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AHHoTanusi. CKaHUPYIOLas 30H0Basi MUKPOCKOIIUS 3apeKoMeH/loBala cebst Kak YHUKaJIbHBIK IpUboOp
IJ1s pellieHHU sl 3a1a4 B 0671aCTH BUPYCOIOTHUH, KJIETOUHOM 610I0rHH, 6HOMeJUIIUHBI, pereHepaTUBHON MeJU-
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BaTeJIbHOM ITPOrPAaMMBI U II0KA3bIBATh IIKOIBHHUKAM He TOJIBKO MHP B OIITHYECKOM MHKPOCKOIIe UIH B GOopMYy-
Jax Ha JOCKe. ATOMBI, MOJIEKY/Ibl, 61K, BUPYChI, OaKTepUH U KIeTKHU MOKHO YBUAETb LU [aske 'TIOIYyIaTh'
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Abstract. Scanning probe microscopy has proven itself as a unique device for solving problems in the field of
virology, cell biology, biomedicine, regenerative medicine, materials science and microelectronics. This data can
be used in scientific research, for teachers of natural sciences at school it is useful to expand the horizon of the
educational program and show schoolchildren not only the world in an optical microscope or in formulas on the
board. Atoms, molecules, proteins, viruses, bacteria and cells can be seen or even touched with an atomic force
microscope, and this is a look at nanoobjects from a completely different angle.
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BBEJLEHUE

CKaHprlomHﬁ 30HJOBBIH MHKPOCKOIT (C3M) - MHO-
rosaJavyHbIi IPUOOP 115 UCCIel0BaHUS TOIIOrpadu i
Y QU3HKO-XMMHUECKHX CBOMCTB 00pasLoB ¢ HAHO-
MeTpPOBBIM pa3pemreHueM. biaromapst Tpexmep-
HOM JleTann3al iy B C3M BO3MOKHO H3y4aThb 6esIKkH,
BUPYCHI, OaKTepUH, KJIETKHU C YIUBUTEIbHON TOU-
HOCTBIO U IOCTOBEPHOCTBIO, KOTOPble TPYLHOLOCTH-
SKHMBI B IPYTUX MeTOflaX HUCCaeloBaHUs. biarogaps
ucnonp3oBanuio I10 "®emroCran OHManH" obpaba-
TBIBATbh 3THU JaHHBIE CIIOCOOHBI fa’ke MIKOJIbHUKH,
YTO I103BOJISIET 3HAUUTe/IbHO Pa3Hoobpa3uTh 06paso-
BaTeJIbHBIM IIPOLlecC B IIKOJIe Ha 3aHSITUSX II0 ecTe-
CTBEHHBIM HayKaM [1].

BUPYCbI

Hampumep, ¢ IOMOIIbI0 aTOMHO-CHI0BOM MU KPOCKO-
nouy (ACM) MOKHO BIIOJHE 6e30II1aCHO HMCCIeL0BaTh
BUPYC KjeleBoro sxnuedanura. Ilo ranueim ACM,
BHPYC PACIIONIOXKUIICS Ha IIOBEPXHOCTH I'paduTa IIJI0T-
HBIM CJIOEM, MeCTaMHU 3aMEeTHO Ha/Iu4YKe HeCKOJIb-
KHX CJI0eB YaCTHL], HO B pa3Mepe KaJpa BUPYC BIIOJIHe
PAaBHOMEPHO ITOKPHLJI [IOBEPXHOCTH rpaduTa (puc.l).

Apncopbriys BUPYCHBIX YaCTHUI] Ha IIOJJIOKKAX I'pa-
duTa U CIab 6bIA OLleHeHA C ITOMOIIbI0 KOHTAKT-
HoM ACM. Ha IOBepxHOCTH CJIIOJBl YacTHIIE He
arperupyoT U He CJIMIAI0TCS. BUpPyCHBIe YaCTHUIIBI
XOPOIIO 3aKPeIlISIOTCS Ha II0OBePXHOCTHU rpadura,
Jlaske II0CjIe TOro Kak obpaser] 6bIJI IIPOMBIT B 5 MII
OUCTUJUINPOBAHHOM BOJBI, YaCTHULIBI He OBLIM CMBITEI
C IOBepxXHOCTHU (puc.2). BeposiTHO, OHU YaCTHUYHO
yOep>KHUBAIOTCS [I0BEPXHOCThIO IpadUTa U OCTAIOTCS
Ha [I0BepPXHOCTH.

Takske 6BIJI0 TPOBEIEHO CKAHHUPOBAHMUE I10BEPX-
HOCTH MOHOC/IOS BUPYCHBIX YaCTUL] C Pa3HBIM IIpU-
JIOKEHHBIM 3HadeHHeM cuabl: 10, 20 u 15 HH (puc.3).
[lepera BHICOT MeXKAY 3HaYeHHeM CH/IbL B 20 1 10 HH
COCTaBMJI IOYTH 50 HM, YTO COIIOCTABUMO C JHaAMe-
TPOM 4YacTHLIBL. Ho IIpu 3ToM Ha U300paskeHUH CaMH
YaCTHIBL He MEHAIOT GOPMY, He IOSBJIAIOTCS JOII0/-
HHTeJbHble apTepaKTHhl.

ITo uTOraM NpoBefeHHbIX K3MePeHHH MOKHO CKa-
3aTh, YTO YACTHUIILI BUPYyCa KJIEIIEBOro 3HIlepasunTa
Oake I0Cjae MHAKTHBAIL[UU OCTAKTCS OJOCTATOYHO
TBepABIMU, IIPU Pa3HON IPHUIOKEHHOMN CHUJIe He
IepOpMUPYIOTCS, XOPOIIO GUKCUPYIOTCS Ha II0BEPX-
HOCTU rpaduTa, He CIMIIAIOTCS B IIJIOTHBIE aIrJloMepa-
uuu. [Ipy agcopbuuu Ha IpadUT U CJIIOAY YaCTHUILBI
JIO’KATCSsI pABHOMEPHO, He arperUpyIoT, IIpH 60/IbIIOMN
KOHLIeHTPaLlMH{ BUPYCHbIE YaCTULIBI CTPEMSATCS pac-
TIOJIOSKUTHCS CJIOSIMH.

BAKTEPUU
BakTepuasbHbIe KJIETKH — H3/I00JIeHHBIH 06BeKT
ucciaenoBaHus B C3M. X0opoIlo IIOATOTOBJIeHHBIH

INTRODUCTION

The scanning probe microscope (SPM) is a multitasking
instrument for studying topography and physicochemi-
cal properties of samples with nanometre resolution. Due
to the three-dimensional detail of SPM, it is possible to
study proteins, viruses, bacteria, and cells with amaz-
ing precision and accuracy that is difficult to achieve in
other research methods. Thanks to the use of FemtoScan
Online software, even schoolchildren are able to pro-
cess these data, which makes it possible to significantly
diversify the educational process at school during science
classes [1].

VIRUSES

For example, atomic force microscopy (AFM) can be used
to examine tick-borne encephalitis virus quite safely.
According to AFM data, the virus is located on the graphite
surface in a dense layer, in some places presence of several
layers of particles is noticeable, but in the frame size the
virus covered the graphite surface quite uniformly (Fig.1).
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Puc.1. a - 2D; b - 3D-ACM-u306paxkeHue 8upyca Kneu,e6020
JHUedaauma Ha nogepxHocmu zpapuma

Fig.1. a - 2D; b - 3D-AFM image of tick-borne encephalitis virus
on graphite surface
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obpaser] I103BO/ISIET AeTaIbHO BH3yaIU3HPOBATh Kile-
TOYHYIO CTEHKY, a TaK>Ke OLIEHUTh BIUSHHE OHOLIU-
HBIX BelleCTB Ha XapaKTep aAcopbiuu Ha Iox-
JOXKH. Hampumep, npu uccienoBaHuU obpasia
Pseudomonas aeruginosa MOSKHO OLIeHHUTb BBICOTY Bak-
TepPHUHU, CKJIOHHOCTb COOMPAThCS TPYIIIaMU Ha MOJ-
JIOKKE UJIU OLIeHUTh OHMOLIMIHOe NeHCTBUe Ne3UH-
dexkTaHTa Ha KOJIOHUIO KJIETOK. B JaHHOM ciayd4ae
B Ka4yeCTBe TaKOTO BelleCTBA BBICTYIIHJI OJIUTOTeK-
caMeTH/leHTYaHUAUH (OTMI), monumepHBbIH 610~
LIUJ IHPOKOTO CIIeKTpa AeNUCTBHUS, IIOLABISIO-
U Pa3BUTHE PAa3INYHBIX 6aKTepUH U rpUbKOB,
a TaK>Ke IPensTCTBYOIMUE 06pa3oBaHUI0 6HoIIIe-
HOK [2]. Pseudomonas aeruginosa - 3To rpaMOTpHLa-
TeJbHBIE, IIPSIMbIe [IAJIOUKH pa3MepoM 1-3 MKM, He
obpasyromue criop. dopma 6akTeprUi BBHITAHYTAS,
B 0bpaslie MIpeUMYyILIeCTBEHHO OKpyIrias. bBaktepuu
B KOHTPOJIbHOM 06pa3lie IIpeACTaBIeHbl B OCHOBHOM
KOJIOHHUSIMH HJIU IJIOTHBIMU He6ONbIIUMU TPYII-
namu (puc.4).

[locie BO3OEHMCTBUS Ha KOJOHHUIO 6aKTepHUHU
ne3snHpeKTaHTa Ha KaJpe BCTPEUAIOTCS B OCHOB-
HOM OJITUHOYHBIE 00beKTEI, HO IIPH 3TOM CTPYKTYp-
HBIX [TIOBPEXK/IeHU N KIeTOYHBIX CTEHOK HeT (puc.5).

KNETKU KPOBU

C IOMOIIBI0 ATOMHO-CHJIOBOM MUKPOCKOIIMH MOKHO
HccienoBaTh GU3HUeCKUe CBOMCTBA U MOPHOJIOrUIO
3PUTPOLIUTOB.

XapakTepHBIH NPOPUIb IOBEPXHOCTHU IPUTPO-
LIMTa [IpefCcTaB/IeH Ha PUC.6. DTo GopMa IBOSIKOBOI-
HYTOrO IJHCKa. [Io ce4eHHUI0 MOKHO JasKke IOMEePUTh
rny6uHY BOAJUHBL 3PUTPOLIUTA, & TaKXKe BU3Y-
AJIBHO OLIEHUTb MOPOIOTHI0 KJIETOK /151 JAHHOTO
Kaznpa. Mbl BULHUM B I10JIe 3peHH S TOIIBKO KJIaccHye-
CKyI0 GOpPMY SpUTPOLIUTOB: HET HU CHepOLIUTOB, HU
9XHMHOLIUTOB, HU aKaHTOLUTOB.

[Io JaHHBIM ATOMHO-CHJIOBOM MHKPOCKOIIHUHU
MOKHO M3MEPHUTH IIapaMeTphl KaXXJO0NU KJIeTKU:
CpPeqHIOK BBICOTY, MAaKCHUMAaJIbHYIO BBICOTY, Cpef-
HUU TUAMeTP, CPeLHIOI0 U CpPeJHeKBaJpaTHY-
HYIO IIePOXOBATOCTh 06/1aCTU KJIETKH, IIEPUMETP
U obveMm [3-5].

Bce 3TH maHHbBIEe MOTYT IIOMOraTh Kak B 06pa3o-
BaTeJIbHOM IIpoIlecce IIPH HUCCIeLOBAHUU KIETOK
KPOBHU, TaK U OBITH [T0JIE3HBIMHU /151 METHUIIMHCKUX
LIeJIed B JUaTHOCTHUKE.

BbIBO/bl

CkaHHUpYIOMast 30HA0Basi MUKPOCKOIIUS faeT MHO-
>KeCTBO HOBBIX IIPEMMYIIECTB B UCCIeJoBAaHUU 610~
JTOTU4YeCKHUX 00beKTOB: BUPYCOB, baKkTepHuil, Kje-
TOK. C [IOMOIIBIO JAHHBIX, [I0JyYeHHBIX HA ATOMHO-
CHJIOBOM MHKPOCKOIIe, MOKHO peIlaTh pa3/iudy-
HBble 3aJa4M, II0JIe3Hble [JIsi OCBOeHUd Oyayien
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Puc.2. BupycHble 4acmuubl KAew,e8020 3HUeGaauma Ha no-
8epxHocmu zpagpuma

Fig.2. Viral particles of tick-borne encephalitis on the graphite
surface

Adsorption of virus particles on graphite and mica
substrates was evaluated by contact AFM. The particles do
not agglomerate or stick together on the mica surface.
Viral particles are well anchored on the graphite
surface, even after the sample was washed with 5 ml
distilled water, the particles were not washed off the
surface (Fig.2). Probably, they are partially retained by
the graphite layers and remain on the surface.

We also scanned the viral particles monolayer
surface with different applied force values: 10 nN,
20 nN, 15 nN (Fig.3). The height difference between
the force value of 20 nN and 10 nN was almost 50 nm,
which is comparable to the particle diameter. But
at the same time, the particles themselves do not
change their shape on the image, and no additional
artefacts appear.

According to the results of the measurements we
can say that the particles of tick-borne encephalitis
virus even after inactivation remain quite hard, they
are not deformed under different applied force, they
are well fixed on the graphite surface, and they do not
stick together in dense agglomerations. At adsorption
on graphite and mica the particles lie down
uniformly, do not aggregate, at high concentration
viral particles tend to arrange themselves in a
uniform layer.

BACTERIES

Bacterial cells are a favourite object to study using
SPM. A well-prepared sample allows detailed visu-
alisation of the cell wall, as well as evaluation of
influence of biocidal substances on the nature of
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Puc.3. 1306pa>keHue gupyca Kaeu,ee02o 3Huepanuma, no-
AYYEHHOe C PA3HbIM 3HAYEHUEeM NpuAoXKeHHoU cuAbl. Beepxy
cnesa 2D-8u0, 8gepxy cnpasa 3D-u3o06paxceHue, beao-kpac-
HoU NYHKMUpPHOU AUHUel noka3aHo ceveHue. lNepenad 8bl-
com cocmasua nodymu 50 HM mexx0y CKaHUpPOB8AHUEeM C Cu-
Aol 10 u 20 HH

Fig.3. Image of tick-borne encephalitis virus obtained with differ-
ent values of applied force. Top left 2D view, top right 3D image,
white-red dashed line shows the cross-section. The height differ-
ence was almost 50 nm between the 10 and 20 nN force scans
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Puc.4. Pseudomonas aeruginosa. KoHmpoAabHbil 0bpasel,.
Cnesa ssepxy 2D-8ud, cnpasa esepxy 3D-u3obpaxkeHue. o
OaHHbIM CeveHus 8blcoma Knemku okoao 190 Hm

Fig.4. Pseudomonas aeruginosa. Reference sample. Top left
2D view, top right 3D view. According to the cross-sectional
data, the cell height is about 190 nm

adsorption onto substrates. For example, when
examining a sample of Pseudomonas aeruginosa, it is
possible to assess the height of the bacterium, ten-
dency to cluster on a substrate, or to evaluate the
biocidal effect of a disinfectant on a cells colony. In
this case, such a substance was oligohexamethylene-
guanidine (OHMG), a broad-spectrum polymeric
biocide that inhibits the various bacteria develop-
ment of and fungi and prevents formation of bio-
films [2]. Pseudomonas aeruginosa are Gram-negative,
erect bacilli 1-3 pm in size and do not form spores.
The shape of the bacteria is elongated, in the sample

Vor.17 No. 7-8 2024 NANO INDUSTRY



OBPA3OBAHME

HM
nm

300

200

100

3000 6000 9000 12000

HM | nm

15000

HM

nm
200

150
100

50

o -
0 400 800 1200 1600 2000

HM | nm

HM HM
nm nm
35000 900

28000
600

14000
300

0 0

0 7000 14000 21000 28000 35000
HM | nm

HM

nm

600

300

0

HM | nm

500
400
300“~\\\\\\i
200
100

0 4000 8000 12000 16000 HM|nm

Puc.5. Pseudomonas aeruginosa nocae go3zdeticmausi OTMT.
Cnesa esepxy 2D-8ud, cnpasa esepxy 3D-u3obpaxkeHue. o
OaHHbIM ceveHus 8bicoma 0kono 230 HM

Fig.5. Pseudomonas aeruginosa after exposure to OHMG.
Top left 2D view, top right 3D view. According to the cross-
section data, the height is about 230 nm

npodeccHu skCIIeprMeHTaTopa. TpexMepHas BU3Y-
aJM3alKs [I03BOJISET y4lle IOHUMATh CTPOEHHUe
06beKTOB, UX IIOBeJeHHe Ha MOAJIO0XKKe, XapaKTep
BJIHSIHUS OMOLMAHBIX BelleCTB Ha KIETKH U AP.
CraHUPYIOMas 30HA0BAasI MUKPOCKOIIUS MOXKET
HCIIOZIb30BAThCS KaK JOIMOJHUTENbHBIN UHCTPY-
MeHT B 06pa3oBaTe/IbHOM IIpoliecce U KaK BasKHBIH

HAHO MHAVCTPUA Tom 17 Ne7-8 2024

Puc.6. M306pa>keHue knemok Kposu. 2D-8ud, 3D-u3zobpaskeHue
U cedeHue. o OaHHbIM ce4yeHust duamemp 3pUmpouuma okoAo
9,5 MKm

Fig.6. Blood cell imaging. 2D view, 3D image and cross sec-
tion. According to the cross-sectional data, the diameter of
an erythrocyte is about 9.5 pm

predominantly rounded. The bacteria in the control
sample are represented mainly by colonies or dense
small groups (Fig.4).

After exposure of the bacterial colony to the
disinfectant, mostly single objects are found in the
frame, but there is no structural damage to the cell
walls (Fig.5).
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MHIUKATOP B OMOMeqUIIMHCKUX IIPUJIOKEHHUSX.
B paMKax Kypca 10 U3yUeHHI0 CKaHHUPYIOIeH 30H-
NOBOM MHKPOCKONHM Ha GU3HUYECKOM PaKyIb-
TeTe MI'Y umenu M.B.JIoMoHOCOBa ITpeAyCMOTPEH
IIHPOKHUY Habop 060pynoBaHMU s, 00yUaIOM KX ITPO-
rpaMM U IIpe3eHTAaL UM A/ 9KCIIePUMeHTaIbHOTO
M3y4YeHUsI HAHOCKOIIUH.

BNATOAAPHOCTH

PaboTa BBIIIOHEHA II0 roc3aflaHUI0 IpU GUHAH-
COBOH HoOAJepKKe du3udeckoro dpakynabrera MIY
uMeHH M.B.JlomoHOcoBa (PerucTpalMOHHAas
TeMa 122091200048-7). I10 "®emTtoCkaH OHIANH" IIpe-
nmoctasieHo OO0 HIIIT "LIeHTp IepCIrieKTUBHAIX TEXHO-
JIOTHM", WWW.Nanoscopy.ru. F3obpaskeHue CTBOTIOBBIX
KJIETOK I10/1y4eHO T. COBeTHHKOBBIM.

NHOOPMALLUA O PELLEH3UPOBAHNU

Pepmakuus 61arofapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/aJ, B pelleH3UpPOBaHUe 3TOM
paboThl, a TaK>Ke 3a pa3MellleHHe CTaTekl Ha cakTe Kyp-
HaJjla ¥ mepefavy ux B 3JIeKTPOHHOM BHe B HIb eLl-
BRARY.RU.

Jekaapauus o KoH(pAuKMe uHmepecos. Asmopbl 3a9842t0 06
0mcymcmauu KoHPAUKITOB UHMepecos UAU AUMHBLX OMHOWeHUL,
Komopble mMo2Au bbl N08AUAMb HA paBomy, npedcmasAeHHyHo 8 daH-
Holl cmamee.
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BLOOD CELLS
Atomic force microscopy can be used to examine the physi-
cal properties and morphology of red blood cells.

The characteristic profile of the erythrocyte surface
is shown in Fig.6. It is the shape of a biconcave disc.
From the cross-section it is even possible to measure
the depth of the erythrocyte depression, as well as to
visually assess cell morphology for a given frame. We
see only the classical erythrocyte shape in the field
of view, there are no spherocytes, echinocytes, or
acanthocytes.

From atomic force microscopy data, the parameters
of each cell can be measured: mean height, maximum
height, mean diameter, mean and RMS roughness of the
cell area, perimeter and volume [3-5].

All these data can help both in the educational process
in blood cell research and be useful for medical purposes
in diagnosis.

CONCLUSIONS

Scanning probe microscopy provides many new advan-
tages in the study of biological objects: viruses, bacteria,
cells. With the help of data obtained on the atomic force
microscope, it is possible to solve various tasks useful for
mastering the future profession of an experimentalist.
Three-dimensional visualisation allows to better under-
stand the objects structure, their behaviour on the sub-
strate, and the nature of the effect of biocidal substances
on cells and others.

Scanning probe microscopy can be used as an additional
tool in the educational process and as an important
indicator in biomedical applications. The Scanning
Probe Microscopy course at the Physical Department of
Lomonosov Moscow State University provides a wide range
of equipment, training programmes and presentations for
the experimental study of nanoscopy.
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