
bases and assure traceability and reproducibility in high demanding
environments. Scipion has been developed as part of the Spanish
contribution to the European Infraestructucture for Integrated Structural
Biology, Instruct.

0-171

Access to structural biology and biophysics technologies through
Instruct-ERIC

G. Naomi.

Instruct-ERIC.

Modern biophysics projects are complex and often require access to a
variety of different state-of-the-art technologies, which are not always
available to researchers. European Research Infrastructures are publicly
funded, not-for-profit organisations which support scientists to implement
their projects by providing access to cutting-edge technology platforms and
expertise. Instruct-ERIC provides Open Access to world-class technology,
expertise, and training in Structural Biology. Through the Instruct hub of
world-leading research centres, users can access a catalogue of high-end
techniques in sample preparation, biomolecular characterisation and 3D
structural analysis including ultra high-field NMR, CryoEM and Xray
crystallography. As well as providing access to a catalogue of advanced
research tools, Instruct-ERIC offers training in emerging technologies,
funded internships, and R&D funding for technology development. The
Instruct-ERIC infrastructure is available to academic and industry
researchers worldwide, and funded access is available to researchers from
all member countries. The technology catalogue and access point can be
found at https://instruct-eric.eu During this short session, Naomi Gray will
introduce Instruct-ERIC and explain how European biophysics researchers
can benefit from the services.

0O-172 (P-621)

Crystal structures of bacteriophage receptor binding proteins

M.J. Van Raaij.

Centro Nacional de Biotecnologia - CSIC, Madrid, Spain.

Bacteriophages have specialised receptor binding proteins (RBPs) for
initial, reversible, host cell wall recognition. Once a suitable host is found,
the phage commits to infection by irreversible attachment via a secondary
receptor interaction. The crystal structures of several of these receptor-
binding proteins have been solved and have been shown to be mainly beta-
structured, but structurally highly diverse and containing several new
protein folds. Here we present structures of the receptor-binding proteins of
the Escherichia coli phages T4, T5 and T7, and of Staphylococcus phages
S24-1 and K. Bacteriophage receptor-recognising proteins may be used for
bacterial detection, while modification by natural or experimental mutation
of bacteriophage receptor-binding domains may allow retargeting of phages
to alternative host bacteria. Their shape and stability may also allow their
use in nano-technological applications.

0-173 (P-622)

The Cryo-EM Structure of a Non-toxic Greek Key Oligomer of Alpha
Synuclein

R. Chakraborty, S. Dey, J. Sengupta, K. Chattopadhyay.

CSIR-Indian Institute of Chemical Biology, Kolkata, India.

Aggregation of the intrinsically disordered protein alpha-Synuclein (a-Syn)
into insoluble fibrils with a cross-f sheet amyloid structure plays a key role
in the neuronal pathology of Parkinson’s disease (PD). The fibrillation
pathway of a-Syn encompasses a multitude of transient oligomeric forms
differing in size, secondary structure, hydrophobic exposure, and their
ability to inflict toxicity. According to a recent ssNMR study, an amyloid
fibril of a-Syn contains the core residues of the protein arranged into in-
register parallel B sheets with a unique C-terminal Greek key topology. We
report that the physiologically available small molecule heme (hemin
chloride) when added at sub-stoichiometric ratios to either monomeric or
aggregated o-Syn, inhibits fibril formation by stabilizing a population of
‘mace’-shaped oligomers. Using cryo-EM, we observed that these mace-
oligomers consist of approximately four monomers, which complements
previous reports of a physiologically stable tetramer. Incidentally, these
heme-stabilized oligomers contain the Greek key topology and are
essentially the smallest fundamental nuclei/ units that make up the ssNMR
Greek key fibril model. This ‘Greek key oligomer’ fits well as a segment of
the previously-described annular oligomers and appears to be its structural
predecessor in the hierarchical pathway of fibril formation. This heme-
stabilized oligomer also shares resemblances with the recently-determined
cryo-EM structure of ‘protofilament kernels.” However, these oligomers
differ from the conventional Greek key model due to a ‘distortion’ in the
Greek key architecture at the C termini of the protein molecules. We propose
that this distortion prevents further appending of the twisted units into
annular oligomers as well as protofilaments. Furthermore, heme inhibits
fibrillation by binding to a crucial histidine (His50) residue located in the
inter-protofilament preNAC interface, thus interfering with a salt bridge
formation with a Glu57 residue located in the opposite protofilament,
thereby weakening the inter-protofilament steric zipper integrity. When
compared with the untreated fibril-forming on-pathway oligomers, the
heme-treated ‘distorted Greek key oligomers’ showed lesser liposome
permeation and toxicity to neuroblastoma cells.
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Cooperative Functions of Molecular Motor Assemblies

Shin’ichi Ishiwata (ishiwata@waseda.jp)

Department of Physics, Faculty of Science & Engineering, Waseda
University, 3-4-1 Okubo, Shinjuku-ku, Tokyo 169-8555 Japan

I will present two topics in the present talk: First, on spontaneous oscillatory
contraction (SPOC) observed in sarcomeres of skinned contractile system
of striated (skeletal and cardiac) muscles at intermediate activation
conditions (e.g., Ca-SPOC that occurs at pCa~6.0), in which a self-
controlled distance between actin and myosin II motors in the myofilament
lattice plays an essential role [1-6]. Second, on a contractile actin ring
spontaneously formed at the equatorial plane in a spherical water-in-oil
droplet (an artificial cell model), where the contractile force is produced by
an assembly of actin filaments with myosin IT motors [6, 7].

The conditions common to these two phenomena are the spatial constraint
and its self-regulation: That is, the nano- to micro-scopic spatial constraint,
i.e., the thick (myosin) and thin (actin) filament lattice (the lattice constant
of about 20 nm) for the former and the spherical water-in-oil droplet (the
radius of about 10 um) for the latter. Myosin II motors are not processive,
which is in contrast to processive motors such as myosin V, a non-muscle
molecular motors, so that myosin II does not function as a single molecule
but works only as an assembly. I will stress that the spatial constraint is
essential for the cooperative functions of non-processive myosin II motors
(i.e., stochastic nano-machines) not only in muscle but also in non-muscle
cells.

References: [1] Ishiwata, S. et al. 2010. HFSP J 4, 100-3. [2] Ishiwata, S. et
al. 2011. Prog. Biophys. Mol. Biol. 105, 187-98. [3] Sato, K. - Ishiwata, S.
2011. Prog. Biophys. Mol. Biol. 105, 199-207. [4] Sato, K. --- Ishiwata, S.
2013. Phys. Rev. Lett. 111, 108104. [5] Nakagome, K. --- Ishiwata, S. 2016.
Biophys. Physicobiol. 13, 217-26. [6] Ishiwata, S. et al. 2017. Mol. Cryst.
Lig. Cryst. 647, 127-50. [7] Miyazaki, M. --- Ishiwata, S. 2015. Nat. Cell
Biol. 17, 480-9.
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A molecular hurdle race: How does DNA polymerase deal with SSBs
stably bound to the template?

B. Ibarra!, F. Cerron', J. Jarillo?, J. Morin', L.S. Kaguni®, F.J. Cao?% B.
Ibarra'.

'IMDEA Nanociencia; *Universidad Complutense Madrid; *Michigan State
University.

Single-stranded DNA binding (SSB) proteins provide a platform that allows
replicative DNA polymerases to process efficiently the lagging single-
stranded DNA (ssDNA) template generated during DNA replication.
Multimeric SSBs bind with great affinity to ssDNA in different binding
modes, which may have differente functions. To date, several questions
remain unanswered about how apparently competing functions of
polymerase and SSB are coordinated during synthesis of the lagging strand.
For example: Which is the SSB binding mode to ssDNA relevant for DNA
replication? What is the mechanism used by replicative DNA polymerases
to dislodge the long-lived SSB-DNA complexes in a manner that does not
compromise the advance of the replication fork? What is the nature of the
stimulatory effect of SSB on the polymerase activity?

We have addressed these questions by interrogating at the single molecule
level the human mitochondrial DNA replisome. Using optical tweezers, we
measured: 7) the structure and energetics of individual mitochondrial SSB-
DNA complexes and ii) the real-time replication kinetics of the coordinated
activity of the mitochondrial SSB and DNA polymerase in a single-molecule
assay mimicking lagging strand synthesis under different mechanical
tensions. Our data revealed that: i) the gradual generation of ssDNA during
replication plays a key role in modulating the binding mode of the SSB and
ii) strong, specific polymerase-SSB interactions are required for the lagging
strand polymerase to dislodge SSB from the template without compromising
its instantaneous replication rate.

0-176

A ratchet mechanism governs load adaptation by branched actin
networks.

P. Bieling.

Max-Planck-Institute for Molecular Physiology.

Branched actin networks are self-assembling motors that move membranes
and support a variety of essential cell biological processes. Load forces
dictate branched network architecture and mechanics, but the molecular
mechanisms that govern force adaptation are not well understood. We
performed simultaneous AFM cantilever loading and multi-color TIRF
imaging on reconstituted branched actin networks to measure the force
dependence of all steps in network assembly. We find that force increases
network density by shifting the steady-state balance between nucleation and
capping. Unexpectedly, we find that loading inhibits nucleation due to
negative feedback from growing barbed ends. Consistent with a Brownian
Ratchet mechanism, force exponentially slows capping, creating a
disbalance between filament nucleation and capping that increases network
density. Remarkably, the elongation and capping rates exhibit nearly
identical force-responses, because capping protein increments filament
length similarly as an incoming actin protomer. This match in force
dependence of capping and polymerization results in robustness of filament
length with mechanical loading. Our work reveals the biochemical
mechanisms that allow branched actin network to stiffen and become
mechanically more efficient in response to hindering forces.

0O-177 (P-623)

Kinesin-2 stepping reflects its heteromeric nature

W.L. Stepp, Z. Okten.

Technische Universitdt Miinchen, Munich, Germany.

The functional significance of heteromerization in kinesin-2 motors remains
largely unknown. Having coevolved with cilia, this motor is a prime
example for environmental adaptation. Performing dual-color
superresolution microscopy (dcFIONA), we followed the two different
heads of the KLP11/20 motor from C. elegans walking on microtubules.
Observing the stepping of both heads for the first time in a kinesin, we show
that the heads have distinct stepping behaviors. Looking for the cause of this
irregularity, our data unexpectedly points towards the C-terminal tails of the
motor. We observe a potential allosteric interaction, that holds the promise
to deliver key insights into the specialization of kinesin-2 for IFT.

0-178 (P-624)

Reverse stroke of cardiac myosin revealed by single molecule
microscopy is essential for heart function

Y. Hwang', T. Washio?, T. Hisada?, H. Higuchi', M. Kaya'.

"Department of Physics, The University of Tokyo, Tokyo, Japan;
*Department of Human and Engineered Environmental Studies, The
University of Tokyo, Tokyo, Japan.

In order to elucidate the molecular mechanism of how dynamics of cardiac
myosins contribute to heart function, we measured forces of synthetic B-
cardiac myosin filaments using optical tweezers and revealed stepwise
displacements of actin filaments driven by myosins under a wide range of
loads. The stepping ratio, which is the ratio of the numbers of forward steps
relative to backward steps, under unloaded conditions decreased with
increasing ATP concentrations. Compared with skeletal myosin, the
stepping ratio of cardiac myosin is much lower than that of skeletal myosin,
indicating cardiac myosin shows frequent backward steps. Meanwhile, the
peak forces generated by cardiac myofilaments with ~15 interacting
molecules were 1.5-2 times higher than those observed in skeletal
myofilaments with nearly the same number of interacting molecules. Based
on these findings, we developed a simulation model to understand which
molecular properties critically affect on stepping behaviors and force
outputs in cardiac myofilaments. The simulation suggested that reverse
stroke in ADP states is a key feature to cause frequent backward steps at
higher ATP concentrations, resulting lower stepping ratio. Moreover,
switching between two ADP states associated with the alternate execution
of power and reverse strokes keeps many myosins populated in force-
generating states, enhancing the duty ratio and force outputs. Therefore, we
further investigated whether single cardiac myosin can execute the power
and reverse strokes in ADP state under a variety of loading conditions.
When single cardiac myosins interacting with single actin filaments were
stretched by optical tweezers, beads’ positions were occasionally switched
between two discrete levels for high loads, implying the load-dependent
execution of power and reverse strokes. To know physiological meaning of
reverse stroke, we simulated dynamics of myosins in sarcomere and found
that the reverse stroke plays a crucial role in reducing the rate of ATP
consumption during isometric contraction. Also, we implemented such
molecular properties into a whole heart simulator and found that the reverse
stroke is a unique future of cardiac myosin and essential for maintaining
high systolic blood pressure and a rapid relaxation of diastolic blood
pressure.
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Artificial Assembly of the Bacterial Flagella Motor on DNA Scaffolds
S. Hertel, C.W. Liew, S. Xu, A. Tuckwell, L. Lee.

UNSW, Sydney, Australia.

The bacterial flagella motor (BFM) is an 11 MDa protein complex,
composed of ~13 different component proteins, which powers the rotation
of the bacterial flagella filament. Generation of torque and rotational
switching of the BFM are mediated in the rotor by the proteins F1iG, FliM
and FliN. These proteins assemble into ring-shaped oligomers to form a
multi-layered cytosolic ring called C-ring. The assembly of these proteins is
controlled by inter- and intra-molecular interactions. In solution, FliG as
well as the complex of FIiM/N exist predominantly as monomers. However,
after binding to a structural template these proteins can self-assemble into
the ring-shaped polymers observed in the BFM. This study aims to control
C-ring assembly using DNA nanostructures as an artificial template to
functionally and structurally characterize interactions in the C-ring ex vivo.
Rationally-designed DNA templates were used to immobilise an arbitrary
number of protein molecules in a spatial configuration similar to that in a
functional motor in vivo. This was achieved via the hybridisation of a single
stranded DNA that was covalently attached to the protein. The use of DNA
templates allowed us to measure the kinetics of intra- and intersubunit
interactions in a C-ring assembly for the first time with surface plasmon
resonance (SPR). Furthermore we characterized rationally designed point
mutations and truncations of FliG using small-angle X-ray scattering
(SAXS) and showed that these new protein constructs exhibit different
conformations in solution compared to the wild-type protein. Additionally,
SPR measurments with these constructs on DNA templates revealed the
influence of these structural changes on the kinetics of the protein assembly,
which allowed us to develop a model for self-assembly of the C-ring. This
study demonstrates the use of synthetic DNA templates to probe molecular
mechanisms underlying the self-assembly of the BFM and other complex
protein machinery from their component parts.

Wednesday 24" July
TISSUE BIOPHYSICS AND MORPHOGENESIS

O-180

Forming, watching and stressing organoids

P. Nassoy

LP2N, UMRS5298 CNRS/IOGS/Univ. Bordeaux, Talence, France

We present a simple microfluidic method based on the encapsulation and
growth of cells inside permeable, elastic, hollow micro-spheres or micro-
tubes. We will present and discuss how this approach allows us understand
the biomechanical regulation of tumor progression and cell escape. We also
describe applications to tissue bioengineering that exploit self-assembly of
cell mixtures or that rely on the production of stem cells-derived organoids
for cell therapy.

0O-181

Physics of epithelial folds and flows

G. Salbreux

The Francis Crick Institute.

The shape of a biological tissue is determined by mechanical stresses acting
within the tissue cells. During embryonic morphogenesis, forces generated
in the actomyosin cytoskeleton in the cell of epithelia result in cell
deformation, cell rearrangements, and 3D bending of the epithelium. To
understand tissue morphogenesis, force generation at the cellular scale must
be related to flows and deformation occurring at the tissue scale. Here I will
discuss how this relation can be captured by a 3D vertex model or by a
continuum theory of active surfaces to understand epithelial fold formation.
I will also discuss how planar tissue flows are related to cell shape changes
and cell division, and show how the growth of the Drosophila histoblast
nests can be decomposed into basic cellular events.

0-182

Bacterial colonies as active droplets - from single cells to continuum
theory

Hui-Shun Kuan'?, Frank Jiilicher®, and Vasily Zaburdaev'*"

'Department of Biology, Friedrich-Alexander-Universitit Erlangen-
Niirnberg, *Max Planck Zentrum fiir Physik und Medizin, Erlangen, *Max
Planck Institute for the Physics of Complex Systems, Dresden

* E-mail: Vasily.Zaburdaev@fau.de

Cellular aggregates are common in many biological settings, ranging from
bacterial biofilms to organoids and tumors. The dynamics of these systems
is intrinsically non-equilibrium and driven by active processes in individual
cells. Bacterial colonies are often considered as prototypical model systems
for multicellularity. Many bacterial species use long flexible and retractile
filaments called type IV pili to attach to surfaces and interact with other
cells. Cycles of growth, attachment, retraction and detachment of the pili is
the central active force generation mechanism that mediates cell motility
and colony formation. Using Neisseria gonorrhoeae bacteria as an example,
we go all the way from describing the motility of individual bacterial cells
to the physics of colony formation in theory, numerical simulations and
experiment. In this talk, we will focus on our latest development of a
continuum theory of bacterial aggregates driven by attractive pili-mediated
forces with excluded volume interactions. This approach allows us to study
the process of aggregate formation as an active phase separation
phenomenon, understand the physics of the coalescence between two
aggregates, and explicitly describe the viscoelastic behavior of this
multicellular system.
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Biomimetic emulsions probe the mechanics of tissues

1. Golovkova, E. Wandersman, A. Prevost, L.L. Pontani.

Laboratoire Jean Perrin - UMR 8237 - CNRS / Sorbonne Université, Paris,
France.

We study tissue-mimetic systems to understand the physical basis of
collective remodeling in biological tissues. In particular, we seek to
understand how the interplay between adhesion and forces controls the
emergence of tissue architecture during morphogenesis. Indeed, during
morphogenesis the homogeneous cell aggregate is subjected to large
movements that give rise to the highly organized 3D structures found in the
embryo. Using a bottom-up approach would thus allow to identify the
minimal ingredients necessary to reproduce such collective processes by
isolating the passive mechanical pathways of self-assembly in adhesive
synthetic tissues. In particular, we use biomimetic emulsions that were
shown to reproduce the minimal mechanical and adhesive properties of cells
in biological tissues. These emulsions are stabilized with a monolayer of
phospholipids that reproduce the fluidity of the cell membrane, and can be
functionalized with adhesive proteins to mimic cell-cell adhesion in tissues.
We then study the mechanical behavior of these emulsions under mechanical
perturbations. In particular, we impose a global compression of the
emulsions by flowing them in microfluidic constrictions with controlled
geometries. Image analysis allows us to distinguish between two types of
behavior in the emulsion: (1) the droplets can keep their respective positions
in the packing and only be elastically deformed by the perturbation; (2) the
droplets can adapt to the perturbation by rearranging positions with their
neighbors, thus exhibiting an irreversible plastic response. In order to
correlate these observations with in vivo measurements we also use
emulsions as biocompatible force probes inside developing embryos. Since
the droplets exhibit mechanical properties that are close to those of tissues
they are visibly deformed by cellular forces. This technique is useful to map
out forces in the tissue and shed light on mechanical processes at stake
during development. Altogether, those findings will reveal the underlying
regulations of adhesion and mechanical properties that take place in cells
during the remodeling of tissues, and will more generally shed light on the
physical processes at stake during embryonic development.

0O-184 (P-633)

Mechano-transduction and coordination of epithelial cells during
Drosophila morphogenesis

M. Hiring', P. Richa?, J. GroBhans?, F. Wolf'.

'"Max Planck Institute for Dynamics and Self-Organization, Gottingen,
Germany; *Universitdtsmedizin Géttingen, Géttingen, Germany.

Epithelial cells are capable of sensing and reacting to the forces and
movements of their neighbors. These forces are multicellular forces at the
tissue level and are transmitted by multi-protein complexes at the cell-cell
adhesion sites. We hypothesize that mechano-sensitive ion channels could
behave as molecular switches and respond to change in force at the cell-cell
junction. The resulting biochemical signaling could be crucial for the
maintenance of morphology and coordination in epithelial cells. We
investigate the coordination of cells by fully quantifying the dynamics of
the Amnioserosa tissue in Drosophila using a novel high-throughput image
analysis pipeline based on deep neural networks. This method allows near-
complete segmentation, yielding feasible analysis of a large ensemble of
embryos. Inspired by graph theory, we decompose cell-cell interactions into
three distinct coupling types. With this approach, the epithelium can be
represented by a planar graph of cell couplings whereby cells are interpreted
as vertices and junctions between cells as edges. We compare wild type
embryos and mutants with impaired ion-channel functionality (TMC%*) and
weakened adhesion complexes (xit), revealing significant differences in e.g.
composition of coupling types and spatial distributions. In contrast to the
wild type, we find tension in those mutants to be anisotropically distributed,
indicating that local cell-cell coordination through mechano-sensing is
essential for the function of an epithelium as force-generating tissue.

0O-185 (P-634)

A hydraulic instability underlies oocyte size selection in C.elegans

A. Mukherjee!, N.T. Chartier?, S. Fiirthauer’, J. Pfanzelter®, F. Jiilicher!,
S.W. Grill’.

"Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany; *TU Drersden, Dresden, Germany; *Flatiron Institute, New York,
United States; “TU Dresden, Dresden, Germany; *Max Planck Institute of
Molecular Cell Biology and Genetics, Dresden, Germany.

The process of making an oocyte starting from a germline tissue is a
fundamental cellular process that also demonstrates remarkable mechanical
as well as hydrodynamic phenomena across organisms. In various cases it
involves heterogenous growth of germcells within a collective structure
leading to elimination of a significant proportion of germcells, this eludes
to fundamental questions of dynamic size regulation and mechanical
symmetry breaking. The roundworm C. elegans has a tubular syncytial
(tissue architecture with connected cytoplasm) germline, which achieves
germ-cell growth by hydrodynamic flows that range across 400 microns. We
unravel the physical basis of oogenesis and cell elimination by combining
cellular mechanics and hydrodynamics. We develop a novel theoretical
framework that couples mechanics of a syncytial tissue with active fluid
dynamics. By quantitative analysis and theoretical modeling, we discover
that germcells actively generate long-range hydrodynamic flows along the
germline, while also locally maintaining their homogenous size. The
coupling of cell mechanics and hydrodynamic fields lead to active pressure-
tuning, which yields a hydraulic instability setting a critical size for the
germ-cells in the absence of active sources. This mechanism ensures
selection and growth of germcells beyond a critical size at the expense of
smaller cells and is independent of the apoptotic machinery.
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EMERGING BREAKTHROUGH MOLECULAR-SCALE
BIOPHYSICS METHODOLOGIES

0O-186

Adventures with Dynamic and Disordered Systems and Joy

P. Barran

The University of Manchester.

In the last ten years direct infusion mass spectrometry (MS) coupled with
electrospray ionisation (ESI) has been extensively applied to identify
proteins and elucidate stoichiometry of protein complexes, often without the
need for labels. Because desolvated species are affected by solvent
conditions such as pH, buffer strength and concentration, ESI-MS is an
appropriate method by which to consider the range of conformational states
that proteins may occupy including natively folded, disordered, denatured
and amyloid. Rotationally averaged collision cross sections of the ionized
forms of proteins, provided by the combination of mass spectrometry and
ion mobility (IM-MS), are also instructive in exploring conformational
landscapes in the absence of solvent. The mass and conformer selected ions
can also be subjected to dissociation (CAD, ECD, SID, UVPD) which can
delineate the structure further. The use of hydrogen deuterium exchange
coupled with MS as well as comparison to SAXs and other biophysical data
can help to prove that gas phase results are relevant to solution. This
presentation will present recent results from our group in this area.
Sometimes working in one area can lead science in a radically different
direction, and so it came to pass. The latter part on the talk will concentrate
on how we have developed the first chemical test for Parkinson’s Disease
and how Joy Milne helped us to do that.

0-187

Access to Atomic Resolution Structural Information of Homor-Repeats:
The Huntingtin Case

Annika Urbanek!, Anna Moraté!, Matija Popovic!, Alejandro Estafia'?,
Frédéric Allemand', Carlos Elena-Real, Aurélie Fournet', Anabel Jiménez?,
Carlos Cativiela®, Stephane Delbecq®, Juan Cortés?, Nathalie Sibille!, Pau
Bernado'

1. Centre de Biochimie Structurale (CBS), INSERM, CNRS, Université de
Montpellier, 29 rue de Navacelles, 34090 Montpellier, France. 2. LAAS-
CNRS, Université de Toulouse, CNRS, Toulouse, France. 3. Department of
Organic Chemistry, ISOQCH, University of Zaragoza-CSIC, Zarago:za,
Spain. 4. Laboratoire de Biologie Cellulaire et Moléculaire (LBCM-EA4558
Vaccination Antiparasitaire), UFR Pharmacie, Université de Montpellier,
France.

Homorepeats (HRs), protein fragments composed by the same amino
repeated multiple times, are very common in eukaryotes and are involved in
key biological processes and multiple pathologies. HRs are enriched in
particular biophysical properties that enables them to perform very
specialized functions but that can also trigger disease. Despite their
interesting properties, the high-resolution structural characterization of HRs
has been impaired due to their inherent flexibility and polymeric nature,
which give poorly dispersed NMR spectra. Huntingtin (Htt), the causative
agent of Huntington’s disease (HD), is the prototypical example of a HR
hosting protein. Htt has a poly-Glutamine tract of variable length that
becomes toxic when the number of consecutive glutamines exceeds 35
(pathological threshold). Moreover, Htt contains two Poly-Proline tracts
with 11 and 10 consecutive prolines. The aim of our study is to decipher the
structural perturbations exerted by the extension of Poly-Glutamine tract
beyond the pathological threshold, and the role that flanking regions,
including the Poly-Proline tracts, have in the pathology.

To overcome challenges posed by HRs, we have developed a chemical
biology strategy to isotopically label individual glutamines and prolines
within HRs by combining nonsense tRNA suppression and cell-free protein
synthesis. Our method disentangles the spectroscopic complexity of the HR
and has enabled the NMR investigation of two huntingtin exonl versions
with 16 and 46 consecutive glutamines. In addition, the application to poly-
Proline has allowed us to precisely explore the proline cis/trans
isomerization in these HR regions. Implications of these observations to
understand the structural bases of HDs, and the future perspectives of the
site-specific isotopic labelling will be discussed.

O-188

Investigating the Bacterial Translocon at the Single Molecule Level

P. Hinterdorfer', A. Fis?, R. Kuttner’, M. Zimmermann?, H.J. Gruber?, P.
Pohl?, P. Hinterdorfer?.

!Johannes Kepler University Linz; “Institute of Biophysics, Johannes Kepler
University Linz.

Many membrane and secretory proteins are translocated across the
endoplasmic reticulum membrane or the bacterial/archaeal plasma
membrane through a conserved channel, the Sec61 or the SecYEG complex,
respectively. In post-translational translocation the SecYEG channel
associates with the cytoplasmic motor protein SecA to deliver secretory
proteins to the periplasm. In this study we mimicked the translocation
process by AFM. A sandwich structure was established that consisted of a
mica-supported lipid bilayer containing biotinylated lipids, followed by a 2-
D streptavidin crystal. On top SecYEG proteoliposomes were fused,
forming periodically suspended membranes [1]. We covalently coupled the
precursor form of outer membrane protein A (ProOmpA) to AFM
cantilevers and performed simultaneous topographic and recognition
(TREC) imaging in order to map functional SecYEG sites on the surface
with nanometer accuracy. Dynamic force spectroscopy experiments on the
targeted SecYEG molecules allowed us to extract information on interaction
forces, energy landscapes and kinetic rate-constants of the bond formed
between ProOmpA and SecYEG. ProOmpA constructs lacking the signal
peptide were unable to interact with SecYEG, indicating that the signal
sequence of the preprotein triggers the opening of the SecYEG channel.
With the addition of SecA and ATP into solution we investigated the forces
and dynamics of the fully assembled translocon. Our single molecule
approach provides the unique possibility to validate the major assumptions
of the two suggested translocation models: the “push and slide” [2] and the
Brownian ratchet [3] mechanism.

[1] A. Karner, et al., Nature Nanotechnology 2017, 12, 260-266.
[2] B. W. Bauer, et al., Cell 2014, 157, 1416-1429.
[3] W.J. Allen, et al., eLife 2016, 5.

0O-189 (P-643)

Correlative p-Brillouin and p-Raman spectroscopy: emerging tool for
simultaneous mechanical and chemical analysis of cells and tissues

S. Caponi', M. Mattarelli?, S. Mattana®, L. Urbanelli®, K. Sagini®, C.
Emiliani®, M. Dalla Serra*, D. Fioretto®.

"National Research Council-IOM Unity of Perugia, Perugia, Italy;
“Department of Physics and Geology, University of Perugia, Perugia, Italy;
*Department of Chemistry, Biology and Biotechnology, University of
Perugia, Perugia, Italy; “National Research Council - IBF, Unity of Trento,
Trento, Italy.

In biological tissues and cells, chemical and mechanical properties are
strictly correlated: their balance ensures the correct biological functionality.
Here we present an innovative label-free microscopy able to jointly
characterize the viscoelastic properties and the biochemical composition of
biological materials with sub-micrometric resolution [1,2]. Employing
Raman and Brillouin spectroscopies, this breakthrough methodology is able
to analyse an exceptionally wide spectral range accessing from molecular to
collective vibrational dynamics. We report relevant biophysical cases
starting from the single living cells analysis to the investigation of ex-vivo
tissues to demonstrate the potentiality of this emerging method. In some
proof-of-principle experiments, the ability to characterize subcellular
compartments and to distinguish cell status has been successfully tested [1]
as well as, on ex-vivo tissues, the link between morphological structures and
biomechanics has been evidenced. The results demonstrate the wide
applicability of the technique.

1. S. Mattana, et. al. Light: Science & Applications 7, 17139 (2018).
2. F. Scarponi et al. Physical Review X 7, 17139; (2017).
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Revisiting the structure-function relationship with mass photometry

P. Kukura

University of Oxford, Oxford, United Kingdom.

The cellular processes underpinning life are orchestrated by proteins and the
interactions they make with themselves and other biomolecules. A range of
techniques has been developed to characterise these associations, but
structural and dynamic heterogeneity remain a fundamental challenge. I will
show that mass photometry based on interferometric scattering microscopy
can mass-image single biomolecules in solution with nanometre precision
and mass accuracy comparable to native mass spectrometry in the gas phase.
Thereby, we can resolve oligomeric distributions at high dynamic range,
detect small-molecule binding, and mass-measure polypeptides, glyco- and
lipoproteins. These capabilities enable us to quantify the molecular
mechanisms of processes as diverse as homo- and hetero-oligomeric protein
assembly, amyloidogenic protein aggregation and actin polymerisation [1].
Our results illustrate how single molecule mass imaging provides access to
protein dynamics and interactions and introduces a third, light-based
approach to measuring mass in addition to the historical mechanical and
spectrometric methodologies. This ability to investigate biomolecules in
their native state with high mass accuracy and resolution provides critical,
complementary information to static structural techniques in the context of
protein function and regulation.

1. Young G, Hundt N, Cole D, Fineberg A, Andrecka J, Tyler A, Olerinyova
A, Ansari A, Marklund EG, Collier MP, Chandler SA, Tkachenko O, Allen
J, Crispin M, Billington N, Takagi Y, Sellers JR, Eichmann C, Selenko P,
Frey L, Riek R, Galpin MR, Struwe WB, Benesch JLP, Kukura P.
Quantitative mass imaging of single biological macromolecules. Science
2018 360: 423-327

0O-191 (P-645)

Hierarchical micro- and nanostructured surface architectures for label-
free spectroscopic and microscopic protein interrogation

J. Flesch', M. Bettenhausen?, M. Kazmierczak®, O.E. Psathaki', W. Klesse’,
G. Capellini®, T. Schroeder?, B. Witzigmann?, C. You', J. Piehler!.
'Department of Biology/Chemistry, Division of Biophysics, University of
Osnabriick, ~ Osnabrueck, Germany; ‘Department of  Electrical
Engineering/Computer Science and CINSaT, University of Kassel, Kassel,
Germany; *THP — Leibniz-Institut fiir innovative Mikroelektronik, Frankfurt
(Oder), Germany; “Leibniz Institut fiir Kristallwachstum (IKZ), Berlin,
Germany.

The ambition to probe proteins in their most native state creates a high
demand for label-free protein interrogation techniques. These techniques are
currently limited by their lack of specificity and therefore time-consuming
protein purification is needed. We here aimed to develop surface
architectures that enable specific interrogation of protein-protein
interactions and conformational organization by label-free surface-
enhanced spectroscopy and microscopy without the need for protein
purification. To ensure structural integrity and full functionality of
immobilized proteins, we tailored surface biofunctionalizations for site-
specific protein capturing into micro- and nanostructured sensor surfaces in
vitro, from crude cell lysates and in live cells. Two label-free sensing
approaches were explored: hierarchical Silicon micropillar (SiMP) arrays
with nanoscale roughness combined with orthogonal surface chemistry were
used for high density in situ capturing of soluble and membrane proteins
from cells cultured on-chip. SiMP arrays serve as IR-resonators allowing for
resonant sensing of captured proteins through a strong IR field
enhancement. An augmented specificity can be achieved by tuning their
resonance frequencys to protein absorption bands. Protein interrogation was
carried out with a FTIR spectrometer which enables optimal probing of IR-
active secondary and tertiary protein structures by sensing shifts of SIMP IR
resonances upon protein deposition. As a second approach gold
nanoparticles (AuNP) immobilized onto a glass surface were employed for
localized surface plasmon resonance (LSPR) detection. Surface
functionalization of immobilized AuNP with tris-(nitrilotiacetic acid) or
HaloTag-Ligand yielded site-specific reversible and irreversible capturing
of His or HaloTag fusion proteins that allowed real-time monitoring of
protein-protein interactions by LSPR reflectance spectroscopy. By
micropatterning and integrating of AuNP into SiMP arrays we aim to
achieve a strong and spatially confined electromagnetic field enhancement
which allows for highly sensitive interrogation of ligand receptor
interactions at the plasma membrane of living cells.
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P-001 (0-012)

Prion soft amyloid core driven self-assembly of globular proteins into
bioactive nanofibrils

W. Wang', S. Navarro?, M. Bafio-Polo?, S. A. Esperante?, S. Ventura®.
'Universidad autonoma de Barcelona, Cerdanyola del Valles, Spain;
Universidad Autonoma de Barcelona, Cerdanyola del Valles, Spain.
Amyloids have been exploited to build up amazing bioactive materials.
In most cases, short synthetic peptides constitute the functional
components of such materials. The controlled assembly of globular
proteins into active amyloid nanofibrils is still challenging, because the
formation of amyloids implies a conformational conversion towards a -
sheet-rich structure, with a concomitant loss of the native fold and the
inactivation of the protein. There is, however, a remarkable exception to
this rule: the yeast prions. They are singular proteins able to switch
between a soluble and an amyloid state. In both states, the structure of
their globular domains remains essentially intact. The transit between
these two conformations is encoded in prion domains (PrDs): long and
disordered sequences to which the active globular domains are
appended. PrDs are much larger than typical self-assembling peptides.
This seriously limits their use for nanotechnological applications. We
have recently shown that these domains contain soft amyloid cores
(SACs) that suffice to nucleate their self-assembly reaction. Here we
genetically fused a model SAC with different globular proteins. We
demonstrate that this very short sequence act as minimalist PrDs, driving
the selective and slow assembly of the initially soluble fusions into
amyloid fibrils in which the globular proteins keep their native structure
and display high activity. Overall, we provide here a novel, modular and
straightforward strategy to build up active protein-based nanomaterials
at a preparative scale.

P-002 (0-013)

Unravelling the details of the conformational cycle of the Hsp90

chaperone

K. Tych', M. Jahn', H. Girstmair', T. Hugel?, J. Buchner', M. Rief'.

!Technical University of Munich, Munich, Germany; *University of Freiburg,
Freiburg, Germany.

The molecular chaperone, heat shock protein 90 (Hsp90), is a large, dimeric
ATP-driven molecular machine. It is essential in eukaryotes and is known to
function as a part of many complexes. These complexes are involved, amongst
other things, in the regulation of cell division and signalling [1]. As such, Hsp90
has emerged as an important target for the development of cancer therapeutics
[2].

Despite the importance of this fascinating molecular machine, the exact
mechanisms by which Hsp90 undergoes conformational changes, the roles of
nucleotides, different domain orientations and how these influence the function
of the chaperone in complex with its co-chaperones are mostly unknown.

Using a custom-built single molecule optical trapping experimental setup, we
have so far elucidated the mechanism by which this large protein folds [3],
characterised the role of its flexible charged linker region [4], performed a
detailed comparison of Hsp90 orthologues [5] and uncovered the role of
nucleotide binding in the stability of the dimeric interface of Hsp90 [6]. Current
research efforts are building on these findings to study the effect of co-
chaperones on the conformational cycle and single molecule mechanics of
Hsp90.

[1] A.J. McClellan, et al. Cell 131, 121-135, (2007).

[2]7. S. Isaacs, et al. Cancer cell 3, 213-217, (2003).

[3] M. Jahn, et al. Proc. Nat. Acad. Sci. 113, 1232-1237, (2016).

[4] M. Jahn, et al. Proc. Nat. Acad. Sci. 111, 17881-17886, (2014).

[5] M. Jahn and K. Tych, et al. Structure 26(1), 96-105 (2018)

[6] K. Tych, et al. J. Phys. Chem. B 112(49), 11373-11380 (2018)

P-003 (0-014)

Strategically positioned slow codons support protein folding

M. Perach!, Z. Zafrir?, T. Tuller?, O. Lewinson®.

'The Department of Biochemistry, The Faculty of Medicine, The Technion -
Israel Institute of Technology, Haifa, Israel; “The Department of Biomedical
Engineering, Tel Aviv University, Tel Aviv, Israel; *The Department of
Biochemistry, The Faculty of Medicine, The Technion - Israel Institute of
Technology, Tel Aviv, Israel.

The genetic code is redundant, where several alternative codons code for a single
amino acid. Synonymous codons are translated at different rates by the ribosome,
with some codons considered to be “fast-translating” and others to be “slow-
translating”. Since many proteins fold co-translationally, synonymous codon
usage, and the resulting translation speed, was suggested to influence nascent
chain folding. A proposed underlying mechanism suggests that pausing between
the translation of independently-folding units supports their correct folding. The
importance of codon usage to protein folding and function was shown for a few
individual cases, but a clear and general understanding of the phenomenon is still
missing. In this work, we aim to identify conserved regions of slow codons that
are important for correct protein folding and function.

To this end, we analyzed 1,115 orthologue protein groups from E. coli and B.
subtilis to identify slow codon stretches that appear to be important for a specific
3-D protein fold. Based on this analysis, we selected several proteins for
experimental validation. We generated a modified version of each gene in which
the slow codon stretch was replaced with a synonymous fast one. We compared
the modified version to the wild type one in a set of experiments checking
expression, solubility and function. Preliminary results show that in several
cases, especially in oligomeric proteins, strategically positioned slow codons are
important for protein stability and function, suggesting that biased codon usage
is a general mechanism that assists correct protein folding.

P-004

Sensitivity analysis of kinetics variability in amyloids and heterogeneous
nucleation events

Grigolato, C. Colombo, R. Ferrari, L. Rezabkova, P. Arosio.

ETH Zurich, Zurich, Switzerland.

In vitro kinetic assays of amyloid formation represent a central tool in many areas
of biotechnological and biomedical sciences, including drug discovery against a
variety of neurodegenerative disorders. The self-assembly of soluble peptides
and proteins into insoluble amyloid aggregates follows macroscopic kinetic
profiles that are commonly characterized by a certain degree of variability. This
variability challenges the investigation of the molecular determinants of the
aggregation process, and its molecular origin remains largely elusive. By
analyzing the aggregation profiles of four different amyloidogenic proteins, we
show that the variability of the kinetic traces is linearly proportional to the
duration of the aggregation process. By applying a sensitivity analysis, we
demonstrate that this behaviour arises from an initial fixed perturbation of one
or more of the kinetic parameters of the aggregation network, and does not
involve intrinsic stochasticity or amplification of perturbations during the
aggregation process. Moreover, our analysis shows that the sensitivity of the
amyloid aggregation network with respect to the initial monomer concentration
is higher than for all the other kinetic parameters involved.

One of the possible microscopic sources of variability is surface-induced
heterogeneous nucleation, which is difficult to understand and control and yet is
ubiquitously observed in a variety of biophysical contexts. Here we develop a
platform, based on polymeric nanoparticles, which provides a highly controlled
surface-mediated driving force for aggregation. This high-throughput and
flexible assay represents a convenient system to perform in vitro kinetic assays
and investigate the fundamental physics underlying surface-induced protein self-
assembly. In particular, we demonstrate the potential of this strategy by
unraveling the synergistic effect of hydrophobic surfaces and mechanical
agitation on the aggregation of human insulin under physiological conditions.
We show that while hydrophobic surfaces specifically and dramatically increase
primary heterogeneous nucleation events, mechanical agitation accelerates the
formation of amyloid fibrils by favoring mass transport and by further
amplifying the number of fibrils through fragmentation events. These results
suggest that the inhibition of surface-induced heterogeneous nucleation should
be considered a primary target to suppress amyloid self-assembly, and explain
why in many systems the simultaneous presence of specific surfaces and
hydrodynamic flow enhances protein aggregation.
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The efficacy of designed anti-measles virus peptides depends on the
stability of self-assembled clusters.
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M. Porotto?, M. Castanho', A.S. Veiga®.
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Veterinary Medicine, The Ohio State University, Ohio, United States;
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The resurgence of several infectious diseases, like measles, has driven the search
for new chemotherapeutics to prevent and treat viral infections. Self-assembling
antiviral peptides are a promising class of entry inhibitors capable of meeting
this need. Fusion inhibitory peptides derived from the heptad repeat of the C-
terminal (HRC) of the measles fusion protein, dimerized and conjugated with
lipophilic groups, were found to be efficacious against measles virus. The
structures of the self-assembled nanoparticles formed by these peptides
modulated their activity. Based on the analysis of a L454W mutation in the
fusion protein of a naturally occurring measles viral isolate, HRC peptides
bearing the tryptophan residue at position 454 (HRC-L454W) were synthesized
with the goal of improving membrane anchoring and manipulating self-
assembly. Monomeric and dimeric peptides, whether conjugated or not to a
single lipophilic group, reduced infection in vivo. Bis-conjugation with lipophilic
groups, in contrast, abrogated activity.

Based on the physicochemical properties of self-assembly and membrane
insertion kinetics of the HRC-L454W peptides we show that bis-conjugation
increases the stability and order of the inner core of the spontaneously self-
assembled nanoparticles, resulting in their compaction. The presence of the
tryptophan residue also increases steric hindrance effects in the nanoparticle of
the dimeric peptides, contributing to inter-peptide cluster meshing, but the same
level of compaction is not achieved. We propose that the highly ordered packing
and stability of molecular clusters forming the inner core of self-assembled
nanoparticles prevent efficient dissociation of the peptides in vivo, hindering
their release and therefore eliminating their antiviral efficacy.

P-006

Exploring novel concepts of a-synuclein amyloid aggregation with a
combination of bulk and single-particle spectroscopy

P. Gracia, J. Camino, N. Cremades.

Institute for Biocomputation and Complex Systems Physics, Zaragoza, Spain.
a-synuclein is the principal amyloidogenic protein causing Parkinson’s Disease
(PD) in more than 5 million people worldwide. During disease conditions -
synuclein transitions from its native, intrinsically disordered (IDP)
conformation to a neurotoxic, degradation-resistant f-amyloid aggregated form
(1). Over the past years a number of long fibrillar aggregates have been
structurally characterised by a number of techniques (2, 3). However, there is
growing evidence suggesting that multiple aggregated species named
polymorphs, some of them with independent aggregation mechanisms, might
also occur and even coexist during the pathological process. This, together with
the subtlety of the initial conformational changes that might be responsible for
defining the aggregation pathways of a-synuclein, greatly increases the
difficulty to study and therefore understand the disease in depth as well as the
action mechanism of inhibitors and chaperons and thus asks for new tools to be
developed. In our lab, we are developing new assays and tools based on a
combination of bulk and single-particle techniques such as pyrene fluorescence,
Fluorescence Cross-Correlation and FRET spectroscopy together with Electron
Paramagnetic Resonance to gain new insights in all scales of the amyloid
aggregation of a-synuclein: from observing the very first conformational
changes that drive aggregation to being able to identify individual, distinct
polymorphs that coexist in a complex mixture of aggregates thereby creating a
PD fingerprint. Besides, we are applying this combined experimental strategies
to the deeper understanding of the inhibition mechanisms of different
molecules on a-synuclein amyloid aggregation.

1. Chiti F, Dobson CM (2006). Protein misfolding, functional amyloid, and
human disease. Annu. Rev. Biochem. 75:333-366.

2. Stefani M, Dobson CM (2003). Protein aggregation and aggregate toxicity:
new insights into protein folding, misfolding diseases and biological evolution.
J. Mol. Med. (Berl). 81(11):678-99.

3. Cremades N, et al. (2012), Direct observation of the interconversion of
normal and toxic forms of alpha-synuclein. Cell 149(5):1048-59
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MEOTA-BTZ derivatives inhibit amyloid aggregation of lysozyme in
linker-length dependent manner

M. Gancar', Z. Bednarikova?, K. Ulicna?, K. Ho®, H.L. Nguyen®, T.Q. Nguyen®*,
M.S. Li®, Z. Gazova®.

'Institute of Experimental Physics, Slovak Academy of Sciences, Kosice,
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and Technology, Ho Chi Minh, Viet Nam; *Division of Theoretical Physics,
Dong Thap University, Dong Thap, Viet Nam; “Institute of Physics, Polish
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The formation and accumulation of amyloid aggregates are the
accompanying phenomena of amyloidoses, which include Alzheimer's and
Parkinson's diseases or non-neuropathic lysozyme systemic amyloidosis.
Amyloidoses are currently untreatable and the incidence of Alzheimer's disease,
the most common form of dementia, reached 50 million patients worldwide in
2018. Furthermore, this number is expected to grow by almost 10 million per
year. Nowadays, an approach to the treatment of these diseases is mostly
symptomatic and aimed at temporary improvement in the quality of life.

One of the very promising approaches allowing to solve the problem
of amyloidoses is inhibition of amyloid aggregation of poly/peptides or removal
of insoluble amyloid fibrils from the affected tissues. According to studies, small
molecules have a great potential to interfere with amyloid fibrillation of
poly/peptides. The three suggested features of compounds able to inhibit amyloid
aggregation are: the presence of aromatic rings, the position of side groups on
the aromatic rings and the length and flexibility of the linker between functional
groups. In our study, we focused on small organic heterodimers, namely tacrine-
benzothiazole (MEOTA-BTZ) molecules which consist of 7-methoxytacrine and
2-aminobenzothiazole functional groups linked by an alkylamine linker.

Using in vitro and in silico methods, we investigated the ability of the studied
compounds to significantly inhibit the amyloid aggregation of hen egg white
lysozyme (HEWL). The effect of compounds was quantified using thioflavin T
(ThT) fluorescence assay. The inhibitory effect was observed in the case of all
compounds with ICs, values in the micromolar range; however, the effectivity
of compounds differed based on the length of the linker. Measured data
correlate with images from atomic force microscopy. The most effective
derivative contains the longest, eight carbon long linker. These observations
were supported by in silico calculations suggesting the direct dependence
between the binding free energy of the derivatives and the length of the linker.
MEOTA-BTZ derivatives have convincingly demonstrated their ability to
inhibit the amyloid aggregation of HEWL at tolerable cytotoxicity level.

P-008

Understanding the Biophysics of Protein-Surface Interactions

G. Ortega', M. Kurnik?, P. Dauphin-Ducharme?, H. Li*, N. Arroyo-Currés®,
K.W. Plaxco®.

ICIC bioGUNE, Derio, Spain, University of California Santa Barbara, Santa
Barbara, United States; University of California Santa Barbara, Santa Barbara,
United States; *University of Geosciences, Wuhan, China; *Johns Hopkins
School of Medicine, Baltimore, United States.

Despite the importance of protein-surface interactions in both biology and
biotechnology, our understanding of how and why they occur is still limited:
What are the thermodynamic consequences of the interaction of proteins with
surfaces? Why do proteins generally remain folded and functional on biological
surfaces and cell membranes, but often unfold, adhere to, and inactivate on
artificial surfaces? To respond to these questions we need to understand the
biophysical origins of protein-surface interactions, but unfortunately the scarcity
of experimental measurements of the thermodynamics of such interactions has
precluded its quantitative analysis. In response, we have developed an approach
to measure the free energy of protein-surface interactions, which we have
employed here to explore the extent to which attachment to a specific,
macroscopic surface alters the thermodynamic stability of protein L. We have
achieved so by modifying protein L with the redox reporter methylene blue and
then covalently tethering its N-terminus to a gold electrode passivated with a
hydroxyl-terminated alkanethiol monolayer. Unfolding of the surface-attached
protein alters the ease with which the methylene blue transfers electrons to the
surface, therefore allowing to monitor the unfolding by -electrochemical
techniques to extract protein stability. Comparing the thus obtained stability of
the surface-attached protein to that of the same protein in bulk solution we find
that surface-attachment stabilizes the protein due to excluded volume effects that
restrict the conformational entropy of the unfolded state. We have also explored
the role of macromolecular crowding, solvent composition, and electrostatics, to
find that these effects are markedly different for surface-interacting proteins
compared to bulk solution. We believe that our studies refine our understanding
of the biophysics underlying protein-surface interactions, which may in turn
improve the design of protein-surface pairs for protein-incorporating
biotechnologies, such as protein-based sensors, or improve our understanding of
biological processes occurring at cellular interfaces.
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Comparison between Abeta-(1-40) and Abeta-(1-42) in terms of membrane
interactions and their cross interactions

K. Matsuzaki.

Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto, Japan.
Amyloid formation by amyloid B-protein (Ap) is a pathological hallmark of
Alzheimer’s disease. Accumulating evidence has suggested that the binding of
AP to neuronal membranes plays an important role in the aggregation of Ap.
We have elucidated that AB-(1-40) forms toxic tape-like fibrils composed of a
single layer of mixed 2-residue-shifted antiparallel and in-resister parallel B-
sheets on membranes containing GM1 clusters [1, 2]. In this study, AB-(1-40)
and AB-(1-42), the latter being more amyloidogenic and toxic, were compared
in terms of membrane interactions. Both proteins exhibited similar affinities
for GM1-containing lipid bilayers [3]. They formed preamyloid oligomers of
similar size (~15mer) and eventually toxic fibrils on neuronal cells, although a
10 times higher concentration was needed for AB-(1-40) [3, 4]. In their
coexistence, both types of AB formed preamyloids independently, whereas they
formed mixed fibrils. An aggregation model in compatible with these
observations will be proposed.

[1] Matsuzaki, K., Acc. Chem. Res. 47, 2397 (2014).

[2] Okada, Y. et al., ACS Chem. Neurosci. 10, 563 (2019).

[3] Ogawa, M. et al., J. Neurochem. 116, 851 (2011).

[4] Itoh, N. et al., ChemBioChem, 19,430 (2018)
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Computational design of a nine-and eight-bladed beta-propeller

B. Mylemans, I. Laier, H. Noguchi, A. Voet.

KU leuven, Leuven, Belgium.

Beta-propellers are pseudo-symmetrical proteins composed of a repeating motif
consisting of four anti-parallel beta-strands called a blade. These blades are
arranged around a central axis and vary in number between four and nine. Nine
bladed propellers however seem to be rare as currently the eukaryotic
translation initiation factor 2A and homologs are the only known examples. A
computational approach developed to design the first symmetrical beta-
propeller, the Pizza protein, was used to design a nine-bladed symmetrical beta-
propeller. Its structure was validated by X-ray crystallography. The protein
consists of nine identical repeats of 42 residues, adopts the classical beta-
propeller fold and is very thermostable. The structure of this designed proteins
is different from the currently known nine-bladed propellers found in nature
and has more in common with eight-propellers. Proteins carrying two to ten
identical blades were also expressed, purified and crystalized. While ten
repeating units assembled into the nine bladed structure, the protein with only
eight repeats folded into an eight bladed propeller. This fold is almost as
thermostable as the nine-bladed variant, indicating that a sequence can fold into
different thermostable structures depending on the number of times it is
repeated. These proteins named Kiku, are great model proteins to investigate
the evolution of beta propellers to understand how the number of blades may
have changed over time.

P-011

Polysorbate 20 — insights into micelle formation

H. Knoch', P. Garidel?, H. Heerklotz'.
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Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany.
Polysorbate 20 is one of the most widely used detergents in liquid pharmaceutical
formulations. It has been found to stabilize biologicals in their functional state
and it serves to solubilize insoluble active ingredients.

For all these applications, it is important to be aware of the complex association
behavior, which differs fundamentally from the usual concept of one
characteristic type of micelle forming above the CMC. This is a result of the
commercial product polysorbate 20 representing a very diverse mixture of
polyoxyethylene ethers and esterified fatty acids with individual CMC values
ranging over several orders of magnitude. As a consequence, PS 20 micelles
change their composition and subsequent thermodynamic and structural
properties quite markedly as a function of overall concentration.

Isothermal titration calorimetry (ITC) and dynamic light scattering (DLS) show
that some kind of micelles form in a dispersion of PS 20 already at concentrations
well below 1 mM. Increasing concentrations cause an additional partitioning of
higher-CMC components into these “primary” micelles, causing substantial
changes in micelle properties. For example, micelles forming at 10 mM are
smaller and exhibit a significantly more endothermic micellization enthalpy
compared to those formed at | mM.
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Lysozyme amyloid fibrils are destroyed by amino acids functionalized
magnetic nanoparticles

A. Antosova, Z. Bednarikova, M. Koneracka, I. Antal, J. Marek, M.
Kubovcikova, V. Zavisova, A. Jurikova, Z. Gazova.

Institute of Experimental Physics Slovak Academy Science, Kosice, Slovakia.
The clearance of amyloid fibrils represents an attractive strategy to develop
therapies for amyloid-related diseases. Magnetic nanoparticles (MNPs) have
drawn a lot of attention in biomedical fields due to their unique properties as
small size, large surface area, and relative non-toxicity. We have synthesized and
characterized the physical and chemical properties of MNPs functionalized with
different amino acids (AA), namely with lysine (Lys), glycine (Gly) or
tryptophan (Trp). Using ThT assay and atomic force microscopy was determined
that the AA-MNPs significantly destroy lysozyme amyloid fibrils. There is a
correlation between AA adsorbed layer thickness and anti-amyloid properties of
AA-MNPs. The best anti-amyloid properties were found out for the Trp-MNPs
with the largest hydrodynamic diameter that can be explained by the increase in
a layer thickness of AA or/and by the presence of Trp aromatic rings at the Trp-
MNPs surface. The obtained results suggest that AA-MNPs represent potent
agents for the treatment of diseases associated with amyloid aggregation of
proteins. The cytotoxicity of AA-MNPs was verified as well. It was found that
studied AA-MNPs are non-toxic to human SHSYS5Y cells. (This work was
supported by the project of VEGA grants 2/0145/17, 2/0033/19, and 2/0030/18,
APVV-14-0120 and APVV-14-0932, SAS-MOST JRP 2015/5 and MVTS
COST 083/14 action BM1405).
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Silk: A natural example of a sticky entangled polymer
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The Bombyx Mori silk worm produces natural silk from an “aquamelt” of
randomly coiled proteins, which upon applying elongational flow and extraction
of water rapidly undergoes a transition to a solid fibre with outstanding
mechanical properties. This process is remarkably more efficient than the
spinning of synthetic polymers in terms of both energetic costs and solvent
recycling, but remains poorly understood. We show, using quantitative
modelling of the linear viscoelastic response of the silk feedstock, that this
aquamelt may be viewed as a supramolecular polymer netwerk, where the
protein is topologically entangled and uses salt bridges as reversible crosslinks.
Our findings provide a viable starting point to physically understand the “flow-
induced self-assembly” of silk fibres.
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The ratio of spectral signals is not a reliable parameter for evaluation of
protein transitions
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Monitoring the spectral properties of proteins, particularly the fluorescence of
intrinsic tryptophan residues, is a popular method often used in the analysis of
unfolding transitions (induced by temperature, chemical denaturant, and pH) in
proteins. The tryptophan fluorescence provides several suitable parameters, such
as steady-state fluorescence intensity, apparent quantum yield, mean
fluorescence lifetime, position of emission maximum that are often utilized for
the observation and subsequent analysis of the conformational/unfolding
transitions of proteins. It has been previously pointed out that the critical
condition to use of any of these signals is whether the signal is proportional to
the population of macrostates. In fact, out of the commonly used fluorescence
signals, this criterion is fulfilled only for the fluorescence emission intensity
measured at different excitation and emission wavelengths. Other, above
mentioned, fluorescence signals have to be analyzed in more complex way, e.g.
they have to be corrected by weighting both the fraction of states and by the
fluorescence quantum yield of each state and/or as it has been proved useful to
analyze these signals in combination. The fluorescence intensities ratio at
different wavelengths (usually at 330 nm and 350 nm) is popular parameter for
the evaluation of thermal transitions due to empirical observation that such signal
has better quality regarding signal/noise ratio and more pronounce shape of the
transition. We demonstrate that the ratio of fluorescence emission at two
different wavelengths, which are used in thermodynamic analysis of
conformational transitions of proteins can lead to the incorrect determination of
thermodynamic parameters characterizing unfolding transitions in proteins (e.g.,
melting temperature), and therefore needs to be corrected.
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Co-Aggregation of Ganglioside-Containing Membranes and a-Synuclein
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Parkinson’s disease (PD) is accompanied by the formation of Lewy bodies,
whose main components are fibrils of the protein a-synuclein. These aggregates
include membrane lipids, while little is known about the process of lipid/a-
synuclein co-aggregation and its implications for fibril and Lewy body
formation. Ganglioside lipids are abundant in neuronal membranes and have
been found to accelerate fibril formation [1] and to accumulate in PD brains.
We address the effects of ganglioside-phospholipid (GM3-POPC) model
membranes on the dynamics (regarding the order parameter and the correlation
time of C-H bond reorientation) and structure of co-aggregates with a-synuclein
using polarization-transfer '*C solid-state NMR [2], wide-angle x-ray scattering
(WAXS) and cryogenic electron microscopy. *'P NMR powder patterns were
recorded to monitor the lipid phase behavior and the spinning sidebands at 1250
Hz MAS were used to fit the chemical shift anisotropy before and after co-
aggregation.

It was found that both lipids are co-assembled with a-synuclein with reduced
headgroup and acyl chain mobility, and that the mobility of a-synuclein is
modulated by the lipid-to-protein ratio and membrane composition. As the
ganglioside content of membranes was increased the mobility of alanine residues
is affected, implying a modulation of the fibril core which could impact the
fibrillation propensity. These effects of co-aggregation on a-synuclein fibril
mobility are currently being further investigated by us and raises questions on
the specific lipid-protein interactions and the organization of lipids inside co-
aggregates.

References:

[1] Grey, M.; Dunning, C. J.; Gaspar, R.; Grey, C.; Brundin, P.; Sparr, E.;
Linse, S. J. Biol. Chem. 290, 2015, 2969-2982.

[2] Nowacka, A.; Mohr, P. C.; Norrman, J.; Martin, R. W.; Topgaard,
D. Langmuir, 26(22), 2010, 16848-16856.
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Multi-variable study on the in vitro reassembly of virus-like particles
derived from the minute virus of mice
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Autonoma de Madrid, Madrid, Spain.

Elucidating the physical principles regarding virus assembly might support the
development of new therapies against viral diseases and the emergence of new
nanobiotechnological strategies based on viral like particles (VLPs). The detailed
description of the assembly of simplest icosahedral viruses has been hampered
by the difficulties in observing populated intermediates experimentally.
Recently, we described the assembly-disassembly pathways of one of the
structurally simplest virus, the minute virus of mice (MVM), and demonstrated
the reversibility of the assembly-disassembly process in vitro. Reassembled
capsids are a promising nanobiotechnological tool but the efficiency of the
reassembly process might be still low for large scale industrial purposes
therefore, it is crucial to establish the conditions that maximize the efficiency of
the reassembly process. Moreover, improving the reassembly efficiency could
provide further insights into the biophysical aspects of this reaction and their
relationship with virus biology. In this work we have studied the effects of pH,
ionic strength, protein concentration, temperature and macromolecular crowding
conditions on the reassembly efficiency of VLPs derived from MVM. Slightly
acidic conditions (pH=6.5), relatively high ionic strength (0.5 M NaCl) and
(under certain conditions) or crowding agents increased the reassembly
efficiency. On the other hand, reassembly efficiency (though not absolute yields)
was reduced at higher capsid protein concentrations.
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Analysis of protein folding using persistent hoomology
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The process of protein folding has been attracted interests of many scientists.
Recent improvement of computer simulation enables us to simulate this process.
However, the results of these simulations are complicated, and we need further
computation to extract the essential part of the folding process. Several methods
for the analysis of protein folding have been proposed.

In this study, we propose another method to analyze protein folding simulation.
Our method is based on persistent homology (PH), an emerging method for
topological data analysis. In this approach, we put balls with radius r at the
positions of atoms, and investigate the creation and destruction of “loops” when
we gradually change r from 0 to infinity. Our method is composed of three steps.
First, we list up all “loops” using PH. Second, we evaluate the contribution from
“edges” to the formation of loops. Third, we reduce the dimension using non-
negative matrix factorization.

We applied this method to the MD simulation of chignolin. Using the method
described above, we reduced the dynamics of this system into two-dimensional
space. Our result shows that chignolin has three metastable states: folded,
misfolded and unfolded state. Folded state has loops that include edge between
Tyr2 and Trp9, while misfolded state has loops with edges between Tyr2 and
Thr8. The dynamics in reduced space shows that there are two stable fixed
points and one saddle point, which correspond to folded, misfolded, and
transient state, respectively. Our method gives intuitive insights on the protein
folding process of this molecule.
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Understanding the multiplicity of amyloid polymorphs and self-assembly
pathways of a-Synuclein in Parkinson’s disease
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a-Synuclein (0-Syn) is a presynaptic intrinsically disordered neuronal protein
whose misfolding and aggregation in the form of amyloid fibrils is the hallmark
of different neurodegenerative disorders known as synucleinopathies, including
Parkinson’s disease, the second most common neurodegenerative disease in the
world. Increasing experimental evidences suggest that a-Syn can aggregate in
multiple fibrillar polymorphs displaying different toxicities and degrees of
infectivity, suggesting a potential link between the structure and pathology of
different types of a-Syn fibrillar polymorphs. With the aim of understanding the
different mechanisms that lead to the variety of a-Syn fibril polymorphs, we have
characterised the amyloid pathways and amyloid polymorphs of a-Syn under a
variety of experimental conditions including in vitro cytomimetic conditions. We
have found conditions that lead to both heterogeneous and homogeneous
nucleation that yield to drastically different amyloid structural polymorphs that
differ at all the possible levels of structural variability, from their secondary
structural content and peptide orientation to the quaternary organization of the
constituent protofilaments. Interestingly, all the possible amyloid pathways that
we have found can be grouped in two main types of general self-assembly
mechanisms for a-Syn. Our findings are greatly contributing to understand the
complex conformational landscape of a-Syn aggregation, the different ability of
each polymorphs to induce neuronal toxicity and infectivity; and can be of
significant help in guiding the rational design of therapeutic tools selectively
targeting the formation of distinct structural types of a-Syn fibril polymorphs.
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Structural dissection of amyloid fibrils of TDP-43 and its C-terminal
fragments TDP-35 and TDP-16
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The TAR DNA binding protein of 43 kDa (TDP-43) is observed as the main
component in amyotrophic lateral sclerosis (ALS) and frontotemporal lobar
dementia (FTLD) cytoplasmic inclusions (1). TDP-43 consists of a well-folded
N-terminal domain (NTD), two RNA recognition motif domains (RRM1 and
RRM2) and an intrinsically disordered C-terminal domain. The prion-like C-
terminal domain possesses most of the pathologically relevant mutations and
plays a critical role in the spontaneous aggregation of TDP-43 and associated
proteinopathy (2, 3). For a detailed structural analysis of the amyloid-forming C-
terminal region, we have analyzed the full-length TDP-43, two C-terminal
fragments (TDP-35 and TDP-16) and a C-terminal truncated fragment (TDP-43
AGaroS2) in their fibrillar state. Although the different protein constructs exhibit
similar fibril morphology and a typical cross-p signature by X-ray diffraction,
solid-state NMR indicates that TDP-43 and TDP-35 share the same polymorphic
molecular structure, while TDP-16 encompasses a well-ordered amyloid core.
We identified several residues in the so-called C-terminal GaroS2 region that
participate in the rigid core of TDP-16 fibrils, underlining its importance during
the aggregation process. Our findings demonstrate that C-terminal fragments can
adopt a different molecular conformation in isolation or in the context of the full-
length assembly, suggesting that the N-terminal domain play a significant role in
the TDP-43 amyloid transition (4).

References 1. Neumann, M. et al. Science 314, 1303 (2006). 2. Johnson, B. S.
et al. J. Biol. Chem. 284, 20329-20339 (2009). 3. Pesiridis, G. et al. Hum. Mol.
Genet. 18, (2009). 4. Shenoy et al., manuscript submitted
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8-Anilinonaphthalene-1-sulfonic acid as a potential novel HIV-1 gp41
fusion inhibitor.
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Universidad de Granada, Granada, Spain.

During HIV-1 infection, the envelope subunit gp41 mediates fusion between
viral and host cell membranes. This process is driven by gp41 folding into a
highly-stable trimer of helical hairpins formed by the interaction between N-
terminal (NHR) and C-terminal (CHR) heptad-repeat regions. In this interaction
a hydrophobic pocket on the NHR surface reveals to be of high importance and
its occupancy interferes with the NHR-CHR interaction of gp41. Accordingly,
small-molecules binding the hydrophobic pocket constitute promising
therapeutics against HIV-1 infection.

In our previous work, we rationally designed and engineered single-chain protein
constructs that accurately mimic the NHR coiled-coil surface. These three-helix
protein constructs (named covNHR) show high structural stability and solubility,
bind the CHR region of gp41 with high affinity and possess nanomolar in vitro
inhibitory activity for a variety of HIV-1 strains.
8-Anilinonaphthalene-1-sulfonic acid (ANS) is a fluorescent probe that binds to
solvent —exposed hydrophobic patches in proteins and is widely used to
characterize exposed hydrophobicity and partial unfolding or misfolding in
proteins. Here, we investigate whether ANS can interact with our covNHR
protein used as structural mimetic of the gp41 NHR region. Binding of ANS to
our covNHR protein (covNHR-VQ) was measured by Near-UV Circular
Dicroism and Fluorescence. Isothermal Titration Calorimetry (ITC) experiments
indicate direct binding between ANS and covNHR-VQ with a 1:1 stoichiometry
and a Kp of ~5 uM. The mode of binding was assessed using molecular docking
using the X-ray structure of covNHR-VQ and the results show that ANS binds
within the NHR hydrophobic pocket also revealing that protein-ligand
interactions share common characteristics with known small-molecule
inhibitors. Molecular docking results were validated using 100 ns Molecular
Dynamics simulations that show the stability of the docking pose through the
entire simulation time.

These results indicate that ANS is capable of binding to the NHR hydrophobic
pocket with moderate affinity and therefore, ANS and its derivatives constitute
promising lead compounds to inhibit the NHR-CHR interaction. ANS
displacement, as a fluorescent probe, can also serve as tool for High Troughput
Screening (HTS) using covNHR-VQ as structural mimic of gp41.
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de novo toroidal hexameric rings
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The old idea of one protein/one function has been challenged in the last two
decades by many examples of proteins with more than one active conformation
and/or function. Amongst them, moonlighting, metamorphic or highly flexible
one state proteins can be included, with a growing significance in the last few
years. In particular, metamorphic proteins show at least two alternative
conformations with different structure and, possibly, different function, showing
an equilibrium exchange between these conformations dependent on the
environmental conditions.

Using a careful design we have created a metamorphic protein from a simple two
state protein, chymotrypsin inhibitor 2 from barley seeds, by introducing 10
mutations along the sequence. The new protein version is able to specifically
oligomerize into hexameric and dodecameric toroidal rings after experiencing a
conformational change, expected for metamorphic proteins, related with the
opening of the C-terminal beta strand. The structure and the oligomerization
tendency have been tested by a battery of techniques, confirming the existence
of a necessary intermediate conformational switch between the monomer and the
oligomer.

In this scenario the oligomerization control can be performed by modulating both
the monomer/switch and the switch/oligomer processes using external cues, as
can be temperature or protein concentration, or mutational strategies. Following
this last option, we have designed a set of mutants following three different
strategies to increase oligomerization tendency: by facilitating the C-terminal
opening, by stabilizing the interactions between monomers in the oligomer and
by introducing metal binding sites in the oligomer. Here we present the effect
and differences of these three strategies on the stabilization of the oligomer and
the possibility to combine them in order to obtain thermophilic complexes.
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Bexarotene does not directly clear Ap plaques but influences Ap
processing: a possible mechanism

Z. Bednarikova!, N.Q. Thai?, P.D.Q. Huy?, M.S. Li%, Z. Gazova'.

nstitute of Experimental Physics, Slovak Academy of Sciences, Kosice,
Slovakia; *Institute for Computational Science and Technology, Quang Trung
Software City, Ho Chi Minh City, Viet Nam; *Institute of Physics, Polish
Academy of Sciences, Warsaw, Poland.

It has been showed that anti-cancer drug bexarotene can remarkably
destroy amyloid beta (AP) plaques in mouse models suggesting therapeutic
potential for the Alzheimer’s disease. However, the effect of bexarotene on
clearance of plaques has not been seen in some mouse models. Therefore, an
interesting question emerges whether bexarotene can destroy AP plaques by
direct interaction with them or by preventing the production of A peptides.

The results obtained in in vitro experiments suggest that bexarotene
slows down the process of A4, fibrils formation but it does not affect the amount
of formed fibrils. We also did not observe the ability of bexarotene to degrade
AP fibrils. We explored the possibility of inhibiting AB production via binding
of bexarotene to B-secretase which can cleavage AP peptides from the amyloid
precursor protein. Obtained fluorescence intensities for the whole concentration
range of bexarotene were similar to the fluorescence intensities of BACE-1
product suggesting that bexarotene has no inhibitory effect on B-secretase
activity. Therefore, we assume that bexarotene weakly binds to ABs peptide,
AB4> amyloid fibrils and B-secretase suggesting that bexarotene-induced
clearance of amyloid plaques is probably not through direct interaction with AB
or inhibition of AP production. Using in silico simulation we have also shown
that bexarotene can tightly bind to peroxisome proliferator-activated receptor y
(PPAR-y) and to retinoid X receptors (RXRs) with the inhibition constant in the
sub-nanomolar range suggesting the other pathway of APOE4 overexpression
via activating PPAR-y or both receptors leading to enhancement of the AB
clearance mechanisms.

This work was supported by the research grants from the Slovak Grant Agency
VEGA 2/0145/17, 2/0176/14, MVTS COST 083/14-NGP-NET Action BM1405
and Narodowe Centrum Nauki in Poland (grant No 2015/19/B/ST4/02721).
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Molecular insights into the structural effects of pathogenic CFTR
mutations and the action of a pharmacological corrector

M. Schenkel', G. Krainer', A. Treff', A. Hartmann', T.A. Stone?, S. Keller?,
C.M. Deber?, M. Schlierf'.

B CUBE — Center for Molecular Bioengineering, Dresden, Germany; The
Hospital for Sick Children, Toronto, Canada; *Technische Universitt
Kaiserslautern, Kaiserslautern, Germany.

To drive the rational design of cystic fibrosis (CF) therapies, it is important to
elucidate how mutational defects in the cystic fibrosis transmembrane
conductance regulator (CFTR) lead to its impairment, and how
pharmacological compounds interact with CFTR. Here, we investigate
structural effects of the patient-derived CF-phenotypic mutations V232D and
E217G located in CFTR’s membrane-spanning domain 1. For this purpose, we
employ a helical hairpin construct derived from CFTR’s transmembrane (TM)
helices 3 and 4 (TM3/4) and their intervening loop. Single-molecule FRET is
used to probe the folding status of reconstituted hairpins in lipid bilayers. While
wild type (WT) TM3/4 folds efficiently in bilayers of various thicknesses, the
V232D hairpin resides predominantly in an open conformation suggesting that
hairpin insertion and folding are perturbed upon nonpolar-to-polar mutation,
which could cause the maturation defect in V232D CFTR. In contrast, the
E217G hairpin exhibits an altered adaptive packing behavior stemming from an
additional GXXXG helix—helix interaction motif created in E217G TM3/4.
This implies that misfolding and functional deficiency of E217G CFTR arises
from an impaired conformational adaptability of CFTR’s TM helical segments.
Remarkably, addition of the small molecule drug Lumacaftor (VX-809)
restores a compact WT-like fold in V232D TM3/4 and causes helix
stabilization of E217G TM3/4 and WT TM3/4. Thus, we find that Lumacaftor
has a general mode of action likely connected to its membrane-destabilizing
properties, through which it efficiently improves maturation of various CFTR
mutants.

P-024

Exploring Structural Characterization of the Human Golgi Matrix Protein
GRASPS55 in Solution

T.R. Soudherpally', C.F. Antonio Jose>.

'Department of Physics, University of Sao Paulo-Ribeirao Preto, Sao Paulo,
Brazil; *Department of Physics, Univeristy of Sao Paulo-Ribeirao Preto, Sao
Paulo, Brazil.

In mammalian cells, the Golgi apparatus is a central hub for
intracellular trafficking, sorting and post-translational modifications of proteins
and lipids. The Golgi reassembly and stacking proteins (GRASPs) play a pivotal
role in the biogenesis of Golgi stacking. However, the structural details of human
GRASPs are still elusive. In this context, we have explored the biophysical
properties of the human full-length GRASP55 in solution. Sequence-based
analyses and circular dichroism spectroscopy suggest that the GRASPSS
presents multiple intrinsically disordered sites although keeping considerable
contents of the secondary structure. Size exclusion chromatography coupled with
multi-angle light scattering studies show the GRASP55 forms a monomer in
solution. Differential scanning calorimetry analysis displays two endothermic
transitions for GRASP5S5, indicating the existence of an intermediate state prior
to unfolding. The thioflavin T and ANS fluorescence show the GRASP55 can
form protein aggregates/fibrils at the intermediate state. Transmission electron
microscopy and fluorescence lifetime imaging microscopy proved that
GRASPS55 forms aggregates at the intermediate state. We will discuss the
significance of these results to the proper function of human GRASPSS in both
the conventional and unconventional secretory pathway.

P-025

Molecular characterization of tunable microscale protein-based
biomaterials

D. Fennema Galparsoro', V. Vetri', V. Fodera®.

'University of Palermo, Palermo, Italy; 2University of Copenhagen,
Copenhagen, Denmark.

Protein aggregates have been related to many diseases, but recently, there has
been a grown interest on using them as biomaterials due to their organic
composition and their stability. Specific attention was focused from literature to
different types of amyloid aggregates: ordered structures stabilised by a regular
pattern of H-bonds. Among all, protein particulates are amyloid superstructures
that are formed at a pH near the isoelectric point of the protein they are made of.
They have a perfect spherical shape and a size ranging between hundreds of
nanometres to a few micrometres, and up to now they weren’t related to any
disease.

We present an experimental study showing that maturation controls the
molecular properties of alphalactalbumin (ALA) particulates. The kinetics of
ALA particulates formation is studied at high temperature; at different time
points, after massive aggregation is occurred, we select different key points
representative of different maturation stages that were characterised with a
combination of spectroscopy and microscopy methods.

Fluorescence Lifetime Imaging Microscopy (FLIM) on Thioflavin T stained
particulates reveals different surface properties depending on the maturation
stages, which relate with differences at secondary structure level as monitored
by FTIR. We found that maturation varies the structure resistance of these
microsized spheres to stresses like high pressure or dramatic pH changes, this
being related to fundamental forces (intra and inter-protein interactions e.g.
electrostatic, hydrophobic, H-bonds) stabilising the microscopic structure. Near
maturated particulates are disassembled unlike far maturated ones. Far
maturation stages result not to be toxic to cells possibly due to their unreactive
surface and high stability. Moreover, it is evident that the size of particulates can
be readily controlled by initial protein concentration.

A global view of experimental data clearly proves the possibility of growing
spherical micro-sized aggregates with different surface properties, stability and
size using the same protein without any chemical modification but simply by
varying the incubation time and the concentration of protein prior incubation.

P-026

The influence of Hofmeister series ions on the process of self-assembly of
the recombinant spider silk protein eADF4(C16)

V. Talafova', E. Sedlak®, M. Humenik?®, G. Zoldak>2.

'Department of Biophysics, Faculty of Science, P. J. Safarik University,
Jesenna 5, 041 54 Kosice, Slovakia, Kosice, Slovakia; Center for
Interdisciplinary Biosciences, P. J. Safarik University, Jesenna 5, 041 54
Kosice, Slovakia, Kosice, Slovakia; *Department of Biomaterials, Faculty of
Engineering Science, University of Bayreuth, Universititsstrae 30, 95440
Bayreuth, Germany, Bayreuth, Germany.

Spider silk represents a perspective material with high mechanical strength and,
at the same time, is biocompatible. One of the best understood spider silk is
dragline silk. Spider silk has a unique balance of strength and elacticity. Protein
eADF4(C16) presents an engineered spider silk variant based on the sequence of
the core domain of the natural dragline silk protein ADF4 of Araneus
diadematus. Previously, eADF4(C16) has been shown to self-assemble into
cross-B-fibrils, but also sub-micrometer particles. ['! The main aim of this work
was to analyse the in vitro assembly kinetics of eADF4(C16) fibrils.
Measurements of the turbidity and the ThT fluorescence were also used for
studying of ions influence on the formation of the fibrils. Obtained results show
that kinetics of eADF4(C16) fibrillization clearly depend on position of anions
in the Hofmeister series as well as on the salt concentrations. We also discuss the
ions relevance to the assembly of spider silk proteins in vivo and compare it with
the assembly formation in vitro.

[1] Humenik, M.; Smith, A. M.; Arndt, S.; Scheibel, T. Journal of Structural
Biology, 2015,

191, 130-138.
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Anisotropic Protein-Protein Interactions

A. Strofaldi, J.J. Mcmanus.

Maynooth University, Maynooth, Ireland.

Non-covalent forces between molecules in solution mediate protein-protein
interactions and it is increasingly clear, that anisotropy in the interaction potential
between proteins is important in driving their assembly. Anisotropy in protein-
protein interactions are due to the chemical heterogeneity of the surface of the
protein arising from the different amino acid side chains. This can have some
unexpected and dramatic effects on protein behaviour, where small
modifications on their surface can change solution behaviour significantly [1, 2].
Protein phase diagrams can be used to quantify this phenomenon since some
phase transitions (e.g. fluid-crystal equilibrium and liquid-liquid phase
separation) are sensitive to even to single amino-acid modifications.

Here we will present further work, using Human yD-Crystallin (HGD) as a model
indicating how small modifications introduced to the protein surface by
mutagenesis can impact on protein behaviour. We use a combination of protein
phase diagrams and static and dynamic light scattering measurements to
investigate these effects.

[1] James, S., Quinn, M.K., McManus, J.J., Phys.Chem.Chem.Phys. (2015), 17,
5413-5420.

[2] Quinn, M.K., Gnan, N., James, S., Ninarello, A., Sciortino F., Zaccarelli,

E., McManus, J.J., Phys.Chem.Chem.Phys. (2015), 17,31177-31187.
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Effect of natural and synthetic small molecules on aggregation of globular
proteins

Z. Gazova', Z. Bednarikova', M. Gancar', K. Ulicna?, D. Fedunova', S.S.S.
Wang?, J.W. Wd?, R. Wang*, Y. Tang*, L. Ma*, B.B. Zeng".

nstitute of Experimental Physics, Slovak Academy of Sciences, Kosice,
Slovakia; *Institute of Biology and Ecology, Safarik University, Kosice,
Slovakia; *Department of Chemical Engineering, National Taiwan University,
Taipei, Taiwan; “School of Pharmacy, East China University of Science and
Technology, ShangHai, China.

Amyloid diseases are characterized by the formation and deposition
of amyloid aggregates inside or outside the cell. Amyloid-associated human
diseases include Alzheimer’s disease, Parkinson’s disease, prion diseases and
type II diabetes. Currently, these diseases are incurable; thus, comprehensive
search for novel inhibitors is required to develop treatment strategies. Several
types of potential inhibitors among them nanoparticles, short peptides, antibodies
and small organic molecules have been studied so far but in spite of intense
research, the mechanism of inhibition is poorly understood. However, several
drug molecules are proven to be effective against amyloid fibrillization process
and have potential to either prevent the aggregate formation or to some extent
reverse the process of protein aggregation.

Herein we opted to test several small compounds with different
structure, either extracted from herbs or obtained from multi-step synthesis, for
anti-amyloid properties towards globular proteins. Hen egg white (HEW)
lysozyme and human insulin were picked as model systems. The ability of
extracts from traditional Chinese herbs (DB series) and synthetized tacrine —
coumarin derivatives (SH series) to inhibit amyloid fibrils formation of globular
proteins were studied using Thioflavin T fluorescence assay, atomic force
microscopy and docking methods. The inhibitory activities were quantified
through ICs, values.

The obtained data suggest that inhibitory effect of compounds on lysozyme or
insulin fibrillization depends on their composition, not origin as each of three
studied series contained compound with weak, mild or strong inhibitory activity.
Based on the results we can suggest that important factor is the planarity of the
molecule. Extracts from herbs, DB series, were non planar and possess only weak
inhibitory activity with ICs, values 100-times higher than concentration of
protein. On the other hand, the most potent tacrine-coumarin derivatives
influenced the protein aggregation at the stoichiometric concentration (ICso~ 19-
100 uM). Functional groups and types and length of linker also play a key role
in inhibiting activity of compounds.

Our results provide useful information about structure and composition for
design of novel and potential lead compounds for a treatment of amyloid-
related diseases.

P-029

Molecular dynamics simulations of amyloid-p fragments at
hydrophilic/hydrophobic interface

H. Okumura, S.G. Itoh.

Institute for Molecular Science, Okazaki, Japan.

Amyloids are insoluble and misfolded fibrous protein aggregates and
associated with more than 40 serious human diseases. For example, amyloid-f
(AP) fibrils are known to be associated with the Alzheimer’s disease. We have
performed molecular (MD) dynamics simulations to study dynamical ordering
of amyloid fibril as follows: (1) Hamiltonian replica-permutation simulations of
aggregation of a few AP fragments, AP(29-42) peptides [1, 2]. (2)
Conformational difference of an AP peptide at hydrophobic/hydrophilic
interface and in bulk water [3]. (3) Conformational difference of the AR amyloid
fibril at the odd end and even end [4]. (4) Disruption of the AR amyloid fibril by
supersonic wave [5]. (5) Rapid QM/MM approach to reveal metal effect at the
initial stage of the AP peptide aggregation [6]. In this presentation, we will show
our recent MD simulation results of aggregation of AB(16-22) peptides. We
performed NVT MD simulations of 100 AB(16-22) peptides in explicit water
solvents. We observed intermolecular pB-sheet structures in aggregated
conformations of the AB(16-22) peptides. We will also discuss the effects of the
water solvent.
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Studying virus evolution mechanisms using resurrected ancestral proviral
proteins.
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Departamento de Quimica-Fisica. Facultad de Ciencias. Universidad de
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We have provided experimental evidence that a back-to-the-ancestor
replacement on a proviral factor may bypass virus spreading by avoiding
recruitment of the modern protein. In particular, we have shown that resurrected
ancestral thioredoxins confer resistance for bacteriophage T7 propagation in
Escherichia coli (Delgado et al., 2017, Cell Reports 19, 1247-1256).
Unpublished results based on virus evolution experiments show that a small
population of the virus can solve the challenge posed by the ancestral
thioredoxins and, furthermore, several rounds of infection leads to a
promiscuous, generalist virus able to recruit both the modern and the ancestral
thioredoxins with similar efficiencies. We are currently in the process of
identifying the particular molecular mechanism underlying these results.
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Modular protein-gold nanocluster hybrids as models for protein structure
control.
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Modular protein-gold nanocluster hybrids as models for protein structure
control.

Elena Lopez-Martinez', Antonio Aires', Mantas Liutkus', Aitziber L.
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The control of the structure of proteins is a promising feature to develop smart
protein-based materials. Protein-based engineered materials combine the large
diversity of protein structures and the functionalities that can be added when
conjugating proteins with functional nanoelements. The spatial organization of
these functional-protein hybrids can be controlled using a bottom-up approach
and self-assembly principles. In particular, we use consensus tetratricopeptide
repeats (CTPR proteins) since their modularity allows facile design and
combination.

In this work we present the design of photoswitchable systems in which the
protein structure and the functionality of nanoelements are coupled, meaning that
a change in the structure induces a change in the functionality. The main aim of
this design is to control the functionality of the conjugated nanoelements via
structural changes using light as switch. We apply a stepwise strategy: first to
control the folding dynamics of the protein using molecular photoswitches
(structural part), and second to synthetize fluorescent protein-gold nanoclusters
(AuNCs) hybrids (functional part). The use of photoisomerizable molecules
allows controlling the secondary structure of the protein and consequently
changing the local environment of the gold nanocluster and therefore their
photoluminescence properties, which can be used as reporter of the protein
structural changes. This technology will be the basis for the development of
novel sensors.
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Mapping the Diversity of Protein Aggregates

V. Fodera.

Department of Pharmacy, University of Copenhagen, Copenhagen, Denmark.
Deposits of protein aggregates, often appearing as fibrils, are associated with the
onset of pathologies as Alzheimer’s and Parkinson’s diseases. Equally important
is the impact that protein aggregates may have on the quality of a protein drug
product. Finally yet importantly, protein aggregates have unique structural,
physico-chemical and mechanical properties, making them appealing bio-
inspired materials for applications. Either one looks at protein aggregation in the
context of diseases, drug development or biomaterials, understanding how
protein-protein (PPIs) and protein-solvent interactions (PSIs) determine self-
assembly kinetics and morphology of the aggregates is a conditio sine qua non
to unravel the mechanisms ruling the self-assembly reaction. In our group, we
have reported the possibility for a large group of proteins to form a variety of
protein aggregates, not limited to amyloid fibrils [1]. I will present our approach
based on advanced fluorescence microscopy, small angle X-ray scattering and
spectroscopy and aimed at identifying the key PPIs and PSIs responsible for such
variability in structures and morphologies [2-6]. We use surfactants, salts,
alcohols in bulk and microfluidic setups to finely tune the interactions between
proteins and control the self-assembly process. Our results show that subtle
changes in the PPIs and PSIs do not only affect the kinetics, but they may also
have a dramatic effect on the microscopic structures, mechanical properties and
stability of the final species. Our findings provide a scenario in which a pool of
heterogeneous structures can be generated as a result of interconnected
aggregation pathways. This aspect is of key relevance for a deeper understanding
of the generalized protein energy landscape as well as for protein drug
development and the design of protein materials.
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Membrane domains modulate Api.4; oligomer interactions with Supported
Lipid Bilayers: an Atomic Force Microscopy investigation
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Alzheimer’s disease is a devastating pathology with an increasing number of
affected individuals following the rise of the life expectancy. Amyloid peptide
Abeta; 4, has been identified as one the main culprits of the disease. The
peptide has been shown to create major effects on lipid membranes, including
membrane solubilization. Even though many discrepancies remain, the
membrane composition has been identified as a factor that plays a pivotal role
in regulating peptide/membrane interactions. Cholesterol and ganglioside
GM1, two lipids suspected to create lipid domains in membranes, are proposed
to play a crucial role in the promotion of these interactions. Liquid-liquid phase
separations, associated with lipid rafts, were also shown to favour peptide-
induced membrane damages. We aimed at revealing the effects of lipid
segregation on the membrane-perturbing ability of Abeta,.s; and an oligomeric
mutant (0G37C), a peptide that presents many common features with the
suspected toxic intermediates involved in the neurodegeneration process.
Atomic Force Microscopy (AFM) was used to characterize and compare these
peptide effects on supported lipid bilayers with 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC) as the main component. Abeta, 4, interaction
with pure POPC bilayers appeared to be poor, while 0G37C accumulated on
membranes, targeting disordered lipid areas. The presence of cholesterol or
GM1 (10 mol%) in model membranes greatly favoured the association of both
peptides to the supported lipid bilayers, leading to important membrane
solubilization. In lipid systems showing liquid-liquid phase separations (1,2-
dioleoyl-sn-glycero-3-phosphocholine/1,2-dipalmitoyl-sn-glycero-3-
phosphocholine/cholesterol (DOPC/DPPC/cholesterol), and DOPC/Brain
Sphingomyelin/cholesterol ternary mixtures), Abeta; 4, and 0G37C exclusively
aggregated on liquid-disordered-phase domains, creating large deposits and
even extracting lipids in the case of DOPC/BSM/cholesterol bilayers. The
AFM results clearly establish that the presence of domains favour the
interaction of Abeta, 4, and 0G37C with membranes.
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Infrared Nanospectroscopy to probe the interaction of toxic Ap1-42
variant oligomers with membrane

S. Henry', B. Bercu?, M. Molinari?, S. Lecomte'.
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Toxicity of AP peptides involved in Alzheimer’s disease is linked to the
interaction of intermediate species with membranes.[1] In the present study we
investigated the interaction of AB1-42 (WT) and toxic oligomers; (0G37C) with
the different model membranes using an innovative technique coined nanoscale
infrared spectroscopy (Nano-IR). Nano-IR can not only produce high resolution
images as classical atomic force microscopy but also gives access to the local IR
absorption spectra through the vibrations of the sample that can be detected by
the AFM tip. In our case, it makes it possible to access the secondary structure
of the tested area at the nanoscale. The WT fiber adopts mostly a parallel B-sheet
secondary structure (1631 cm—1) mixed with a B-turn structure (1662 cm—1).
The 0G37C is mostly structured in anti-parallel B-sheets characterized by the
bands at 1625 cm—1 and 1689 cm—1. Membrane models are used to investigate
the role of different lipids in their interactions with AP peptides. The model
membranes are composed of 1-Palmitoyl-2-oleoylphosphatidylcholine (PC),
sphingomyelin (SM) and cholesterol (Chol). Cholesterol is an essential
component of cell membranes and plays important role on the development,
proliferation, differentiation and maintenance of neuronal tissues and cells. This
work clearly brings to light that the presence of cholesterol in membranes is
favorable to the interaction with AP peptides in oligomers or aggregates. [2]
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Peptide assemblies: some of the rules of this complex puzzle

M. Paternostre.
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In nature, evolution as fine-tuned effective and often amazingly efficient
strategies for building functional assemblies such as biological membranes, virus
capsids, or cytoskeletons. The intra- and intermolecular interactions that tie
together these macromolecular and supramolecular architectures are almost all
noncovalent. Only the combination of those multiple weak interactions allows
stability of the architectures, but also their responsiveness and dynamics since
they may fluctuate, rearrange, reassemble when exposed to the proper stimuli.
Both stability and dynamics of such architectures is most often highly
cooperative, rendering quantification of individual contributions particularly
challenging since they come into play simultaneously. In this context, in the
group we study the self-assembly structures and mechanism of natural systems
such as virus capsid but also synthetic ones such as oligopeptide. The seminar
will focus on the mechanisms of peptide self-assembly and of the structures of
these assemblies. The studies of the self-assembly properties of small peptides
(8 to 14 amino-acids) allow precise understanding and characterization of the
physical and physico-chemical rules guiding the self-assembly of these
molecules.

P-036
Disruption of monomeric alpha-synuclein long-range interactions alters its
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Disruption of monomeric alpha-synuclein long-range interactions alters its

misfolding propensity

The aggregation of alpha-synuclein (aSyn) occurs as part of the pathology of
Parkinson’s disease (PD). However, several questions remain unanswered
regarding the physiological and pathophysiological role of aSyn, and the
molecular mechanism of the disease is far from understood. As aSyn visits
different conformations in space, some of the structural conformers are expected
to be more toxic and thus implicated in the disease mechanism. By studying the
system in vitro, we aim to detect the most toxic species and the environmental
conditions that induce their formation, to aid in designing a treatment for the
disease. We focus on the effect of the familial point mutations A30P, AS3T,
E46K, A53E, H50Q, and G51D on aSyn aggregation, as well as the association
between aSyn and calcium, a divalent ion of great biological importance. The
aggregation kinetics of WT aSyn and the familial mutants upon calcium addition
were studied with Thioflavin —T (ThT) assays. As previously shown, the
aggregation kinetics of WT aSyn were enhanced in high calcium concentrations.
However, the familial mutants displayed very varied aggregation kinetics upon
the calcium stimulus. The difference in response to calcium addition between
WT aSyn and the mutants is of great potential interest for the disease mechanism.
For that reason, the study of the sub-molecular dynamics of the protein variants
by Hydrogen-Deuterium Exchange Mass Spectrometry (HDX-MS) at the first
steps of the aggregation process was employed to help elucidate further the
molecular mechanism of aggregation. We attribute this difference in aggregation
upon the calcium stimulus to be due to subtle differences in monomer
conformation at the start of aggregation, as shown by HDX-MS. Moreover, by
employing Atomic Force Microscopy (AFM), we show that the fibrils formed
from different mutants and under different conditions display different fibril
morphology.
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Non-specific action of polyamines leads to specific changes in structure and
function of DNA
T. Nishio', Y. Yoshikawa', N. Umezawa®, C.Y. Shew?, K. Yoshikawa'.
'Doshisha University, Kyoto, Japan; 2Nagoya City University, Nagoya, Japan;
3NewYork City University, NewYork, United States.
Polyamines are found in all living organisms, where they are involved in many
cellular processes including cell growth and proliferation. The most commonly
occurring natural polyamines are putrescine, spermidine and spermine, and they
exhibit linear-chain skeleton. In addition to these common polyamines,
hyperthermophiles require long and branched-chain polyamines for growth at
high temperatures. Therefore, structural differences among polyamines are
expected to play an important role in the mechanism of self-control of living
state.

Here, we report the effect of various polyamines including linear- and
branched-chain isomers on the higher-order structure of DNA based on the
results of our experiments. From atomic force microscopic (AFM)
measurements, it was found that the branched polyamine induces a mesh-like
structure on DNA at room temperature. Interestingly, with increasing
temperature up to 80°C, DNA molecules tend to unwind, and form multiple
nano-loops with a diameter of 10-50 nm along the DNA strand. On the other
hand, linear polyamines tend to form flower-like structure, suggesting the
parallel alignment of DNA and does not cause nano-loop structure at higher
temperatures.

We have also studied the effect of various polyamines on the activity of gene
expression through in vitro luciferase assay. It was revealed that gene expression
activity is completely suppressed accompanying the folding transition of DNA
into a compact state. It was also found that the activity of gene expression is
enhanced several times at the polyamine concentrations just below the critical
concentration to induced the compaction of DNA.

Based on these experimental observations, we may argue the biological role
of polyamines in relation to the structural change of genomic DNA molecules in
living cellular environment.

Refs.

1)  T. Nishio, et al., Branched-Chain Polyamine Found in Hyperthermophiles
Induces Unique Temperature-Dependent Structural Changes in Genome-
Size DNA. ChemPhysChem, 19, 2299(2018).

2) Y. Kashiwagi, T. Nishio, et al., Repulsive/attractive interaction among
compact DNA molecules as judged through laser trapping: Difference
between linear- and branched-chain polyamines. Colloid Polym Sci.
https://doi.org/10.1007/s00396-018-4435-3 1-11 (2018)
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Simulating the binding of Pioneer Transcription Factors to the nucleosome
J. Huertas', C.M. Maccarthy', H.R. Schéler’, V. Cojocaru?.

"Max Planck Institute for Molecular Biomedicine, Miinster, Germany;
’Hubrecht Institute, Utrecht, Netherlands.

Transcription factors are proteins that bind to DNA to regulate gene expression.
In most cases, accessibility to DNA is a prerequisite for their function. However,
in the nucleus the DNA is packed into chromatin, which is often inaccessible.
The fundamental unit of chromatin is the nucleosome, in which 147 DNA
basepairs are wrapped around a core of eight histone proteins.

Interestingly, a series of transcription factors, known as pioneers, are able to bind
to closed chromatin states, recognizing their binding sites even in the presence
of nucleosomes. They can help open chromatin, increase DNA accessibility, and
support binding of other transcription factors. For example, Oct4, a master
regulator of stem cell pluripotency, is able to bind native nucleosomes in a
sequence specific manner.

To understand the nucleosome properties that are involved in the binding of
Oct4, we performed all-atom simulations of three nucleosomes with different
DNA sequences, in presence and absence of Oct4. By comparing three
sequences with characteristic Oct4 binding profiles, we identified differences in
dynamics and structural properties of the three nucleosomes, most of which are
located in the regions known to be important for nucleosome unwrapping. We
also characterized how the addition of Oct4 alters the dynamics of the
nucleosomes, and which are the relevant nucleosome properties that explain the
binding and behavior change. These findings help us understand the role of
pioneer transcription factors in the binding ofclosed chromatin.
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Dependence of DNA Persistence Length on Ionic Strength and Ion Type
S. Guilbaud!, L. Salome!, N. Destainville?, M. Manghi?, C. Tardin'.
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CNRS, UPS, Toulouse, France; *Laboratoire de Physique Théorique
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The rigidity of double-stranded DNA plays a major role in the structuring of
the chromosome and thus in the expression of genes, as well as in
nanotechnology where DNA is used as a building block. But how is this
rigidity influenced by the presence of different types of ions? In this work, we
responded both experimentally and theoretically to this question. Thanks to the
massive parallelization of the single-molecule technique of Tethered Particle
Motion (TPM), we measured the dependence of persistence length, reflecting
the stiffness of the polymer DNA, over a wide range of ions and salt
concentrations. We demonstrated a unique decay for monovalent or divalent
metal ions perfectly described by recent theories, which take into account the
non-linear electrostatic effects as well as the finite diameter of the DNA. Our
findings, published in Phys. Rev. Lett. 122 028102 (2019), make it possible to
predict conformational changes of complex structures formed by DNA both in
vitro and in vivo.

P-040

Dynamic response of the bacterial chromosome locus induced by the gene
expression of membrane proteins

Y.R. Chang, Y.C. Lu.

National Taiwan Normal University, Taipei, Taiwan.

Mediated by the transcription and translation machinery, the DNA segments of
expressed genes can be spatially reorganized. Especially in bacterial cells, these
interactions have been suggested to majorly determine the chromosome
organization and segregation. Transertion, as a hypothetic DNA-protein
interaction, which involves the simultaneous expression and insertion of
membrane proteins, has been proposed to provide the tethers between the
chromosome and cell membrane and drive the segregation of the replicated
chromosome pairs. In this study, to verify the hypothesis of transertion, the
motion behavior of the local chromosomal segments around the gene of the target
membrane protein, i.e., lactose permease, has been observed at single gene locus
level. Two-color self-regulated fluorescent TetR-zetO and ParB-parC2 systems
were applied to visualize the spatial distributions and the trajectories of the locus
pair around the lactose operon. From the static and dynamic analyses on the
motions, including the mechanical response and the reorganization of the local
chromosomal segments have been quantitatively indicated. Also, the differences
between the wild-type operon and the mutant (AlacY::cfp) also provide the
evidence to differentiate the effects from the expressions of the cytoplasmic and
the membrane protein genes. The results support the hypothesis of transertion
phenomenon in the expressions of membrane proteins.

P-041

Molecular dynamics insights into KstR transcriptional regulator function
S.Z. Shadfar', A. Razzak? S. Dawes?, N.A.T. Ho?, J. Allison?, S.J. Lott.
'Massey university, Auckland, New Zealand; *The University of Auckland,
Auckland, New Zealand; *University of Canterbury, Christchurch, New
Zealand.

The TetR family of transcriptional regulators is widespread in bacteria. They
regulate biological processes such as multidrug resistance, biofilm formation,
biosynthesis of antibiotics, catabolic pathways, nitrogen fixation, and stress
responses amongst others, and as such are often important for pathogenicity.
KstR and KstR2 are two TetR family repressors that regulate cholesterol
metabolism in Mycobacterium tuberculosis and other actinomycetes. KstR is
essential for pathogenesis in M. tuberculosis and is a candidate for drug
development.

Molecular dynamics simulations have provided insight into which regions of
KstR change conformation, and the extent of conformational deviation that can
occur between different states of KstR. This demonstrated distinct
conformational paths between apo KstR, DNA-bound KstR, and ligand-bound
KstR. Here, we use molecular dynamics simulations and dynamical network
analysis to identify the communication pathways that propagate the allosteric
changes that occur in KstR upon ligand and DNA binding. This mechanistic
insight will be useful for the design of drugs to selectively inhibit KstR.

P-042

Understanding the role of proto-oncogene Kras G-quadruplexes:
Structural and ligand binding characterization.

G. Salgado', J. Marquevielle!, J. Carvalho?, C. Cruz’, C. Robert!, L. Xodo*, J.L.
Mergny'.

"Université de Bordeaux, PESSAC, France; *Iniversidade Beira Interior,
Covilha, Portugal; *Universidade Beira Interior, Covilha, Portugal; “University
of Udine, Udini, Italy.

Kras is one of the most mutated proto-oncogene and codes for a 23.3 kDa (ras)
protein associated in different steps that lead to propagation of cancer cells. Kras
oncogene is involved in different types of cancer especially in PDAC pancreatic
and lung cancers. PDAC is one of the main causes of death in western countries,
due to its aggressive nature and resistance to conventional chemotherapy. More
than 90 % of human PDACs harbor oncogenic KRAS mutations such as the
constitutively active mutant KRAS (G12D) required in all stages of PDAC:
initiation, progression and metastasis. In the promotor region of Kras gene, there
is a G-rich quadruplex-forming sequence (G4) important for gene regulation,
notably by a protein hnRNP Al. When the action of hnRNP Al is abolished
KRAS expression is severely diminished. As the inactivation of mutant KRAS
results in the reversion of the carcinogenic process, targeting oncogenic KRAS
is imperative for a successful strategy against PDCA. Our structural and binding
results propose the exploitation of a newly discovered route not investigated
before by directly targeting the unusual G4 structures of DNA in the promotor
region of the gene that encodes for KRAS (G12D).

P-043

Investigation of KRAS promoter region G-quadruplexes and interaction
studies with hnRNP Al protein

J. Marquevielle!, C. Robert', M. Wahid!, J.L. Mergny', L. Xodo? G. Salgado'.
'INSERM U1212 - CNRS UMR 5320 - European Institute of Chemistry and
Biology, Bordeaux, France; 2Department of Medical and Biological Sciences,
School of Mediicine, Udine, Italy.

KRAS gene codes for a highly mutated GTPase protein acting as a « switch »
between an active and an inactive state, a mechanism found to be important in
processes such as cell replication and proliferation. When dysregulated those
processes are in the origin of cancer. KRAS mutations are particularly implicated
in lungs (30%), colorectal (44%) and pancreatic (97%) cancers. Despite the fact
that those mutations are well known, KRAS is still an undruggable target. That
is why new strategies emerged some years ago by directly targeting the KRAS
promoter region and especially some specific structures called G-quadruplexes
(G4). It was shown that G4 within KRAS promoter region can bind transcription
related proteins and disturb transcription process acting as a block mechanism
when transcription machinery is reading the genetic sequence. Stabilization or
destruction of these structures, using small chemical ligands for example, could
become a new area of therapy. This project is focused on a 32 residues sequence
(KRAS32R) which can form G4 and also corresponds to the minimal interaction
domain of transcription proteins such as MAZ or hnRNP1. This last protein is
capable of binding to KRAS32R G-quadruplexes and unfolding favouring the
transcription of KRAS. Due to G4 polymorphism we found that the sequence
can adopt two different conformations in equilibrium. We studied the interaction
between KRAS32R conformations and UP1 a protein derived from hnRNP Al
containing two RRM (RNA Recognition Motifs) domains. We also probed small
chemical ligands from different families in order to prevent UP1 binding to
KRAS32R conformations.

With several biophysical methods we found some ligand which can interact with
KRAS32R conformers and act as competitors in UP1 binding. By NMR methods
we want to determine specific interaction between G4 and ligands aiming to
optimized the best ligands to work as pro-drugs in cancer therapy.
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Interplay between nucleophosmin, the DNA repair protein APE1 and
DNA: regulation of base excision repair?

D.J. Lopez, A. De Blas, J. Mentxaka, M. Hurtado, M. Alonso-Marifio, M.A.
Urbaneja, S. Baifiuelos.

Biofisika Institute (UPV/EHU-CSIC) and Dpt. of Biochemistry and Molecular
Biology, University of the Basque Country (UPV/EHU), Leioa, Spain.
Nucleophosmin (NPM1) is an abundant nucleolar protein in charge of several
functions related to cell growth and homeostasis, such as ribosome assembly,
response to stress and DNA damage repair. NPM1 is a multidomain oligomer,
where a pentameric core is connected to small, C-terminal globular domains
through long, flexible linkers. To perform its multiple activities, NPM1 is able
to continuously shuttle between cytoplasm, nucleoplasm and nucleolus. Upon
occurrence of DNA double strand breaks, a phosphorylated form of NPM1 has
been shown to be recruited to lesion foci. Similarly, we have observed that
oxidative damage elicits NPMI phosphorylation, nucleolar release and
enrichment on particular chromatin regions. Moreover, NPM1 has been reported
to interact with apurynic apyrimidinic endonuclease 1 (APE1), a key enzyme in
the Base Excision Repair (BER) pathway, suggesting that NPM1 might locate,
together with APE]1, in repair platforms on the chromatin and participate in that
route. Herein, we have focused on the interactions between NPM1, APE1, and
abasic DNA, to understand how they could be related to BER regulation. We
have shown, based on native electrophoresis and isothermal titration calorimetry
(ITC), the formation of stable complexes between the two proteins, and dissected
the involvement of NPM1 domains in the interaction. Our data indicate that
NPM1 C-terminal domain is dispensable for APE1 recognition; however, the
isolated core domain is not enough for stable binding. On the other hand, based
on circular dichroism thermal scans, we have observed that DNA binding
conformationally stabilizes APEl. Fluorescence anisotropy binding assays
reveal that NPMI is able to compete with a secondary, lower affinity, APE1
binding site on DNA. Based on our results, we propose that NPM1 might
cooperate in the BER process favouring the specific binding of APE1 to abasic
DNA, and its discharge from the incised, product DNA, which could explain
NPMI1 stimulation of APEI incision activity. NPM1 regulation of APE1 repair
activity represents a novel therapeutic target that could be exploited for
chemosensibilization / radiosensibilization.

P-045
Novel conformers of the G:C DNA base pair and their mutual
interconversions via the proton transfer: A quantum-mechanical study
O. Brovarets', T. Oliynyk?, D. Hovorun'.
"Institute of Molecular Biology and Genetics of the National Academy of
Sciences of Ukraine, Kyiv, Ukraine; *Institute of Molecular Biology and
Genetics, National Academy of Sciences of Ukraine, Kyiv, Ukraine.
Since the discovery of the spatial structure of the DNA by Watson and Crick,
researchers were limited only by the canonical A-T and G-C Watson-Crick
DNA pairs with canonical geometry, involving nucleotide bases in the main
tautomeric form. However, consideration of this issue should be more
comprehensive in order to take into account different biologically-important
conformers of these pairs.
In this study for the first time we have revealed novel conformers of the G*-C*
DNA base pairs (asterisks denote rare tautomers), in particular, reverse Lowdin
G*-C*(rWC), Hoogsteen (H) G*"-C*(H) and reverse Hoogsteen G*"-C*(rH)
base pairs.
We found out that they are formerd through the tautomerization processes via
the proton transfer (PT) between the bases along the intermolecular H-bonds:
- G*-C*(rWC)—G+:C-(rWC) (Gibbs free energy of activation 4.38
kecal'mol-1)G-C*02(rWC) (3.64 kcal'-mol-1) and G*-C*(rWC)—G+:C-
(rtWC)-G*N2-C(rWC) (9.27 keal-mol-1) reactions occur via the two-stage
sequential PT via the dynamically-unstable zwitterion-like G+ C-(rWC)
intermediate, and transition states (TSs), one of which is joint;
G*-C*1WC)>G*'N2-C(rwWC) (27.43 kcal'mol-1),
G* ‘C*(H)~G*N7-C(H) (4.01 kcal'mol-1) and G*"-C*(rH)«>G*'N7-C(rH)
(25.30 kecal'mol-1) reactions occur through the one-stage double PT.
Also, we have analysed in details the evolution of the main physico-chemical
parameters along the intrinsic reaction coordinate by applying the unique
author’s methodology.
All these data are useful for the better understanding of the conformational and
tautomeric variability of the classical G*-C* DNA base pairs.

P-046

Exploring the conformational ensemble of DNA Helix-Junction-Helix
construct by MD simulations and FRET

A. Srivastava', C.U. Murade?, G.T. Shubeita?, S. Kirmizialtin'.

'CHEMISTRY PROGRAM, SCIENCE DIVISION, NEW YORK
UNIVERSITY, ABU DHABI, United Arab Emirates; 2PHYSICS PROGRAM,
SCIENCE DIVISION, NEW YORK UNIVERSITY, ABU DHABI, United
Arab Emirates.

Many complex nucleic acid structures contain rigid base-paired regions
connected by flexible linkers. Helix-Junction-Helix (HJH) DNA constructs are
ideal systems to study the tertiary folding of these structures. Experimental
studies show that the conformational ensembles sampled by these constructs
show differences depending on the counter ion valence and its concentration.
However, atomic detail necessary to understand these differences, as well as
nucleic acid folding, in general, is lacking. Here, we combine fluorescence
resonance energy transfer (FRET) measurements and all-atom molecular
dynamics simulations to study the interplay between DNA conformations and
ionic environment. The conformational ensemble of the DNA was explored by
both conventional molecular dynamics and metadynamics simulations. HJH
structure is dominated by two conformational sub-states defined as open and
closed states. Metadynamics simulations allowed computing the free energy
surface and populations of these states, providing a direct comparison between
experiments and simulations. Molecular simulations showed good agreement
with FRET measurements in the presence of both monovalent and divalent ions.
Together, the integrated approach offers unprecedented detail into the energetics
and atomic level mechanism of the conformational preferences of HJH
constructs that help to understand the physical principles governing nucleic acids
interactions and folding.

P-047

dsDNA Packed inside Phage Capsids: Structure and Defects Emergence

C. Bores, B.M. Pettitt.

Sealy Center for Structural Biology and Molecular Biophysics / University of
Texas Medical Branch, GALVESTON, United States.

DNA packaging and ejection are two critical moments in dSDNA bacteriophages
lifecycle and their understanding is decisive for the effective application of
phages as an alternative to antibiotics. The forces needed to pack the DNA
molecule to near crystalline density (~0.5g/ml) combined with the geometrical
constrains of the phage capsid determine the conformation of the confined DNA.
Most theoretical studies that have been performed to better understand how is
the conformation of the DNA inside bacteriophage capsids considered DNA as
a perfect elastic rod and predict highly ordered structures. However, the
emergence of more disordered conformations exhibiting defects such as knots,
kinks, loops, ... that hinder both the insertion and extraction of the DNA
molecule in the phage capsid is also plausible. This raises the central question of
the present work - how much order and disorder is reasonable (or required) when
DNA is confined inside the phage capsid?

We have performed Molecular Dynamics simulations using 0oxDNA model for
dsDNA and a purely repulsive harmonic wall representing the proteic capsid of
the bacteriophage to mimic the packing process in phage ¢29. We have
thoroughly analyzed the DNA conformation by means of density profiles and
correlation functions during packing finding different results depending on how
fast the DNA is being inserted. DNA structure predicted by these simulations
show patterns that agree with experiments, cryoEM and X-ray diffraction, but
many features in a more realistic capsid model — presence of multivalent ions,
torsional forces, and local attractive/repulsive sites in the capsid or an elongated
shape - might contribute to the emergence of these or other characteristics.
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Sequence-dependent regulation of the mechanical properties of double-
stranded DNA and RNA at short length scales

A. Marin-Conzalez', J.G. Vilhena?, F. Moreno-Herrero', R. Perez’.

'National Center for Biotechnology (CNB-CSIC), Madrid, Spain; *University
of Basel, Basel, Switzerland; *Universidad Autonoma de Madrid, Madrid,
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Sequence-dependent DNA conformation and flexibility play a fundamental role
in specificity of DNA-protein interactions. Here we quantify the DNA
crookedness: a sequence-dependent deformation of DNA that consists on
periodic bends of the base pair centers chain. Using extensive 100 microsecond-
long all-atom constant-force molecular dynamics (MD) simulations [1], we
found that DNA crookedness and its associated flexibility are bijective: unveiling
a one-to-one relation between DNA structure and dynamics [2]. This allowed us
to build a predictive model to compute DNA stretch modulus from solely its
structure. Sequences with very little crookedness show extremely high stiffness
and have been previously shown to form unstable nucleosomes and promote
gene expression. Interestingly, the crookedness can be tailored by epigenetic
modifications, known to affect gene expression. Our results rationalize the idea
that the DNA sequence is not only a chemical code, but also a physical one that
allows to finely regulate its mechanical properties and, possibly, its 3D
arrangement inside the cell.

Mechanical properties also play a key role in many biological functions of
double-stranded (dsRNA) --like the interaction with proteins that regulate gene
silencing--, but how sequence affects the global mechanical response has so-far
remained unexplored. Using the same MD protocol, we find that the nucleotide
sequence affects in a strikingly different manner the overall stretching and
twisting flexibility of RNA and DNA duplexes [3]. For instance, poly-CG
sequences soften the stretching response in dsRNA but in contrast they make the
dsDNA duplex stiffer. At the dinucleotide level such disparities between dSRNA
and dsDNA disappear and both molecules show a similar sequence-dependent
flexibility. Our extensive simulations unveil how similar local base-pair motions
can lead to divergent sequence effects in the global mechanical properties of
DNA and RNA duplexes.

[1] A. Marin-Gonzalez et al, PNAS) 114, 7049 (2017).

[2] A. Marin-Gonzalez et al, Phys. Rev. Lett. 122, 048102 (2019).

[3] A. Marin-Gonzalez et al, submitted (2019).
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Non canonical interactions in artificial nucleic acids

C. Cabrero', D. O’reilly?, 1. Serrano', N. Martin-Pintado', A. Avifié®, R. Eritja’,
M. Damha?, C. Gonzélez'.

nstituto de Quimica Fisica Rocasolano, CSIC, Madrid, Spain; >Department of
Chemistry, McGill University, Montreal, Canada; *Institute for Advanced
Chemistry of Catalonia, IQAC-CSIC, Barcelona, Spain.

Advances in synthetic chemistry afford new artificial nucleic acids with
intriguing properties. In this poster, we present our structural studies on
chemically modified nucleic acids carried out by NMR spectroscopy. In
particular, nucleic acids analogs containing 2’-fluoro-arabino (2’F-ANA)
and 2’-fluoro-ribose (2’F-RNA) are interesting compounds for their
potential applications in antisense and interference RNA therapy. In
addition, locked nucleic acid (LNA) has become attractive modification in
which the ribose moiety is modified with an extra bridge connecting the 2'
oxygen and 4' carbon. The preferential conformations of these three analogs
are diferent. Whereas 2’F-ANA is considered to be a DNA analog, 2’F-RNA
and LNA exhibit a strong tendency to adopt a 3'-endo (North) conformation
and, consequently, are considered RNA analogs. By changing the pattern of
incorporation of these analogs in a particular oligonucleotide sequence,
structure and stability, as well as binding affinity for RNA targets may be
tuned. We discuss here the three-dimensional structure of several chimeric
hybrid duplexes, whose sequences combine different patterns of LNA, 2’F-
ANA and 2°F-RNA nucleotides, as determined by combining 'H and '°F
NMR spectroscopy.

We will also present results on 8-amino-substituted guanine quadruplexes.
Base-modifications in G-tetrads are usually not well-tolerated and have a
destabilization effect in G-quadruplexes. One of the few exceptions is the
substitution by 8-amino-guanines. 8-amino-Gs (8g) stabilize triplexes and
parallel-hairpins. However, its effect on the stability on G-quadruplexes is not
clear, and depends on the quadruplex topology and the sequence context. In the
case of tetramolecular parallel quadruplexes, such as that formed by
d(TGGGGT), we have found that substitution of the first guanine by a 8-
amino-guanine provokes the formation of an unsual interlocked quadruplex
dimer, stabilized G:T:G:T and 8g:T:8g:T tetrads. Dimerization of the two
quadruplexes occurs in an antiparallel orientation through their 5’-side.

P-050

Sequence encoded DNA — DNA Interactions

A. Srivastiva', R. Timsina?, S.W. Dewage', X. Qiu?, S. Kirmizialtin®.
!Chemistry Program, New York University Abu Dhabi, Abu Dhabi, United
Arab Emirates; 2Department of Physics, The George Washington University,
Washington, United States; *Chemistry Program, NYUAD, Abu Dhabi, United
Arab Emirates.

Sequence encoded DNA — DNA Interactions

Amit Srivastava', Raju Timsina?, Sajeewa W. Dewage', Xiangyun Qiu?, Serdal
Kirmizialtin'

1. Chemistry Program, Science Division, New York University Abu Dhabi,
Abu Dhabi, United Arab Emirates

2. Department of Physics, The George Washington University, Washington DC
USA.

Ton mediated interactions between nucleic acids helices are essential for their
efficient packaging within tight spaces such as viral capsids, sperm heads,
nucleosomes and cell nuclei. However, the underlying physical principles
governing these interactions at the molecular level are still debatable. In this
study, we investigate the role of Mg'? ions in DNA-DNA interaction within
ordered dsDNA arrays, via an integrated approach of osmotic pressure
measurements coupled with molecular dynamics simulations. Umbrella
sampling simulations allowed computing the potential of mean force (PMF)
between dsDNAs as a function of inter-DNA spacing and provided a direct
comparison to osmotic pressure measurements. We studied poly(AT) and
poly(A)-poly(T) sequences in varying cation concentrations. Our analysis
revealed strong correlation between the structure of the counterion atmosphere
and inter-DNA interactions. The interaction energy is found to be mediated by
Mg'? ions that show differences in localization in sequences studied. We further
partition the interaction energy into thermodynamic potentials. Results suggest
sequence specificity for solvent entropy which can have important implications
in governing DNA assembly.

P-051

Conformational transitions in non canonical DNA structures.

L. Serrano Chacén', B. Mir?, N. Escaja?, C. Gonzéalez'.

"nsituto de Quimica Fisica Rocasolano CSIC, Madrid, Spain; 2Departamento
de Quimica Organica y IBUB, Universitat de Barcelona.., Barcelona, Spain.

I-motif is a non-canonical DNA structure formed by intercalated C:C+ base
pairs. It is believed that i-motifs are formed in regulatory regions of the human
genome, playing a role in the regulation of gene expression. Since formation of
C:C+ base pairs requires partial cytosine protonation, these kinds of structures
are usually only stable at acidic pH. However, we have observed that i-motif can
be formed at physiological pH provided the stack of C:C+ base pairs are flanked
by two minor groove tetrads. This kind of tetrads results from the association of
two Watson-Crick or G:T base pairs through their minor groove side, forming
G:T:G:T, G:C:G:T or G:C:G:C tetrads.

We have explored the stability of different i-motifs with repetitive sequences
with a very low content in cytosines, all of them stabilized by minor groove
tetrads. We have obtained their structures by NMR methods. Among them, the
one with tetrads G:C:G:C affords the most significant stabilization versus pH,
resulting in effective pHy values above 8.0. This peculiar structure requires the
concurrent presence of neutral and protonated cytosines.

At pHs below 6.1 the cytosines involved in the G:C:G:C tetrads become
protonated and are not able to form Watson-Crick pairs. However, the structure
does not unfold but a drastic conformational change occurs, leading to an i-motif
structure with four C:C" base pairs. Some the thymines that were in the loops at
neutral conditions form G:T base pairs at acidic pH, giving rise to two G:T:G:T
minor groove tetrads. The neutral and the acidic structures as well as the
transition between them are discussed in the presentation.
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Gemini/DOPE/PEGylated-based Lipoplexes for the efficient expression of
OPA1I mitochondrial protein in in vitro and in vivo experiments

M. Muiioz-Ubeda', M. Semenzato?, A. Franco Romero, E. Junquera', E.
Aicart', L. Scorrano?, 1. Lépez-Montero®.

'Facultad Ciencias Quimicas, Departamento Quimica Fisica, UCM, Madrid,
Spain; 2Fondazione per la Ricerca Biomédica Avanzata, Venetian Institute of
Molecular Medicine (VIMM), Padua, Italy; *Facultad Ciencias Quimicas,
Departamento Quimica Fisica, UCM and Instituto de Investigacion Biomédica
Hospital 12 de Octubre (i+12)), Madrid, Spain.

Recent advances on the mitochondrial morphology indicate that
mitochondria are able to form a highly dynamic network that constantly fuse and
divide. Fusion and fission balances are very important for normal cellular
function. In mammalian cells, there are three main proteins involved in the
mitochondrial fusion: Mfnl and Mfn2 (OMM) and OPA1 (IMM). Deletion of
any of them in mouse embryonic fibroblasts (MEFs) and CD-1 mouse models
produces mitochondrial fragmentation, thus leading to mitochondrial diseases
(MD), to which there is no cure at present. In this work, lipoplexes have been
conceived as efficient therapeutic agents against MD. Lipoplexes, lipid/DNA
highly packed complex, are composed by Imidazol Gemini/DOPE/PEGylated
mixed cationic liposomes with a plasmid DNA coding on Opal mitochondrial
protein. These synthetic and biodegradable lipoplexes are able to transport and
efficiently delivery plasmid DNA into the cytoplasm. Then, the
complementation of the mitochondrial phenotype in OPA1-KO MEFs produced
by the deficiency on Opal protein was produced. These lipoplexes show a good
viability and high transfection efficiency because the coexistence of two different
hexagonal structures in the same formulation that produces a synergy in in vitro
experiments. Besides, these lipoplexes show a great bioaccumulation and
transfection efficiency in different organs of CD-1 mouse model without any
toxicity over time after intraperitoneal (IP), Intracardiac (IC) and intramuscular
(IM) administration, as was confirmed by different techniques.
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Structure dissection of a contractile phage tail tube
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Bacteriophages are infectious nano-objects that inject their genetic
material into the host via complex molecular machineries. To cross the biological
barriers encompassing the extracellular space and the bacterial membrane,
phages expose a tail, composed of several proteins, which executes numerous
functions during infection. The particularity of the Myoviridae bacteriophages
resides in the additional sheath, surrounding the inner tail tube. This contractile
sheath pushes the inner tube across the host membrane acting therefore like a
molecular syringe transferring the viral genome into the host cell. This complex
machinery increases the infection efficiency in this type of phages, containing a
higher amount of DNA content to transfer than other phage families.

We here elucidate the structural basis and the molecular mechanisms
of'a Myoviridae phage inner tail tube. Among them, the tail tube of bacteriophage
Mu stands out because the molecular subunit protein of the tube assembly (gpM)
fulfils its biological function with the minimal structural motif. We investigate
the structural features of the Mu tail tube using a combination of solid-state
NMR, liquid-state NMR and cryo-EM performed on in vitro assembled
filaments. We show that the subunit protein gpM is partially folded in its
monomeric state and adopts a globular beta-rich structure in a very rapid
polymerisation process towards the native assembly. Our results suggest that the
minimal construction motif in gpM conserves the structural features shared also
by the Caudovirales phages. The apparent resemblance of these structures
supports the idea that the 3D fold of the tail tube protein is conserved despite the
poor sequence conservation.
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Ultrafast tracking reveals the function of structural domains of single

proteins
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Protein-protein interactions and their dynamics have been extensively studied

mostly by fluorescence. Fluorescent labels are usually incorporated to

discriminate biological processes under study from the complex background or
visualize small molecules.

To overcome spatio-temporal limitations of fluorescence [1], we employ

interferometric detection of scattering (iSCAT). iSCAT detects the light

scattered on a protein molecule or a scattering label via its interference with a

reference wave, e.g. light partially reflected at a glass coverslip. By these means,

it is possible to image very small scattering labels [2] or even unlabeled proteins

[3].

PRC1 (protein regulator of cytokinesis 1) belongs to the Asel/MAP65/PRC1

family of microtubule-associated proteins (MAPs) and plays an important role

in cytokinesis. These proteins serve as rigid connections between MTs and can
interact with other proteins. Each structural domain of the PRC1 protein seems

to play its role but details remain unclear [4].

We studied two different domains via a specific attachment of scattering labels.

3D maps of PRC1 on a single microtubule were measured and analyzed. We

observe that each domain has a different behavior and we propose a new
functional model of the interaction.

References

[1] S. Weisenburger and V. Sandoghdar, “Light microscopy: an ongoing
contemporary revolution,” Contemp. Phys., vol. 56, no. 2, pp. 123-143,
2015.

[2] K. Holanova, M. Vala, and M. Piliarik, “Optical imaging and localization of
prospective scattering labels smaller than a single protein,” Opt. Laser
Technol., vol. 109, pp. 323-327,2019.

[3] M. Piliarik and V. Sandoghdar, “Direct optical sensing of single unlabelled
proteins and super-resolution imaging of their binding sites,” Nat.
Commun., vol. 5, p. 4495, 2014.

[4] R. Subramanian et al., “Insights into antiparallel microtubule crosslinking
by PRC1, a conserved nonmotor microtubule binding protein,” Cell, vol.
142, no. 3, pp. 433443, 2010.

@ Springer



European Biophysics Journal (2019) 48 (Suppl 1):S1-S264

593

P-055 (0-026)

Nucleotide and Osmolyte Induced Folding of FtsZ from Staphylococcus
aureus
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The essential bacterial cell division protein FtsZ uses GTP binding and
hydrolysis to assemble into filaments that treadmill around the Z-ring, guiding
septal wall synthesis and cell division. FtsZ is a structural homolog of tubulin
and a target for discovering new antibiotics. We have found that purified FtsZ
monomers from the pathogen S. aureus (SaFtsZ) require bound nucleotide to
keep a folded structure in solution. Nucleotide-less apo-SaFtsZ is essentially
unfolded, as assessed by NMR and CD, and crystallizes in a non-native
structure. Addition of GTP (= ImM) dramatically shifts the equilibrium
towards the folded protein, rendering SaFtsZ active for assembly. Other
mesophile FtsZs are also stabilized by nucleotide binding. Apo-SaFtsZ also
folds in CD with glycerol, and other stabilizing osmolytes such as TMAO,
ethylene glycol, betaine and proline, which enable high-affinity GTP binding
(K420 nM in 3.4 M glycerol, determined by ITC) similar to thermophile stable
FtsZ. We have devised a competition assay to detect any molecules that bind
overlapping the nucleotide site of SaFtsZ or EcFtsZ, employing glycerol-
stabilized apo-FtsZs and the specific fluorescence anisotropy change of mant-
GTP upon dissociation from the protein. This robust assay provides a basis for
robotic screening for high affinity GTP-replacing ligands, which combined
with phenotypic profiling, may yield the next generation of FtsZ-targeting
antibacterial inhibitors. Finally, by solving several SaFtsZ crystal structures, we
identified a cavity behind the nucleotide-binding pocket that harbors distinct
compounds, opening the way for designing extended inhibitors.
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Unfolding of 191 protein under constant force follows continuous time
random walk sub-diffusive dynamics
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Using large statistics, unfolding of ubiquitin under constant force displayed
nonexponential dwell-time distribution, which was explained in terms of a form of
glassy transition between the folded and unfolded states. This means that the unfolding
process occurs over a distribution of activation barriers, and thus can be best described
as a disordered process, and characterized with a stretched exponential (Weibull)
distribution. Considering unfolding as a diffusion driven process over an activation
barrier, we studied protein unfolding under constant force by attaining the time-
averaged mean square displacements (TA-MSD) of the unfolding dwell time
distributions within the framework of continuous time random walks (CTRW). To this
end, we measured the unfolding dwell-time distributions of 191 protein using atomic
force microscopy under a constant force of 180 pN, which similarly to ubiquitin
exhibited nonexponential unfolding behavior. According to the CTRW approach,
unfolding can be represented by a joint probability density function P(x.f) that can
describe the transition over several length or time scales. Using asymptotic algebraic
(power-law) decay with a long time behavior of the form ~“" proves to be more
suitable to describe the observed dwell-time distribution. The TA-MSDs alluded to
weak ergodicity breaking, and a long-tail power-law dependency of the unfolding
dwell-time distributions with an exponent of & ~ 0.85, with a cutoff set by experimental
limitation.
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Active organization and mechanical properties of membrane bound
minimal actin cortices
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The cell cortex is a highly regulated network, which is attached to the plasma
membrane. This network consists of filamentous actin (F-actin), which forms a
thin actin sheet on the inner face of the cell membrane composed of single and
bundled filaments. In this cortex, the F-actin is regulated by a vast array of
different actin binding proteins (ABPs) like cross-linkers. The actin cortex is
bound via linker-proteins like ezrin, radixin and moesin (ERM-family) to the
membrane receptor-lipid phosphatidylinositol-4,5-bisphosphate (PtdIns(4,5)-
P,). The direct connection between the cortex and the membrane is necessary to
convert forces among both structures. The motor protein myosin II is able to
reorganize the actin cortex and hereby to apply mechanical forces via the actin-
membrane connection to the cell membrane. With this direct connection, F-actin
is able to vary membrane tension, modulate the cell shape and to respond on
external forces .

This work addresses the organization and reorganization of a membrane bound
minimal actin cortex (MAC), using physiological binding conditions. Several
model systems for MACs have been used to study the active behavior of
membrane bound actin-networks in two- (2D) and three-dimensional (3D)
systems 2. In this work, a 2D in vitro bottom up approach is used, due to the
higher efficacy for small scale effects like on single filaments. The MAC is
physiologically bound to supported lipid membranes via the receptor-lipid
PtdIns(4,5)-P, and the linker-protein ezrin *. The myosin induced dynamics are
analyzed by means of high-resolution confocal laser microscopy (CLSM).
Besides the overall network reorganization by myosin, the underlying binding
behavior between actin and myosin is investigated for a more detailed insight of
the reorganization mechanism. Furthermore, myosin induced shifts of the
receptor-lipid distribution will be studied. The investigation of the mechanical
properties, provided by F-actin and actomyosin-networks, will be carried out on
pore-spanning lipid bilayers (PSLBs) by means of atomic force microscopy
(AFM).

! Chugh et al., ,,Actin Cortex Architecture Regulates Cell Surface Tension*.
2Schén et al., ,,Influence of cross-linkers on ezrin-bound minimal actin cortices*.
*Noding et. al., ,,Rheology of Membrane-Attached Minimal Actin Cortices*.
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adhesive properties of endothelial cells
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Mechanical forces such as shear force, pressure, friction and more are ubiquitous
in biological systems. Eukaryotic cells are complex systems, composed of many
different materials at different length scales and with differing mechanical
properties. These cells are able to feel, transduce and exert forces, making the
study of their mechanical properties interesting for better understanding
underlying mechanisms (1). Up to date, there is no full understanding of the
complex interplay of cellular components in defining mechanical properties.
What is known is that mostly the cytoskeleton, the nucleus and the membrane
(with the glycocalyx) are responsible for the apparent mechanical response (2).
In this study, the influence of microtubules on mechanics and adhesion of
endothelial cells was tested. This was done using atomic force microscopy
(AFM) together with fluorescence microscopy techniques. AFM was used for
nanoindentation to quantify cell mechanical properties like Young’s Modulus,
relaxation time, adhesive work and rupture events during retracting the AFM-tip
from the cell (3, 4). Confocal Laser Scanning Microscopy (CLSM) was used to
follow the dynamics of the cytoskeleton. Results showed that depolymerization
of microtubules with colchicine does indeed lead to significant changes in nearly
all the studied properties over the time.
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A HaloTag-TEV genetic cassette for mechanical phenotyping of native
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Single-molecule methods using recombinant proteins have generated
transformative hypotheses on how mechanical forces are generated and sensed
in biological tissues. However, testing these mechanical hypotheses on native
molecules in their natural environment remains inaccessible to conventional
genetics, biophysics and molecular biology tools. To overcome these
limitations, here we demonstrate a genetically engineered knock-in mouse
model carrying a HaloTag-TEV insertion in the protein titin, the main
determinant of myocyte stiffness. Using our system, we have specifically
severed the titin filament by digestion with TEV protease, and found that the
response of muscle fibers to length changes requires mechanical transduction
through titin’s intact polypeptide chain. HaloTag-based covalent tethering has
enabled directed examination of the dynamics of native titin under
physiological forces using recently developed magnetic tweezers. At
physiological pulling forces lower than 10 pN, titin domains are readily
recruited to the unfolded state, and produce 41.5 zJ mechanical work during
refolding. Our results support an active role of titin in muscle contraction in
coordination with actomyosin motors. Insertion of the HaloTag-TEV cassette in
proteins with mechanical roles opens new grounds to explore the molecular
basis of cellular force generation, mechanosensing and mechanotransduction.
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How Does Cyclase-Associated Protein Modulate the Structure and
Dynamics of Actin?
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Actin polymerization is the engine behind cell motility, morphogenesis, and
endocytosis. It is associated with many disorders ranging from cancer to
immunological and neurological diseases. Both polymerization and
depolymerization of actin filaments are active processes requiring ATP. While
ATP-loaded actin associates with filaments to extend the filament on one end,
older actin within the filament hydrolyzes its ATP and dissociates from the other
end of the filament. Given this, the continuous polymerization depends on re-
charging of ADP-bound actin with ATP that is known as nucleotide exchange.
In this context, only two proteins (cyclase-associated protein (CAP) and profilin)
have been implicated in the nucleotide exchange. Due to its stronger affinity for
actin and greater robustness under various in vitro conditions, CAP emerges here
as the best candidate for facilitating the re-charging process in vivo. The recently
determined X-ray structure of globular actin in complex with the C-terminal
CARP domain of CAP has shed light on to various aspects of the molecular
mechanism behind the actin recharging activity of CAP. The complex features a
dimer of CARP domains sandwiched between two actin monomers and reveals
key interactions between the CARP domain and the functionally important D-
loop and the nucleotide-sensing regions of actin.

To explore how CARP binding influences the conformational state of actin and
how it promotes nucleotide exchange, we performed atomistic molecular
dynamics simulations of the crystallized complex. We also considered large
segments of unstructured regions to assess their role in actin-CARP interactions.
The simulations revealed how CARP binding alters the dynamical coupling
between the functional domains of the actin monomer and the mechanistic role
played by different regions of the CARP domain. The simulations further
highlighted that CARP domain stabilizes the open conformation of actin and
destabilizes the bound nucleotide. This effect of the CARP domain on the actin
conformation can explain how it facilitates and promotes the re-charging of actin.
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Single molecule mechanics of talin-integrin bond
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Integrins are large heterodimeric proteins that play an important role in force
transduction across cell membrane. Each o and B subunit has a large ecto-
domain, continued by a single transmembrane helix and terminated by a short
cytoplasmic tail. The integrin ecto-domains can switch between an inactive
folded conformation and an activated open form that is able to bind the
extracellular matrix. Inside-out mediated activation of integrins occurs through
the binding of talin, a big cytoplasmic protein (250 kDa) that connects the
integrin receptors to the actin cytoskeleton. Talin contains an N-terminal head
region, which is comprised of four FERM subdomains arranged in a linear
configuration. The binding of talin N-terminal F3 domain to the integrin B-tail is
the minimal interaction necessary for inside-out activation of integrins.

Despite its critical role in force transduction, the interaction between integrin -
tail and talin F3 domain is suprinsingly weak for all isoform pairs (Kq>10 uM).
This raises the question how such a weak bond is able to provide a stable
connection across the cell membrane. To answer this we designed fusion
constructs between talin F3 domain (but also talin full head) and B-integrin
cytoplasmic tail. Using a dual-beam optical tweezer setup we were able to probe
the mechanics of the talin-integrin bond at the single molecule level and obtain
important kinetic and thermodynamic data. Our results confirm the dynamic
character of the talin-integrin bond, which shows an unbinding-rate of =~ 50/s.
The binding energy of the talin-integrin bond is also weak, of only 4-6 kpT, the
bond being mainly in an open state at forces higher than 5 pN.

Nevertheless, we discovered that the talin-integrin bond is stabilized by the
presence of kindlin. Kindlin, another FERM-domain cytosolic protein, is known
to play an important role in integrin activation. When measuring the talin-
integrin interaction with kindlin in solution, longer talin-integrin bound states are
observed. Suprisingly, the length of these longer states proves to be independent
of the applied force. This kindlin induced stabilization effect might be of crucial
importance for integrin clustering and focal adhesion formation.
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In eukaryotic cells, the shape and their mechanical properties are determined by
the cytoskeleton, a highly intertwined network which includes three types of
biopolymers: actin filaments, microtubules and intermediate filaments.
Importantly, intermediate filaments are considered to be the main determinants
of cell stiffness and strength. The reason for this is that they can withstand much
larger deformations - in contrast to both other cytoskeletal components. Thus,
they are believed to dominate the mechanical response of cells at higher strains,
even though they tend to be softer at low strain. Therefore, the organization of
intermediate filaments at the plasma membrane and their influence on the
mechanical properties of the cells are important to investigate, especially under
higher strains.

Hence, in our in vitro model system, we aim at the development of a model
system to mimic the composition of the plasma membrane under strain by
pursuing a bottom-up approach. Biotin-labeled vimentin filaments are attached
to a biotin-decorated lipid bilayer via neutravidin that prevents nonspecific
binding due to its high affinity to biotin. Since the composite system needs to be
laterally stretchable by a motor-driven stretching device, the lipid bilayer is
prepared on oxidized, elastic polydimethylmethoxysilane (PDMS) by vesicle
fusion and spreading. Fluorescent beads are embedded in the PDMS to
accurately calculate the expansion of the system under strain. We found that
around 66 % of the applied strain is actually being transferred to the system.
However, crack formation in the oxide layer of the PDMS is an unwanted side
effect, which may be prevented by chemical modification (e.g. MPTMS) before
oxidizing. Concerning the properties of the membrane while stretching, two
different behaviors of the membrane are revealed: no-slip and sliding, which
depends on the oxygen plasma exposure time and therefor on PDMS
adhesiveness. In our case, we need a no-slip membrane and a vesicle pool to
refill membrane ruptures in order to enable stretching of the membrane more
than the common 5 % and to observe changes in the vimentin organization.
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Intracellular ion concentration dependent remodelling of bacterial MreB
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In many bacteria cell wall synthesis is orchestrated by the actin homolog protein,
MreB. Limited information are available regarding the variations of salt
concentrations in bacteria and the salt dependence of the polymerization MreB.
Here we measured the intracellular salt concentrations of Gram negative and
positive bacteria and described their effects on the polymer formation of MreB.
We used ionselective electrodes to measure the intracellular salt concentrations
in Leptospira interrogans, Bacillus subtilis and Escherichia coli cells. MreBs of
Leptospira interrogans, Rickettsia rickettsii and Escherichia coli were purified
from E.coli cells. Polymers were prepared and filtered with a novel method. The
examination of the salt dependence of the structure and stability of Alexa-488
labelled MreB polymers was carried out with confocal microscopic methods.
MreB polymerization rate was measured using light scattering and fluorescent
emission signals. The intracellular ionic strength varied in both Gram negative
and Gram positive bacteria. The alterations fell into the hundreds of millimolar
range. The potassium ions were in tens of millimolar concentrations in these cells
and were mostly responsible for the intracellular changes reacting to extracellular
effects. Magnesium and calcium ions, responsible for the regulation of the
cytoskeleton, were in millimolar and submillimolar concentrations, respectively.
The MreB polymerisation was the fastest in the monovalent cation concentration
range of 200-300 mM. The MreB filaments were stabilized in this concentration
range and formed large assemblies of tape like polymers that transformed to huge
sheets under higher ion concentrations. Change of calcium concentration from
0.2 mM to 0 mM, and then from 0 mM to 2 mM initialized a rapid remodelling
of MreB polymers. All these observations indicate that bacteria are sensitive to
their environment and one of the key component of their communication with
the extracellular space is manifested through the changes of the concentration of
various ions.
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Mutations in cardiac myosin-binding protein C (¢cMyBP-C) are a leading cause
of Hypertrophic cardiomyopathy (HCM), the most common inherited cardiac
disease. The pathogenicity of many genetic variants identified in HCM patients
remains challenging to define and the molecular mechanisms by which these
variants lead to HCM remain elusive. Essentially, the variants with uncertain
pathogenicity limit the reach of genetic testing in clinical practice.

We analysed pathogenicity drivers in a group of clinically annotated exonic
variants and variants of uncertain significance (VUS) of MYBPC3, the gene
encoding cMyBP-C. We integrated bioinformatics evaluation and functional
studies of RNA splicing and protein thermodynamic stability. RNA splicing of
the MYBPC3 gene was analysed using peripheral blood from variant carriers,
whereas circular dichroism measurements were carried out on purified
recombinant proteins.

We find that around 50% of pathogenic exonic mutations alter RNA splicing or
protein thermodynamic stability, both of which can lead to c¢MyBP-C
haploinsufficiency. These molecular phenotypes are not found in control, non-
pathogenic variants. Remarkably, the remaining pathogenic missense mutations
appear to result in stable proteins.

We propose that examination of protein haploinsufficiency drivers defines
pathogenicity of genetic variants associated with HCM, decisive for the clinical
management of patients and their families.

P-065

Insights into mechanisms for microtubule dynamic instability from
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Tubulins are essential and some of the most abundant proteins in eukaryotic cells.
In live cells and in vitro, tubulin heterodimers bound to guanosine triphosphate
(GTP) self-assemble into microtubules, which represent hollow cylindrical
structures, usually made of 13 parallel strands, or protofilaments. After
incorporation into the microtubule lattice at the ends of protofilaments, GTP
molecules experience hydrolysis, so the majority of tubulins in microtubule
lattice, except for a few terminal layers, transform to guanosine diphosphate
(GDP) form. It is not currently understood why, but GDP-tubulin lattice turns
out to be less stable than GTP-tubulin lattice. Therefore, when a critical number
or density of GTP-tubulins is lost from the microtubule tip, remaining GDP-
tubulin lattice depolymerizes by losing tubulin oligomers from the disassembling
end. Recent cryo electron microscopy reconstructions of microtubules in the
GDP-state and GTP-like state (in presence of a slowly hydrolyzing GTP analog,
GMPCPP), have provided the first inhibitor-free structures of tubulins and
confirmed an older underappreciated finding that tubulin dimers experience a
small but highly reproducible longitudinal compaction upon GTP hydrolysis.
The mechanistic role of this inter-dimer compaction and its relevance to
microtubule dynamics has remained elusive. Here we have carried out several
microseconds of all-atom explicit solvent molecular dynamics simulations of
tubulin oligomers to investigate effects of nucleotide phosphorylation state on
tubulin mechanics. We found that initially straight tubulin tetramers relax to very
similar non-radially curved conformations independent of the nucleotide.
Strikingly, GTP hydrolysis dramatically affected the flexibility of the inter-dimer
interface, without a strong impact on the shape or flexibility of tubulin dimers.
Inter-dimer interfaces in presence of GTP were significantly more flexible
compared to intra-dimer interfaces. We argue that such a difference in flexibility
could be key for distinct stability of opposite microtubule ends. Overall, our data
support a model, in which extended interface between GTP-tubulin dimers is
softer, compared to that between compacted GDP-tubulin dimers. Hence, GTP-
tubulin protofilaments are less energetically costly to straighten and incorporate
into microtubule lattice, at least partially accounting for the mechanism of
microtubule dynamic instability.
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Analysis of Time-Dependent Microtubule Tip Reshaping Both In Silico
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An essential but not yet fully understood feature of cytoskeletal microtubules is
their unique ability to switch from elongation to shrinkage and back. These
transitions, termed catastrophes and rescues, respectively, are crucial for
multiple microtubule functions, including search, capture and segregation of
chromosomes during mitosis. One of the obscure aspects of microtubule
elongation process is a gradual increase of the probability of microtubule
catastrophe over time. This phenomenon, referred to as microtubule aging, is
thought to be responsible for non-exponential distribution of microtubule
lifetimes and lengths, helping cells to maintain a large proportion of
microtubules at a certain length. One of the plausible hypotheses, which has
been proposed to explain microtubule aging, suggests that it may be caused by
progressive tapering of the growing microtubule tip, eventually making the
microtubule configuration less stable over time. Here we use a well-
characterized computational model to systematically analyze parameter
dependence of microtubule tapering and identify regimes where microtubule
taper is maximized, while its kinetics is slow enough to be compatible with the
experimentally observed rate of microtubule aging process. We found that
microtubule tapering in the model is favored when longitudinal bonds are
stronger than a certain threshold, and when tubulin association rate constant is
low. Modeling further predicts that the magnitude of taper is usually limited
and it rapidly comes to a plateau at most sets of parameters. This is in contrast
to existing experimental reports, based on TIRF-microscopy, suggesting that
the tapering may progress during microtubule assembly for minutes and
achieve several hundred of nanometers. Shedding light on this contradiction,
control experiments with stable microtubules in the absence of soluble tubulin,
suggest that the observed microtubule length-dependence of apparent tip taper
could be attributable to TIRF-microscopy limitations. Staggered TIRF- and
EPI-fluorescence microscopy measurements revealed no linear increase in the
extent of the tip tapering over time judging by fluorescence intensity decay at
the microtubule extremity, which favored no persistent changes in the tip
structure to rationalize aging. Together, our results provide alternative
explanation of the given theoretical and experimental data while appealing to
new investigations to elucidate microtubule aging mechanism.
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Viscoelastic properties of crosslinked actin filament networks

X. Wang, H. Zhu, D. Kennedy.

Cardiff University, Cardiff, United Kingdom.

Actin filaments (F-actin) that locate just beneath the cell plasma membrane could
be crosslinked into a thin film network by actin binding proteins (ABPs). Among
these different actin binding proteins, filamins prefer to crosslink actin filaments
into a complex orthogonal network structure. As a crucial substructure of cell
cytoskeleton, the crosslinked actin filament network (CAFN) plays a major role
in different cell functions, such as cell migration, cell division and signal
transduction. In physiological conditions, the extra cellular matrix (ECM), cells
and cytoskeleton could deform largely in response to external force or internal
contraction, and thus show obvious viscoelastic properties. However, the
viscoelastic bahaviour of crosslinked actin filament network is not well
understood because of the extreme complexity of its structure. In order to study
the viscoelastic properties of crosslinked actin filament networks, a three
dimensional representative volume element (RVE) model is developed by finite
element method (FEM) according to the physiological conditions. Periodic
boundary conditions and free boundary conditions are adopted in this model. The
creep and relaxation behaviour of crosslinked actin filament network are studied
by conducting numerical simulations and results show good agreement with
experimental measurements. Moreover, the influences of load frequency and
amplitude on the dynamic shear modulus of crosslinked actin filament network
are also obtained and compared with results reported in literature.
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The role of the amino terminal domain in modulation of connexin36 gap
junction channels by intracellular pH and magnesium ions concentration
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Connexin36 (Cx36) form gap junction (GJ) channels in the pancreatic beta
cells and is also the main connexin (Cx) forming electrical synapses between
neurons in the mammalian CNS. As compared to other Cxs, Cx36 GJ channels
exhibit a distinctive response to intracellular pH (pH;) and Mg?* ion
concentration ([Mg?'];) . In this study, we used dual whole-cell patch clamp
technique and site-directed mutagenesis to evaluate the role of amino terminus
(NT) domain in Cx36 GJ channel modulation by pH; and [Mg?'];. Substituting
negatively charged glutamates at the 3" and 8" positions of Cx36 to neutral
amino acid glutamine resulted to increased sensitivity of junctional
conductance (g;) to [Mg*]; and pH;. Electrostatic analysis of homology
structural models suggested that these mutations reduce negative electrostatic
potential at the entrance into the channel pore at cytoplasmic side. Presumably,
this could restrict the influx of Mg?" ions into the channel pore and limit its
concentration near a putative binding site at 47" position in extracellular loop.
Moreover, we demonstrated that substitution of neutral amino acids at the 13"
and 18" positions to a positively charged lysine produced a decreased
sensitivity to pH; and [Mg*']; as compared to wild-type Cx36. Electrostatic
analysis showed that these substitutions shift the surface potential of channel
pore towards positive side. We hypothesize that these changes in surface
potential near the pore entrance could act as an electrostatic barrier which
would disturb passage of Mg?* and H' through the channel pore. Furthermore,
control experiments in mutants with substitutions of neutral-to-neutral residue
at the 5" and 18" positions did not show significant changes in g; sensitivity to
pH; and [Mg?'];. Thus, our electrophysiological and modelling data suggest that
amino acids in NT domain could play an important role for pH; and [Mg*'];
sensitivity of Cx36 channels through electrostatic mechanisms by the
regulation of ion permeation near the pore entrance at cytoplasmic side.
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Ionizing radiation effects on human cell cytoskeleton
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Neuroscienze, Universita di Parma, Parma, Italy; *3Dipartimento di Fisica,
Universita di Trento; TIFPA — Trento Institute for Fundamentals Physics and
Applications, Trento, Italy; *Abbelight, Paris, France; *Dipartimento di
Medicina e Chirurgia, Unita di Neuroscienze, Universita di Parma; Centro
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The aim of this investigation is to study the structural damages borne to the cell
cytoskeleton by ionizing radiations (IR) such as X-rays and protons. The study
wants to bring on the same page DNA and cytoskeleton as targets of IR damages.
To figure out how IRs behave, radiobiologists have always looked at genomic
DNA, as main IRs biological target and many assays have been depicted to
connect the such damages with the IRs effects on the cells. In this work, we
would like to correlate the different Relative Biological Effectiveness (RBE)
between X-rays and protons with new proposed integrity parameters. RBE
values connected to cell inactivation are trustable to predict tumor control
probability, but they prove to be inadequate in case of normal tissue behavior.
For this reason, our work is mainly focused on the Hs 578Bst, a non cancer, non
immortalized, human breast epithelial cell line. The cell line is irradiated with
protons at the Proton Therapy Centre of Trento (Italy) and with X-rays at Trento
Institute for fundamental physics applications — TIFPA (Italy). Both the
irradiations were performed 24h after cell seeding. Then cells are fixed and the
cytoskeleton stained to be investigated by Atomic Force Microscopy (AFM) and
Stochastic Optical Reconstruction Microscopy (STORM). Results about the
effects of 4 and 8Gy absorbed doses delivered by protons and 4, 8 and 25Gy
absorbed doses delivered by X-rays, are presented.
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Ultrafast imaging and tracking of protofilaments during the microtubule

disassembly
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Microtubules are highly dynamical cellular structures governing range of

functions including motion and intracellular transfer. The dynamics of

microtubules is associated with alternating periods of assembly and disassembly.

Electron micrographs provide still images of the disassembling microtubule

suggesting a structural transition from straight protofilament embedded in the

microtubule lattice to curled protofilament at the microtubule tip sometimes
referred to as “ram’s horns” [1]. Despite the focused effort of dynamics tracking,
force analysis and molecular dynamics simulations no method has directly
visualized protofilaments during microtubule disassembly at sufficient
spatiotemporal resolution to understand the formation of the elusive ram's horns.

Our experimental approach is direct optical tracking of 3-dimensional position

of a single protofilament rendered by a small scattering label attached to a single

tubulin. In the tracking experiment we use interferometric detection of scattering

(iSCAT) [2] allowing us to localize scattering labels of 30 nm diameter with

precision better than 2 nm [3] in all three dimensions [4] and with temporal

resolution of 22 ps.

We show the complex dynamics of protofilament peeling involving series of sub-

millisecond excursions of protofilaments in a rapidly evolving interaction

potential taking place hundreds of milliseconds prior to final tubulin release.
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Activation of human aortic valve interstitial cells by local stiffness in
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Differentiation of valve interstitial cells (VICs) into pro-calcific cells is one of
the central events in calcific aortic valve (AoV) disease (CAVD). A contribution
of mechanical factors to such disease has been recently hypothesized due to the
cyclic load that valve tissue withstands during cardiac cycle and the
susceptibility of VICs to mechanical forces supporting their role as tissue
‘mechanosensors’. Here, we investigated the role of mechanical compliance on
activation of VICs obtained from patients with valve stenosis and valve
insufficiency. We employed a 2D culture system onto polyacrylamide gels with
atomic force microscopy (AFM) controlled elastic modulus to establish
correlations  between nuclear translocation of mechanically-activated
transcription factor YAP and substrate mechanical compliance. We found that
high stiffness levels determined YAP nuclear translocation with a different
dynamics in cells from the two pathologic settings, thus revealing a pathology-
specific VICs response to mechanical cues. In stenotic VICs, YAP nuclear
translocation was associated to stiffness-dependent formation of stress fibers,
adhesion complexes, and loading of aSMA onto F-Actin cytoskeleton. AFM
force mapping performed along radial sections of human calcific valve leaflets
identified, finally, areas with high and low levels of rigidity within a similar
range to those controlling YAP nuclear translocation in vitro. Since VICs
juxtaposed to these areas exhibited nuclear localized YAP, we conclude that
subtle variations in matrix stiffness are involved in mechanosensing-dependent
VICs activation and pathological differentiation in CAVD.
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Role of Rab8A and Caveolin-1 in the
mechanotransduction and cholesterol trafficking
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Rab8A is a small GTPase involved in the regulation of intracellular traffic and
cell shape. Preliminary data from our lab and others showed that Rab8A and
Caveolin-1 participate of complementary traffic pathways. Given the key role of
Caveolin-1 in mechano-transduction, we hypothesized that Rab8A activity and
localization might be sensitive to changes in membrane tension. Using cell
stretching and osmotic shock experiments, we demonstrate that Rab8A is
recruited to the plasma membrane upon changes in membrane tension.
Moreover, PM rupture induced by laser ablation promoted Rab8A recruitment to
the damaged site. Since Rab8A is involved in cholesterol efflux, we are exploring
its function in lipid homeostasis, and the potential relevance of such function for
mechanoadaptation. Preliminary data obtained from CRISPr/Cas9-edited
Rab8AKO cells suggest that feedback systems regulating cholesterol
homeostasis require Rab8A. Rab8AKO cells exhibit a blunted response to
cholesterol deprivation (i.e. reduced induction of SREBP2 activation and of the
upregulation of the mevalonate synthesis pathway). Further supporting an
important role for Rab8A in the regulation of cholesterol trafficking, Rab8 over-
expression per se normalizes cholesterol levels at the endosomal compartment
in Cav1KO cells. Our observations support a model whereby Rab8 plays a key
role in both mechano-transduction pathways and cholesterol homeostasis. We
propose that Rab8A is a candidate regulator coupling mechanoadaptation to
cholesterol homeostasis through mechanisms intersecting with Cav1 function.

interplay between cell
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The Mechanical Work of Vinculin Binding to Talin Regulates Vinculin
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Talin is a multidomain protein that bridges the extracellular matrix with the
active cellular cytoskeleton in focal adhesions; hence, talin is a molecular adaptor
that works as a force sensor to allow the cell to communicate mechanically with
its environment. Talin is a promiscuous protein, and a multitude of molecular
partners are known to bind talin at different stages of the mechanosensitive
signaling pathways. Among them, vinculin stands particularly out, given that it
binds to at least 11 of the talin helices to recruit the actin filaments, and that all
of these sites are cryptic; talin must be mechanically unfolded in order for
vinculin to bind. Therefore, the interaction between talin and vinculin requires
of force spectroscopy techniques to be studied. Previous work has demonstrated
that vinculin locks talin in an unfolded state, and that this state can be reversed
if the force is increased, suggesting a feedback regulatory mechanism in this
mechanosensing pathway. However, the origin of this effect is unknown, and the
force range under which the talin-vinculin complex is stable has not been
accurately measured. Here, we focus on the R3 domain of talin, and use our
magnetic tweezers force spectrometer to directly observe the binding of vinculin
to talin over a large range of forces and timescales. Our experiments demonstrate
that vinculin binding is always preceded by a ~3 nm contraction of the unfolded
talin polypeptide, which, interestingly, does not occur steeply, but rather with a
slow ~500 millisecond-long time-scale. This observation implies that vinculin
binding to talin does mechanical work, which might be the cause for the
inhibitory effect at high forces. We measure the probability of vinculin binding
in the range from 4 to 50 pN, and determine that binding occurs optimally
between 8.5 and 15 pN. Our results are accurately represented by a simple
analytical theory that combines the unfolding dynamics of talin, and the
mechanical work necessary to contract a stretched polymer, which establishes
the physical grounds for the formation of this complex. We propose this to be a
universal mechanism for ligand binding to substrates extended under force.
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AFM cantilever with integrated microfluidics for probing single-cell
mechanosensitivity and membrane fusion
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Both micropipettes and AFM force spectroscopy have brought many new
insights in membrane and single-cell biophysics. However, both techniques have
inherent drawbacks, like the missing force feedback for micropipettes, and the
limited probe attachment possibilities for AFM. Here, we introduce fluidic force
microscopy, short FluidFM, that overcomes both of those limitations, and
present its applications for the study of single-cell mechanosensitivity and
membrane fusion.

FluidFM makes use of AFM cantilevers with integrated microchannels that end
in a nano- to micron-sized aperture. Hereby, we are able to exert and control
mechanical forces and pressures simultaneously. On one hand this tool is used
as a force-controlled micropipette, e.g. for better control in cellular
mechanosensitivity measurements. On the other hand, the microfluidics is used
for versatile probe attachment to the AFM cantilever, enabling e.g. force
spectroscopy with lipid vesicles.

In the study of single-cell mechanosensitivity, the FluidFM cantilever is brought
into force-controlled contact with adherent cells, and pressure pulses are applied
through the microchannel. By using a calcium sensitive fluorescent dye inside of
the cells, we can detect the opening of mechanosensitive ion channels by the
influx of calcium into the cell. With this method we investigated various cell
lines such as Piezo 1 overexpressing and knock-out HEK cells, C2C12 cells and
fibroblasts. So far, we showed the influence of the contact force on the cellular
response to applied pressures and could detect differences in mechanosensitivity
between cell types.

For studying membrane fusion, giant unilamellar vesicles (GUVs) are attached
to the tip of the cantilever by applying constant negative pressure to the
microchannel. These AFM probe-attached vesicles can then be brought into
force-controlled contact with supported lipid bilayers, immobilized GUVs, and
adherent cells. By incorporating fluorescent probes into the lipid bilayer, several
microscopy techniques such as total internal reflection fluorescence (TIRF)
microscopy and fluorescence recovery after photobleaching (FRAP) can be used
to study bilayer fusion as a function of contact force and time.

All in all, the application of FluidFM for studying mechanosensitivity and
membrane fusion promises new insight in both biophysical fields by adding
force as a controllable parameter.
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Piezo proteins as molecular correlates of mechanosensitive ion channels
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V. Chubinskiy-Nadezhdin, I. Vassilieva, V. Vasileva, A. Sudarikova, L.
Shuyskiy, M. Shilina, Y. Negulyaev.

Institute of Cytology RAS, St.Petersburg, Russian Federation.

Human adult mesenchymal stem cells derived from desquamated endometrium
(eMSCs) are promising candidates for use in regenerative medicine due to their
availability and non-invasive isolation protocols. Mechanical signals were
shown to control a number of crucial cellular reactions in stem cells including
proliferation, gene expression, growth, migration, differentiation, and signal
transduction. One of the major players in the processes of membrane
mechanotransduction are mechanosensitive non-selective Ca*’-permeable
channels whose activity is controlled by plasma membrane stretch (stretch-
activated channels, SACs). Mechanosensitive channel proteins of Piezo family
were shown to represent molecular correlates of native SACs in various cells and
tissues, including several types of stem cells. In our previous study on eMSCs,
we registered the activity of SACs having biophysical characteristics close to
Piezo channels. Current work was aimed at confirmation of functional
expression of Piezo channels. RT-PCR data allowed to detect PIEZO1 and
PIEZO2 transcripts in eMSCs. Consistently, immunofluorescent staining
confirmed the presence of Piezol and 2 proteins. Importantly, calcium imaging
using ratiomeric dye Fura2AM demonstrated, that Yodal, a selective chemical
Piezol agonist, induced bi-phasic Ca®" entry in eMSCs indicating functional
expression of Piezo1 channels in the plasma membrane. Further experiments will
be aimed at revealing the role of Piezo1/2 channels in physiological reactions of
eMSCs. The work was supported by RSF grant Ne18-15-00106.
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Adipocytes work as dynamic lipid stores, undergoing remarkable changes in cell
volume in order to meet the energetic needs of the organism. Adipose tissue
stiffness has been postulated as a modulator of cardiovascular risk factors and
tumour progression, stressing the relevance of the adipocyte mechanical
microenvironment in adipose tissue function and organismal homeostasis. Loss
of caveolin-1, the main component of caveolae, an established membrane
mechanosensor, results in adipose tissue dystrophy in murine models and human
patients, suggesting a crucial role for mechanical factors in adipose tissue
development and physiology. Histopathological analysis revealed a progressive
increase in interstitial fibrosis in Cav1-null adipose tissue, concomitant with a
decrease in adipocyte size and an increase in adipocyte circularity, evidencing
reduced adipocyte expansion ability and shape plasticity. Using Atomic Force
Microscopy, we measured the stiffness of visceral adipose tissue explants and in
vitro differentiated adipocytes, finding altered biomechanical properties in Cav1-
null adipose tissue, which where independent from the development of fibrosis.
Our preliminary data suggest that these mechanical alterations can modulate
adipocyte size, confirming that changes in adipocyte mechanical environment
can result in a significant impact in adipose tissue functionality.

P-077

In vivo titin oxidation as a regulator of muscle elasticity
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Titin is the sarcomeric protein responsible for the passive elasticity of striated
muscle. Its mechanical properties are determined by unfolding and refolding
equilibria of the immunoglobulin-like (Ig) domains of the I-band. Recent studies
have shown that redox posttranslational modifications of cysteines located in
these domains modulate the elasticity of titin in vitro. However, the identity,
extent and specific residues targeted by these modifications in vivo remain
unexplored. Here we show for the first time that titin is oxidized in vivo and that
oxidative modifications target conserved cysteines of the mechanically active Ig
domains. We have optimized a method for in-gel determination of oxidized thiols
by fluorescent labelling, which has allowed us to prove that titin’s cysteines are
remarkably oxidized when compared to other sarcomeric proteins, such as
myosin. By mass spectrometry, we have also found that conserved cysteines
previously described in vitro as mechanically relevant are in fact oxidized in vivo.
The characterization of redox posttranslational modifications of titin opens a new
avenue to a better understanding of the modulation of muscle elasticity in health
and disease, and could explain the pathological effects of an altered redox status,
such as during myocardial infarction and ischemia.
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Impact of lipid composition and ion channel on the mechanical behavior of
axonal membranes: a molecular simulation study
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Traumatic brain injury is one of the most frequently occurring types of brain
injury in which a mechanical force injuries the brain. It is currently thought that
the mechanism behind traumatic brain injury is a supra-threshold deformation of
the axons. Axonal membrane integrity is critical for axons functionality and its
damage might lead to neurological disease. Naturally occuring membranes
contain hundred types of different lipids and are crowded with proteins. In
particular, voltage-gated ion channels are embedded in the axonal membranes to
promote ion conductance through the axon.

Here we aim to elucidate the role of lipid content and embedded proteins on the
mechanical behavior of lipid bilayers. To achieve this, we use molecular
dynamics simulations together with an atomistic and coarse-grained descriptions
of the molecular system. We simulate the lipid bilayers in presence or absence
of proteins at equilibrium and under deformations. We have used both simple
three component lipid bilayers and complex bilayers accounting for asymmetry
between two bilayer leaflets and containing 63 different types of lipids in plasma
membrane.

Sphingomyelin/phospholipid/cholesterol and
galactosylceramide/phospholipid/cholesterol bilayers were used to distinguish
the role of sphingomyelin and galactosylceramide lipids, which represent the
main difference in lipid composition between plasma membrane and myelin
sheaths. The result shows that galactosylceramide lipids increase the stiffness of
the membrane compared to sphingomyelin and/or phospholipids, thanks to the
sugar headgroup interactions and H-bond network with phospholipids. Both
galactosylceramide and sphingomyelin make membranes more resistant to water
penetration than phospholipids.

A plasma-type membrane model was used to study mechanoporation of the
axonal membrane in presence and absence of sodium channel protein type 1
subunit alpha (Navl.l). The protein was modelled using the cryo-electron
microscopy structure of NaPa$ as template. We have found that both the system
stiffness and mechanoporation are affected by the presence of the protein:
membrane containing Navl.l can withstand 38% higher strain than without
protein. Moreover, the poration occurs in bilayer region lacking
galactosylceramide lipids. Finally, by combining molecular model of membrane
and continuum model of axon, we provide a realistic model for studying the
axonal injury mechanism.
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Role of glomerular biophysics in regulating diabetic
kidney injury

L. Ulloa Severino', X. He?, C. Yip', D. Yuen'.

"University of Toronto, Toronto, Canada; 2St. Michael's Hospital, Toronto,

Canada.
Background: In the last decade there has been a rapid increase in the
patients with diabetic nephropathy. A major site for diabetic damage in the
kidney is the glomerulus, a specialized tuft of capillaries that serves as a
blood filter. Scarring is an important and common manifestation of diabetic
glomerular injury. Produced primarily by fibroblast-like mesangial cells,
this scar tissue can over time obliterate and compress the surrounding
capillaries. The end result of this scarring process is reduced blood filtration
and kidney failure. Studies of mesangial cell activation have historically
focused on biochemical stimuli (eg. high glucose, transforming growth
factor-B, angiotensin II). However, increasing evidence suggests that
biomechanical stimuli such as extracellular matrix stiffness can also play
important roles in regulating fibroblast activation. In particular, much
attention has recently focused on the mechanosensory transcription co-
factors YAP and TAZ in linking matrix stiffness to fibrogenesis.
Interestingly, recent studies have suggested that glomerular stiffness
changes following injury, although to date glomerular stiffness has not been
studied in the diabetic kidney.
Hypothesis: Glomerular stiffness increases following injury, and this
stiffening leads to mesangial cell activation.
Results: Using atomic force microscopy (AFM), I have shown in
experimental diabetic nephropathy that glomeruli stiffen as diabetes
progresses. At both early and late stages of diabetic kidney injury,
glomerular stiffness correlated with the degree of glomerular scarring.
Glomerular cell YAP/TAZ activity was also increased in diabetic animals
when compared to their wild type littermates, as evidenced by increased
YAP/TAZ nuclear localization within glomerular cells.
Conclusion: Taken together, these data suggest that stiffness may be an
important determinant of mesangial cell activation and glomerular scarring.
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THE EFFECT OF PF74 ON HIV-1 CAPSID STABILITY AND REVERSE
TRANSCRIPTION-INDUCED DISASSEMBLY
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The RNA genome of human immunodeficiency virus type 1 (HIV-1) is enclosed
inside a capsid shell that disassembles within a cell in a process known as
uncoating. Using time-lapse atomic force microscopy of purified HIV-1 cores,
we recently showed that the pressure inside the capsid increases during reverse
transcription, which leads to a complete rupture of the capsid near the narrow
end of the cone. High-resolution mechanical mapping revealed the formation of
a stiff coiled filamentous that disappears when the stiffness of the capsid drops.
If the capsid stability is too high (e.g. with the E45A CA mutant), the force
generated during reverse transcription is not sufficient to breach the capsid
structure. We now show that binding of the CA-targeting inhibitor PF74 to
capsids assembled from CA protein in vitro and to HIV-1 isolated cores increases
the stability of the capsid in a concentration-dependent manner. At a PF74
concentration of 10 uM, the mechanical stability of the core is elevated to a level
similar to that of the hyperstable capsid mutant E45A. In contrast to HIV-1 cores
without PF74, which undergo complete disassembly after 24 h of reverse
transcription, cores with PF74 only partially disassemble: specifically, the main
body of the capsid remains intact and stiff, but a cap-like structure dissociates
from the narrow end of the core. Moreover, the internal coiled structure is formed
and persists throughout the entire duration of the measurement (~24 h). Our
results provide direct evidence that PF74 directly stabilizes the HIV-1 capsid
lattice, thereby permitting reverse transcription while interfering with a late step
in uncoating.
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Effects of experimental antiviral comp on the 1 properties
and equilibrium dynamics of the human immunodeficiency virus capsid
lattice
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Recent findings indicate that the infectivity of viruses may be dependent on their
degree of mechanical stiffness. Moreover, we have just found that certain
compounds binding to hydrophobic pockets in the rhinovirus capsid exert their
antiviral effect by stiffening the virus particles. We have undertaken a detailed
biophysical exploration of the effects of experimental antiviral agents on the
mechanical properties and equilibrium dynamics of a virus capsid. As a suitable
model we have used the mature capsid of the human immunodeficiency virus
(HIV) assembled as a bidimensional protein lattice on a flat solid surface. Results
so far using atomic force microscopy reveal that mechanical stiffness, strength
against mechanical disruption and equilibrium dynamics of the HIV capsid
lattice may be significantly altered in complex ways in the presence of small
antiviral compounds that were previously known to interfere with the assembly
and/or stability of the HIV capsid. The biomedical and nanotechnological
implications of these results will be discussed.

d h
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Shear flow promotes isotropic redistribution of fibrin fibers inside
glycosylated fibrin networks

L. Piechocka', N. Wolska?, B. Luzak?.

'Institute of Fundamental Technological Research Polish Academy of Sciences
(IPPT PAN), Warsaw, Poland; Medical University of L6dz, L6dz, Poland.
Fibrin networks form at the border of injured blood vessel wall, preventing
bleeding and promoting wound repair. /n vivo, the formation of fibrin clots takes
place in the presence of flowing blood that exerts a continuous shear force on the
structure. While it is commonly known that the external force affects mechanical
properties of fibrin clots, the exact role of shear flow in the bulk organization of
fibrin networks and the response of individual fibrin fibers within fibrin clots still
remains poorly understood. Here, by using combined mechanical (parallel-plate
flow chamber) and optical (confocal microscopy) methods we follow in situ
changes in the spatial organization of individual glycosylated fibrin filaments in
the presence of shear flow. Glycation of fibrinogen, and subsequently fibrin, is a
natural process taking place under normal physiological conditions. However,
excess glycation, as observed in diabetes states, yield formation of modified
fibrin clots with more compact and difficult to lyse structure. We show that shear
flow deformations can directly affect orientation of individual glycosylated
fibrin fibers by promoting their highly isotropic distribution within fibrin clots.
Such shear flow-induced reorientation of fibrin fibers may impact the bulk
permeability of the whole clot, and consequently influence the diffusion of blood
cells and/or thrombolytic components through fibrin mesh. Our results highlight
thus the direct role of shear flow in reorganization of fibrin networks at the level
of individual fibrin filaments, and reveal its importance in modulating the
response of fibrin clots in diabetic conditions.

P-083

Supracellular Mechanical Architecture of the Intact Bone
Microenvironment

X. Chen, R. Hughes, N. Mullin, R. Hawkins, I. Holen, N. Brown, J. Hobbs.
University of Sheffield, Sheffield, United Kingdom.

We introduce an improved platform based on atomic force microscopy (AFM)
to quantify the mechanical architecture of the intact bone microenvironment
(BMev) within regions of interests (metaphysis, cortical bone, marrow and
growth plate). The elastic modulus of all regions was found to be highly
heterogeneous on supracellular scale, ranging over 3 to 4 magnitudes, and could
be down to only few Pas. Such unique architecture provides ‘soft channels’ for
cell migration and consequently may impact a substantial number of active
biological processes involving cell migration, such as bone remodelling and
cancer metastasis.

We collected the force generated by indentation of the fresh (un-fixed) murine
bone tissue in physiological buffer and the subsequent relaxation process, on
either individual points distributed over the bone surface or a micro scale array
(i.e. AFM force map). The Young’s moduli, extracted from weighted Sneddon
model fit, of all BMev regions are overall much lower than the values from
individual cells or bulk tissues. This is likely due to the tissue hydration and
natural supracellular structures maintained relatively intact in our study. The
viscoelastic model describes the mechanical response better than elastic model,
and indicates that the instantaneous elastic response can be neglected in almost
all BMev regions. Both elastic and viscoelastic properties were found to be
significantly different between the various BMev regions as well as between
bones from young and mature mice.

High resolution AFM force maps show highly heterogeneous mechanical
properties and corresponding morphology at a supracellular level, in particular
in the metaphysis and cortical bone. We also demonstrate the ability to further
correlate such maps with tissue components by combining in-situ and ex-situ
fluorescent BMev images. This improved AFM based system is powerful for
further characterisations of bones in the presence of stimuli (e.g. hormones,
cancer cells and drugs) or other complex tissues.

P-084

Super-resolution microscopy reveals nano-hubs of spatially segregated
proteins within focal adhesions

S. Keary, N. Mateos, F. Campelo, M. Garcia-Parajo.

ICFO- The Institute of Photonic Sciences, Castelldefels, Spain.

Focal Adhesions (FA) are mechanosensitive complexes that connect the
extracellular matrix (ECM) with the actin cytoskeleton. This is achieved
through clustered integrins, their ligands in the ECM, and an internal dynamic
protein complex linking the cytosolic domain of integrins with the actin
cytoskeleton. In contrast to the established view that FAs are homogenous
micron-scale protein assemblies, recent super-resolution imaging and single
molecule dynamic approaches are challenging this view. These studies suggest
that FA molecular components are highly organized in the axial direction
establishing segregated layers of functional activity. Recent data also indicates
that similar type of nanoscale modularity might exist in the horizontal plane of
FAs. Here, we present a set of experiments aimed at dissecting the lateral
nanoscale organisation of different proteins as a function of FA maturation. By
combining quantitative multicolour STED and STORM nano-scopy we
revealed that main protein actors involved in FAs, i.e. paxillin, talin and
vinculin, are organised in segregated nanoclusters within FAs. Whereas paxillin
nanoclusters are mostly concentrated inside FAs, both vinculin and talin
nanoclusters were found inside and outside mature FAs, albeit at different
densities and molecular packing. Paxillin and vinculin nanoclusters inside FAs
are spatially segregated at around 80nm while talin nanoclusters were found to
be more sparsely distributed and exhibit a larger variation in nanocluster sizes
and molecular density. This larger heterogeneity of talin organization might
result from the highly dynamic spatiotemporal organization and segregation of
inactive vs. active integrin nanoclusters within FAs. As a whole, our data
indicate a highly complex spatiotemporal organization within FAs with
different proteins forming nano-hubs of activity. The duration and strength of
the protein interactions inside these hubs are highly regulated not only in the
axial direction but, importantly, also in the horizontal plane of FAs.

P-085

Bacterial cell wall mechanical damage studied by simultaneous

nanoindentation and fluorescence microscopy

A. Del Valle', P. Bondia', C.M. Tone', V. Vadillo?, C. Flors'.

'IMDEA Nanoscience, Madrid, Spain; Department of Applied Physics

(University of Extremadura), Badajoz, Spain.

We have developed an experimental protocol to perform simultaneous AFM

nanoindentation and fluorescence imaging on immobilized bacterial cells,

with the goal of finding potential correlations between nanoindentation
conditions and damage to the bacterial cell wall. The latter is assessed by
quantifying the fluorescence enhancement kinetics arising from propidium
iodide (PI), a marker for membrane integrity. Two types of bacteria with
different cell wall composition, E. coli (Gram-negative) and B. subtilis
(Gram-positive) are compared. Our main observation is that a correlation
exists between the magnitude of the force applied to rupture the cell wall
and the delay of the PI fluorescence response. We have also observed that
there are other influential parameters in these experiments, such as the
bacterial immobilization method or the cell cycle phase. Indeed, bacteria are
easier to puncture during or just after replication. Other parameters, such as
tip geometry or indentation pattern, are being investigated. While previous
studies have shown that bacteria are rather resilient to AFM nanoindentation

[1], our experimental strategy using simultaneous fluorescence detection of

PI in a systematic and quantitative way may help to provide a deeper insight

into the range of forces that are relevant to “mechano-bactericidal”

mechanisms of action [2].

[1]  Z.Suo, R. Avci, M. Deliorman, X. Yang, and D. W. Pascual, “Bacteria
survive multiple puncturings of their cell walls,” Langmuir, vol. 25,
no. 8, pp. 4588-4594, 2009.

[2] C. Moraes, R. D. Rogers, P. Berton, N. Lin, and N. Tufenkji,
“Nanodarts, nanoblades, and nanospikes: Mechano-bactericidal
nanostructures and where to find them,” Adv. Colloid Interface Sci.,
vol. 252, pp. 55-68, 2017.

@ Springer



European Biophysics Journal (2019) 48 (Suppl 1):S1-S264

S101

P-086

How do Cells Sense Physical Forces? Cellular Mechanosensing and
Motility in Bi tic 3D Envir ts

V. Venturini', F. Pezzano?, M. Marro®, P. Loza-Alvarez’, M.A. Valverde De
Castro®, S. Wieser®, V. Ruprecht®.

'ICFO - The Institute of Photonic Sciences, Barcelona, Spain; 2CRG, Center for
Genomic Regulation, Barcelona, Spain; *ICFO - The Institute of Photonic
Sciences, Castelldefels (Barcelona), Spain; “Universitat Pompeu Fabra,
Barcelona, Spain.

The cellular microenvironment regulates processes such as cell
division, cell migration and cancer progression. Cells in vivo constantly sense
the physical properties of the environment such as adhesion and mechanical
confinement and - accordingly to them - switch in between different migration
modes. Embryonic progenitor stem cells derived from zebrafish embryos under
mechanical confinement show Myesin II enrichment at the cell cortex. As a
consequence cell contractility increases and eventually transforms cells from a
non motile to a highly migratory phenotype, termed stable bleb (Ruprecht et al,
2015). This amoeboid transformation is highly conserved in between different
cell types (Liu et al, 2015). However, how single cells are able to sense a physical
force and how Myosin II is activated under confinement is still unknown. Here,
by combining quantitative imaging with an interference approach, we identified
a conserved minimal set of proteins necessary for cell mechanosensation. These
two proteins allow the cells to sense the mechanical confinement and to
differentiate between compression and inflation exemplified by hypotonic stress.

The tight interplay between nuclear membrane tension and
intracellular calcium levels controls the mechanosensitive machinery which
further activates myosin II and leads to the stable bleb motility transformation.
We show that mechanical confinement induces nuclear membrane (INM)
unfolding followed by INM tension increase and, in the presence of high calcium
levels, cytosolic phospholipase A2 (cPLA,) translocation to the inner nuclear
membrane. cPLA; cleaves fatty acids, releasing arachidonic acid (AA) which
further regulates TRPV4 channels and Ca?* entry. Inhibition of TRPV4 related
Ca’" entry and cPLA, functioning completely blocks the mechanosensitive cell
transformation. Altogether, the interrelated function of nuclear membrane
tension and Ca*" levels specify a novel mechanosensation module capable of
reading mechanical force and osmotic inflation from the cell’s
microenvironment, with important impacts for amoeboid migration in diseases
and cancer.

P-087

Active  transport confers specific, tuneable, and
mechanosensitivity to nucleocytoplasmic shuttling.

L. Andreu, I. Granero-Moya, V. Gonzalez-Tarragd, P. Roca-Cusachs.
IBEC, Barcelona, Spain.

YAP is a transcriptional regulator with roles in development, cancer and
regeneration, which has been described to be mechanosensitive. Forces applied
to the nucleus increase the nuclear accumulation of YAP by enhancing its active
import through nucleopores [1]. However, the mechanism by which forces to the
nucleus affect the active import of YAP, or any other protein, is unknown. Here
we studied how forces to the nucleus regulate the active transport of molecules
through nucleopores. We combined static and dynamic measurements of nuclear
import signals (NLS) and nuclear export signals (NES) of various binding
constants to karyopherins. We plated mouse embryonic fibroblasts transfected
with GFP-NLS on substrates of different rigidity, and observed that the nuclear
to cytosolic ratio increased for high substrate rigidity (where the forces applied
by cells to their nucleus are higher). However, the nuclear to cytosolic ratio
decreased with rigidity for GFP-NES. When we exerted forces to the nucleus by
a bead attached to an AFM cantilever, we measured that GFP-NLS and GFP-
NES respectively increased or decreased their nuclear to cytosolic ratio,
indicating that forces to the nucleus enhance active transport across nucleopores
in both directions. We also measured the dynamics of active transport through
the nucleopores on gels of different rigidities by optogenetically activating a
basally caged NES within an NLS-containing construct. We observed that both
import and export dynamics are increased with rigidity. Our study shows a
general mechanism where rigidity increases active transport through nucleopores
by exerting forces to the nucleus, which could explain how cells regulate the
specificity of transcriptional program activation in response to mechanical cues.

reversible
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Effect of therapeutic agents on tumor cell compartments studied by local
measurement of cell stiffness via Scanning Ion-Conductance Microscopy
V. Kolmogorov', A. Alova®, A. Yudina', A. Garanina®, A. Erofeev?, I. Kireev',
A. Majouga*, C. Edwards®, Y. Korchev®, P. Novak®, N. Klyachko'.

'Lomonosov Moscow State University, Moscow, Russian Federation;
2NanoProfiling LLC, Skolkovo Innovation Centre, Moscow, Russian
Federation; *National University of Science and Technology «MISiS»,
Moscow, Russian Federation; “D. Mendeleev University of Chemical
Technology of Russia, Moscow, Russian Federation; *ICAPPIC Limited,
London, United Kingdom; ‘Imperial College London, London, United
Kingdom.

Stiffness measurement of single cell via Scanning Ion-conductance Microscopy
(SICM) is a novel method of studying cell mechanical properties. Due to the
work principle of SICM [Korchev et al., 2009], which is allow to topography
mapping with lateral and vertical nanoscale resolution. Also, it’s possible to
provide simultaneously stiffness mapping, due to applying low stress on cell
surface [Clarke et al., 2016], whose nature is intrinsic colloidal pressure between
nanopipette tip and cell membrane. Nanoscale diameter of nanopipette tip allows
to obtain cell stiffness distribution on different parts of single cell. We report cell
stiffness measurement of drug-induced alterations in cancer cell compartments
studied by SICM, specifically, we measured fibrosarcoma cells (HT1080)
transfectioned with Progerin, which is integrate in protein structure of nucleus
membrane. Progerin was modified with GFP fluorescence dye (GFP-Progerin).
Also, we analysed human prostate cancer cell line PC3 subjected with Paclitaxel
for microtubulin stabilization and Cytochalasin-D for actin depolymerization.
Experiments with GFP-Progerin were provided in heterogeneous population of
HT1080 with control and GFP-Progerin transfectioned cells. Control cell
stiffness measurement shows ~1.7kPa and ~0.7kPa, when GFP-Progerin treated
cells increased value only on nucleus area (~2kPa). In control and treated PC3
cells we measured cell stiffness upon the nucleus area and cytoplasm area, which
are show two different values in control cells (~1.3kPa and ~0.8kPa,
respectively). Measured stiffness after Paclitaxel treatment shows significantly
increased stiffness value on nucleus area and cytoplasm area (~4kPa and
~1.8kPa), whereas Cytochalasin-D treatment reduced cell stiffness only on
cytoplasm area (~0.5kPa). As we can see, SICM-base measurement of stiffness
shows different effects Paclitaxel, Cytochalasin-D, Progerin on cancer cell
compartments, including actin, microtubulin and nucleus membrane,
respectively. Drug-induced disruptions of these cell compartments lead to cell
mechanical properties alteration, depending on inhibition mechanism.

P-089

Hierarchical biointerfaces as smart cellular mechanoselective surfaces

M. Alameda, M. R. Osorio, J.J. Hernandez, 1. Rodriguez.

IMDEA Nanociencia, Madrid, Spain.

The surface topography is crucial for biomedical implant effective implantation
and tissue healing. This generally involves promoting cellular proliferation
around the implant surface and simultaneously preventing possible infection by
bacteria. Today this is commonly achieved by the co-administration of growth
factors and antibiotics upon surgery. Nonetheless, a significant percentage of
artificial implants still fail due primarily to aseptic loosening and infection [1].
The possibility to control the fate of both mammalian and bacterial cells
simultaneously by topographical mechanoselective means have opened up new
possibilities to solve these issues. Both mammalian cells [2] and bacteria [3] have
seen previously to be responsive towards the surface topography, although at
different micro and nano size ranges. This is due to the differences in physiology,
morphology and size between bacteria and mammalian cells. As such, the design
of effective topographical features, that not only prevent bacterial colonization,
but also promote mammalian cell proliferation is extremely challenging. This
work deals with this challenge by creating a convergent design of nano and micro
hierarchical topographies. A novel fabrication process combines sequential
nanoimprinting with optical lithography steps. This process allows for a simple
and well-controlled hierarchical structures fabrication, where the nanofeatures
cover the entire micropattern. These topographies have been fabricated onto
biocompatible polymers. Hierarchical surfaces provide unique physical
environments allowing for testing different biological scales at once. As a
biological source, we employ mesenchymal stem cells because of their in vitro
capacity to form differentiated cellular identities, which play a key role in tissue
regenerative processes. Results have shown that bacteria are sensitive to the
nano-scale where bacterial lysis is found. The impact of the hierarchical
topography on mesenchymal stem cells surface topography in terms of
morphology, cell growth and differentiation, is under study. Previous tests in
mammalian cells are shown

References

[1] Raphel, J., Holodniy, M., Goodman, S. B., & Heilshorn, S. C.
(2016). Biomaterials, 84, 301-314.

[2] Viela, F., Granados, D., Ayuso-Sacido, A., & Rodriguez, 1. Advanced
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Molecular reshaping of the pl
stress

A.L. Le Roux!, C. Tozzi%, X. Quiroga', N. Walani?, M. Staykova®, M. Arroyo?,
P. Roca-Cusachs'.

'nstitute for Bioengineering of Catalunya, Barcelona, Spain; *Universitat
Politécnica de Catalunya-BarcelonaTech, Barcelona, Spain; *Department of
Physics, University of Durham, Durham, United Kingdom.

Cell dynamics largely relies on endogenous mechanical forces provoking large
scale remodelling events of the plasma membrane, accompanied by changes in
its exquisitely regulated nanoscale curvature. Exogenous forces (such as tensile
or compressive stresses) perturb and drive this dynamics, also interfering with
plasma membrane organization. In this study, we evaluated how a mechanical
input drives membrane remodelling, and triggers a resulting biomolecular
response. We used in-vitro and cell models consisting respectively of a
synthetic lipid bilayer or the membrane of a single fibroblast, coupled to an
area compression device. We then studied the response of a crucial player in
membrane nanoshaping, a curvature-sensing protein (CSP), by taking the
Amphiphysin BAR protein as an example. Bilayer reshaping and protein
localization were followed over time by fluorescence microscopy. In the cell
system, Amphiphysin overexpression increased the amount of compression-
induced tubulation of initially small lipid buds. In-vitro, a synthetic lipid
bilayer, formed from the deposition of negatively-charged liposomes, was also
compressed and subsequently exposed to purified Amphiphysin. We used this
simplified synthetic bilayer system for accurate biomolecular characterization
of the reshaping events: compressed bilayers accommodated the excess area in
the form of lipid tubes and buds, which were respectively pearled or elongated
by the BAR protein. Computational simulations explicitly considering
membrane mechanics and membrane/CSP mechanochemistry successfully
recapitulated the protein binding mechanisms. By combining in-vitro and single
cell experiments with computational studies, we show how force-induced
remodelling of the plasma membrane provoked its reshaping by a BAR protein.
Bearing in mind that cells are constantly submitted to stresses, this study puts
forward an elegant example of mechanochemical coupling, which can
potentially be translated into cellular signalling.

brane in r to mechanical
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P-091

Probing Epithelial Cell Layers With a Thickness-shear Mode Quartz
Resonator

J.F.E. Bodenschatz, R. Dallinger, A. Janshoff.

University of Géttingen, Gottingen, Germany.

The epithelium is ubiquitous and essential in mammalian biology. Epithelial
cells cover most internal and external body surfaces, including the lining of
vessels and small cavities. They perform critical roles in the body. The
mechanical properties of these layers are of great interest. To probe these
properties, we use a thickness-shear mode quartz resonator. Typical shear-
thickness quartz resonators have a resonance frequency in the range of 5 MHz
which only sense and probe a few hundred nanometers into the cell layer. By
decreasing the resonance frequency, the sensing range of the quartz is increased.
This is why we use a crystal in the frequency range of 600 kHz that allows to
sense and probe the viscoelastic properties of entire epithelial cell layers.

P-092

Gravitropic resp in woody sp : role of stem structural anisotropy
K. Radoti¢', J. Simonovié¢ Radosavljevi¢', L. Donaldson?, G. Garab®, D.
Dudits®, G. Steinbach?, A. Mitrovi¢'.

nstitute for Multidisciplinary research, University of Belgrade, Belgrade,
Serbia; 2Scion, Rotorua, New Zealand; *Biological Research Center, Szeged,
Hungary.

In tree stems, mechanical stimuli induce reaction wood formation, characterized
by changes in cell morphology and cell wall structural modifications. One of the
crucial modifications is cell wall structural anisotropy, based on cellulose fibrils
alignment and order. Structural order in cell walls of various woody species —
spruce (Picea omorika), willow (Salix viminalis) and liana plant (Dioscorea
balcanica) was studied using confocal microscopy and fluorescence detected
linear dichroism (FDLD) microscopy, as well as fluorescence and FTIR
spectroscopy. Responses to mechanical stimulation differed among the woody
species with respect to changes in cell wall structural order. FDLD microscopy
revealed that in juvenile spruce stems under bending stress, cellulose fibril order
and thus cell wall order decreased in mechanically stimulated stems compared to
control stems. In D. balcanica stems, there was no change in cellulose/cell wall
order, based on FDLD results, between twined and straight stem segments. In
willow, the cell wall structural parameters differed in tetraploid genotypes
compared to diploids. FTIR and fluorescence spectroscopy showed that changes
in cell wall organization, upon mechanical stimulation, are related to the changes
in content, ratio and structure of the main building polymers.

P-093

Calcium-dependent elasticity of native titin filaments

Z. Martonfalvi, S. Bankuti, G. Ben-Arie, M. Kellermayer.

Semmelweis University, Budapest, Hungary.

Titin, the sarcomeric giant protein, is one of the main determinants of muscle’s
elastic properties. While it mainly contributes to the development of passive
tension upon muscle stretch, activation of the contractile apparatus may also
have an impact on titin’s mechanics. It has been suggested that sarcomeric
calcium induces structural changes in titin by binding to glutamate rich motifs
in its PEVK domain. To test how such calcium-responsive elements might alter
the elastic properties of titin, we have manipulated individual full-length titin
molecules in optical tweezers experiments using laminar-flow microfluidic
system. The experimental setup allowed the efficient and rapid control of
calcium concentrations during repetitive stretch-release cycles. When
molecules were manipulated at high calcium concentrations (pCa 3), titin’s
apparent persistence length became reduced. As a consequence, titin molecules
contracted into a more compact conformation, that resulted in the shortening of
the polymer chain stretched by a given force. Our findings support that titin
may act as a calcium sensitive, elastic parallel element of the sarcomere, that
may contribute to sarcomeric force generation.

P-094

Fluid mechanics near lipid bilayers

G. Amador, D. Van Dijk, M.E. Aubin-Tam, D. Tam.

Delft University of Technology, Delft, Netherlands.

The mechanical and chemical interactions between cells and their surroundings
dictate their behavior, such as motion, growth, and proliferation. Such
interactions are mediated by the cell’s membrane, a thin layer composed of a
lipid bilayer and embedded proteins. The membrane’s functions include the
transport of molecules and ions, and sensing (or signaling); therefore, it is crucial
for homeostasis, or the maintenance of a stable internal state. Controlled studies
into membrane mechanics have been limited by complexities in geometry and
local detection of forces at the scale of pico-Newtons.

To address these challenges, we use novel techniques with optical tweezers to
probe the hydrodynamic flow around free-standing lipid bilayers within
microfluidic channels. The planar geometry of the lipid bilayer facilitates
interpretation of measurements using physical models. This technique is the first
to combine multiple optical tweezers probes with planar free-standing lipid
bilayers accessible on both sides of the bilayer. The aims of these measurements
are to quantify fluid slip close to and transmission of hydrodynamic forces across
the bilayer surface, building towards a fundamental understanding of the
physical principles governing the hydrodynamics around and through
membranes. Such findings may contribute to understanding how cells generate
and detect forces, as well as providing a tool for designing and optimizing
vesicles for drug delivery.

P-095

Investigating Dynamic Biological Processes with High-Speed, High-
Resolution Correlative AFM-Light Microscopy

O. Pabsch, H. Haschke.

JPK BioAFM, Bruker Nano GmbH, Berlin, Germany.

The ability of atomic force microscopy (AFM) to obtain three-dimensional
topography images of biological molecules and complexes with nanometer
resolution and under near-physiological conditions remains unmatched by other
imaging techniques. However, the typically longer image acquisition times
required to obtain a single high-resolution image (~minutes) has limited the
advancement of AFM for investigating dynamic biological processes. While
recent years have shown significant progress in the development of high-speed
AFM (HS-AFM), the ability to scan faster has typically been achieved at the cost
of decreased scanner range and restricted sample size. As such, these HS-AFM
systems have mainly been focused on studying single molecule dynamics and
have been very limited in their ability to conduct live cell imaging. JPK BioAFM
has developed a new NanoWizard® ULTRA Speed 2 AFM which not only
enables high-speed studies of time-resolved dynamics associated with cellular
processes, it’s latest scanner technologies and compact design also allow full
integration of AFM into advanced commercially available light microscopy
techniques. Thus, fast AFM imaging of 10 frames per second can be seamlessly
combined with methods such as epi-fluorescence, confocal, TIRF, STED
microscopy, and many more. Furthermore, with the new NestedScanner
technology, cells, bacteria or structured surfaces with sample heights of up to 8
um can now be examined at the highest scan speeds. We will present how the
latest advances in the ULTRA Speed 2 AFM can be applied to study a wide-
range of biological samples, from individual biomolecules to mammalian cells
and tissues in real-time, in-situ experiments. We will also describe how this
unique system enables new research opportunities with high-speed, high-
resolution correlative AFM-light microscopy.
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Mechanical nanomanipulation of free-standing lipid bilayers accessible on
both leaflets with optical tweezers

A. Dols-Perez', G.J. Amador?, V. Marin', R. Kieffer', D. Tam? M.E. Aubin-
Tam'.

ITU Delft, Bionanoscience Department and Kavli Insitute of Nanoscience,
Delft, Netherlands; >TU Delft,Laboratory for Aero and Hydrodynamics, Delft,
Netherlands.

Lipid tubes, tubules or nanotubes are highly curved lamellar structures in the
nanometer-micrometer scale with a great importance in many biological
processes. They play a vital structural role in different cellular organelles such
as the endoplasmic reticulum, mitochondria and Golgi apparatus, but also in
communication processes such as inter and intracellular exchanges and cellular
migration.

Their biophysical study is often carried using vesicles, supported lipid bilayers
or living cells. In these systems, it is challenging to achieve dynamic buffer
control and zero curvature. Using of a freestanding lipid bilayer in a microfluidic
device, these challenges can be solved and present additional advantages such as
easy access to both sides of the membrane, possibility to create several
membranes in a same device, possibility to circulate different solutions, and full
compatibility with optical techniques.

In this work, we show the combination of these novel freestanding lipid
membranes formed inside a microfluidic chip with optical tweezers for the study
of lipid nanotubes. Nanotubes were formed by pushing beads through the
membranes, with a 100% success rate and reaching lengths above half a
millimeter. Through high-resolution measurements of the forces and
displacements associated with the tube formation process, we quantify the
tension of the membrane and the bending rigidity without the need of additional
sensors apart from the optical tweezers. Our method provides a robust platform,
not only for nanotubes studies, but also for further study of protein-membrane
interactions under controlled conditions on each side of the membrane, and
modulated membrane complexity.

P-097

HS1 protein role in regulating mechanical properties of Chronic
Lymphocytic Leukaemia cells

E. Buglione', V. Cassina', R. Corti', F. Barbaglio?, L. Scarfo?, F. Mantegazza',
C. Scielzo®.

'Universita di Milano-Bicocca, Monza, Italy; 2IRCCS San Raffaele Scientific
Institute, Milano, Italy.

Chronic lymphocytic leukaemia (CLL) is one of the most common and incurable
B cell leukaemia. CLL cells traffic between peripheral blood, bone marrow and
secondary lymphatic tissues where interact with the microenvironment. These
processes are affected by the mechanical-forces present in the environment and
by the capability of the cells to sense the forces.

In this context we demonstrated that Hematopoietic-cell-specific Lyn-substrate-
1 (HS1) protein is a cytoskeletal regulator and a prognostic factor in CLL. We
proved that interfering with HS1 expression impacts on the progression and
homing of CLL cells.

To further study HS1 role in CLL we knocked-down HSI expression by
CRISPR/CASY technology in a CLL cells line (MEC1). By RNAseq and
network analysis on MEC1#5'% vs MEC1Y" we found that HS1-KO significantly
affects the expression of molecules involved in: cell motility, adhesion, cell-cell
communication, focal adhesion formation. In particular, we found LEF1, FAK
and Cortactin genes are up-regulated in MEC 1151k suggesting their involvement
in the mechano-signalling pathway. To study the nano-mechanical properties of
those cells we are performing AFM measurements of single cell. The results
provide an evaluation of the cell stiffness that is related to its deformation in
response to an externally applied force. By AFM we found that MEC 181 cells
are less stiff if compared with MEC1YT cells. This results demonstrates a putative
role for HS1 in regulating the mechanical properties of CLL cells. Due to the
prognostic value of HS1 we are currently performing AFM measurement on
selected patients and healthy B cells.

We are planning to study in depth the role of HS1 in regulating the mechanical
properties of the leukemic cells and how this contributes to leukemia
development, progression and resistance to therapy.

P-098

Mapping nanomechanical properties of proteins and polymers with
bimodal AFM

S. Benaglia, V. Gisbert, R. Garcia.

ICMM-CSIC, Madrid, Spain.

Fast, high-resolution mapping of the viscoelastic properties of soft matters,
represents a major goal of atomic force microscopy (AFM) [1]. Bimodal AM-
FM AFM is a suitable method for this purpose, since it allows the simultaneous
acquisition of nanomechanical properties without losing in resolution and
acquisition speed. This multifrequency configuration combines the robustness
and simplicity of an amplitude modulation (AM) feedback in the first mode, with
the sensitivity and a high signal-to-noise ratio of a frequency modulation (FM)
feedback in the second mode. Finally, through the use of the appropriate contact
mechanics model, it is possible to determine elastic and viscous properties of the
analyzed sample [2].

Here we show how bimodal AM-FM is applied to extract, by means of the Hertz
contact model, the elastic modulus and the true topography of a single protein in
liquid, the 20S proteasome which in living organism plays a proteolytic role [3],
and the viscoelastic properties, through the Kelvin-Voigt contact model, of two
types of polymeric assemblies, a polymer blend, composed by polystyrene (PS)
and low density polyethylene (LDPE), and a poly(styrene-block-
methylmethacrylate) (PS-b-PMMA) copolymer [4].

[1]1C. A. Amo, A. P. Perrino, A. F. Payam, and R. Garcia, ACS Nano 11, 8650
(2017).

[2] E. T. Herruzo, A. P. Perrino, and R. Garcia, Nat. Commun. 5, 3126 (2014).
[3] S. Benaglia, V. G. Gisbert, A.P. Perrino, C. A. Amo R. Garcia, Nat. Protoc.
13, 2890 (2018).

[4] S. Benaglia, C. A. Amo, R. Garcia, in preparation.
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Adsorption kinetics of pulmonary surfactant complexes purified from
bronchoalveolar lavages of porcine lungs and human amniotic fluid

1.C. Castillo-Sanchez', E. Batllori-Badia?, A. Galindo®, J. Pérez-Gil', A. Cruz'.
'Biochemistry and Molecular Biology Department, Faculty of Biology,
Complutense University and Research Institute Hospital Universitario “12 de
Octubre” (imas12) and Complutense University, Madrid, Spain; Department
of Obstetrics and Gynaecology. Hospital Universitario 12 de Octubre, Madrid,
Spain; *Research Institute Hospital Universitario “12 de Octubre” (imas12) and
Complutense University and Department of Obstetrics and Gynaecology.
Hospital Universitario 12 de Octubre, Madrid, Spain.

Surface tension forces are overwhelmed by lung surfactant complexes at the
alveolar air-liquid interface. Specifically, type-II pneumocytes are the cells
involved in synthesizing and assembling surfactant into dehydrated and highly
packed multilamellar structures called lamellar bodies. Upon stimulation,
alveolar type II cells secrete lamellar bodies to the alveolar air-liquid interface
where they replace pulmonary surfactant spent during respiratory cycling. Owing
to compression-expansion respiratory cycles, a wealth of membrane structures,
which are thought to be related to surfactant metabolism, may be observed in
alveolar spaces. In this context, lamellar bodies have been demonstrated to
exhibit outstanding adsorption properties since they keep the molecular
determinants defining surfactant activity. Nevertheless, the molecular
mechanism of lamellar bodies adsorption to the interface is not well-understood
yet. Additionally, lung surfactant preparations used for both research and clinical
applications are routinely purified from bronchoalveolar lavages of animal lungs,
thus they are mainly composed by already used pulmonary surfactant complexes
in which lamellar bodies are a minority component. Alternatively, a pulmonary
surfactant purified from human amniotic fluid has been recently demonstrated to
keep structural features of a freshly secreted surfactant.

In the present work, we compare interfacial adsorption kinetics of a
surfactant purified from porcine lungs with those of a surface-active preparation
obtained from human amniotic fluid using a Wilhelmy surface balance. In
addition, Langmuir interfacial films were transferred onto glass coverslips and
observed under epifluorescence microscopy. We observed meaningful
differences between the behaviour of both surfactants that may be related to their
contrasting structural features.

P-100 (0-037)

Microfluidic platforms for the handling, manipulation, and analysis of

model cells

T. Robinson.

Max Planck Institute of Colloids and Interfaces, Potsdam, Germany.

Biological cells in their natural environment experience a variety of external

forces such as fluidic shear stress, osmotic pressures, and mechanical loads. How

the cell membrane itself responses to such forces is of great interest. Synthetic
membranes such as giant unilamellar vesicles (GUVs) offer a reduced cell
model, whereby individual components can be isolated and studied without
interference from cellular complexity (Robinson 2019). However, being able to
handle and apply forces to these delicate objects in a controllable manner is non-
trivial. Therefore we present several microfluidic methods to capture, analyse
and apply a variety of forces to GUVs. First we present novel methods for the

capture and isolation of vesicles for membrane pore analysis (Robinson 2013;

Yandralli & Robinson 2019). Next we discuss a device that contains micro-

patterned electrodes which allow the application of electric fields and

observations of subsequent membrane fusion (Robinson 2014). While membrane
proteins are a crucial part of the cellular response to external stimuli, lipid rafts
are thought to play an important role in the spatial organization of membrane
proteins. To this end, we produce vesicles with membrane domains to model
them and explore their behaviour in response to external forces. We use a valve-
based system to apply precise fluidic shear stresses to vesicles (Sturzenegger,

Robinson 2016). The final device comprises an integrated micro-stamp which

can mechanically compress GUVs to study the effects that deformation has on

the membrane and domains (Robinson 2019 submitted).

Yandrapalli, N., and Robinson, T. (2019). Ultra-high capacity microfluidic
trapping of giant vesicles for high-throughput membrane studies. Lab
Chip 19, 626-633.

Sturzenegger, F., Robinson, T., et al. (2016). Membranes under shear stress:
visualization of non-equilibrium domain patterns and domain fusion in a
microfluidic device. Soft Matter 12, 5072-5076.

Robinson, T., et al. (2014). Controllable electrofusion of lipid vesicles: initiation
and analysis of reactions within biomimetic containers. Lab Chip, 2852—
2859.

Robinson, T., et al. (2013). Microfluidic trapping of giant unilamellar vesicles to
study transport through a membrane pore. Biomicrofluidics 7, 44105.

Robinson, T. (accepted 2019). Microfluidic handling and analysis of giant
vesicles for use as artificial cells. Advanced Biosystems.
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Quantified Efficiency of Membrane Leakage Events
Antimicrobial Selectivity

S. Braun, A. Stulz, S. Shi, N. Quarta, M. Hoernke.
Pharmaceutical Technology and Biopharmacy, University of Freiburg, Freiburg
i. Br., Germany.

In many therapeutic strategies like killing pathogenic microbes by antimicrobial
peptides, drug delivery, endosomal escape, and in disease-related processes such
as apoptosis, the membrane is permeabilized.

Our concept for quantifying the efficiency of individual membrane leakage
events replaces less stringent descriptions of dye leakage. The concept is
applicable to many types of leakage events including thinning, defects, (toroidal)
pores, or channels.

We measure release and fluorescence lifetime of a self-quenching dye. Apart
from the dose-response, our analysis also quantifies the efficiency of individual
leakage events. Additionally, cumulative leakage kinetics can indicate certain
membrane permeabilization mechanisms. For example, applying our concept to
three series of antimicrobial peptide analogues shows how the leakage
mechanism and leakage efficiency of a given compound change with lipid
composition. Thus, lipids play an important role for the selectivity of membrane
permeabilization.

I will also point out aspects to consider when comparing leakage in vesicle of
various sizes or cells, the possible occurrence of more than one type of leakage
event, and artefacts from vesicle aggregation or fusion.

The concept for the quantitative description of leakage behaviour and
understanding of leakage mechanisms aids the design and improvement of
membrane-active antimicrobials.

Relates to
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Transversal Rotation of Unsymmetrical Bolaamphiphile Molecules in
Lamellar Structures

J. Jeftic', M. Berchel?, L. Lemiégre!, C. Mériadec?®, F. Artzner’, T. Benvegnu'.
'ENSCR, Rennes, France; 2UBO, Brest, France; *IPR, Rennes, France.

Bipolar lipids found in archaebacterial membranes, generally termed
bolaamphiphiles, induce increased stability in membranes exposed to
environments such as acidic conditions, high temperatures, high salt
concentrations and/or absence of oxygen. Several approaches to synthetic bipolar
lipids have been performed in order to mimic archaeal membranes. In our
laboratory dissymmetrical bolaamphiphiles bearing a neutral glycosidic polar
head and an electropositive ammonium group at the opposite end of a
polymethylene bridging spacer were efficiently synthesized. These
bolaamphiphiles self-assemble into monolayer lipid membranes (MLMs),
reproducing the unusual architecture of natural archaeal macrocyclic bipolar
lipids. Such bipolar lipids offer several advantages for the construction of
advanced liposomes that are characterized by high mechanical and thermal
stabilities due to the organization of the membrane. This work presents the e.p.r.
study of the transversal rotation (flip-flop) of a spin-labelled bolaamphiphile in
medium-sized vesicles. The transversal rotation is slower than in phospholipid
vesicles presumably because two polar heads of the same molecule should
transverse the lipid barrier simultaneously during flip-flop.

P-103

The mechanism of antimicrobial peptide synergy

E. Drab, K. Sugihara.

University of Geneva, Geneva, Switzerland.

We report our recent finding that a mixture of immune peptides that is previously
known to kill bacteria more efficiently (synergy) presented an unexpected
suppression of cytotoxicity when administered to eukaryotic cells, indicating the
“double-benefit” of the peptide cocktail. Mechanistic studies suggest that these
peptides assemble into a hetero-oligomer in membranes that exhibits functions
that are different from individual peptides. One of the major bottlenecks for the
broader applications of antimicrobial peptides (AMP) as an antibiotic alternative
is their unpredictable side effects, because these peptides typically have several
targets and functions inside our bodies. Therefore, lowering the dosage and
clarifying the role of these peptides against our human bodies are the top
priorities for enabling their major impact on the infection treatments. In 2000,
Nagaoka and coworkers have reported that Escherichia coli and Staphylococcus
aureus were killed much more efficiently when two types of peptides are mixed
(synergy). In addition, last year my group has discovered that the cytotoxicity of
these individual peptides is reduced when they are combined (antagonism).
These discoveries suggest that we can “double-benefit” from the synergies for
broadening the therapeutic window by orders of magnitude by mixing the right
couple of antimicrobial peptides at the right ratio, opening a new horizon in the
antimicrobial peptide research. However, the underlying mechanism of these
synergies is completely left unexplored due to the limited available
characterization tools that provide the information on the peptide-peptide
interactions. How does exactly the same couple of peptides kill bacteria and
protect the host cells more efficiently? In this work, we studied the mechanism
of the antimicrobial peptide synergistic effects at the molecular level by
employing electrochemical methods recently developed in my group, combined
with circular dichroism, quartz crystal microbalance, isothermal titration
calorimetry, and fluorescence recovery after photobleaching. Understanding the
mechanism of the synergy will be a breakthrough for developing the peptide-
based infection treatment and potentially can contribute to the current crisis of
resistance.

P-104

The interaction of viral fusion inhibitor lipopeptides with biomembranes is
improved by PEG linker length

P. Silva', P. Eaton?, N. C. Santos'.

nstituto de Medicina Molecular | Jodo Lobo Antunes, Faculdade de Medicina,
Universidade de Lisboa, Lisbon, Portugal; 2LAQV-REQUIMTE, Departamento
de Quimica e Bioquimica, Faculdade de Ciéncias, Universidade do Porto,
Porto, Portugal.

Human parainfluenza viruses (HPIV) and respiratory syncytial virus (RSV) are
paramyxoviruses that are among the most common respiratory pathogens
causing pneumonia and death among infants and children worldwide. Nowadays,
acute respiratory infections are the leading cause of mortality in children under
the age of 5, accounting for nearly 20% of childhood deaths worldwide (nearly
3 million children each year). There are no effective treatments available.
Consequently, there is an urgent demand for efficient antiviral therapies.
Infection of healthy cells by these respiratory viruses requires fusion of the viral
membrane with the target cell membrane, a process mediated by the trimeric
viral fusion (F) protein. Fusion inhibitor peptides inhibit viral fusion by binding
to F’s transient intermediate, preventing it from advancing to the next step in
membrane fusion. Here, we evaluated modifications of lipid-tagged F-derived
peptides with different lipid moieties and different PEG linker length to search
for properties that may associate with efficacy and broad-spectrum activity.
Fluorescence spectroscopy was used to study the interaction of the peptides with
biomembrane model systems, using partition assays. Using acrylamide, a
quencher of tryptophan fluorescence, it was possible to understand the
preferential localization of the peptides in lipid bilayers. The interaction of the
peptides with human blood cells was evaluated using the dipole potential probe
di-8-ANEPPS and atomic force microscopy. The interaction of the peptides with
biomembranes seems to be influenced by PEG linker length. These data provide
new insights about the dynamics of peptide-membrane interactions of these
peptides, known for their potential as antiviral drugs.
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nMERLIN: novel Mitochondria-ER Length Indicative Nanosensor based
on BRET

H. Flores-Romero!, V. Hertlein!, K.K. Dash!, S. Fischer!, M. Heunemann?, K.
Harter?, A.J. Garcia-Séez'.

!University of Tiibingen, Tiibingen, Germany; *Centre of Plant Molecular
Biology, University of TUbingen, Tiibingen, Germany.

The contacts between the endoplasmic reticulum (ER) and mitochondria play a
key role in cellular functions like the exchange of lipids and calcium between
both organelles, as well as in apoptosis and autophagy signaling. The molecular
architecture and spatiotemporal regulation of these distinct contact regions
remain obscure and there is a need for new tools that enable tackling these
questions. Here we present a new Bioluminescence Resonance Energy Transfer
(BRET)-based biosensor for the quantitative analysis of distances between ER
and mitochondria that we call MERLIN (Mitochondria ER Length Indicator
Nanosensor). The main advantages of MERLIN compared to available
alternatives are that it does not rely on the formation of artificial physical links
between the two organelles, which could lead to artifacts, and that it allows to
study contact site reversibility and dynamics. We show the applicability of
MERLIN by characterizing the role of the mitochondrial dynamics machinery
on the contacts of this organelle with the ER.

P-106
The effect of membrane curvature on the formation of asymmetric
phosphatidylserine-containing vesicles
H. Guo, H. Sun, G. Deng, Z. Yu.
MOE Key Laboratory of Bioorganic Phosphorous Chemistry and Chemical
Biology, Department of Chemistry, Tsinghua University, Beijing, China.
Biomembranes are asymmetric in the distribution of lipids in two leaflets
which is related to the physiological functions of membranes such as the cell
apoptosis. Our lab has proposed a novel method to produce controllable
asymmetric lipid vesicles using Ca?*. The enrichment of phosphatidylserine (PS)
molecules in the inner leaflet is found not due to charge—charge attraction, but
rather a modulation effect on the occupying size of the headgroups of PS
molecules by Ca®* which makes it flip to the negative curvature inner leaflet.! To
further understand this formation process of asymmetric vesicles, we investigate
the effect of membrane curvature on it in this study. The asymmetric lipid
vesicles with different size were prepared by our method and we compared the
forming process of them. From Nano DSC results, with the size of vesicles
reducing from 400 nm to 100 nm, the main phase transition peak moved to higher
temperature and became broader. However, when the size decreased to 50 nm,
there is a shoulder peak occurring during phase transition suggesting the smaller
vesicles experienced a more drastic redistribution (flip-flop) of lipids during the
formation of asymmetric vesicles. Additionally, combined with the fluorescence
quenching assay, we calculated the rate constants of the flip (ki,) and flop (kouw)
using the kinetic model we established. The results showed that both ki, and Ky
increased with the decrease of vesicles size but the increase of k;, is larger which
lead to a higher asymmetry degree of vesicles. All the results above illustrated
that membrane curvature could influence the formation process of asymmetric
vesicles and the vesicle with larger membrane curvature would have higher
asymmetry degree.
References
[1] Sun HY, Deng G, Jiang YW, Zhou Y, Xu J, Wu FG, and Yu ZW. Chemical
Communications, 2017; 53: 12762.
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Effect of butein (hydroxy-derivative of trans-chalcone) on a structure of
poly-L-lysine and DPPC/DPPG membranes.

K. Cieslik-Boczula.

University of Wroclaw, Wroctaw, Poland.

Butein is a hydroxyl derivative of trans-chalcone and as polyphenols exhibits
important biological functions. A molecular mechanism by which butein acts is
not fully understand, and a character of interactions between this compound and
proteins or lipid membranes still needs to be investigated. The effect of butein
on a secondary structure of free and membrane-associated poly-L-lysine (PLL)
polypeptides as well as on a structure of free and PLL-associated
dipalmitoylphosphatidylcholine/dipalmitoylphosphatidylglycerol
(DPPC/DPPG) membranes was investigated using Fourier-transform infrared
(FTIR) spectroscopy. Butein-induced changes in conformational (trans/gauche)
state of hydrophobic region of lipid membranes and in a hydration of
DPPC/DPPG membrane interface as well as in mutual interactions between
electrostatically associated PLL molecules and DPPC/DPPG membranes were
investigated using FTIR, vibrational dichroism spectroscopy (VCD) and
transmission electron microscopy (TEM). Additionally, an influence of butein
molecules on fibrillogenesis of PLL related to the a-helix-to-B-sheet and PPII-to
o-helix transitions in secondary structure of PLL was determined for different
external conditions.

P-108
Lipid scrambling induced by membrane active substances
L. Dietel, L. Kalie, H. Heerklotz.
Institute of Pharmaceutical Sciences, Freiburg i.Br., Germany.
Membrane leakage assays based on vesicles loaded with self quenching dyes
have been widely used for quantifying the activity of membrane active
substances that induce membrane pores or leaks. Time-resolved fluorescence
decays of calcein-loaded liposomes allow a parallel quantification of the free and
entrapped dye fractions and their effective local concentrations.! Thus, different
types and mechanisms of membrane leakage to aqueous solutes can be
distinguished by this method. However, much less is known about another way
of membrane permeabilization: the enhancement of lipid flip flop that causes a
scrambling of the lipids between the leaflets. Since virtually all biological
membranes show an asymmetric distribution of lipids between the two leaflets,
such a scrambling should have massive impact on the cell even if it proceeds
without leakage to aqueous solutes. In order to assess such activity, we utilized
a recent protocol’ to produce asymmetric vesicles with anionic diacyl
phosphatidyl glycerol (POPG) in the outer layer exclusively. Addition of lipid
scrambling agents permits the POPG to flip to the inner leaflet, which can be
monitored in terms of a less negative zeta potential of the liposomes. The study
compares the activities of nonionic detergents including n-Dodecyl B-D-
maltoside, n-Octylglucoside and C,,EOg to induce lipid scrambling and pore
formation, respectively.
References:
1 H. Patel, C. Tscheka, H. Heerklotz; Soft Matter, 2009, 5, 2849-2851.
2 M. Markones, C. Drechsler, M. Kaiser, L. Kalie, H. Heerklotz, S. Fiedler;
Langmuir. 2018, 34(5), 1999-2005.
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Membrane-permeabilizing activity of NSAIDs: a role in cardiotoxicity?
C. Pereira-Leite, M. C. Figueiredo, K. Burdach, C. Nunes, S. Reis.

LAQV, REQUIMTE, Faculdade de Farmacia, Universidade do Porto, Porto,
Portugal.

The cardiovascular (CV) toxicity of nonsteroidal anti-inflammatory
drugs (NSAIDs) was first highlighted by the development of coxibs, particularly
rofecoxib, which was associated with an increase of myocardial infarction
events.! Afterwards, the CV risk-benefit profile of NSAIDs has been reassessed,
and cardiotoxicity is today recognized as a class effect of NSAIDs.? However,
their mechanisms of CV toxicity are not understood until today, since different
compounds with similar mechanisms of action exhibit distinct cardiotoxicity. For
instance, diclofenac is among the most cardiotoxic compounds, while naproxen
is associated with low CV risk.?

Since CV diseases have been related to alterations in membrane
structure and composition,*> and mitochondrial disfunction is related to cell
death in myocardium,® this study aims at describing the interactions of NSAIDs
with membrane lipids of the cell membrane and the mitochondrial membranes.
The cell membrane was mimicked by liposomes made of 1-palmitoyl-2-oleoyl-
glycero-3-phosphocholine (POPC) and POPC:cholesterol (4:1). The inner and
outer mitochondrial membranes were mimicked by liposomes made of
POPC:cardiolipin  (8.5:1.5) and POPC:phosphatidylinositol ~ (8.5:1.5),
respectively. Diclofenac and naproxen were tested to eventually correlate the
drugs’ effects on membrane lipids with their cardiotoxicity. The drugs’ affinity
for the membrane models was assessed through the partition coefficient by
derivative spectrophotometry. Moreover, the drugs’ effects on membrane
permeability were evaluated by a leakage assay.

The affinity of the drugs for the model membranes was dependent on
the structure of the compounds and on the lipid composition of vesicles but both
drugs exhibited high affinity for all membrane models. Moreover, both
diclofenac and naproxen induced permeabilizing effects, particularly on the
models of the mitochondrial membranes. These data suggest that the
cardiotoxicity mechanism of NSAIDs may be related to the disruption of the
mitochondrial membranes, eventually leading to cell death.

References

1. Bresalier RS, et al. New Engl ] Med.2005;352(11):1092-102.
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6. Orogo AM, et al. IUBMB Life.2013;65(8):651-6.

@ Springer



European Biophysics Journal (2019) 48 (Suppl 1):S1-S264

5107

P-110

Planar plasmonic antenna arrays resolve transient nanoscopic
heterogeneities in biological membranes

P.M. Winkler', R. Regmi?, V. Flauraud®, H. Rigneault?, J. Brugger’, J.
Wenger?, M.F. Garcia-Parajo'.

"ICFO-Institut de Ciences Fotoniques, The Barcelona Institute of Science and
Technology, Castelldefels, Spain; 2Aix-Marseille Université, CNRS, Institut
Fresnel, Centrale Marseille, Marseille, France; *Microsystems Laboratory,
Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland.

Resolving the various interactions of lipids and proteins in the eukaryotic plasma
membrane with high spatiotemporal resolution is of upmost interest [1]. Here,
we present planar plasmonic antenna arrays with different nanogap sizes (10-45
nm) combined with fluorescence correlation spectroscopy (FCS) to resolve
dynamic nanoscopic heterogeneities in mimetic and living plasma membranes.
Our innovative approach confines the excitation light within the fully accessible
planarized hotspot region of the nanoantennas yielding giant fluorescence
enhancement factors of up to 10*-10° times together with nanoscale detection
volumes in the 20 zeptoliter range [2]. We exploit these planar nanoantenna
arrays to investigate the dynamics of individual fluorescently labelled lipids in
membrane regions as small as 10 nm in size with microsecond time resolution.
The existence of nanoscale assemblies of sterol and sphingolipids on mimetic as
well as on living cell membranes has been questioned due to their highly transient
and nanoscopic character. Our results on model lipid membranes reveal the
coexistence of transient nanoscopic domains in both microscopically phase-
separated regions with characteristic sizes < 10nm and lifetimes between 30 pus
to 150 ps [3]. Currently, we are increasing the complexity of our mimetic system
by incorporating hyaluronic acid (HA) to our multi-component lipid membranes.
HA is an abundant glycoprotein of the extracellular matrix and recent work
points to the glycocalyx as an important local organizer of the biological
membrane [4]. Our current experiments combining atomic force microscopy and
plasmonic nanoantennas aim at deciphering how HA contributes to phase
segregation and nanoscale dynamic partitioning of mimetic biological
membranes.

[1] D. Lingwood, K. Simons, Science 327, 46 (2010).

[2] Flauraud, V. et al., Nano Lett. 17, 1703—1710 (2017)
[3] Winkler, P.M. et al., ACS Nano 11, 7241-7250 (2017)
[4] Subramaniam, A.B. et al., Nat. Mat. 12, 128-133 (2013)
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Edge tension and elasticity of cell-mimetic membranes and the effect of
sugars
V. Vitkova', D. Mitkova', R. Dimova’.
nstitute of Solid State Physics, Bulgarian Academy of Sciences, Sofia,
Bulgaria; 2Max Planck Institute of Colloids and Interfaces, Potsdam, Germany.
The wide application of carbohydrate molecules in biomedicine
underlies the interest towards investigating the molecular mechanisms of sugar-
membrane interactions. Evidences were provided that the sugar molecules
interact with the lipid bilayer, thus affecting its mechanical and electrical
properties (Vitkova et al. Mol. Cryst. Liq. Cryst. 449:95, 2006; Vitkova et al.
Colloid Surf. A-Physicochem. Eng. 557:51,2018). Here, we report results for the
edge tension of model lipid membranes in sugar-containing aqueous
environments. Closed lipid bilayer structures named giant unilamellar vesicles
(GUVs) with nearly spherical shape and diameters of tens of microns are used as
a common biomimetic system for studying the physical properties of
biomembranes. Combining fast phase-contrast imaging, digital-image analysis
and membrane electroporation, we were able to monitor the rate of pore
formation and closure and deduce the edge tension of membranes. The edge
tension of palmitoyl-oleoyl phosphatidylcholine bilayers in the presence of sugar
was obtained from the pore-closure analysis after electroporation of GUVs with
strong electrical pulses (5 ms; 60-80 V/mm). Pore resealing was studied for
vesicles in medium containing sucrose and/or glucose at concentrations from 0
to 0.4 mol/L. The edge tension is observed to decrease with increasing the sugar
content in the aqueous surroundings. Our finding corroborates the stabilizing
effect of sugar molecules on the hydrophilic edge in accordance with the
concentration-dependent sugar binding to the membrane reported in the
literature.
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Spatial organization of lipid membrane inclusions is driven by membrane
undulations

T. Galimzyanov', P. Kuzmin!, P. Pohl?, S. Akimov'.

'AN. Frumkin Institute of Physical Chemistry and Electrochemistry RAS,
Moscow, Russian Federation; *Institute of Biophysics, Johannes Kepler
University, Linz, Austria.

Spatial ordering in cellular membranes and model systems is a widespread
phenomenon. It is observed in multilamellar systems, where it leads to the
spontaneous formation of domain stacks. Within a lipid bilayer, it manifests in
the alignment of ordered domains (rafts) from the opposite monolayers.
Accordingly, alignment is believed to be essential for transmembrane signal
transduction. Hydration differences between the different lipid phases and
interactions between different phases in opposite monolayers were hypothesized
to act as driving forces for interbilayer ordering and intrabilayer domain
alignment, respectively. Yet, the underlying molecular mechanisms are
unknown. Here we show that shape fluctuations of lipid membranes promote the
spatial organization of various membrane inclusions in both environments: stiff
regions in opposing monolayers or bilayers attract each other because their
alignment allows maximizing entropy (1). That is, alignment minimizes
restraints on membrane undulations. Accordingly, fluid membrane regions
harbour lipids that offer little resistance to bending and may thus undulate with
higher curvature. The coupling energy is proportional to the domain area. It may
not be sufficient to ensure alignment of very small domains (tens of nm in size).
Alignment of these domains is driven by line tension, i.e. by the gain in energy
that is provided by minimizing the hydrophobic mismatch at domain boundary
(2) and minimizing curvature strain at the edge of the domain (3). This energy
gain linearly depends on domain radius, i.e. it is less important for larger domains
(>50 nm radius). Thus, the concerted action of both line tension and undulations
leads to the spatial organization of membrane inclusions. The driving forces have
their origin in the spatial inhomogeneities of membrane elastic properties. The
work was supported by the grant of the President of the Russian Federation MK-
3119.2019.4.

1. Galimzyanov et al. Biophys. J. 2017, 112 (2), 339.

2. Galimzyanov et al. Phys. Rev. Lett. 2015, 115 (8), 088101.
3. Galimzyanov et al. Phys. Rev. Lett. 2016, 116 (7), 079802.
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Impact of an antimicrobial peptide on the membrane fluidity of host
membranes: influence of cholesterol and a hopanoid.

D. Alvares', J. Ruggiero Neto', N. Wilke?.

'UNESP, Department of Physics, Brazil; ?Centro de Investigaciones en
Quimica Bioldgica, Departamento de Quimica Biologica Ranwel Caputo,
Argentina.

The effect of the antimicrobial tetradecapeptide Polybia-MP1 on the dynamics,
viscosity, and bending of the host membrane has been investigated using
different membrane compositions. Membranes composed of pure POPC, and
binary mixtures with cholesterol (Chol) or the hopanoid diplopterol (Dip) were
selected, and the interaction of Polybia-MP1 with lipid monolayers and bilayers
(GUVs and LUVs) was studied. Hopanoids are proposed sterol-surrogates in
sterol-lacking bacteria. The inclusion into POPC/Chol occurs in a lesser extent
and inducing less disorder than in the other membranes. This is intriguing
because Dip has been proved to induce similar order than chol in model
membranes and in bacteria. Despite the hopanoid, MP1 induced similar dye
release from LUVs of POPC and POPC/Dip. The effect of the peptide on the
membrane flexibility was investigated by generating nanotubes from single
GUVs using optical tweezers. Analysis of the nanotube refraction showed that
the membrane rigidity decreased with time and in the following order
POPC<POPC/Dip<POPC/Chol. The differential interaction and consequent
effect promoted by the peptide in membranes with Dip and Chol is a promising
starting point for targeting antimicrobial peptides to bacterial membranes.
Although electrostatic interactions are likely to be important in the mechanism
of an antimicrobial peptide-induced defect in membrane integrity, the elasticity
and fluidity modulated by the presence of sterol-surrogate diplopterol can also
be important for Polybia-MP1 selectivity to these cells.
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Prediction of Chlorosulfolipid Membrane Structures Using Hybrid
Molecular Dynamics Simulations
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Prediction of Chlorosulfolipid Membrane Structures Using Hybrid Molecular
Dynamics Simulations
Junyeol Lee and Rakwoo Chang”
Department of chemistry, Kwangwoon University, Seoul 01897, Korea
*E-mail: rchang@kw.ac.kr
Chlorosulfolipids (CSL) are the major components of flagellar membrane in sea
algae. Unlike typical biological lipids with a hydrophilic head group and
hydrophobic hydrocarbon tail, CSLs are well known as lipids containing the
sulfonate group and chlorines in the head group and hydrocarbon tail group.
Among the CSLs, Danicalipin A, Malhamensilipin A, and Mytilipin A are
representative lipids. However, it was impossible to isolate Danicalipin A from
the alga because of the lack of technology when it was first identified. 40 years
later, the research on CSLs have attracted renewed attention by several groups
because of their toxicity. It was reported that Malhemensilipin A inhibits
bacterial growth and the lysis of mammalian erythrocytes. Mytilipin A is also
known as the poison such as yessotoxin that is responsible for human seafood
poisoning. Until now, however, there is not enough structural information of
CSLs that reveals how the CSLs play biological roles. Thus, we combined
coarse-grained (CG) and atomistic molecular dynamics (MD) simulations to
obtain some insights into the CSL membrane structures. First, The CG model
based on Martini force fields was used to predict the mesoscopic membrane
structure of CSLs. We observed that unlike the other CSLs, Danicalipin A forms
a stable monolayer membrane structure. Based on these results, we performed
atomistic MD simulations of the corresponding atomistic model and obtained a
stable CSL membrane structure, in which the CSL lipids adopt a bent structure.
In addition, we calculated the membrane thickness, area per lipids, and order
parameter to show the membrane integrity. These results provide the significant
information to understand the CSL membrane structure.
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Curving in or out: membrane remodeling by ions and molecules as
assessed on giant vesicles

R. Dimova.
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Giant vesicles, with sizes in the 10-100 pm range, are a fascinating model
membrane system, which has been initially established and used as a
workbench for studying basic properties of simple lipid bilayers (Dimova,
Annu. Rev. Biophys., 2019). Nowadays, they are increasingly employed by
biophysicists to unravel the mechanisms driving various biological processes
occurring at the level of the cell membrane. Here, we will introduce approaches
employing giant vesicles to assess mechanical properties of membranes such as
bending rigidity and spontaneous curvature. The latter is readily generated by
asymmetries across the membrane and might be a governing factor in defining
shapes of membrane organelles and in remodeling them. Several examples for
the generation of spontaneous curvature will be considered: asymmetric
distribution of ions on both sides of the membrane (Karimi et al. Nano Lett.
18:7816, 2018), insertion and desorption of the ganglioside GM1 from the
bilayer leaflets (Dasgupta et al., Proc. Natl. Acad. Sci. USA. 115:5756, 2018,
Bhatia et al., ACS Nano 12:4478, 2018), and asymmetric adsorption of
poly(ethylene glycol) (Li et al., Proc. Natl. Acad. Sci. USA. 108:4731, 2011;
Liu et al., ACS Nano 10:463, 2016). All of these factors can drive the
spontaneous formation of cylindrical or necklace-like lipid nanotubes which
evidence the generation of membrane spontaneous curvature. The presented
examples will demonstrate that simple physicochemical effects can easily lead
to membrane remodeling to a similar extent as when driven by proteins and
active processes which were recently reviewed in the Biomembrane curvature
and remodeling roadmap (Bassereau et al., J. Phys. D: Appl. Phys. 51:343001,
2018).
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Functional supramolecular systems based on host-guest interactions of
adamantyl guanidines (AG) with phosphatidylcholine liposomes and
amphiphilic B-cyclodextrin vesicles were prepared and characterized. Size (~150
nm) and surface charge of these nanovesicles were determined after host-guest
complexation with a series of AGs, whose incorporation efficiency was also
tested. In order to evaluate the potential of the system as a gene vehicle, we
assessed the binding of fluorescently labeled DNA to AGs presented by the
nanovesicles. Fluorescence correlation spectroscopy (FCS) is used for diffusion
time measurement of rodlike, double stranded DNA oligos (120 bp, 40 nm), at
concentrations of 10-20 nM (oligos). DNA was titrated by nanovesicles
(concentrations 1-10 nM). While free DNA diffusion time is ~400 ps, upon
nanoparticle addition the observed diffusion time would increase to 10 ms which
corresponds to a calculated diffusion time for a 150 nm nanoparticle. That is,
above threshold concentrations (dependent on AG derivative) of nanovesicles
they would remove all free DNA from solution. FCS would then detect the
diffusion time (~10 ms) of the DNA-nanoparticle complex. There was a stark
contrast in binding stoichiometry for nanovesicles that feature different types of
AG derivatives. This result strongly indicates a different steric or Coulomb
interaction on behalf of the adamantane-substituted guanylhydrazones vs.
adamantyl aminoguanidines. Eventually, the change in the surface charge of
nanovesicles due to complexation would, in some cases, lead to aggregation that
was observed as extremely high characteristic diffusion times (~1 s).

Special thanks to Prof. Dr. Kata Mlinari¢-Majerski (Ruder Boskovi¢ Institute,
Zagreb) for providing adamantyl guanidines samples and to dr. Ajasja Ljubeti¢
(National Institute of Chemistry, Ljubljana, Slovenia) for providing access to
the FCS instrument and training to AS and TV.
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The tethered bilayer lipid membranes (tBLMs) are considered as perspective
experimental platforms for membrane biosensors and may be suitable for a broad
spectrum of biophysical experiments such as peptide/membrane interactions,
protein/membrane interactions, lipid phase transitions and others. tBLMs
attachment to the silver surface allows the monitoring of biologically relevant
events with electrochemical impedance (EIS) and surface enhanced Raman
(SERS) spectroscopical techniques.

It is known that structure of the self-assembled monolayers (SAMs) used to
anchor phospholipid bilayers to surfaces affects the functional properties of the
tethered bilayer lipid membrane.

To evaluate the differences in tBLM formation on flat silver surface two types
of anchor molecules were chosen to form SAMs — long strand thiolipid Wilma’s
compound (WC14) and four different length backfillers 3-mercapto-1-propanol
(3-M-1-P), 4-mercapto-1-butanol (4-M-1-P), 6-mercapto-1-hexanol (6-M-1-H)
and 9-mercapto-1-nonanol (9-M-1-N). EIS results showed the ability to
successfully form functional SAMs and tBLMs on the plain silver surface, which
leads to further experiments with this system using the SERS technique on
nanostructured silver surface.

For the SERS analysis the same backfillers (3-M-1-P, 4-M-1P, 6-M-1-H and 9-
M-1-N) were used in a pair with WC14 compound to form SAMs with different
structural properties. Analysis of SERS spectra form anchor molecules showed,
that WC14 and all of the tested short strand backfiller molecules are suitable for
immobilization on nanostructured silver surface. Furthermore, by using different
length backfiller molecules it is possible to control long strand anchor molecules
conformation on the surface.
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Controlled adhesion, membrane pinning and vesicle manipulation by Janus
and homogeneous particles
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Janus particles, giant vesicles, magnetophoresis, engulfment, penetration depth
Studying the adhesion and engulfment of particles by biomembranes is important
for a wide range of processes, such as drug delivery, biomedical imaging and
cytotoxicity. Many previous studies have illustrated the effect that properties
such as particle surface chemistry, responsible for the adhesion strength in the
particle-membrane interactions, or the particle size, can have on interactions.
Previously we have presented how nano-particles interact with biomimetic
membranes, giving insights into their function as anti-microbial agents (Ewins,
etal. Adv.Sci., 2019;6;4). Here, we demonstrate that the geometrical asymmetry
of the particle surface is also responsible for how particle-membrane interactions
proceed. We use metallo-dielectric ‘Janus’ particles having two regions of
distinctly surface properties. Other studies have demonstrated their potential
applications, such as the broken symmetry enabling imaging/quantification of
rotational dynamics, or the ability to combine two incompatible properties on
single-particles. We investigate the wrapping behaviour of biomembranes in
contact with such particles.

We use micron-sized particles; the metallic-hemisphere coating is
prepared via metal vapour deposition on a dielectric polystyrene particle
monolayer (Bharti, et al. J.Am.Chem.Soc, 2016;138;45), while non-coated
particles provide a reference. The biomembrane system consists of giant
unilamellar vesicles (GUVs), a convenient model system as they mimic the size
and curvature of plasma membranes, while simultaneously offering direct
visualization of the membrane under the microscope. Incubating the GUVs with
the particles results in a pinning of the contact line for membranes in contact with
Janus particles, and complete wrapping for homogeneous particles. The degree
of particle penetration is characterised as a function of adhesion energy.
Fluorescent LUV adhesion to the particle surfaces, in the presence of different
salt concentrations, reveals the electrostatic attraction between the membranes
and particles is only partially responsible for adhesion. We demonstrate a
potential use of these metal-coated Janus particles as microbots to manipulate
and transport vesicles, due to the magnetophoretic behaviour of the iron patch.

Finally, we investigate the role that membrane spontaneous curvature
can have on the engulfment behaviour of particles, as has been investigated and
modelled previously using a theoretical approach (Agudo-Canalejo, Lipowsky,
ACS Nano, 2015;9;4).
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A. Duncan', M. Bandurka', M. Chavent?, P. Rassam®, W. Song', O. Birkholz*,
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Sansom'.
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Osnabruck, Osnabruck, Germany; *Los Alamos National Laboratory, Los
Alamos, United States.
The spatiotemporal organization of membrane proteins is often characterised by
the formation of large protein clusters and complex mixtures of lipids. Modelling
the nanoscale heterogeneities within physiological membranes in molecular
detail, has been confounded by the inherent difficulties of simulating large
numbers of proteins over meaningful timescales. We have developed and a
mesoscale model that can incorporate 1000s of proteins, trained on the results of
coarse-grained molecular dynamics simulations'. We achieve simulations over
timescales that allow direct comparison to experimental data, in particular, the
single molecular tracking of bacterial outer membrane proteins (OMPs). In
Escherichia coli, OMP clustering leads to OMP islands, the formation of which
underpins OMP turnover? and drives organization across the cell envelope®. Using
molecular dynamics and mesoscale simulations we show that specific interaction
surfaces between OMPs are key to the formation of OMP clusters, that OMP
clusters present a mesh of moving barriers that confine newly inserted proteins
within islands, and that mesoscale simulations recapitulate the restricted diffusion
characteristics of OMPs in vitro. We extend the mesoscale model to explore the
impact of lipid composition and protein activity on the organisation of receptors
in mammalian cell membranes. The mesoscale model provides a powerful
integrated approach to understand physiologically accurate biological membranes
at mesoscale length and time scales.
References

1. Chavent et al, Nat Comms, 9, 2846, 2018

2. Rassam et al, Nature, 253, 333-6, 2015

3. Rassam et al, Nat Comms, 9, 1082, 2018
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Given the probable extremely contrasted environmental conditions at the
origins of life (high temperature, pressure and pH), the origin and nature of the
first cells membranes is still an open question. Due to complex organic carbon
limitations, the first membranes were most likely composed of simpler, single
chain fatty acids, which raises questions as how they could withstand the very
variable and extreme surrounding environment. A novel membrane architecture
has recently been proposed to explain the stability of contemporary poly-
extremophilic archaea, in which apolar alkanes might be present in the midplane
of the lipid bilayer. By populating the midplane, the alkanes should shift the
functional domain of the membrane towards higher pressure and temperature.

Following the same line of argumentation, the current project proposes a
similar architecture for protocell membranes. In this model, the bilayer is made
of short single chain amphiphiles (e.g. decanoic acid - decanol), with an apolar
lipid (e.g. eicosane) inserted in its midplane. If the functional predictions are
demonstrated, this will represent a possible strategy to explain the survival of the
membranes of the first forms of life to the extreme conditions of the early-Earth.

Several complementary techniques have been employed to characterize the
model single-chain amphiphiles vesicles at different membrane compositions
(apolar lipid presence / amount / type). Among them, Static / Dynamic Light
Scattering allowed to observe vesicle appearance, characteristics and time
stability. Differential Scanning Calorimetry was employed to detect the
membrane phase transitions and stability with temperature. Fourier Transform
Infrared Spectroscopy, able to detect changes in the vibrational mobility of the
amphiphiles acyl chains, was done by following variations with both temperature
(20 - 90 °C) and pressure (1 - 1000 bar). Furthermore, Fluorescence
Spectroscopy using the Laurdan fluorophore was used to study the membrane
fluidity with temperature.

Neutron scattering has been of particular importance to answer the
questions arising from the investigation of the protomembrane model. In
particular, Neutron Membrane Diffraction and Small Angle Neutron Scattering
gave very promising results, with evidences on the actual localization and the
stiffening effects of the apolar lipids intercalated in the membrane. The latest
results, obtained with the above mentioned techniques, will be presented.
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Hydrolysed copolymers of styrene and maleic anhydride (SMA) are able to
extract proteins from biological membranes, without the use of conventional
detergents'?. The discoidal structures formed by this process, termed Lipodisq
nanoparticles (also known as Lipodiscs) are approximately 10 nm in diameter'.
Recent publications have indicated that these nanoparticles are susceptible to
collisional lipid transfer, and that the rate of lipid mixing is dependent on the
conditions used®. The kinetics of lipid mixing between Lipodisqs of different
composition, are quantified using NMR spectroscopy and FRET, demonstrating
that the collisional lipid transfer in these systems rapidly destroys any spatial
order in the extracted membranes (on a timescale of seconds to minutes at
temperatures above the lipid phase transition). Here we exploit the property of
lipid mixing to titrate specific lipids into Lipodisqs nanoparticles containing
cytochrome ¢ oxidase (CcO), the activity of which is enhanced by the presence
of cardiolipin®. By following the oxidation of reduced cytochrome c, we can
measure the effect of changes in lipid composition (delivered by collisional
transfer) on CcO enzyme activity and demonstrate that lipid-polymer
nanoparticles can be used for the study of specific protein-lipid interactions
within a native-like membrane system.

(1)  Orwick, M. C. et al. Detergent-Free Formation and Physicochemical
Characterization of Nanosized Lipid-Polymer Complexes: Lipodisq.
Angew. Chemie - Int. Ed. 2012, 51 (19), 4653-4657.

(2)  Long, A.R. et al. A Detergent-Free Strategy for the Reconstitution of
Active Enzyme Complexes from Native Biological Membranes into
Nanoscale Discs. BMC Biotechnol. 2013, 13 (1), 41.

(3)  Grethen, A. et al. Role of Coulombic Repulsion in Collisional Lipid
Transfer Among SMA(2:1)-Bounded Nanodiscs. J. Membr. Biol.
2018, 251 (3), 443-451.

4 Sedla, E. ef al. Phospholipase A 2 Digestion of Cardiolipin Bound to
Bovine Cytochrome ¢ Oxidase Alters Both Activity and Quaternary
Structure t. 1999, 14966-14972.

@ Springer



S110

European Biophysics Journal (2019) 48 (Suppl 1):S1-S264

P-122

In vitro reconstitution of double membrane fission

J.M. Martinez Galvez', M. Garcia-Hernando?, F. Benito-Lopez®, L. Basabe-
Desmonts®, A.V. Shnyrova'.

'Biofisika Institute (CSIC, UPV/EHU) and Department of Biochemistry and
Molecular Biology, University of the Basque Country, Leioa, Spain, Leioa,
Spain; 2Analytical Microsystems & Materials for Lab-on-a-Chip (AMMa-
LOAC) Group, Microfluidics Cluster UPV/EHU, Analytical Chemistry
Department, University of the Basque Country UPV/EHU, Vitoria-Gasteiz,
Spain.BIOMICs-microfluidics, Microfluidics Cluster UPV/EHU, University of
the Basque Country UPV/EHU, Spain, Vitoria-Gasteiz, Spain; *Analytical
Microsystems & Materials for Lab-on-a-Chip (AMMa-LOAC) Group,
Microfluidics Cluster UPV/EHU, Analytical Chemistry Department, University
of the Basque Country UPV/EHU, Vitoria-Gasteiz, Spain, Vitoria-Gasteiz,
Spain; *BIOMICs-microfluidics, Microfluidics Cluster UPV/EHU, University
of the Basque Country UPV/EHU, Spain. Basque Foundation of Science,
IKERBASQUE, Spain, Vitoria-Gasteiz, Spain.

Mitochondria self-assemble into a network with a rich dynamical behaviour.
Here, they split apart or merge together to adapt to the energetic demands of the
cell. Particularly, mitochondrial division (MD) has attracted much attention due
to the its implication in aging, neurogenerative diseases and acute brain injury
among other pathologies. MD requires fine kinetic control over topological
transformations of both, the inner and outer mitochondrial membranes, achieved
largely through synergistic action of proteins from the dynamin superfamily.
However, the molecular description of the process is still lacking mainly due to
the absence of an in vitro system mimicking the correct topology of MD.

We have recently developed an in vitro system that allows the reconstitution of
the MD process with its correct topology. The double membrane nanotubes
(dNTs) are formed between polymer micro-pillars standing on a coverglass
bottom of a microfluidic chamber. Such design allows controlling dNTs length
and topology as well as to perform controlled perfusion with desired solutions.
Due to close proximity to the coverglass, the dNTs can be observed in real time
with high power optical objectives of a fluorescence microscope.

Using the dNT system we reconstituted the process of double membrane fission
induced by a bulk force and by dynamin 2, a protein implicated in the MD. Our
data show for the first time how membrane mechanics affects the process of
double membrane fission.
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Infectious diseases caused by multi-resistant pathogenic bacteria are rapidly
gaining grounds world-wide. One highly promising strategy to combat infectious
diseases is based on antimicrobial peptides (AMPs), effector molecules of innate
immunity, mostly acting on the cell envelope. The majority of peptide/lipid
interaction studies to gain information on the molecular mechanism(s) of AMPs
have been performed using model membranes with a symmetric lipid
distribution.

The outer membrane (OM) of Gram-negative bacteria however, is well-known
for its asymmetric distribution of lipopolysaccharides (LPS) and phospholipids.
Based on cyclodextrin-mediated lipid exchange [1] we were able to produce OM
mimics in form of asymmetric large unilamellar vesicles (aLUVs) with an outer
leaflet enriched in LPS and an inner leaflet composed of a mixture of
palmitoyloleoyl-phosphatidylethanolamine (POPE) and -phosphatidylglycerol
(POPQG).

In addition, inner membrane (IM) mimics were investigated. Evidence of
asymmetry within the cytoplasmic membrane of Gram-positive bacteria has
existed for some time [2], hinting that this may also occur for the IM in Gram-
negative bacteria. This is central to the activity of AMPs, since their activity and
in turn mode of action is governed by the lipid composition [3]. Therefore,
aLUVS consisting of a mixture of POPE, POPG and tetraoleoyl-cardiolipin
(TOCL) with a reduced POPE content on the outer leaflet of the bilayer were
used to mimic the IM.

Structural and thermodynamic properties of IM and OM mimics were studied
using different techniques, including small angle scattering (SAS), differential
scanning calorimetry (DSC) and dynamic light scattering (DLS). This provides
us with a valuable platform for interrogating specific interactions of
antimicrobial peptides with either membrane.

[1] M. Doktorova et al., Nature protocols (2018), 13(9), pp 20862101

[2]  J.E.Rothman and E. P. Kennedy, J. Mol. Biol. (1977), 110, pp 603-618
[3] K. Lohner, Curr. Top. Med. Chem. (2017) 17, pp. 508-519
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Lipid asymmetry is a hallmark of biological membranes [1]. In particular,

prototypical mammalian plasma membranes are known to be composed of an

outer leaflet enriched in cholinephospholipids, while the majority of the

aminophospholipids are confined to the inner leaflet [2]. One of the enduring

questions concerning plasma membrane architecture and lipid asymmetry is the

possibility of bilayer leaflets being coupled to each other, which may influence

a number of physiological processes that require communication between

interior and exterior of the cell [3]. A relatively new model system to study

transbilayer coupling mechanisms are asymmetric large unilamellar lipid

vesicles (aLUVs), which are produced via cyclodextrin-mediated lipid exchange

[4]. These systems were shown to be stable over several days [5] and have

already been investigated by elastic scattering techniques (small-angle neutron

and X-ray scattering; SANS/SAXS), providing insight into structural coupling

of the leaflets [6]. The techniques provide static structural features of each leaflet

(thickness, area per lipid), including the absence/presence of partial hydrocarbon

chain interdigitation at the interface between the two leaflets. To study in detail

the effect of hydrocarbon chain composition, we use combinations of

dipalmitoylphosphatidylcholine (DPPC) in the inner leaflet and mixed chain

lipids in the outer leaflet, in particular C16:0/C18:1 PC (POPC), C18:0/C18:1

PC (SOPC), C18:0/C14:0 (SMPC), C14:0/C18:0 (MSPC) and C16:0/C14:0 PC

(PMPC). We present leaflet specific structural data for these systems.

[1] a) A. J. Verkleij et al., Biochim Biophys Acta 323,178 (1973); b) M. S.
Bretscher, Nat New Biol 236,11 (1972).

2] P.F. Devaux and R. Morris, Traffic 5, 241 (2004).

3] K. Simons and D. Toomre, Nat Rev Mol Cell Biol 1, 31 (2000).

4] M. Doktorova et al., Nat prot 13.9, 2086 (2018).

5] a)F. A.Heberle et al., Langmuir 32, 5195 (2016); b) D. Marquardt et al.,
Langmuir 33, 3731 (2017).

[6] a)B. Eicher et al., J Appl Crystallogr 50, 419 (2017); b) B. Eicher et al.,
Biophys J 114, 146 (2018).
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In this research the kinetics of small molecules crossing through model bio-
membranes upon simulated disruption is explored. The short and long range
order of lipid assemblies and their interactions with surfactants were investigated
as a function of temperature, time, surfactant concentration and bio-membrane
composition using a variety of techniques including Wide and Short Angle X-
Ray Scattering (SAXS / WAXS) at the Diamond Light Source Synchrotron, UK,
SS NMR and fluorescent microscopy. These studies have led to an increased
understanding of the mechanisms and kinetics technique behind complex
biologically relevant membranes and surfactant assemblies.
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Cell membranes are believed to be heterogeneous and exhibiting lipid domains
(or rafts) of coexisting phases. The phase heterogeneity can govern cellular
functions and processes. In this work, we address the question how the process
of fusion is affected by the membrane phase state (fluid or gel) and by phase
coexistence. We also investigate whether it is possible to confine fusion into
specific regions of the membrane by using membranes displaying phase
separation and whether gel domains can be dissolved upon fusion. Our system is
based on small fusogenic liposomes (100 nm) and giant unilamellar vesicles
(GUV, 10-50 um), the latter being commonly used for investigating membrane
phase coexistence with optical microscopy. The fusogenic liposomes are cationic
large unilamellar vesicles (LUVs) and the GUVs are neutral or negatively-
charged. By choosing the lipid composition of the GUVs, we modulate the phase
state and the charge of the different phases (charged or neutral, fluid or gel).
Fusion efficiency is characterized using microscopy-based fluorescence
resonance energy transfer (FRET) and content mixing assays. For homogenous
GUVs in the gel phase, no fusion occurs regardless of the membrane charge,
whereas we observe high fusion efficiency for fluid negatively charged vesicles
(see also Lira et al. Biophys. J. 116:49, 2019) and only docking and hemifusion
for neutral fluid GUVs. For phase-separated GUVs exhibiting charged-gel and
neutral-fluid domain coexistence, we observed docking at low LUVs
concentration, whereas higher LUV concentration leads to an increase in
membrane area of the vesicle (due to LUV lipid transfer) and dissolution of the
gel domains. For GUVs with neutral-gel and charged-fluid phase coexistence
fusion proceeds instantaneously and is also efficient at low concentration of
LUVs. These findings have the potential for unravelling important role on the
regulation of the interactions between cells and liposomes used in drug delivery
systems.

Financial Support: FAPESP 18/08014-4

P-127

Selective membrane permeabilization induced by synthetic antimicrobials
A. Stulz', K. Lienkamp?, M. Hoernke'.

"Pharmaceutical Technology and Biopharmacy, University of Freiburg,
Freiburg, Germany; 2IMTEK Chemistry and Physics of Interfaces, University
of Freiburg, Freiburg, Germany.

Natural or synthetic antimicrobial agents (AMPs or smAMPs) acting on the cell
membrane are promising alternatives to classical antibiotics because they are less
prone to resistance. Common to all antimicrobial treatment is the need for
selectivity.

A series of smAMPs with varying antibacterial gram-selectivity is discussed.
Sophisticated analysis of vesicle leakage mechanisms and kinetics reveals how
the combination of smAMP design and lipid mixture can determine the mode of
action. Activity and selectivity relate to molecular mechanisms like asymmetry
stress or rare and strong leakage events. These rare events could involve
stabilization of local curvature (as in toroidal pores) or electrostatic lipid
clustering. We also discuss how vesicle leakage experiments relate to biological
activity. A general view on membrane leakage and antimicrobial activity and
selectivity will aid future design of antimicrobials as well as improvement of
model for in vitro studies.
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Membrane fission occurs throughout each eukaryotic cell, underlying
intracellular trafficking and organelles morphogenesis. To undergo scission a
short membrane neck connecting two dividing compartments needs first to be
squeezed down to the lipid molecule scale. The accumulation of bending stress
in a membrane of a highly-curved neck leads to bilayer structure instability,
resolved through membrane fission at finite curvature. The elastic properties of
a membrane at such curvatures as well as the molecular pathways of lipid bilayer
structural reorganization induced by bending stress has not been directly assessed
yet. Here we introduce a novel approach to probe the elastic response of a
membrane of ultra-short (~100 nm) cylindrical lipid nanotubes, pulled from
reservoir membranes. By applying nanoscale electro-actuation on a NT, we
could directly assess the material parameters of its membrane, during the fission
process produced by different force factors as well. We found that the NT
membrane retains linear elasticity characterized by macroscopic (bulk) bending
rigidity over the entire range of curvatures up to the loss of stability. It was the
high bending stress accumulated in the NT membrane that provoked the
stochastic destabilization of the lipid bilayer associated with the transient
formation of lipids packing defects in it. The particular intermediates through
which the structural reorganization of the membrane takes place then depended
on the bending rigidity of the membrane. A membrane of NTs pulled from soft
lipid bilayers (having physiologically relevant bending moduli) came to critical
values of bending stress at curvatures compared with molecular dimension and
its scission was seamlessly realized through a hemifission intermediate (local
self-closure of internal monolayer). While stiffer membranes (but still
physiologically relevant) attained bending stress sufficient to induce membrane
instability at significantly lower curvatures resulted in membrane poration
leading to either fission or rupture of both the NT and the parent membrane.
Material compliance thus emerges as a critical regulator of the topology of
cellular membrane remodelling.
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Functional nanostructure of NhaA protein in tethered lipid bilayer
membranes

S. Kéhler', M. Maccarini?, G. Fragneto', J.P. Alcaraz?, D. Martin®.

'nstitut Laue-Langevin, Grenoble, France; *Université Grenoble Alpes,
Grenoble, France.

The study of active membrane proteins requires an environment which is as close
as possible to their natural environment to retain the protein function, while at
the same time keeping the system as simple as possible to allow for an
experimental characterization and to be able to identify factors which influence
the system. Tethered lipid bilayers (tBLMs) represent an experimentally
accessible and stable model for biological membranes that offers a high level of
control over the structure. Due to their connection to a planar surface they can
form a more natural environment for membrane protein incorporation than the
widely used solid supported bilayers and are stable for months [1]. We report the
use of such a tBLM system to investigate how the structural factors of the
surrounding membrane influence the incorporation and subsequently the activity
of the NhaA protein, which is the main sodium proton antiporter of Escherichia
coli. NhaA serves as the means for E. coli to maintain sodium homeostasis and
for pH control [2]. Here we present a study on the incorporation of NhaA into
PEG-tBLM on gold surfaces. We show the nanostructural characterization of
highly covering tBLMs of different lipid composition with large fractions of
incorporated NhaA by neutron reflectometry (NR) and how electrochemical
impedance spectroscopy (EIS) can be used to investigate its activity.

NR allowed us to determine the nanostructure of the membrane/protein system
to monitor structural variations and to precisely determine the amount of
incorporated NhaA protein. Using EIS we obtained functional characteristics. It
provided electrophysiological properties related mainly to ion permeability and
indicated NhaA activity, as this is associated to an ionic current across the
bilayer.

The combination of these two methods enables us to correlate structural and
functional information of the NhaA-membrane system in order to understand the
mechanisms behind these dependencies.

[1] M. Maccarini, L. Gayet, J.-P. Alcaraz, L. Liguori, B. Stidder, E. Watkins, J.-
L. Lenormand, D. Martin, Langmuir, 2017, 33, 9988-9996.

[2] Etana PADAN, Biochimica et Biophysica Acta (BBA)-Bioenergetics, 2014,
1837.Jg.,Nr. 7, S. 1047-1062.
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Electrical phenomena associated with release of protons on the surface of
bilayer lipid membrane

V. Tashkin', D. Brynskaya?®, V. Vishnyakova®, A. Shcherbakov', O.
Finogenova', Y. Ermakov', V. Sokolov'.

"Frumkin Institute of Physical Chemistry and Electrochemistry, Moscow,
Russian Federation; ’D. Mendeleev University of Chemical Technology of
Russia, Moscow, Russian Federation; *Moscow Institute of Physics and
Technolog, Moscow, Russian Federation.

The changes of the capacitance and electrostatic potential of bilayer lipid
membrane (BLM) initiated by fast release of protons on its surface have been
studied. The protons were released after photolysis of “Caged-H"™ - 2-methoxi-
S-nitrosulphate (MNPS) bound on the membrane. This binding was controlled
by measuring of the boundary potential (BP) by Inner Field Compensation (IFC)
method developed by us earlier (Sokolov and Kuz’min, 1980, Biofizika, 25:170-
172) or as the change of -potential of liposomes measured by dynamic light
scattering method. The illumination of BLM with bound MNPS by UV light
resulted to small increase of its capacitance as well as to appearance of positive
charge of its surface detected either as a fast shift of open circuit potential or as
a slow BP shift measured by IFC method. The shifts of the membrane
capacitance and BP decreased with decrease of pH and with increase of the
concentration of buffer in the solution. The effect of buffer on the BP shift was
not full and saturated at concentrations above 1 mM. It allows concluding that
the BP change is assigned partially to decrease of the amount of the MNPS
anions bound on surface of BLM due to their photolysis, partially — to binding
of protons with the membrane. The shifts of the membrane capacitance and BP
were observed on BLM formed from phospholipids (phosphatidylcholine or
phosphatidylserine) as well as on BLM formed from neutral lipid
glycerylmonooleate. The restoration of the capacitance and BP after the light
flash took about ten seconds. It indicates that the binding of protons with the
membrane leads to forming a long lived state, in which essential role play water
molecules oriented on the membrane surface.
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Lipid-ordered domain boundary acts as attractor for curvature-inducing
membrane inclusions

K. Pinigin, O. Kondrashov, O. Batishchev, T. Galimzyanov, S. Akimov.

A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian
Academy of Sciences, Moscow, Russian Federation.

Cell membranes represent a complex assembly of various lipids interacting with
membrane proteins. Lipid diversity results in the formation of separate domains,
also called lipid rafts, easily identified by in vitro experiments. Raft and
surrounding membrane have different thicknesses of the lipid bilayer. On their
boundary membrane deformations occur in order to compensate the thickness
mismatch. Membranes may contain plenty of inclusions, inducing elastic stress:
transmembrane proteins, peripheral proteins, nonlamellar lipids, etc.
Deformations, induced by inclusions, can interfere with deformations, that arise
near the domain boundary, leading to the specific arrangement of inclusions with
respect to the boundary. To analyze such membrane-mediated interaction we
utilized the linear theory of elasticity of lipid membranes. In the framework of
the theory, elastic deformations of splay, tilt, lateral compression-stretching and
lateral tension were taken into account. We revealed, that the domain boundary
can serve as attractor for almost all types of membrane inclusions. By varying
the lateral position of membrane inclusions we demonstrated that the total elastic
energy of the system reaches its minimum when the inclusions are located in the
vicinity of the domain boundary. The magnitude of the potential well was 0.4—
0.5 kzT/nm for membrane proteins, amphipathic peptides and hydrophobic
molecules. For nonlamellar lipids, possessing spontaneous curvature of £0.25
nm', the depth of the energy well was about 0.15-0.2 kzT/nm; the energy values
are related to 1 nm along the domain boundary. We hypothesize that the
attraction of membrane inclusions to the domain boundary may have an impact
on cell signal transduction pathways, viral-induced membrane fusion,
aggregation of amphipathic peptides.

P-132

Nanoscale structure of biomembranes.

A. Bochicchio, S. Gahbauer, M. Péhnl, R. Bockmann.

Friedrich-Alexander Univesitét Erlangen-Niirnberg, Erlangen, Germany.
Despite the biological significance of membrane nanodomains, details on their
structure remain elusive.

Molecular dynamics (MD) simulations have increasingly become a powerful
tool to provide spatial and temporal information of membrane substructures.
However, all-atom (AA) approaches suffer from restrictions on accessible time
scales and system sizes. In contrast, more efficient coarse-grained (CG) force
fields remain insufficiently accurate to achieve correspondence with
experiments.

Here, we present a combined CG/AA simulation approach in the study of ternary
and quaternary lipid mixtures comprising cholesterol and/or sphingomyelin. Our
simplified, yet biologically relevant, lipid compositions form coexisting liquid-
ordered/liquid-disordered (L,/L4) phases on a multi-us time-scale at atomistic
resolution. In all studied case, the L, domains are characterized by substructures
of hexagonally packed saturated hydrocarbon chains nanoclusters, separated by
interstitial regions enriched in cholesterol. Moreover, our simulations provide
atomic-details insights on spontaneous cholesterol trans-bilayer motion (flip-
flop) and its dependence on the lateral heterogeneity of the membranes.

P-133

The interaction of personal care formulations with skin mimetics

M. Devgan!, J. Seddon!, N. Brooks', R. Law!, D. Moore?, M. Thompson>.
Tmperial college London, London, United Kingdom; >GlaxoSmithKline,
London, United Kingdom.

The outermost layer of human skin, the stratum corneum (SC), is an assembly of
corneocyte cells embedded in a lipid matrix. The SC forms a highly effective,
yet selective barrier, preventing pathogens and many other harmful agents from
entering the body. Importantly, the SC is also the body’s fundamental interface
with topical formulations, with the lipid matrix thought to control the uptake and
delivery of passive skin creams, excipients and active pharmaceutical
ingredients.

In this work we aim to understand the molecular and assembly scale structural
interactions between topical formulations and skin lipid mimetics.
Understanding the physical interactions between stratum corneum lipids and
formulations components is critical to the design of effective topical
formulations. Choline geranate, a class of ionic liquid, is of high interest due to
its effective transdermal drug delivery and antimicrobial properties. However,
the mechanism of its penetration through bacterial membranes and human skin
is not fully understood.

We have utilised a simplified, synthetic stratum corneum lipid mimic, composed
of egg ceramide, cholesterol and free fatty acids, that is an effective and
controllable model for investigating the specific molecular interactions that
underpin physical and structural changes induced by the application of topical
formulations, such as choline geranate.

We show that the hydration of choline geranate causes changes in its structural
organisation from a simple lamellar structure to micellar assembly and finally an
emulsion phase. Furthermore, we have also been able to show that choline
geranate causes significant disruption to the meso-structure of model skin lipids.
In addition, we also show insight to choline geranate’s antimicrobial properties
by disrupting stable DPhPC (1,2-diphytanoyl-sn-phospocholine) lamellar
bilayers. These phase transitions and structural organisation have been
investigated using several biophysical techniques including differential scanning
calorimetry, small and wide-angle x-ray diffraction, solid-state NMR and light
microscopy.

The outcome of this project will have a significant impact on the topical
formulations industry as well as our understanding of the complex structure of
the body’s skin barrier.
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1D potential well describes the interaction of amphipathic peptides
mediated by membrane elastic deformations

0. Kondrashov, T. Galimzyanov, O. Batishchev, S. Akimov.

A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian
Academy of Sciences, Moscow, Russian Federation.

Amphipathic alpha-helical peptides are considered as effective antimicrobial
agents. In such peptides one side-surface of the helix is enriched by hydrophobic
aminoacids, while polar or charged amonoacids are exposed on the opposite side-
surface. Amphipathic peptides can electrostatically interact with lipid
membranes. Upon adsorption, their hydrophobic aminoacids can be buried into
the hydrophobic core of lipid monolayer. Such partial incorporation causes
elastic deformations of the membrane in the peptide vicinity. If two peptides are
far separated, their induced deformations are independent, and the corresponding
elastic energy is additive. When the peptides come closer, the deformations
overlap, leading to effective lateral interaction. Utilizing the theory of elasticity
of liquid crystals adapted to lipid membranes, we calculated the energy of elastic
deformations for discrete set of arbitrary configurations of two amphipathic
peptides adsorbed to the membrane. The global minimum of the energy is
achieved in the configuration of aligned parallel peptides separated by about 6
nm. We analytically obtained the expression for the interaction potential in
unidimensional approach. The potential well approximates the interaction energy
profiles, obtained numerically for peptides of different lengths arbitrary oriented
with respect to each other. The effective interactional length of aligned parallel
peptides for the unidimensional approach slightly exceeds their actual length.
When the peptides are mutually shifted along their axis, the effective interaction
length appears to be close to the length of projection of one peptide onto the
other. If longitudinal axes of the peptides cross at substantial angle, the
interaction is mainly governed by the peptide edges; the effective interaction
length in this case is determined by characteristic length of deformation decay,
i.e. by the membrane elastic properties rather than peptide geometry. We thus
conclude that deformation-mediated interaction of membrane inclusions can be
adequately described by the potential calculated in the unidimensional approach.
The work was supported by the Russian Foundation for Basic Research grant
#17-04-02070.
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Self-assembly of 10-N-nonyl acridine orange (NAO) creates

molecular zippers promoting cell death by adhesion of membranes

V.G. Almendro-Vedia', C. Garcia?, M. Muiioz-Ubeda®, P. Natale', R. Queiroz-
Albuquerque?, A. Guerrero Martinez', F. Monroy', P. Lillo?, 1. Lépez-
Montero'.

'Dto. Quimica Fisica, Universidad Complutense de Madrid, Madrid, Spain;
2Dto. Quimica Fisica Biolégica, Instituto de Quimica-Fisica “Rocasolano”
(CSIC), Madrid, Spain; *Instituto de Investigacion Hospital Doce de Octubre,
Madrid, Spain; “Liverpool John Moores University, Liverpool, United
Kingdom.

The fluorescent dye 10-N-nonyl acridine orange (NAO) is widely used as a
mitochondrial marker. Very early, NAO was reported to have cytotoxic effects
in cultured eukaryotic cells when incubated at high concentrations. Although
the biochemical response of NAO-induced toxicity was well identified, the
underlying molecular mechanism has not been yet explored in detail. Here, by
using giant unillamelar vesicles and fluorescence confocal microscopy, we
have obtained direct evidence that NAO promotes strong membrane adhesion
of negatively charged vesicles. The attractive interactions between adhering
membranes derive from van der Waals interactions between antiparallel H-
dimers of NAO molecules from opposing bilayers, as revealed by fluorescence
lifetime imaging microscopy. Semiempirical calculations have confirmed the
supramolecular scenario by which antiparallel NAO molecules form a zipper of
bonds at the contact region. The membrane remodelling effect of NAO, as well
as the formation of H-dimers, was also confirmed in cultured fibroblasts, as
shown by theultrastructure alteration of the mitochondrial cristae. We conclude
that membrane adhesion induced by NAO stacking accounts for the
supramolecular basis of its cytotoxicity.
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Structural changes in bi
Basic Protein

B. Krugmann', A. Stadler?, A. Radulescu', A. Koutsioumpas', M. Dulle?, M.S.
Appavou?, S. Forster'.

'Forschungszentrum Juelich, Garching, Germany; *Forschungszentrum Juelich,
Juelich, Germany.

The myelin sheath plays an important role in nerve signal conduction. It acts as
an insulating layer around axons which enables fast signal transport by reducing
conduction losses. In demyelinating diseases like multiple sclerosis, this
membrane is damaged which leads to severe problems in nerve conduction. In
literature, different values for the lipid composition of healthy and modified
membranes have been found. Based on these results we investigate the
membrane structure of the respective lipid compositions. As next step we add
Myelin Basic Protein (MBP) to the membranes and investigate the induced
structural changes. Small angle neutron scattering (SANS) and cryo-
transmission electron microscopy (cryo-TEM) data show the structure of
vesicles with healthy and modified membrane composition and the strong
structural change induced by MBP. In detail, we see as well multilamellar
structures as vesicle fusion and aggregation. Neutron Reflectometry (NR) data
shows how the interaction of healthy and modified myelin membranes with MBP
differs, respectively.
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NMR Studies of Phospholipid Motion using Lanthanide Induced Shifts

L. Rowlands, C. Wrobel, R.V. Law.

Imperial College London, London, United Kingdom.

Biological membranes are made up of phospholipids, which form a bilayer
structure along with proteins and carbohydrates. In order to study the behaviour
of these membranes, phospholipid vesicles have long been used as models.
Whilst they may be a far cry from the complexity of a cellular membrane, their
simplicity allows researchers to study individual biophysical effects in isolation.
However, NMR of phospholipid vesicles presents many challenges, one of the
most notable is the difficulty of distinguishing between the inside and outside
leaflets of the bilayer. To address this, we utilised ytterbium ions to induce a
pseudocontact shift on the lipids, which results in two separate signals for the
head group of the lipid. This was then used to differentiate between the outer and
inner leaflets of a unilamellar vesicle, and observe molecular motion using 'H
NMR. Specifically of interest is trans-bilayer movement, which is fundamental
to biological activity, but remains difficult to observe and characterise. It was
found that the ratio of the lanthanide to lipid was shown to influence the splitting,
and the magnitude of the splitting was also dependent on the lipid. By
introducing lyso lipids, the membrane was perturbed and increasing the
temperature past the transition temperature showed merging of signal from the
head group, which we believe to indicate trans-bilayer movement. This work
demonstrates the utility of the lanthanide shift reagents. It has been shown that
they are sensitive to differences in lipid formulations and capable of elucidating
molecular motion previously unobserved by NMR.
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Lipid dynamics in nanodiscs probed by solid-state NMR
A. Saad', D. Martinez', L. Frey?, E.J. Dufourc', B. Habenstein', S. Bibow?, R.
Riek?, A. Loquet'.
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ETH Ziirich, Ziirich, Switzerland.
Lipid dynamics in nanodiscs probed by solid-state NMR
Ahmad Saad', Denis Martinez', Lukas Frey®, Erick J. Dufourc!, Birgit
Habenstein', Stephan Bibow?, Roland Riek?, Antoine Loquet'”
!CBMN, CNRS, University of Bordeaux, IECB, 33607, Pessac, France,
’Biozentrum, University of Basel,, Switzerland,
3Laboratory for Physical Chemistry, ETH Ziirich, Switzerland

Nanodiscs provide a novel tool to embed membrane proteins into
native-like lipid bilayers environment allowing high-resolution biophysical
studies while maintaining their structure and function. Nanodiscs are composed
of a small patch of a lipid bilayer surrounded by a membrane scaffold protein
(MSP) creating a belt like shape. Different scaffold proteins can be used resulting
in nanodiscs of various diameters and properties. It still remains unclear how
lipids dynamically organize inside a nanodisc scaffold compared to their
behavior in cellular membranes.
Recently, we compared lipid dynamics in nanodiscs and in liposome [1]. In the
present work, we use deuterium solid-state NMR spectroscopy to investigate the
organization and dynamic of lipids in various nanodisc constructs with an
average size from 8 to 13 nm, assembled in different lipids composition (DMPC,
DPPC). The thermotropic behavior, ordering and thickness of lipid membrane in
nanodiscs were assessed. The results point out highly variable gel-to-fluid phase
transitions and lipid ordering as a function of the nanodisc diameter, suggesting
that the scaffold design have a profound impact of the dynamic organization of
the lipid bilayer.

1. Martinez, D. et al., ChemPhysChem 18, 2651-2657 (2017).
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Comparative biophysical study of SARS-CoV Spike membrane-active
domains: Implications for membrane fusion

L.G.M. Basso', A.E. Zeraik?, A. Felizatti>, R. Demarco?, A.J. Costa-Filho’.
!University of Sao Paulo, Ribeirao Preto, Brazil; *University of Sao Paulo, Sdo
Carlos, Brazil; *University of Sao Paulo, Ribeirdo Preto, Brazil.

The S2 subunit of the Severe Acute Respiratory Syndrome (SARS) Spike protein
features membrane-active domains that play critical roles in viral entry and
infection. Interaction of these functional domains with membranes drives large
conformational changes in the viral glycoprotein that lead to the merge of the
virus envelope with the cell membrane. Here we present a series of
spectroscopic, calorimetric, and optical microscopy experiments to probe
peptide-membrane interactions of four SARS segments corresponding to the
putative fusion peptides (FP1 and FP2), and to internal segments near the FPs
(IFP and fIFP). Our results show that all peptides acquired a-helical secondary
structure in micelles and induced membrane permeabilization, aggregation, and
lipid mixing of phospholipid model membranes in a concentration- and pH-
dependent manner and at different extents. The peptide fIFP was the most
effective in promoting lipid perturbation and mixing, while FP2 presented the
lowest fusion activity and the lowest effect on the electron spin resonance (ESR)
line shape of nitroxide-labeled lipids embedded in lipid model membranes. ESR
showed that FP1, IFP, and fIFP substantially increased lipid packing and head
group ordering only in the presence of negatively charged lipids, which might be
related to bending moment induction in the bilayer and membrane dehydration.
On the other hand, all peptides exhibited low hemolytic activity, but both FP2
and fIFP promoted higher hemagglutinating activities than FP1 and IFP. In
addition, the peptides only slightly changed the melting behavior of ghost
erythrocyte proteins as seen by differential scanning calorimetry. Taken together,
our results highlight the importance of the lipid composition of the membranes
and the environmental pH in modulating the biological activities of the peptides
and hypothesize the role played by different membranotropic domains of the
Spike S2 subunit. Depending on the environment, different membrane-active
domains may act independently and help to overcome the kinetically unfavorable
task of bringing together two apposed membranes to induce fusion.
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Lipid lamellar phases at cryogenic temperature: electron spin echo studies.
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Lipid lamellar phases at cryogenic temperature: electron spin echo studies.
Erika Aloi', Rita Guzzi'?, Rosa Bartucci®"

! Department of Physics, University of Calabria, Rende (CS) — Italy

2 CNR-NANOTEC, University of Calabria, Rende (CS) - Italy

? Department of Chemistry and Chemical Technologies, University of Calabria,
Rende (CS) - Italy

“Presenting author, e-mail: rosa.bartucci@fis.unical.it

Electron spin echo methods of pulsed electron paramagnetic resonance
spectroscopy are used to study fully hydrated lamellar phases of
phosphatidylcholine lipids in the frozen state. Two-pulse echo-detected EPR
spectra of chain labelled lipids are indicative of librational dynamics in the low-
temperature phases of the phospholipid membranes. The characteristics of the
librational lipid-chain motion, i.e., mean-square angular amplitude and rotational
correlation time, depend on the linkage between the nonpolar chains and the
glycerol backbone (ester- vs ether-linkage) and on the degree of chain
unsaturation (saturated vs mono- and di-unsaturated chain) of the lipid
molecules. Fast (in the subnanosecond-nanosecond time range) segmental
librational oscillations of small amplitude and the dynamical transition around
200 K are detected in any membrane sample. Experiments of three-pulse electron
spin echo envelope modulation by D,O of site-specifically spin-labeled
phospholipids throughout the chain reveal a uniform profile of solvent (D,O)
penetration across the hydrocarbon region of ether-linked dialkyl lipids with
interdigitated chains. This profile is markedly different from the sigmoidal
transmembrane profiles of solvent accessibility into bilayers of ester-linked
diacyl phosphatidylcholines. These results obtained in lipid membranes at
cryogenic temperature are also relevant at higher temperatures. The differences
in dynamics and polarity evidenced in the considered linear-chain
phosphatidylcholine membranes should be expected to affect the functional
behavior of the corresponding biological membranes.
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Cell-size regulation induces long-term oscillations in population growth
rate

E. Jafarpour.

University of Pennsylvania, Philadelphia, United States.

There are negative correlations between the generation time of a bacterial cell
and those of its descendants. If a cell grows for a longer time than expected, its
daughter cells (and subsequent descendants) will be larger at birth and have to
compensate for their sizes by dividing slightly earlier than expected. This
process is known as cell-size regulation. In this talk, I discuss the effect of these
correlations on the dynamics of population growth of microorganisms. I show
that any non-zero correlation that is due to cell-size regulation can induce long-
term oscillations in the population growth rate. The population only reaches its
steady state due to the often-neglected variability in the growth rates of
individual cells. The relaxation time scale of the population to its steady state is
determined from the distribution of single-cell growth rates and is surprisingly
independent of the details of both the division process and the cell-size
regulation. I propose an experimental method to measure single-cell growth
variability by observing how long it takes for the population to reach its steady
state, a measurement that is significantly easier and less biased than single-cell
measurements.
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Molecular architecture of bacterial amyloids in Bacillus biofilms

N. El Mammeri', J. Hierrezuelo?, J. Camara-Almiron?, J. Caro-Astorga®, A.
Alvarez-Mena?, J. Tolchard', A. Dutour', M. Berbon', J. Shenoy', E. Morvan®,
A. Grélard', B. Kauffmann®, S. Lecomte', A. De Vicente?, B. Habenstein', D.
Romero?, A. Loquet'.

ICBMN - IECB - University of Bordeaux, Pessac, France; *Departamento de
Microbiologia, Universidad de Malaga, Malaga, Spain; *CNRS, IECB,
UMSO001, University of Bordeaux, Pessac, France.

The formation of biofilms provides structural and adaptive bacterial response to
the environment. In Bacillus species, the biofilm extracellular matrix is
composed of exopolysaccharides, hydrophobins and several functional amyloid
proteins.

We report the molecular architecture of Bacillus subtilis and pathogenic Bacillus
cereus functional amyloids, using multi-scale approaches such as solid-state
NMR, electron microscopy, X-ray diffraction, DLS, ATR-FTIR and immune-
gold labeling. Solid-state NMR data reveal that the major amyloid component
TasA in its fibrillar amyloid form contain B-sheet and o-helical secondary
structure, suggesting a highly non-typical amyloid architecture, and species
variability between B. subtilis and B. cereus. Proteinase K digestion experiments
indicate the amyloid moiety is approximately ~100 amino-acids long, and
subsequent  solid-state  NMR and FTIR  signatures  for Bacillus
subtilis and Bacillus cereus TasA filaments highlight a conserved rigid amyloid
core albeit with substantial differences in structural polymorphism and
secondary structure composition. Structural analysis and cross-seeding data on
the accessory protein TapA in B. subtilis and its counterpart CalY in B.
cereus reveal a catalyzing effect between the functional amyloid proteins and a
common structural architecture, suggesting a co-assembly in the context of
biofilm formation.

Our findings highlight non-typical amyloid behavior of these bacterial
functional amyloids, underlining structural variations between biofilms even in
closely related bacterial species.

P-143 (0-044)

Microviscosity of bacterial biofilm matrix characterized by fluorescence
correlation spectroscopy and single particle tracking

V. Dunsing, T. Irmscher, S. Barbirz, S. Chiantia.

University of Potsdam, Potsdam, Germany.

Bacterial biofilms are surface-adherent communities of bacteria surrounded by
an extracellular polymeric substance (EPS) consisting of secreted
polysaccharides and other biomolecules. In healthcare settings bacterial biofilms
represent a severe threat, causing chronic infections and contamination of
medical devices. To remove biofilms, multiple strategies have been developed,
e.g. treatment with antibiotics or bacteriophages, which are advantageous to
specifically target bacterial species. In this context, it remains unclear to which
extent the EPS matrix imposes a physical barrier to the transport of
bacteriophages through the biofilm. To address this question, we have
reconstituted the EPS matrix of the bacterium Pantoea stewartii, responsible for
a severe disease of corn plants, and investigated the diffusion properties of
fluorescent particles using fluorescence correlation spectroscopy and single
particle tracking. This approach allows to study the EPS spatial organization
under various physico-chemical conditions. We show that small probes diffuse
freely in the EPS with diffusion coefficients similar to those measured in water.
In contrast, large probes are drastically slowed down, showing anomalous
subdiffusion. The degree of confinement increases with EPS concentration.
Tracking single fluorescently labeled bacteriophages at physiological
concentrations, we observe a population of strongly confined particles, showing
distinct subdiffusive dynamics with anti-correlation of successive steps. To
overcome the physical barrier imposed by the EPS, bacteriophages are equipped
with EPS degrading enzymes. By treating the EPS with purified bacteriophage
enzymes, we show that upon EPS degradation strongly confined diffusion
rapidly turns to free diffusion. Thus, our approach allows the investigation of
dynamic changes of the biofilm microviscosity and demonstrates that the EPS
matrix imposes a probe size dependent diffusion barrier under physiological
conditions. Our data suggests that the ability to degrade the EPS provides a key
for bacteriophages to evade trapping in the biofilm.
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EFFECT OF ULTRAVIOLET RADIATION ON HUMAN HEALTH:
STUDY OF A SAMPLE OF SKIN CANCER PATIENTS IN ALGERIA.
M. Boukabcha.

University of Chlef, Chlef, Algeria.

Skin cancer generally is a cumulative effect of solar ultraviolet radiation
exposure and is a public health problem; solar ultraviolet radiation is a major risk
factor for this disease. This epidemiological study was carried out by different
methods and techniques and especially treatment of medical records at the level
of the Chlef region from Algeria. The study was more than 70 cases of female
and male skin cancer. This study can provide much information on the
biophysical and epidemiological aspects, where the incidence and the average
age were among parameters of these patients and population, the distribution of
patients according to incidence and some risk factors were estimated according
to this study during five years from January 2014 to December 2018. The use of
sunscreens is often advocated to prevent the cumulative effects of sun exposure.
The objective of this work is the development of the cancer registry of Chlef
region in Algeria.
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Anticancer activity of a novel cell-penetrating peptide, vCPP2319, and its
interaction with breast cancer cells’ derived exosomes
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Castanho!, D. Gaspar'.
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Despite improvements in breast cancer treatment there is increased incidence
of a metastatic disease. While systemic therapies control the primary tumor
allowing breast cancer patients to achieve long-term survival, lesions occur in
metastatic sites. Unspecific cell targeting and resistance are associated to
conventional treatments and render metastatic breast cancer (MBC) with a poor
prognosis. New and innovative therapeutic strategies to control breast cancer
disease while simultaneously targeting and/or preventing metastases are urgently
needed.

Exosomes are small extracellular vesicles naturally found in body-derived
fluids. These vesicles play an important role in intercellular communication. Due
to their low toxicity and immunogenicity and their potential to transpose
biological barriers, such as the blood-brain barrier, exosomes have been referred
to as ideal stealth drug nanocarriers. Nonetheless, the use of exosomes as drug
delivery system (DDS) demands a thorough characterization of the vesicles and
would benefit from post-isolation modifications. In parallel, peptide-based
therapies have been evolving as important therapeutic strategies to surpass lack
of specificity and circumvent resistance issues. Cell-penetrating peptides (CPPs)
are small molecules with high ability to internalize cells and their use as delivery
vectors has been broadly studied.

In this work, the anticancer activity of a CPP from viral origin, vCPP2319,
was studied, along with its selectivity for MBC cells. The peptide’s mode of
action was investigated using different biophysical techniques, namely zeta
potential determination, fluorescence spectroscopy, and atomic force
microscopy (AFM). The obtained results reveal the potential of vCPP2319 as an
anticancer peptide drug lead and suggest it has an intracellular target. The
interaction between vCPP2319 and MBC-derived exosomes was also evaluated
using zeta potential determinations and surface plasmon resonance (SPR).
Exosomes were isolated from MBC and human healthy breast cells and
characterized by flow cytometry, transmission electron microscopy (TEM) and
AFM. The results showed a strong peptide-exosome interaction paving the way
to the development of a promising vCPP2319-loaded exosomal-based DDS to
be used in MBC treatment.
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Ton channels in stem cells participate in numerous cellular reactions including
differentiation, proliferation, cell migration etc. Previously we have identified
Ca?*dependent potassium channels of big conductance (BK) in human
mesenchymal endometrial stem cells (eMSCs). The Ca*“mediated coupling
between the activity of BK-and mechanosensitive channels was determined.
Due to high single channel conductance and level of functional expression BK
channels could significantly contribute to different signaling processes in eMSCs
via setting and controlling the membrane potential during cell cycle progression.
Here, we aimed at revealing the putative impact of BK channels to cell cycle
transitions of eMSCs. The functional expression of native BK channels was
confirmed using patch-clamp and immunocytochemistry methods. In cell-
attached patch-clamp configuration a characteristical fingerprints of BK-
mediated channels that are voltage sensitivity and current saturation were
observed.

Importantly, immunofluorescent analysis revealed that the fraction of
unsynchronized eMSCs were negatively stained with specific antibodies against
extracellular epitope of pore-forming alpha BK subunit. The observed effect
could not be explained by heterogeneity of cell culture, apoptosis or their
differentiation status. Using cell synchronization, we found that the presence of
BK channels in plasma membrane was cell cycle-dependent and significantly
decreased in G2M phase. However, inhibition of BK channels with specific
blockers iberiotoxin (ibTx, 100-200 nM) or charybdotoxin (chTx, 100-200 nM)
did not affect cell cycle progression thus indicating a lack of functional
importance of BK channels as selective potassium-transporting pathway for the
regulation of cell proliferation. At the same time, we propose that the dynamics
of the presence of BK channels on plasma membrane of eMSCs can be a novel
indicator of cellular proliferation.
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Recently, roles of mechanical interaction between bacterial cells have been
widely discussed for understanding macroscopic features of microbial
communities. For example, cell-elongation-induced stresses are thought to be an
important factor for nematic alignment [1], spatial competition inside a colony
[2] and verticalization during biofilm formation [3]. Although those studies
considered stable environments, the real environment surrounding actual
bacterial populations is basically fluctuating. Therefore, it is desired to
investigate how spatial structure of dense bacterial colonies react against changes
in the culture condition.

In order to analyze reaction of spatial structure against environment change,
we developed a new microfluidic device, which we call “extensive microperfusion
system” [4]. This device allows us to observe dense bacterial suspensions in two-
dimensional space under uniform environment, which has been difficult by
existing methods. In our system, cells are trapped in a designed geometry and
continuously fed with fresh medium through a porous membrane placed above the
observation region. The culture condition can also be changed uniformly in space.

In the presentation, we will show several experimental results of
performance evaluation of our experimental system. We demonstrate that, by
switching the culture medium, we can indeed control growth of E. coli populations
confined in a two-dimensional well. We also checked how the medium is replaced
by observing dynamic profile of fluorescent dye by a confocal microscope. We
confirm that one can switch the culture condition inside the well within a few
minutes, which is shorter than typical division time of bacteria in ideal conditions.
We will also show some preliminary observations obtained by this new system.
We would like to discuss what kind of problems is possibly interesting to address
with our extensive microperfusion system.

[1]1Z. You et al., Phys. Rev. X 8, 031065 (2018).
[2] W. P.J. Smith et al., PNAS 114, E280 (2017).
[3] F. Beroz et al., Nat. Phys. 14, 954 (2018).

[4] T. Shimaya et al., in preparation.
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Many bacteria have the ability to switch from a planktonic to a biofilm-
associated lifestyle in response to a variety of environmental conditions. This
process involves an extensive remodeling of gene expression: in particular,
biofilm growth has been associated with the upregulation of stress-response
genes, including efflux pumps. Efflux pumps are active transporter proteins
capable of extruding a wide range of molecules from bacteria, such as harmful
metabolic products or xenobiotics. Multidrug efflux pumps such as the AcrAB-
TolC complex in gram-negative bacteria are notable for having an especially
broad spectrum of substrates, which includes several antibiotics. Therefore, the
increased expression of such genes is believed to be one of the leading causes
behind the increased resistance of biofilms to antimicrobial compounds.
Although the expression of efflux pumps has been previously investigated
through standard gene expression assays on bulk biofilms, quantitative single-
cell data is still lacking. Biofilm-associated bacteria are known to be
functionally heterogeneous, with different subpopulations of isogenic cells
assuming different roles characterized by different gene expression patterns. As
such, the distribution and expression level of efflux pumps in single bacterial
cells within biofilms is a crucial piece of information that could shed light on
the internal organization of these complex microbial communities. Here, we
implement a method involving precise genome editing of E. coli through
CRISPR/Cas9-assisted recombineering coupled with single-molecule
localization fluorescence microscopy to obtain quantitative data on the
expression and distribution of the AcrB efflux pump component in single
bacterial cells, both planktonic and embedded in a biofilm.
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RECIPROCAL EFFECT OF CHELIDONE ON TYROSINE AND
SERINE PHOSPHORYLATION OF STAT3 IN UVEAL MELANOMA
CELLS
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STATS3 is a transcription factor with a critical role in the regulation of cell cycle,
cell proliferation/survival and cell migration. As a consequence, it is a promising
target in antitumor therapies. Canonical function of STAT3 demands
phosphorylation of a Tyr705 residue followed by dimerization and nuclear
translocation. STAT3 can also be phosphorylated on Ser727, with a putative role
in fine tuning STAT3 activation.

One of the major activators of STAT3 is interleukin-6, a cytokine present in an
elevated concentration in various tumors, including uveal melanomas. Herein we
aimed to study whether chelidonine, a potential antitumor agent, interferes with
the IL-6/STAT3 pathway in human uveal melanoma cells. According to previous
data, this alkaloid provokes cell death in numerous cancer cells, inhibits
microtubule assembly and affects cell cycle progression.

Using flow cytometry and confocal microscopy experiments we have
demonstrated that chelidonine increases the basal level of pS-STAT3 in a
significant fraction of cells. This effect was accompanied with abrogation of IL-
6-induced STAT3 activation, which developed in a time-dependent fashion.
Reduced efficiency of IL-6 induced STAT3 activation was also observed in cells
with unaffected level of pS-STAT3. Chelidonine did not affect the level of IL-
6Ra or total STAT3, but reduced significantly expression of gp130, the signaling
subunit of functional IL-6R. According to our data chelidonine may interfere
with STAT3 activation via two distinct mechanisms: one involves processes
associated with serine phosphorylation, whereas the other one may be related to
decreased expression of gp130.
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In this study, MosSe;™ single-chain atomic crystals (SCACs) with atomically
small chain diameters of ~0.6 nm, large surface areas, and mechanical flexibility
were synthesized and investigated as an extracellular matrix (ECM)-mimicking
scaffold material for tissue engineering applications. The proliferation of L-929
and MC3T3-El cell lines increased up to 268.4 + 24.4% and 396.2 + 8.1%,
respectively, after 48 h of culturing with Mo;Se;~ SCACs. More importantly, this
extremely high proliferation was observed when the cells were treated with 200
pg mL! of Mo;Se;” SCACs, which is above the cytotoxic concentration of most
nanomaterials reported earlier. An ECM-mimicking scaffold film prepared by
coating MosSe;” SCACs on a glass substrate enabled the cells to adhere to the
surface in a highly stretched manner at the initial stage of cell adhesion. Most
cells cultured on the ECM-mimicking scaffold film remained alive; in contrast,
a substantial number of cells cultured on glass substrates without the
MosSe;” SCAC coating did not survive. This work not only proves the
exceptional biocompatible and bioactive characteristics of the Mo;Se;” SCACs
but also suggests that, as an ECM-mimicking scaffold material, Mo;Se;” SCACs
can overcome several critical limitations of most other nanomaterials.

Reference:
[1] Jin Woong Lee et al., Nano Lett. 2018, 18, 12, 7619-7627
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Bacterial infections are a major human health threat given both the increasing
incidence of drug-resistant bacteria and the ability of bacteria to form biofilms.
Biofilm-related infections are particularly difficult to treat due to their reduced
susceptibility to conventional antibiotics. Given the increasing interest in the use
of antimicrobial peptides (AMPs) as alternatives against bacterial biofilms, our
work is focused on the key factors that govern the antibiofilm action of a model
AMP at the molecular level. pepR, a peptide derived from the Dengue virus
capsid protein, was selected as an AMP model because it abrogates biofilm
formation and kills bacteria in preformed S. aureus biofilms. Using a
combination of flow cytometry and confocal fluorescence microscopy assays,
with quantitative imaging data treatment, we showed that the ability of pepR to
prevent biofilm formation and act on preformed biofilms is directly related to
bacterial membrane permeabilization. The effect of the peptide on biofilm-
associated bacteria is dose and depth-dependent, and is controlled by its diffusion
along the biofilm layers. Overall, our study contributes to shed light on the
antibiofilm mechanism of action of AMPs, particularly regarding the importance
of their diffusion through the biofilm matrix on their activity.
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The bioavailability of photosensitizers for photodynamic cancer therapy is often
hampered by their low water solubility. Here we overcome this problem by using
the water soluble protein apomyoglobin (apoMb) as a vector for photosensitizing
molecule hypericin (Hyp). The Hyp-apoMb complex is rapidly taken up from
HeLa and PC3 cells, at submicromolar concentrations. The fluorescence
emission of Hyp-apoMb is exploited to localize the cellular distribution of the
photosensitizer. The plasma membrane is loaded quickly and efficiently and the
fluorescence is observed in the cytoplasm only later and to a lesser extent. The
comparison with cells loaded with Hyp alone demonstrates that the absorption
of the photosensitizer without the protein carrier is a slower, less efficient
process, which involves the entire cell structure without preferential
accumulation at the plasma membrane. Cell viability tests show that Hyp-apoMb
has superior performance compared to Hyp. Similar results were obtained using
tumor spheroids as three-dimensional cell culture models.
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