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B okpyxaiwolwen cpege 6Gauwnnbl B. cereus apanTupoBaHbl K canpopuTHoMy o6pasy XusHu. [Npwu
onpepefieHHbIX YC/I0BUSIX OHU MOTYT CTaTh NaToreHamu AJ1s YenoBeka U XUBOTHbIX. IHTepec K 6auunnnam
B. cereus CBSI3aH C TeM, YTO OHU ABNSAIOTCA NPULYUHOI 3a60/1€BaHNI XeNayaoUHO-KULIeYHOoro TpakTa (KKT),
a TaKKe MOTyT Bbi3blBaTb CENTMLEMUIO, SHAOKAPAUT, NMHEBMOHUIO, MEHUHIUT MU Ap. BaXKHbIM 3Tanom
>KM3HEHHOrO0 UMKna B. cereus siBnsieTcs cnopoobpasoBaHue. Criopbl B. cereus uMmeroT creuunduyeckme
CTPYKTYpbl, OTCYTCTBYIOLLME Yy BereTaTUBHbIX KJIETOK M OTBevalolMe 3a TakuMe CBOWCTBA Crop, Kak
TePMOYCTOMYMUBOCTb, PE3UCTEHTHOCTb K Pas/IMyHbIM NOBpeXJalolwmmM pakTopam, agresuto K 6uoTuyeckum
M abuoTMYeCcKUM MoBepxHOCTSM. [lony4yeHbl JaHHble O TOHKOW CTPYKType 3K3ocrnopuyma B. cereus
C NOMOLLbIO MPOCBEYMBAIOLLLEN 3/1IEKTPOHHOW MUKPOCKOMUU U KOMMbIOTEPHOI0 aHa/IM3a M306paXkeHuU .

In the environment B. cereus bacilli are adapted to the saprophytic lifestyle. Under certain conditions, they
can become pathogens for humans and animals. The interest in B. cereus bacilli is due to the fact that they
cause diseases of the gastrointestinal tract (GIT), and can also cause septicemia, endocarditis, pneumonia,
meningitis, etc. An important stage in the life cycle of B. cereus is sporulation. B. cereus spores have specific
structures that are absent in vegetative cells, and are responsible for such properties of spores as thermal
stability, resistance to various damaging factors, adhesion to biotic and abiotic surfaces. The data on
the fine structure of the B. cereus exosporium were obtained using transmission electron microscopy and
computer image analysis.

BBEJAEHUE U ceflleBUHA. Y pa/a 6aKTepuil ¢ BHEIIHEH CTOPOHEI
K cmopocmenudrUYecKUM CTPYKTypaM OTHOCATCS  000IOUKH GOPMHUPYETCS SK30CIIOPUYM, CTPOEHHe KOTO-
3K30CIIOPHUYM, CIIOPOBasi 060/104YKa, BHEIIHSIS MEM-  POTO CIIEIUHUYHO [JIs1 PAa3TMYHBIX BUIOB. [ly1s B. cereus

OpaHa CIIOphl, KOPTEKC, BHYTPeHs st MeMOpaHa CIIOPl  XapaKTepeH 3K30CIIOPUYM B BH/JIe HAPY>KHOTO TOHKOTO
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yexJsa, OKpy>Kaomero cropy [1]. 9k3ocrnopruym Hero-
CPenCTBeHHO BCTYIIaeT B KOHTAKT C BHEIIHEH CpeJoH,
B OT/IYHe OT 60j1ee IITyDOKO PacIIoNoKeHHBIX CTPYKTYP.
DK30CIIOPHUYM HI'PaeT POIb B Pe3UCTEHTHOCTH, aJire-
3UH, PAaCIPOCTPAHEHUH CIIOP, UX B3aMMOIENCTBUU
C XO3MHOM U B KOHTPOJIe IIPOPACTaHHUSI. DK30CIIOPUYM
HMMeeT CJIOKHBIM XUMUYeCKHH COCTaB, CONEPSKUT 6eloK
(~52%), TUIIUIBI K [IOTTUCAXapUIEI [2].

IK30CIOpPUYM B. cereus cHab>keH xapaKTepHBIMU
IOJIUHHBIMH BBIPOCTAMHU, KOTOPble HMEIOT CXOJHBIH
C HUM XHMHUYECKHH COCTAB U 00I[Ke aHTHUTeHBI.

IK30CIOPUYM BHU3yaJH3UPyeTCsl IIPOCBEUHBAIO-
el 3/eKTPoHHOU ([I9M), CKaHUPYIOIIeH 3/1eKTPOH-
Hou (COM) B aTOMHO-CH/IOBOM MHKPOCKOIIKel (ACM).
IK30CIOPHUYM XOPOILO BHEH IIPH HCII0Jb30BAHUH
METOJJ0B HETaTUBHOTO KOHTPACTHPOBAHUSI, YIBTPATOH-
KHUX cpe30B. CTpoeHHUe 3K30CIIOPHUYMa OBLIIO IeTaTbHO
uccrenosaHo P, Gerhardt, E. Ribi [3], koTopsle mokazanu,
YTO 3Ta CTPYKTypa COCTOUT U3 [IBYX CJIOEB: HAPY>KHOIO,
MMeIOII[ero KOPOTKKe BOJIOCOBHIHBIE BEIPOCTEI, U BHY-
TPeHHero IapaKpPHUCTAIMYeCKOro, FeKCarOHAJIBHO I1ep-
doprpoBaHHOro 6a3a7IBHOTO CJI0SI C OTBEPCTHUSIMH pas-
MepoM 76 A ot LeHTpa K LeHTpy [3]. JanbHennye 31ex-
TPOHHO-MHUKPOCKOIIMYeCKHe UCCIe0BaHU S IIOATBEP-
IVJIH 9TH JAHHBLE,

PaHee C Lie/IbIO OIIpe/ie/IeH s ITapaMeTPOB YIIaKOBKH
MOpPGOIOTHYECKUX CYyOBeJUHHUIL Y 3K30CIIOPUYMa
B. thuringiensis, 6a1iiIT U3 TPYIIIEL B. cereus, MbI IIPOBO-
IOUIH QHAIN3 37IeKTPOHHO-MHUKPOCKOITHYEeCKUX CHUM-
KOB METOJOM OIITHUeCKoH gudpakuuu [4]. O6paboTka
3JIEKTPOHHO-MHUKPOCKOIIMYECKHUX CHUMKOB C II0MO-
IIBIO OIITHYEeCKOM AUPPAKIIMH IIPOBOLUTCS /1T 0O BeK-
TOB C II€PUOJHUYECKON CTPYKTYpPOM. TeXHHKA OIITH-
4eCKOM AUGPAKLIUK KU QUIBTPALIUU HCIIONIb3YyeTCs

OJIs ToJy4eHUs TOUHOM MHQOPMALIUU O CTPOEHUU
peryasipHbIX cl1oeB. M3o6paskeHHe 3K30CIIOPHUYyMa
Ha 3/IeKTPOHHO-MHUKPOCKOIIMYeCKUX CHUMKAX IpeJ-
CTaBsieT cob0il pe3ynbTaT Ha/IOKeHHUS ero BepXHero
M HUJKHero csioeB. Ha gudpaxkrorpaMme yyacTKa 3K30-
criopuyma 6b1H 06HApysKeHBI IIeCTh JBOMHBIX ped-
JIeKCOB, yTOJI MeXKIy KOTOPBIMU COCTaBIISI 9°, yKa-
3bIBAIOLIMX Ha HaJHW4YHe JBYX C/I0eB C TeKCaroHaJlb-
HOM IePHOAUYHOCTBIO, CABUHYTHIX [10 OTHOIIEHHUIO
IpYyT K Apyry Ha 9°. Ha ¢unsTpoBaHHOM H306pake-
HUH 3K30criopuyma B. thuringiensis MBI IIOTy4UIN yCpea-
HeHHBbIe MOPPOIOTYeCKHe eIHHUIIBL C OTBEPCTUSMU
B LIEHTPe, YTO COITIACYeTCs C IIpeficTaBlIeHreM 06 3K30-
CIIOpHYMe KaK O IIOPO3HOK CTPYKTYpe.

ITo marHbeIM Ball et al. [5], B 3x30cmiopuyme B. cereus
HMEIOTCS [TOPBI pasmepoM 23-34 A, ABTopamu crenaH
BBIBOJI, O TOM, YTO 3K30CIIOPUYM SIBJISIETCSI ITOTYIIPOHHU-
LIaeMbIM 6apbepoM, MO3BOJISIOIUM IIPOHUKATh TPHUT-
repaM IIPOPacTaHUS aTaHUHY WUIKM UHO3UHY, HO He
TUAPOIUTUYECKUM PpepMeHTaM U aHTUTeIaM.

YABTPACTPYKTypa 3K30CIHOPHUYMa CIOCOOCTByeT
BBIIIOJTHEHHIO 3aITUTHON QpyHKIMHU b1arogapst u3bupa-
TeJIbHOM CIIOCOOHOCTH ITPOITYCKAaTh HU3KOMOJIEKYISP-
HBIe BellleCTBA U 33IeP>KUBATh BBICOKOMOJIEKY/ISIPHBIE.

Criopel MOTYT pa3/JIM4YaThCs II0 pa3Mepy 9K30CIIO-
puyma. OKasaysock, YTO U afre3lBHas CII0COOHOCTh
CIIOp BapbUpyeTCs OT IITaMMa K mTaMMy. Haubosee
AKTUBHO KOHTAMHUHHUPYIOT IOBEPXHOCTH CIOPEHI
¢ He6OIBIIUM 3K30CIIOPHYMOM [6]. CIIOpEI I10 TAKUM
CBOMM CBOMCTBAaM, KaK aJre3UBHOCTb U yCTOMUH-
BOCTb K IIOBPeXXAAIOMUM GaKTOPaM BHEIIHEH Cpefibl,
SIBISIIOTCSI OIIACHBIMH JIJIS1 ITHIII@BOM ITPOMBIIIIEHHOCTH
Y MeJIUIIUHBL. 715 OLIeHKH UX CII0OCOBHOCTH KOHTAMHU-
HUPOBATh 060pyIOBaHME [THILEBOH ITPOMBIIIIEHHOCTH

INTRODUCTION

Spore-specific structures include
exosporium, sporule membrane,
the coat of spore, the cortex, the
inner membrane of the spore,
and the cervix. In a number of
bacteria core, an exosporium is
formed outside the shell and its
structure is specific coat to var-
ious species. B. cereus is charac-
terized by the exosporium in the
form of an outer thin sheath sur-
rounding the sporule [1]. The
exosporium spore comes into
direct contact with external

environment, in contrast to
deeper structures. Exosporium
plays a role in resistance, adhe-
sion, sporule proliferation, host
diffusion of spores, and germi-
nation control. Exosporium has
a complicated chemical composi-
tion, it contains protein (~52%),
lipids and polysaccharides [2].
The B. cereus exosporium has
characteristic logg appendages
that have a similar chemical com-
position and common antigens.
The exosporium is visual-
ized by transmission electron

microscopy (TEM), scanning
electron microscopy (SEM), and
atomic force microscopy (AFM).
The exosporium is clearly vis-
ible using the methods of neg-
ative contrasting and ultra-
thin sections. The exosporium
structure was studied in detail
by P.Cerhardt, E. Ribi [3] who
showed that its structure consists
of two layers: the outer one is
short hair-like outgrowths, and
the inner paracrystalline, hex-
agonally perforated basal layer
with holes of 76 A from center to
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YU MeIUIIMHCKOTO MHCTPYMEHTApHUs NPeCTaBIseT
HMHTepec U3y4YHUTh BHENIHHe CTPYKTYPBI CIIOP (9K30CII0-
pHyMa U BBIPOCTOB) y IITAaMMOB B. cereus pa3IuaHOro
MIPOUCXOKAEHUSI. AHATH3 CTPOEHU S ITIOBEPXHOCTH CIIOP
BaskeH U J1J1s1 BbI6opa MeToza 60ps6EI co criopoobpasyro-
UMY 6aKTePUSIMHU.

LlespI0 JAHHOTO UCC/IeOBAHUS SIB/ISIETCS YIbTPA-
CTPYKTYPHBIM aHA/IN3 BHEIIHHX CIIOPOBBIX CTPYKTYP
(9K30CIIOpHYMa) Pa3IMYHBIX IITAMMOB B. cereus MeTo-
JaMU 37IeKTPOHHON MHUKPOCKOIIUH, ONITHYECKOH qud-
pakuuu U GuUABTpPALlMU. Pe3ynbTaThl MCCIeA0BAHU S
BaSKHBI [IJIsI [IOHUMAaHUS POIU 3KOJIOTHYeCKON HUIIH,
3aHMMaeMON LITaMMaMu B. cereus B popmupoBa-
HUH UX QeHOTUIIMYeCKUX CBOMCTB. M3BecTHA cr1ocob-
HOCTB B. cereus ocBauBaTh pa3HooOpa3Hble 3K0OJIOrHYe-
CKHe HUIIN U BBIKUBATh B 9KCTPEMaIbHBIX YCIOBHSX,
YTO MOXKET IIOBJI€Yb HesKelaTelbHbIe IOC/IeNCTBUS
LIS TEOLEe N Y SKUBOTHBIX.

MATEPUAJIbI U METO/1bl

B paboTe MCIOAb30BaIK KOJJIEKIIMOHHBIN IITAMM
NCTC 8035 u mpupoHble mTaMMBI (137\0719, 114/0719,
115\079, 131\079) B. cereus. IlITamMMBbI BEIPAIIHBAIHM Ha ara-
PH30BaHHOM IIHTaTelbHOM OynboHe LB mpu 28°C
B TedeHHe 96 4. KIMHUYeCKHe H30/SThI OBLIH IOy~
YeHBl U3 IIPOCBETHHIX peKalui MAlMeHTOB C SI3BeH-
HBIM KonuToM (SIK) B TocynapcTBeHHOM HAay4YHOM IieH-
TpPe KOJIOIIPOKTOJIOTUU MM. A.H.PekuX MUH3IpaBa
Poccuu, obo3HaueHHBIe KaKk B.cereus SCCC 1208
U B cereus SCCC 19/16. HccnemoBany TakKe CIeAyoOLIHe
IITAMMBI: IITaMM B. cereus 169, BbIeIeHHBIN U3 OTHE-
J1s1eMOT0 OPIOLIHOM II0JIOCTH Y 601bHOTO ¢ SIK; mTaMMm

B. cereus 177, BbIfie/IeHHBIM U3 IPOCBETHBIX deKalnll;
mTaMM B. cereus 172, BeI/le/leHHBI U3 IIPOCBETHBIX PpeKa-
JIUM; WTaMM B. cereus 214/18, BbIfe/IeHHBIM M3 OIlepalli-
OHHOM paHBI NalueHTa ¢ SIK; mTaMmm B. cereus 239/18,
BBbIJIe/IEHHBIH U3 KPOBH ITalkeHTa ¢ K 1 IToaTBeps>KaeH-
HBIM IHATHO30M CeIICHCa; IIITaMM B. cereus 223/18, Bbiie-
JIeHHBII 13 OPIOIIHOM I10I0CTH MaLiKeHTa ¢ JK; mTaMm
B. cereus 181, BbI[le/IeHHBIN K3 ONePallMOHHOMN PaHBI
nanyenTa c IK. Cpefia BRIpalllMBaHUS ~ KPOBSIHOL arap.
[ITaMMEI ITepeceBaI Ha TBePAYIO IIUTATeIbHYIO Cpeay
NBY u BerpamiuBaiu npu 28°C B TeueHue 96 4.
bakrepuu uepes 96 4 KyJIbTUBUPOBAHUS CMbIBAIU
C IVIOTHOM NHTAaTe/lbHOM Cpellbl, OTMbIBATH JUCTHI-
JTMPOBAHHOU BOLOH U QUKCHPOBAIKU GOPMaSTHHOM.
i v3y4eHUs CIIOP METOJOM HeraTHBHOIO KOHTpa-
CTUPOBAaHUS CYCIEH3UIO CIIOP HAHOCHMJIM Ha MeJHbIe
CeTKH, ITOKPBIThIe POPMBAPOBOU IIJIEHKON M OKpaIlH-
BaJIK 1%-HBIM BOAHBIM PacTBOPOM ypaHHIaLeTara
KJTH 2%-HBIM BOIHBIM PAaCTBOPOM MOIHOaTa aMMOHHSL.
J1J1s1 IOy YeHU Sl IBTPATOHKHUX CPe30B 06pasIibl PHK-
CHpOBaJIX 110 MeTony MTo-KapHoBcKkH [7]. 3aTem maTe-
puan puxrcupoBanu B 1%-Hom OsO, pacTBope Ha 0,2 M
KaKOAHIaTHOM Oydepe U B 1%-HOM pacTBOpe ypaHHIIA-
LeTaTta Ha 0,2 M maneaTHoM 6ydepe. MaTtepuai ob6e3Bo-
SKHBAJIM B CIIMPTaX C KOHLEHTpaunusaMu 50°, 70°, 96°,
100°. Mamee rmoMelaau B cMech 100° criMpTa co CMOJIOH
LR White, a 3atem B urcTyro cmony LR White. Matepuan
[IePEHOCH/IH B SKeJIaTUHOBBIE KAIICY/Ibl, KOTOPhIE IIOMe-
aayu B TepMoCTaT IIpu 56 °C. YIbTpPAaTOHKHE CPe3bl
TOTOBMUIH Ha yabTpaTome LKBIII (LKB Bromma, Sweden)
M KOHTPaCTHUPOBAIHU 1% HBIM paCTBOPOM ypaHHIaLle-
TaTa B 70°-HOM CIIMPTe U TMMOHHO-KHC/IBIM CBUHIIOM.

center [3]. The subsequent elec-
tron microscopic studies con-
firmed these data.

Earlier, in order to deter-
mine the packing parameters
of morphological subunits in
the B. thuringiensis exosporium,
bacilli from the B. cereus group,
we analyzed electron microscopic
images by optical diffraction [4].
Processing of electron microscopic
images using optical diffraction
was carried out for objects with a
periodic structure. Optical diffrac-
tion and filtering techniques are
used to obtain accurate informa-
tion about the structure of regular
layers. The image of exosporium

on electron microscopic shots
is the result of superposition of
its upper and lower layers. The
diffractogram of exosporium
detected were six double reflec-
tions, the angle between them
was 9°, which indicates presence
of two layers with hexagonal peri-
odicity, displaced relative to each
other by 9°. On the filtered image
of the B. thuringiensis exosporium,
we obtained averaged morpholog-
ical units with holes in the cen-
tre, which is consistent with the
concept of exosporium as a porous
structure.

According to Ball et al. [5], the
exosporium of B. cereus has pores
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23-34 A in size. The authors con-
cluded that the exosporium is
a semipermeable barrier that
allows penetration of germi-
nation triggers to alanine or
inosine, but not to hydrolytic
enzymes and antibodies.

The ultrastructure of the exospo-
rium contributes to performance of
the protective function due to the
selective ability to pass low molec-
ular weight substances and retain
high molecular weight ones.

Spores can vary in the size of
exosporium. It turned out that
the adhesive ability of the spor-
ules varies from strain to strain.
The most actively contaminated



HeraTvBHO OKpallleHHEIe CIIOPBl U Cpe3bl U3ydalu
B 3JIEKTPOHHOM MHKpocKorie JEM 2100 (Jeol, Japan) npu
YCKOPpSAIIOLIeM HaIlpsikeHUH 160 KB.

AHanu3 1306paskeHUH ITPOBOHIICS B IPOrPAaMMHOM
obecrieuennn "PemToCKaH OHManH" (LIeHTp IepcIiek-
THBHBIX TeXHOJIOTUI, MocKBa, www.nanoscopy.ru) [8].

PE3Y/IbTATDI

BBLIO ITPOBEIeHO 37IeKTPOHHO-MHKPOCKOIIMYECKOe HU3Y-
YeHHe CIOP MTAaMMOB KaK KJIMHHUYECKUX H30/IS9TOB,
TaK U IPUPOLHBIX IIITAMMOB B. cereus MeTomaMu Hera-
THUBHOI'0 KOHTPACTUPOBAHMUS U YIBTPATOHKHUX CPE30B.
Ha y/JpTpaToHKHUX cpe3ax (puc.l) pencTaBieHsl 3pe-
JIBle CIIOPBI IITaMMa 293, BbIJeJIeHHOT'0 13 KPOBH O0IB-
Horo 5K ¢ xapaKTepHOU /114 B. cereus yIbTPacTPYKTYPOH.
Ha momepedHBIX cpe3ax HabI0[aI0TCs 9K30CIIOPUYM
B BUJe TOHKOM BOJTHUCTOM JIMHUHU, SK30CIIOPHAIbHOE
[IPOCTPAHCTBO, OTeIsIIolee 3K30CIIOPHYM OT CIIOPOBOH
37IeKTPOHHO-TIJIOTHOM 000JI0YKH, 3/IeKTPOHHO-ITPO3pay-
HBIF KOPTEKC, CepALieBUHA B LIeHTpe CIIOPbI. ITH pe3yJib-
TaTHI JAIOT obIIee ITpeCcTaBIeHKe O CTPOEHUH CIIOPBI
B. cereus. Bce McC1eJOBaHHBIE IITAMMBI KMEJIH CXOAHYIO
YABTPACTPYKTYPY.

OnHaKo IIpHU M3YUYeHUHU CPe30B He yIaeTcss pacCMo-
TpeTh TOHKYIO CTPYKTYpPY 3K3ocmopuyma. C Ie/bio
BH3yaJIM3aLIMH 3K30CIIOPHUYMa UCIIOIb30BAIA METO[
HeTraTMBHOI'O0 KOHTpacTHpoBaHusA. Ha puc.2 mpen-
CTaBJieHa Cropa mramma 8035, 3aK/I0UeHHas B 3JIeK-
TPOHHO-IIPO3PaYHBIN 3K30CIOPUYM C BHIPOCTAMH.
AHaJIOTUYHBIe JAaHHBIe OBIIM IIOy4YeHBl IIPU H3Y-
YeHWH BCex MITAMMOB, HCIIOJIb30BAaHHEIX B paboTe.
Ha puc.3 npencraBiaeH ¢parMeHT 3K30CIOPHYMaA

NANOTECHNOLOGIES

Puc.1. YabmpamoHkue cpesbl. LUmamm B. cereus 239.
[Mpoceeyusarow,as 3AeKmMpoHHAst MUKpockonusl

Fig.1. Ultrathin slices. B. cereus strain 239. Transmission electron
microscopy

TOI0 Ke IITaMMa C TeKCAarOHaJbHOM YIIaKOBKOM
cybbeuHULI.

B paMKax HcciefnoBaHuUs 6bl10 IIpoBefieHa ypbe-
GUIPTpaLMs KPUCTAJIMYECKON CTPYKTYphI 6a3ab-
HOT'O CJI0SI 9K30CIIOPHYMa B ITPOrpaMMHOM obecriede-
Huu "®emTtoCkan OHnanH" [8]. C momomsio dypse-
GUIBTPAIMY BO3MOKHO KaK CIVIasKUBAaHHE 00BEKTOB,
TaK U BbIZe/IeHUe MeJIKUX JeTaled Ha H300paskeHHU .
®ypbe-QUIBTpaLKs I103BO/ISeT 3PPEKTHBHO BhIIE/IUTh

MATERIALS AND RESEARCH

surfaces are spores with a small
exosporium [6]. Disputes on
such properties as adhesive-
ness and resistance to damag-
ing environmental factors are
dangerous for the food industry
and medicine. To assess their
ability to contaminate food
industry equipment and medi-
cal instruments, it is interest-
ing to study the external struc-
tures of spores (exosporium and
appendages) in B. cereus strains
of various origins. Analysis of
the surface structure of spores
is also important for choosing
a method for combating spore-
forming bacteria.

The aim of this study is the
ultra-structural analysis of the
external spore structures (exo-
sporium) of various B. cereus
strains by electron micros-
copy, optical diffraction and fil-
tration. The study results are
important for understanding
the role of the ecological niche
occupied by B. cereus strains in
the formation of their pheno-
typic properties. The ability of
B. cereus to occupy a variety of
ecological niches and survive in
extreme conditions is known,
which can lead to undesirable
consequences for humans and
animals.

METHODS

The collection strain NCTC 8035
and natural B. cereus strains
(137\ 0719, 114/0719, 115\ 079, 131\
079) were used in the work.
The strains were grown on
nutrient broth LB at 28 °C for
96 hours. Clinical isolates
were obtained from the lumi-
nal feces of patients with
ulcerative colitis (UC) at the
A.N.Ryzhikh State Scientific
Center of Coloproctology of
the Ministry of Health of the
Russian Federation, designated
as SCCC 1208 B. cereus and B. cereus
SCCC 19/16. The following strains
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Puc.2. LWimamm B. cereus 8035. HezamugHoe KOHmMpacmupo-
saHue. Mpocse4usaro,as 3AeKMpOHHASt MUKPOCKONUS

Fig.2. B. cereus strain 8035. Negative staining. Transmission
Electron Microscopy

MepUOJUYeCKyI0 CTPYKTYpy Ha $poHe obIei 3amrym-
JIEHHOCTH M306paskeHHsI. B 4aCTHOCTH, Ha PHC.4 [TOKa-
3aH pe3y/ibTaT peasnu3aluu ¢ypre-GuaIbTpallui HUK-
Hel J1IeBOM 06/1acTH 9K30CIIOPHYMa Ha pHUC.3 pa3me-
poM 110x120 MkM (puc.4a). Puc.4d neMoHCTpHUpYyeT
r3o0bpaskeHHe IOC/Ie MCKAKYEeHHUS BBICOKOYACTOT-
HBIX 1 HH3KOYACTOTHBIX IIYMOB (CM. pHC. 4b u ¢), uTo

Puc.3. Sk30cnopuym u gbipocmel. Lmamm B. cereus 8035.
HezamusHoe KoHmMpacmuposaHue

Fig.3. Exosporium and appendages. B. cereus strain 8035.
Negative staining

3HAa4YUTeTbHO oberdaeT BOCIPUSITHE PacCMaTpHBae-
MO TeKCarOHaIbHOH CTPYKTY Pl 6a3aIBHOTO CJI0ST 3K30-
criopuyMa (puc.5).

Ha puc.4d u 5 3aMeTHO MyapoBoe H3MeHeHHe
HabaogaeMoro KOHTpAacTa IeKCaroOHA/IbHOM yIla-
KOBKH CJIOEB 3K30CrmopryMa. ®aKTHYECKH, HA H30-
OpaskeHUH IIpeCTaBIeHO HAaTOKeHHe ABYX CJIOeB

were also investigated: strain
169 B. cereus isolated from the dis-
charge of the abdominal cav-
ity of a patient with UC; B. cereus
strain 177 isolated from lumi-
nal feces; B. cereus strain 172 iso-
lated from luminal feces; B. cereus
strain 214/18, isolated from the
surgical wound of a patient with
UC; B. cereus strain 239/18, iso-
lated from the blood of a patient
with UC and a confirmed diag-
nosis of sepsis; B. cereus strain
223/18 isolated from the abdomi-
nal cavity of a patient with UC;
B. cereus strain 181 isolated from
an operating wound of a patient
with UC. The growing medium

is blood agar. The strains were
subcultured onto solid nutrient
medium NBY and grown at 28°C
for 96 hours.
After 96 hours of cultivation,
bacteria were washed off from a
dense nutrient medium, rinsed
with distilled water, and fixed
with formalin. To study spores
by negative contrasting, a spor-
ule suspension was applied to
copper grids covered with a for-
mvar film and stained with 1%
aqueous solution of uranyl ace-
tate or 2% aqueous solution of
ammonium molybdate.

To obtain ultrathin sections,
the samples were fixed using

HAHO UHAVCTPUA Tom13Ne7-8(101)2020

the Ito-Karnovski method [7].
Then the material was fixed in
1% 0sO, solution in 0.2 M caco-
dylate buffer and in 1% uranyl
acetate solution in 0.2 M male-
ate buffer. The material was
dehydrated in alcohols with
concentrations of 50°, 70°, 96°,
100°. Then it was placed in a
mixture of 100° alcohol with
LR White resin, and then in
pure LR White resin. The mate-
rial was transferred into gel-
atin capsules, which were
placed in a thermostat at 56 °C.
Ultrathin sections were pre-
pared on an LKB III ultratome
(LKB Bromma, Sweden) and
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Puc.4. ®ypbe-npeobpaszosaHue uzobpaxeHus 8 1O "®emmoCkaH OHAAUH".
a - ebl0eneHHbIl ppazmeHm u3 puc.3; b - usmepeHue nepuoda pedaexcos; ¢ — yoaneHue
wymosoli cocmasasitouiell 3a 2paHulieli 8bloeAeHHbIX KpacHOU NYHKMUpPHOU AUHUel;
d - ebi0eneHHbIl ppazmeHm nocae Gpypbe-puabmpauuu

Fig.4. Fourier transform of an image in FemtoScan Online software. a - selected frag-
ment from Fig.3N2 b - measurement of the reflex period; ¢ — removal of the noise compo-
nent outside the highlighted red dotted line; d - selected fragment after Fourier filtering

contrasted with 1% uranyl ace-
tate solution in 70° alcohol and
lead citrate. Negatively stained
spores and sections were stud-
ied using a JEM 2100 electron
microscope (Jeol, Japan) at an
accelerating voltage of 160 kV.
The images were analyzed
using the FemtoScan Online
software (Center for Advanced
Technologies, Moscow, www.
nanoscopy.ru) [8].

CONCLUSIONS

An electron microscopic study of
the spores of strains of both clin-
ical isolates and natural strains
of B. cereus was carried out using

negative contrast and ultra-
thin sections. Ultrathin sec-
tions (Fig.1) show mature spores
of strain 239 isolated from the
blood of a patient with UC with
an ultrastructure characteris-
tic of B. cereus. On transverse sec-
tions, an exosporium is observed
in the form of a thin wavy line,
an exospore space separating the
exosporium space from the spore
electron-dense shell, an elec-
tron-transparent coat, and a core
in the center of the spore. These
results provide an overview of
the structure of the B. cereus
spore. All studied strains had a
similar ultrastructure.

3K30CIHOPHYMa - BepxHero
M HUJKHEIO, IIOBePHYTHIX OPYyr
OTHOCHUTE/IBHO Apyra Ha HeboJIb-
IO yrol. B COOTBETCTBHUU
C ceyeHHEM, MpelCTaBIeHHBIM
Ha puc.5, Habnawgaemoe xapak-
TepHOe PpacCCTOSHHEe MeXIYy
[IOPaMHK OJHOLO CJIOSL 3K30CIIO0-
pPHUyMa COCTaBJisgeT BeJIHUUYHHY
OKOJIO 6 HM.

TakuM 06pa3omM, C IOMOILBIO
NPOCBEeYHUBAIONMEN 3JIeKTPOH-
HOM MHUKPOCKOIIUHU U KOMIIBIO-
TepHOTO aHalu3a uszobpaxke-
HUU MOJy4YeHbl AaHHbIE O TOH-
KOU CTPYKType 3K30CIOPUYMa
B. cereus. IlpencrtaBieHbl ppar-
MEHTBl 3K30CIOpPHUYMa IIOCTIe
bypbe-GuIbTPALMU, JEMOH-
CTpUpYyHOIIHe OYHIeHHYIO
OT IIYMOB TeKCaroHaJbHYIO
CTPYKTYPY, XapaKTepHYIO A4 B.
cereus.

Paboma sImuHckozo H.B. 8binonHeHa
npu purarcosoli noddepkke Pocculickozo
HayuHozo ¢ouda (npoekm Ne 20-12-
00389), paboma Axmemosoii A.H. - npu
dunancosoll noddepskke Pocculickozo
onda PyndamenmanvHblXx uccaedo-
sanull (npoekmst N2 20-32-90036 u
Ne 21-58-10005).

However, when studying sec-
tions, it is not possible to con-
sider the fine structure of the
exosporium. In order to visu-
alize the exosporium, the neg-
ative contrasting method was
used. Figure 2 shows a spore of
strain 8035 enclosed in an elec-
tron-transparent exosporium
with appendages. Similar data
were obtained when studying
all the strains. Figure 3 shows
a fragment of an exosporium of
the same strain with a hexago-
nal packing of subunits.

As part of the study, Fourier
filtration of the crystal struc-
ture of the exosporium basal
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Puc.5. a - usobpaxeHue nocae pypbe-puabmpauuu; 6 - eblbop
CeyeHus, 8bl0eNeHH020 KpacHoU AUHUEL, Ha u3o6paxeHuu no- 8.
cne ¢pypbe-puabmpauuu

Fig.5. a - image after Fourier filtering; b - selection of the section
highlighted by the red line in the image after Fourier filtering

layer was carried out in the
FemtoScan Online software [8].
With the help of Fourier fil-
tering, it is possible both to
smooth objects and to high-
light small details in the
image. Fourier filtering makes
it possible to effectively isolate
the periodic structure against
the background of the general
image noise. In particular,
Fig.4 shows the result of imple-
mentation of Fourier filtering
of the lower left region of the
exosporium in Fig.3 measur-
ing 110 x120 pm (Fig.4a). Fig.
4d shows the image after elim-
ination of high-frequency and

low-frequency noise (see Fig. 4b
and c), which greatly facilitates
perception of the considered
hexagonal structure of the exo-
sporium basal layer (Fig.5).

In Figures 4d and 5, a moire
change in the observed contrast of
the hexagonal packing of exospo-
rium layers is noticeable. In fact,
the image shows the superposi-
tion of two layers of the exospo-
rium - upper and lower, rotated
relative to each other at a small
angle. According to the section
shown in Fig.5, the observed char-
acteristic gap between the pores
of one layer of the exosporium is
about 6 nm.

HAHO UHAYCTPUA Tom13Ne7-8(101)2020

Thus, using transmission
electron microscopy and com-
puter analysis of images, data
on the fine structure of the B.
cereus exosporium were obtained.
Fragments of the exosporium
after Fourier filtering are pre-
sented, demonstrating a noise-
free hexagonal structure charac-
teristic of B. cereus. |
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IOOEKT BEHA)XAMWUHA BATTOHA: CO31AHbI CEPEBPSIHDIE MJIEHKH,

VIVYIIAIOWME CBOM CBOWCTBA C TEYEHUEM BPEMEHU

B HOL| ®yHuyoHanbHble Mikpo/HaHocuctembl Ha 6ase MITY um. H.3.baymaHa
n OMYM "BHUWA vm. HJ1.[yxoBa" co3paHbl nMUTaKCUNIbHbIE CepebpsiHble MieHKM,
yNyuLLAtOLLMe CBOV CBOWCTBA C TeYeHWeM BpeMeHU. YHUK/IbHBIMU JONrOXUTeNs M
CTa/ NIEHKW METaN0B, OCK/AEHHbIE MO 3anaTeHToBaHHoI SCULL-TexHonorun HOL|
OMH. Bbicokoe kavecTBo cTpyKTypbl SCULL-NeHOK 0CTaHaBNMBAET NPOLIeCC Aerpasa-
LM, CBOVCTBEHHDIN Cepebpy.

Cepebpo ¥ 3011010 — Hanbonee BOCTPEHOBAHHbIE B OMTIKE W MIA3MOHIKE MaTe-
puasbl, CMIeKTP MCMONb30BaHUS KOTOPbIX OXBATbIBAET WHTErpaibHble M1a3MOHHbIE
YCTPOIACTBA, MEMEHTbI BbIMMCTUTENLHBIX CUCTEM M PaNyHble (YHKLMOHANbHbIE
nokpbITyst. Cepebpo MMeeT camble HU3KKe ONTI4eckiie MOTepY B BUMMOM W B1KHEM
WMHOPaKPacHOM [ManasoHe [IMH BOH, HO MpY 3TOM MMeeT 6ObLIOA HeoCTaToK:
3Ha4UTeNbHOR YXYALLIEHIE CBOICTB C TeYeHUeM BpeMeHi. VCCef0BaHme MexaH3MOoB
J€rpaziaupy cepebpa 1 MOMCK peLueHni f1s ee NPefOTBPALLEHINS SBISIOTCS BKHON
W aKTY/IbHOI Hay4YHOI 3aa4eN.

Ha npotsixeHnn AByx et komaHaa yyeHbix HOLL OMH n UTMS PAH wnccneno-
Ba/1a MOHOKPUCT/IIMYECKVE N/ieHKIN Cepebpa TOMLLMHOM OT 25 A0 70 HM, HaHECeHHblE
Ha KpemHveBble MopioxKu. C MpuMeHeHeM MeTo0B CMeKTPOCKOMMYECKoN 3naun-
COMETPUM, CKAHMPYIOLLEW 3NeKTPOHHOM MMKPOCKOMM CBEPXBLICOKOrO paspeLLieHitst
W CTUNYCHON NPOUIOMETPUN BbIM MCCEa0BaHbI MOPGONOTKS MOBEPXHOCTH, KpU-
CTINYECKas CTPYKTYPA 1 OMTUYECKVe XapaKTepucTUky MeTana. XapakTepuctuki
CepebpsHbIX NIEHOK U3MEpSINCh B CTaHAAPTHbIX NBOPATOPHbIX YCIOBUSX.

Cnepbl ferpaZiayi nieHoK NposiBUANCL CrycTst 7-19 MecsiLieB nocie ocaxge-
HUS:: Ha MOBEPXHOCT METa/INIOB BO3HUK/IW 06bEMHbIE CTPYKTYPbI, Pa3pbiBbl ¥ NpoyMe
ZAedeKTbl. Mpy 3TOM B XMMU4ECKOM COCTaBe 06pa3LoB MpUCYTCTBIS CBS3el cepebpa

€ aKTUBHLIMM XvIMUdeckumn nemerTamn (Agdl, Ag,S, Ag,0, Ag,CO,) 06HapyeHo He
6bI10, 4TO FOBOPYT O TOM, YTO MHTEHCVBHOCTD fierPaAiaLIAM NIEHOK ONpenenseTcs Apy-
MM GaKTOPamK, B YMCTe KOTOPBIX YPOBEHD LLIEPOXOBATOCTM META/IIOB, KOMM4ECTBO
LedeKTOB Ha MX MOBEPXHOCTH, A TAIOKe Ha/uuye BHYTPEHHIX OCTATOHHbIX Hampsixe-
HIiA, BO3HMKLLMX B MIPOLIECCE POCTA CTPYKTYpbl.

Hawnyuwuyto cTabunbHOCTb C TOUKI 3pEHIS COXPaHEHNS CBOWX CBOWCTB MPOKEMOH-
CTPVPOBA/IN NNIEHKY MOHOKPUCT/IIMHECKOr0 cepebpa TONLLVHOM 35-50 HM, 0CkfeH-
Hble o 3anareHToBaHHoI SCULL-TexHonorvi. bornee Toro, o pesynbTaram UCCIeoBa-
HIIA 10K33aHO, YTO €O BPeMeHeM OHI YYYLLIAIOT CBOK) CTPYKTYPY C OAHOBPEMEHHbIM
13MeHeHIeM MOphOOrv MOBEPXHOCTU.

"SCULL-TexHOMOMMS M03BOASIET HaM C03A3BaTb MPAKTUHECKN CTPYKTYPHO WAeaNb-
Hble TOHKe MIeHKU METa/IOB C LIPOXOBATOCTbIO MOBEPXHOCTM HA YPOBHE AuameTpa
aroma camoro Marepuaia — 90-200 . Takas CTpyKTypa 0becrieumBaeT He TObKO
YHUK/IbHbIE CBOMCTBA META/INA, HO U ero CTabunbHOCTb C TeyeHreM BpemeHu. Ham
YOAI0Ch CMPaBUTLCA C OFHAM M3 HEJOCTATKOB Cepebpa — ObICTpbIM "CTapeHuem’,
a 3HA4WT, NOBEPHYTL BPEMS BCNATH 1 CO3AaTb CBEPXKAHECTBEHHDIV MaTepuan Ans npu-
MeHeHws B 06/1aCTh HaHOPOTOHMKM, OMTUKY, KBAHTOBBIX BbIYMCTEHWI 11 KOMMYHIKA-
umit", — otmeTun Unbsi PogroHos, avpekTop HOLL OMH.

"Ha ocHose SCULL-TexHoMorm Ham ke yAanoch NOCTaBMTb Psi MAPOBLIX peKop-
J0B, B YacTHOCTH, € MCAH PAH AOCTMYb MaKCUMIbHOW TeopeTiyecky MpeackasaH-
HOW [JIMHLI PacnpOCTPaHeH!s! MOBEPXHOCTHOrO Mia3MoHa 200 MKM 1 COBMECTHO
¢ Purdue University co3parb cambiii KA OHODOTOHHbIA MCTO4HMK (CKOPOCTb
W3NY4EHIS — 35 MUTIMOHOB OAVIHOUHBIX (YOTOHOB B CeKYHY), PabOTIOLLMIA MY KOM-
HaTHoW Temneparype. CTabunbHOCTb NAEHOK CHUMAET OrpaHuyeHust Mo BpemeHu
paboTbl C HAMMW 1 MO3BOASET C034aBaTb CTabWbHbIe (OTOHHbIE YCTPOMCTBA HA WX
0CHOBE", — OTMeTIN AnekcaHAp 5abypuH, pykooauTeNb rpynnbl HaHOGOTOHNKY HOL,
OMH.

Pe3ynbTaTbl MPOBEAEHHONM paboTbl AanN MCCIEAOBATENsSM BO3MOXHOCTb Mped-
NOKUTb MeXaHW3M  M3MeHeHMsl XapaKTepuCTUK METa/IMYeckuX TOHKUX TIeHOK,
CBS3aHHDIA C PacnpeieNeHneM BHYTPEHHIX HampskeHWid U CKMOHHOCTbIO cepebpsi-
HbIX CTI0EB K HECMa4MBAHMIO NOBEPXHOCTV W 06Pa30BaHMIO Kanenb. B pamkax mpes-
NOXeHHoro komaxaoin HOLL ®MH u WTIS PAH MexaHm3ma 06bCHSIOTCA XapakTep
3aBICVIMOCTEN LLIEPOXOBATOCTI M OMTUYECKIX XapaKTEPUCTIK MAEHOK PasHbIX TOMLLMH
OT BPEMEHU.

Pe3ynbTaTbl MCCENOBaHMIA NpeacTaeneHbl B nybnukaumn Epitaxial Silver Films
Morphology and Optical Properties Evolution over Two Years B xxypHanie Coatings.

[To mamepuanam OL| ®yHKumoHaNbHbIe Mukpo/HaHocucTembl

HEWPOCETb AHAIU3UPYET HAHOYACTHLibI 1O MUKPO®OTOIPAGUAIM

Bnepable 06y4MTb HEMPOCeTb MOMCKY M aHANNU3y HAHOYACTUL, C MOMO-
Wb MUKpOCKOna cMorau yyeHble HAAY "MUDWN". TpeanoxeHHbIn MeTO4
06y4eHns HeipoceTell MO3BOANT 0TKA3ATLCS OT PY4HON 06paboTKN MUKpPO-
doTorpadui. OTo NOMOXET He TONLKO COKPAaTUTb BPEMS MCCNefO0BaHMUS,
HO M YBENNYUTbL KONMMYECTBO aHANM3MPYEMbIX YACTUL, OT COTEH eAUHML,
[0 AeCATKOB ThICSH. cCne,0BaHNe Y4eHbIX M0Ka3ano, 4To 3QdeKTMBHO 06y-
YaTb HeMpoCeTV aHanuy U306paXeHNi CO CKAHMPYIOWEro 31eKTPOHHOO

MMKPOCKOMA MOXHO He pasmeyast peanbHble MUKpPOYOTOrpadun BpyuHyo,
a reHepupys UMUTMpYylOWMe MX M306paxeHMs HA KoMmbloTepe. B xoge
UCCnefoBaHUs MCMOAb30Banach HelipoceTb C apxuTekTypoi RetinaNet.
B fanbHeilem Hay4YHblA KOANEKTUB HAMEPeH UCMonb3oBaTh 3TOT Xe MOA-
XOA ANS KNACCMGMKALMM HAHOHACTUL, N0 GOPME ~ MOKA YTO 3TO TaKxKe NoA-
HOCTbIO py4yHas pabota.

o mamepuanam: Ultramicroscopy
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