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Bacillus cereus — nmoBceMecTHO pacnpocTpaHeHHbI Bug 6auunn. UsBecTHo, 4YTo B. cereus siBnsietcs
NPUYNHOWN PpasfiNyHbIX 3a60seBaHUN, [N1aBHbIM 06pasoOM CBSI3aHHbIX C MOPaXXeHUEM >XenyA04YHO-
KuweyHoro Tpakta (OKKT) ¢ cMmmnToMamu aguapeu u pBOTbl. B. cereus MOXeT 6biTb 3TUONOrMYECKUM
areHTOM MEHUHIMTa, nepukapauTa, MHeBMOHUM, 3a6oneBaHUsl /a3, COMYTCTBOBATb pPaHEBbIM
uHoekumsam [1]. MpuseaeHbl HOBble AaHHbIE O CTPYKTYpe BbIpOCTOB 6aKTepuii B. cereus Ha OCHOBaHWUU
3KCMepUMEeHTaJIbHbIX JAaHHbIX, MO/IY4YeHHbIX C MOMOLLbIO MPOCBEYMBAIOLLEN 3/IEKTPOHHOW MUKPOCKONUMU
M KOMMNbIOTEPHOr 0 aHa/In3a U306 paXkeHUni.

Bacillus cereus is a ubiquitous bacillus species. B. cereus is known to cause various diseases,
mainly associated with damage to the gastrointestinal tract (GIT) with symptoms of diarrhea
and vomiting. B. cereus can be an etiological agent of meningitis, pericarditis, pneumonia, eye
diseases and accompanies wound infections [1]. New data on the structure of appendages on
spores of B. cereus are presented on the basis of the experimental data obtained with the aid
of the transmission electron microscopy and computer image analysis.

crocobHOCTH K criopoobpasoBaHHUI0. CIOPHI
IpefCcTaBIs0T co60M OMHY U3 CAMBIX YCTOM-
YUBBIX GOPM CYLIeCTBOBAHUS OaKTepHUH. 3HaUeHUe
criop 06yc/I0BJIeHO UX TepMOCTabUIBHOCTBIO, YO
Pe3UCTeHTHOCTBIO, YCTOMYHUBOCTBIO K Pa3IHy-
HBIM $aKTOpaM BHEIIHeH Cpelbl. B CBSA3H C 3TUM

Ba>1<H01?1 XapaKTePUCTUKOMN GALIUIII SIBISETCS

CIIOPHI MPeACTABISIOT OMACHOCTD JJIsl IHUIEeBOH
IPOMBIIIJIEHHOCTH U MeIHUIIMHBE. B HacTosmee
BpeMs H3ydeHa Mopdonorus 60IbIIMHCTBA CIIO-
poobpasyromux bakTepuri. Hapsay c 6a30BIMU
NpHU3HAKAMH, XapaKTepPHBIMU [AJISI ONpeJesleH-
HOT'O BHZA, Yy psifia MTaMMOB 06HAPY>KHUBAIOTCS
CBOMCTBA, 3aBUCSIIHE OT UCTOYHHUKA BBIJIeJIEHHUS.

1 OrBY "HaumoHanbHbIN UCCNeA0BATENbCKUN LLEHTP IMUAEMUONOT UM U MUKPOBUOMOr MM MMEHM NMOYeTHOr0 akaaeMuka H.®.ramanen M3 PO, Mockea, Poccus /
The National Research Center for Epidemiology and Microbiology named after Honorary Academician N.F.Gamaleya of the Ministry of Health of the

Russian Federation.

2 MTY umenun M.B.JlomoHocoBa / Lomonosov Moscow State University, Physical and Chemical departments.
3 OO0 HMMN "LLeHTp nepcnekTUBHbLIX TexHonoruin' / Advanced Technologies Center.

4 MH30C PAH, Mocksa, Poccus / INEOS RAS, Russia.

HAHO MHAOVCTPHA Tom 13 Ne7-8 (101) 2020



EQUIPMENT FOR NANOINDUSTRY

HeoquHaKOBBIMU 10 CBOMM XapaKTepPUCTHKAM
MOTYT OBITH M IITAMMBI B. cereus, BeIZeleHHBIE
M3 OKPY’KaIoUmeHr Cpefbl, MUINEBbIX IPOAYKTOB U
IosydyeHHBIe OT 60JBHEIX. Mopdonoruyeckue oco-
6eHHOCTH 6ALUJII IIPOSBISIIOTCS Ha CTAZUU CIIOPO-
ob6pasoBaHus. CIIOPHl Pa3HBIX BUJOB U IITAaMMOB
HMEIOT OTJIMYUTeNlbHble IPU3HAKHU, OTCYTCTBYIO-
e y BeTeTATUBHBIX KJIETOK.

Criopsl B. cereus uMeIoT crieruuUecKue CTPYK-
Typbl, OTCYTCTBYIOIIKE y BeTeTaTUBHBIX KJIETOK.
XapaKkTepHBIM IIPHU3HAKOM CIIOp TPYIIIBL B. cereus
SIBJISIETCS] HAJIUYHe JJIUHHBIX CIIOPOBBIX BEIPOCTOB
Ha II0BEPXHOCTH 3K30CIIOPUYMa, MOAOOHBIX UM
rpaMoTpuLaTenpHbIX 6akTepuni. Hodgikiss [2] coo6-
IMJI, YTO MITAMMBI B. cereus ©MeoT GHUIAMEHTO3-
HBble BBIPOCTBI Ha Crlopax, a cropsl Bacillus alcalophi-
lus, Bacillus licheniformis, Bacillus megalerium, Bacillus poly-
myxa ¥ Bacillus megaterium nUIIeHBI 5K30CIIOPHUYMa
Y BBIPOCTOB.

DesRosier, Lara [3] mmoka3aiu, 4To y B. cereus
MMEIOTCSI BBIPOCTHI, AHAJIOTHYHbIE IHUJISIM JHaA-
MeTpoM 6,8 HM u BapuabenbHON ANHHON. OHU
HMeIOT 0eJIKOBYIO IPUPOAY U OTIUYAIOTCS BBICOKOK

ctabunpHocThio. C NMOMOIIBI0O MEYeHBIX aHTHU-
TeJ 6BIJIO IOKA3aHO HaJlKM4YHe OoOIHX aHTUTEHOB
y IHIel 1 3Kk30crnopuyMa. CIIopoBble BRIPOCTHI pas-
JTUYHBIX MOP(OIOrUYeCKUX TUIIOB OBIIM HaHAeHbI
CMUPHOBOM C COABTOpaMHU Y B. thuringiensis [4].

HepnaBHO Ob11M 06Hapy>kKeHBI CIIOPOBBIE IIPOTEH-
HOBble QUIAMEHTO3HBIEe BBIPOCTEL ABYX MOpdo-
JTOTUYeCKHUX THUIIOB y B. cereus [5]. ABTOpPBI HAIIIH
criopoBble BeIpocTH (endospore appendages (Enas))
y mraMmMma B. cereus NVH 0075-95, BRI3BIBAIOIIETO
IIHIeBbIe OTPABIeHH . BbIJIO ITOKa3aHo, 4YTo Enas
IpefCTaBIsSI0T CO60M HOBBIM KJIACC IIHUJIEH T'PaM-
MOOXKUTENbHBX O6aKTepuUM, CHeUUPUUHBIX
nnst crop. Enas ctabunusupoBaHbl 61arogaps guc-
yIbQHUIHBIM CBSI35SM, B pe3ylbTaTe 4yero rubxrue
IHUIH CTAHOBATCS TePMOYCTOMYHUBBIMU, HEUYyB-
CTBHUTEJbBHBIMH K BBICBIXaHHIO U XHUMHUYECKHUM
MOBPEXAEeHHUSIM.

BBIPOCTHL CIIOp BBI3BIBAIOT MHTepecC B CBS3HU
C BBISIBJIEHHOM y HUX a[ilTe3UBHOM CII0OCOOHOCTBIO.
Croopsl 61arofapsd HalUUYHUIO BBIPOCTOB MOTYT
NPUKPENNSIThCI K OHONTOTHYEeCKUM M HHEePT-
HBIM II0OBEPXHOCTSM, 3HAYUMBIM /151 MeJUIUHBI

n important characteris-

tic of the bacilli is the ability

to sporulate. Spores are one
of the most resistant forms of bac-
teria. The importance of spores is
due to their thermal stability, UV
resistance and resistance to various
environmental factors. From this
point of view, spores pose a danger
to the food industry and medicine.
Currently, the morphology of most
spore-forming bacteria has been
studied. Along with the basic traits
characteristic of a certain species,
a number of strains exhibit prop-
erties that depend on the source of
isolation. Strains of B. cereus isolated
from the environment, food prod-
ucts and obtained from patients
may be different in their character-
istics. The morphological features of
bacilli appear at the stage of sporu-
lation. Spores of different species
and strains have distinctive fea-
tures that are absent in vegetative
cells.

B. cereus spores have specific
structures that are absent in vege-
tative cells. A characteristic feature
of spores of the B. cereus group is
the presence of long spore append-
ages on the surface of the exospo-
rium, similar to the pili of gram-
negative bacteria. Hodgikiss [2]
reported that B. cereus strains have
filamentous appendages on spores
while spores of Bacillus alcalophilus,
Bacillus licheniformis, Bacillus megale-
rium, Bacillus polymyxa, and Bacillus
megateruim do not have the exospo-
rium and appendages.

DesRosier and Lara [3] showed that
B. cereus have the appendages, similar
to pili, of 6.8 nm diameter and vari-
able lengths. They are proteinaceous
and highly stable. Application of the
labeled antibodies proved a presence
of common antigens in pili and exo-
sporium. Spores appendages of vari-
ous morphological types were found
in B. thuringiensis by Smirnova et
al. [4].

Recently, the spore protein fila-
mentous appendages of two mor-
phological types were found in
B. cereus [5]. The authors found endo-
spore appendages (Enas) in the
NVH 0075-95 B. cereus strain, which
causes food poisoning. Enas has
been shown to represent a new class
of spore-specific pili of gram-positive
bacteria. Enas are stabilized by disul-
fide bonds, making the flexible pili
heatresistant and insensitive to dry-
ness and chemical damage.

The appendages of spores are of
interest because of the adhesive abil-
ity revealed in them. Due to presence
of appendages, spores can attach to
biological and inert surfaces that
are important for medicine and the
food industry. The adhesion capacity
of spores and their piling vary from
strain to strain and is the greatest in
spores with long projections [6].

It is interesting to study the fea-
tures of appendages in B. cereus
strains of various origins to assess
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U IIHIIeBOM NPOMBIIIIEHHOCTH. AATe3HBHAS CIIO-
COGHOCTB CIIOP M UX ITUJIMPOBAHHOCTb BAPbUPYIOTCS
OT MTaMMa K IITAMMYy U JOCTHUTAIOT MaKCUMyMa
y CIIOPBI C IIMHHBIMU BBIPOCTAMH [6].
[IpencTaBiisieTCS HHTEPECHBIM HU3YUYUTh 0CObeH-
HOCTH BBIPOCTOB y HITAMMOB B. cereus pa3jIMn4HOro
IIPOUCXOKIEHHU S )5l OLleHKU CIIOCOGHOCTH CIIOP
IPUKPEIUISTHCS K 060pyI0OBAaHUIO, HCIIONB3YEMOMY
B Pa3JIMYHBIX OTPACJISIX IPOMBIIIJIEHHOCTH M MeJIH-
LUHB. JlaHHBIe O CTPO@HHH U CBOMCTBAX CIIOPO-
BBIX BBIPOCTOB BasKHHI AJ1s1 BeI60pa MeTozma 60pb6BI
co cmopoobpasywomuMu bakTepusiMu. B HacTos-
Ilee BpeMsI UCC/IeyI0TCSI 0CODeHHOCTH CIIHUpaJIerno-
Oo6HOM yKIaAKK Cy6'be JUHHULL CIIOPOBBIX BBIPOCTOB
B. cereus - HAHOCTPYKTYP, ClIeIUGUIHBIX IJISI CIIOP.

MATEPWUAJIbI U METO/ bl

MaTepHaibl UCCIeNOBaHMU - MITAMMBL B. cereus,
HOMepa M HMCTOYHHKH BBIOEJeHHUs, a TaKXKe
cpenbl, Ha KOTOphle OBLI cHenaH BeiCceB. B paboTte
HCII0/Ib30Banu pedepeHCcHBIH mTaMM NCTC 8035,
npuponHsee (13710719, 114/0719, 115\ 079, 131\ 079)
U KIHMHHUYeCKHe HU30a4AThl B. cereus. IITaMMBI
BbhIpalllMBa/lu Ha arapM30BaHHOM IIHTaTeJlb-
HoM 6ynpoHe LB mpu 28°C B TedeHHe 12-96 U.
KnyvHWYecKkHe U30/SITH OBIJIK [OYyUYeHbl U3 IIPO-
CBETHBIX peKaaul MalUeHTOB C I3BeHHBIM KOJH-
ToM (SIK) B TocymapcTBeHHOM HAay4YHOM IleHTpe
KOJIOIIPOKTOJOTHH UM. A .H.PrIRKHX MUH3paBa
Poccuu, obo3HayeHHBIe Kak B. cereus SCCC 1208
U B. cereus SCCC 19/16. MccienoBany TaksKe CllefyIo-
IIHe MTaMMBI: IITaAMM B. cereus 169, BbIeIe HHBIH

K3 OTHeIsieMOro OpPIOIIHOM II0JIOCTH y 60IBHOTO
c SK; mTamM B. cereus 177, BlAe/IeHHBIH U3 IPOCBET-
HBIX GeKaJIuM; mTaMMm B. cereus 172, BrITeTIeHHBI U
M3 NPOCBeTHBIX GeKaMUU; MTaMM B. cereus 214/18,
BBIJIeJIEHHBIH U3 OIIePALMOHHOM PaHBI allHeHTa
c dK; mTaMM B. cereus 239 /18, BHIAeIeHHBIU
M3 KpoBH maunueHTa ¢ K v moaTBepsKIAeHHBIM
OHATHO30M CeIICHCa; ITaMM B. cereus 223/18,
BBI/I€JIEHHBIN M3 OPIOIIHOM IIOJOCTH IMAllMeHTa
¢ K; mTaMM B. cereus 181, BeIAe/TIeHHBIN U3 Oollepa-
LIMOHHOM paHBbl nanueHTa c K. Cpena Belpamiu-
BaHHUS - KPOBSIHOU arap. LITaMMBI mepeceBaau
Ha TBepAYyI IMHTaTeabHYI0 cpeay NBY u BeIpalu-
Banu npu 30°C.

NMPOCBEYUBAIOWASA SNEKTPOHHAA MUKPOCKOMNUA
baktepuu uyepes 96 U Ky/JIbTUBUPOBAHU S CMBIBAIU
C IJIOTHOM IMUTATeJbHON CPefbl, OTMbIBAIH JHC-
THUI/THMPOBAHHOU BOJLOKM U QUKCHPOBanu dopma-
AUHOM. IS M3y4YeHHs CIIOP METOJOM HeraTHB-
HOT'O KOHTPAaCTHPOBaHMS CYCIIEH3HIO CIIOPp HAHO-
CHJ/IM Ha MeJHBbIe CeTKH, IIOKPEIThie POPMBApPOBOU
MJI€HKOM, OKPAalIMBaJIU 1% -HBIM BOLHBIM PaCTBO-
PoM ypaHuIalLeTaTa U 2% HbIM BOLHBIM PACTBOPOM
MonubraTa aMMOHHUS.

HeraTuBHO OKpalleHHbIe CIIOPhI U3y4YajH B 3JIeK-
TPOHHOM MHUKpocKore JEM 2100 (Jeol, Japan) npu
yCKoOpsoIneM HallpsskeHHH 100 KB.

KonuuyeCcTBeHHBIN aHAJIN3 [10JyYeHHBIX JAHHBIX
OBLJI IPOBe/IeH C IOMOIIBIO IPOrPaMMHOro obecre-
yeHus "®emroCran Ounann" [7, 8. [lns onpexere-
HUS CTelleHU FHOKOCTH BRIPOCTOB HAMU IIPOBEIeHO

the ability of spores to attach to
the equipment used in various
industries and medicine. The data
on the structure and properties of
the appendages of spores append-
ages are important for choosing a
method for combating spore-form-
ing bacteria. Nowadays, the fea-
tures of the spiral-like packing
of subunits of spore appendages
of B. cereus - the nanostructures
specific for spores - are being
investigated.

MATERIALS AND RESEARCH
METHODS

Research materials were B. cereus
strains, numbers and sources of

isolation as well as the media on
which the inoculation was made.
We used a reference NCTC 8035
strain, natural (137\0719, 114/ 0719,
1151079, 131\ 079) and clinical iso-
lates of B. cereus. The strains were
grown in nutrient broth LB at 28°C
for 12-96 hours. Clinical isolates
were obtained from the luminal
feces of patients with ulcerative
colitis (UC) at the A.N.Ryzhikh
State Scientific Center of
Coloproctology Ministry of Health
of the Russian Federation, des-
ignated as SCCC 1208 B. cereus and
SCCC 19/16 B. cereus. The following
strains were also investigated:
strain 169 B. cereus isolated from the
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discharge of the abdominal cav-
ity of a patient with UC; strain 177
B. cereus isolated from luminal
feces; strain 172 B. cereus isolated
from luminal feces; strain 214/18
B. cereus, isolated from the surgi-
cal wound of a patient with UC;
strain 239/18 B. cereus, isolated from
the blood of a patient with UC and
a confirmed diagnosis of sepsis;
strain 223/18 B. cereus isolated from
the abdominal cavity of a patient
with UC; strain 181 B. cereus isolated
from a surgical wound of a patient
with UC. The growing medium
was blood agar. The strains were
subcultured onto a solid nutrient
medium NBY and grown at 30°C.
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M3MepeHHe IMepPpCUCTeHTHON [IJIHHBI, HHUPOKO
HCII0JIb3yeMoe IIPU U3YyYeHHUU MeXxaHHUKH MaKpo-
Mosekys [9]. OleHOYHOe 3HaueHHe IIepCUCTeHTHOM
IIUHBL Lp ompesiessiioch TaK>Ke 110 MPUOIHKeHHOM
dopmysne Lp ~ R?/L, rae L - KOHTYypHAas AJTKMHA [IONTH-
MepHOH Lienu (BHIPOCTa), R - paccTosHUe MeXAY
KOHIIaMU ITOJIMMEPHOM LieIH (BBIPOCTA).

PE3V/IbTATDI

BB1JI0 IPOBEIeHO 3/IeKTPOHHO-MHUKPOCKOIIMYeCKoe
HM3y4deHHe CIIOp IUTaMMOB B. cereus MeToloM Hera-
TUBHOT'0 KOHTPACTHUPOBAHHUS.

Kaxk BUAHO M3 IpeACTaBJIeHHBIX H306paske-
HUU NpOCBeYUBAIOIleN 31eKTPOHHON MHKPO-
CKOIIMHU, INPHU HEraTUBHOM KOHTPacCTHPOBAaHHUU
HabI0aI0TCs 3K30CIIOPUYM B BH/JIe 3JIeKTPOHHO-
npospauHoro memka (puc.l), okpyskarwIiero
CIIOPY, U CIIOPOBBIe BRIPOCTHI (pHcC.2). YHUCTIeHHOCTD
Y IJIMHA CIOPOBBIX BBIPOCTOB 3aBHUCAT OT IPHU-
HaJJIeXXHOCTHU K mTaMMy (puc.3). [JJIMHA BHIPO-
CTOB BapbUpyeTCs, AocCcTHUrasg 11 MKM, aua-
MeTp okoso 9-10 HM. IIpu GonbmoM yBenudye-
HHUHU BUJHO, YTO OHU Pa3IH4aTCA 10 MOPoJIo-
ruu. ObHapyskeHBI KPYIIHBIe TPybUaThle BEIPOCTSHI,
BHYTPHU KOTOPBIX MMeeTCsl KaHasl. Ha nsobpaxe-
HHSX NPOCBeUYMUBAIOIEN 3IeKTPOHHON MUHKPO-
CKOIIMH 3aMeTHO, UTO KaHaJj 3alloJIHeH KOHTpa-
cTepoMm. IIpu 6071bIIOM yBeTHUEHHUHU BBISIBISETCS
cnupaneBUAHAs yKaagka (puc.3a). Ha HekoTo-
PBIX CHHMKaX BBIPOCTBl KOHTAKTUPYIOT APYT C APY-
roMm. Kpome Tpybuarsix, HabnwogawTcsa 6oee TOH-
KHe rubkue BBIPOCTBI. BBIpOCTHl 6epyT Haudaso

TRANSMISSION ELECTRON

Puc.1. Wmamm B. cereus 19. [pocseyusaro,asi 3eKmpoHHas
MuKpockonus
Fig.1. B. cereus strain 19. Transmission electron microscopy

OT 3K30CIIOpHYyMa, HO, BO3MOXHO, U OT 000JIOUKH.
OHU pacHpepmensiloTCs MO OTAENBHOCTH J1Hb6O
y4KaMH.

KosnyecTBeHHBIM aHA/IMU3 IIOJyUYeHHBIX HU30-
O6paskeHHUH CIOP ITOKa3aJl, YTO BHIPOCTHI JIMHOM

RESULTS

MICROSCOPY

After 96 hours of cultivation, the bac-
teria were washed off from a dense
nutrient medium, rinsed with
distilled water and fixed with for-
malin. To study spores by nega-
tive contrast method, a spore sus-
pension was applied onto cop-
per grids covered with a formvar
film, stained with 1% aqueous
solution of uranyl acetate and 2%
aqueous solution of ammonium
molybdate.

Negatively stained spores were
studied using a JEM 2100 elec-
tron microscope (Jeol, Japan) at an
accelerating voltage of 100 kV.

The quantitative analysis
of the obtained data was pro-
cessed using the FemtoScan
Online software [7, 8]. To deter-
mine the degree of flexibility of
the appendages, we carried out
a measurement of the persistent
length, which is widely used in
the study of the mechanics of
macromolecules [9]. The esti-
mated value of the persistent
length Lp was also determined
by the approximate formula
Lp ~R?/L, where L is the con-
tour length of the polymer chain
(appendage), R is the distance
between the ends of the polymer
chain (appendage).

An electron microscopic study of the
B. cereus strain spores was carried out
using the negative contrast method.

As can be seen from the pre-
sented images of transmission
electron microscopy with nega-
tive contrast, an exosporium is
observed in the form of an elec-
tron-transparent bag (Fig.1) sur-
rounding the spore, and spore
appendages (Fig.2). The number
and length of the spore append-
ages depend on their belonging
to the strain (Fig.3). The length
of the appendages varies, reach-
ing 11 microns and the diam-
eter is about 9-10 nm. At high
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Puc.2. a - dnuHHbie 2ubKue gbipocmbl. LUmamm B. cereus 239; b - nyuku 8pipocmos. LLimamm B. cereus 172; ¢ — mpyb4ambie 8bl-

pocmel. LLmamm B. cereus 19

Fig.2. a - long flexible appendages. B. cereus strain 239; b - bundles of appendages. B. cereus strain 172; ¢ - tubular appendages.

B. cereus strain 19

OKO0JI0 1 MKM MMEIOT, KaK IIPaBUJIO, BUJ, IIPSIMOJIH-
HeHMHBIX CTep>KHel. Ha AJMHHBIX BRIPOCTAX AJIH-
HOM 1-5 MKM 3aMeTHa He6oJbIIast HU30THYTOCTD.
[TonydyeHHOe 3Ha4deHHe IIePCHCTEHTHOU [JIHUHE
cocTtaBiasgeT 6+0,9 MKkM. PaccuuMTaHHOe 3HAaUYeHUe
MIepCHCTeHTHOM JJIMHBI YKa3bIBaeT, YTO BBIPOCTHI
SABJISIOTCS )KeCTKOU IOJTMMePHOU Leneo. Cinenyer
3aMeTHUTh, UTO, HECMOTPS Ha IIPUMEHIeMYI0 IIPO-
Lenypy NPHUIOTOBIeHUs 06pa3loB, BKJIOYAIO-
Iy HaHeCeHHe Ha TBePAYIO IOJJ0XKKY, BBICY-
IKMBaHHe U BAKYYMHUPOBaHHUeE, [IPAKTUYECKH BCe

BBIPOCTBI MMEIOT LIeJIOCTHBI XapaKTep, 6e3 BUAH-
MBIX IIOBPeXJeHHUN. B mose 3peHus B61u3u 6ak-
TepHUH OTHe/bHble H30JIUPOBAHHBEIE OT HaKkTe-
pUil dparMeHTHI BHIPOCTOB He 0OHAPYKUBAIOTCS
unu HabnomaeTcs UX He3HAYHUTeIbHOE KOJIH-
YeCTBO, YTO yKa3blBaeT Ha BBICOKYIO CTabUIIb-
HOCTB BBIPOCTOB. Pa3pyuIeHHus BBHIPOCTOB B IIPO-
Ilecce IIPUTOTOBJIIeHHUsI 06Pa3LOB U IIPU ITOCTIe-
nyoneM HablogeHUH B 3JIeKTPOHHOM MHKPO-
CKOITle IIPaKTUYeCKH He IIPOUCXOLUIO0. BEIPOCTHI
HYT HEIOCPeJCTBEeHHO OT Kpasi CIIOphl 6aKTepUHU

magnification it can be seen that
they differ in morphology. Large
tubular appendages were found
to have a canal inside. In the
transmission electron micros-
copy images it is noticeable that
the channel is filled with a con-
trast agent. At high magnifica-
tion, a spiral pattern is revealed
(Fig.3a). In some pictures, the
appendages are in contact with
each other. In addition to tubu-
lar, thinner flexible appendages
are observed. The appendages
originate from the exosporium,
but, possibly, from the shell too.
They are distributed individually
or in bundles.

A quantitative analysis of the
obtained images of spores showed
that the appendages about 1 pm
long have, as a rule, the form of
rectilinear rods. Slight curva-
ture is noticeable in case of long
appendages 1-5 pm long. The
obtained value of the persistent
length is 6+0.9 pm. The calculated
persistent length indicates that
the appendages are a rigid poly-
mer chain. It should be noted that,
in spite of the applied procedure of
sample preparation which includes
deposition on a solid substrate,
drying, and evacuation, practi-
cally all of the appendages have an
integral character without visible

HAHO UHAYCTPUA Tom13Ne7-8(101)2020

damage. In the view field near
bacteria, fragments of append-
ages isolated from bacteria are not
detected or their number is insig-
nificant, which indicates a high
stability of the appendages. The
destruction of the appendages dur-
ing preparation of samples and
subsequent observation in an elec-
tron microscope practically did
not occur. The appendages origi-
nate directly from the edge of the
bacterial spore to a distance of
1-10 pm. These facts also indicate
a high mechanical strength of the
appendages. The observed diam-
eter of the appendage channel is
about1.5nm.
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Puc.3. a - mpy6uamsie ebipocmsbl. LLiImamm B. cereus 177; b — mpy6uamsili ébipocm. LLimamm B. cereus 19; ¢ - 8bIpoCmbl pazauy-
HblX Mopdopaozudeckux munos. Limamm B. cereus 223
Fig.3. a - tubular appendages. B. cereus strain 177; b - tubular appendages. B. cereus strain 19; c - appendages of various morphologi-

cal types. B. cereus strain 223

Ha ygajeHue B 1-10 MKM. OTH PaKThl TAKKe yKa-
3bIBAIOT Ha BBICOKYIO MEXAHHYECKYIO IIPOYHOCTH
BBIpOCTOB. HabmomaeMblti fMaMeTp KaHasla BBIPO-
CTOB COCTaBJIgeT BeJIMYKMHY OKOJIO 1,5 HM.

Illar conupaneBUAHOM YHNaKOBKH - OKOJIO
4 HM, HabnomaeMBIH yroj IOBOPOTa CIIHPATH
OKOJIO 77 TPaj., YTO COOTBETCTBYeT yIJy MOBOPOTA
CIIMPaJIX 110 OTHOIIEHHIO K IIJTOCKOCTH ITOII€PEYHOI0
ceyeHus B 13 rpap. Ilpu miare cnupaau B 4 HM U 1Ha-
MeTpe BhIPOCTa 0K0JIO 9 HM pacyeTHOe 3HavyeHUe yria
CIIMPaJIX TaKxKe I10J1ydaeTcs 0Kojo 13 rpaf. (puc.4c).

CorsacHO MOJIy4YeHHBIM JAHHBIM, paHee HeM3-
yYeHHBle IITaMMBI B. cereus MMeWOT THUIHY-
Hble IJI5 3TUX GaIUIIJI CIIOPOBBIe BEIPOCTHI. DTHU
IITAMMBI Pa3JHYaOTCId O KOJTHUYECTBY CIO-
POBBIX BBIPOCTOB. HauMMeHbIIee KOJHUYECTBO
BBIPOCTOB XapaKTePHO A4 NPUPOAHBIX IITaM-
MOB. KIMHMUYEeCKHE HU30AATH UMeIT 6Gojblie
CIIOPOBBIX BBIPOCTOB. IIMJIMPOBAHHOCTDL CIIOP
KIMHHUYECKHUX HU30JIATOB BhIpaskeHa y pa3HBIX
IITaMMOB IO-pa3HoMy. IIpeobnamaroT Tyby-
JIIpHBIe BBIPOCTHI. PaHee MBI IIOKa3ajaH, 4YTO

The pitch of the spiral packing is
about 4 nm and the observed angle
of rotation of the helix is about 77
degrees, which corresponds to the
13 degrees angle of spiral rotation in
relation to the cross-sectional plane.
With a helix pitch of 4 nm and an
appendage diameter of about 9 nm,
the calculated helix angle is also
about 13 degrees (Fig.4c).

According to the obtained data,
the previously unexplored B. cereus
strains have spores appendages
typical of these bacilli. These
strains differ in the number of
spore appendages. The smallest
number of appendages is char-
acteristic of the natural strains.

Clinical isolates have more
spore appendages. The piling of
the spores of clinical isolates is
expressed in different ways in dif-
ferent strains. Tubular append-
ages predominate. We have previ-
ously shown that in entomopatho-
genic bacilli related to B. cereus
the appendages of this type are
responsible for adhesion to eryth-
rocytes and cause a hemagglutina-
tion reaction [10]. It is likely thatin
B. cereus these structures perform a
similar function.

The results obtained in this
work indicate the strength of the
appendages, which is charac-
teristic of spores structures. The

resistance of the appendages to
external influences obviously com-
plicates the procedure to clean
the environmental objects from
spores. Along with the practical
significance, the study of append-
ages is important for understand-
ing the features of assembly and
organization of gram-positive bac-
teria pili, as a new class of nano-
structures. [

This work of LV.Yaminsky was supported
by the Russian Science Foundation, proj-
ect No. 20-12-00389, and A.I.Akhmetova
within the projects No. 20-32-90036 and
No. 21-58-10005 of the Russian Foundation
for Basic Research.
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Puc.4. a - mpybyameie ebipocmol. LUmamm B. cereus 137; b — mpybuamebie ebipocmbl. Limamm B. cereus 177, ¢ — u3obpaxceHue

¢pazmernma ebipocma co cnupanesudHoll ynakoskod

Fig.4. a - tubular appendages. B. cereus strain 137; b - tubular appendages of B. cereus strain 177; c - image of an appendage frag-

ment with a spiral packing

Yy SHTOMOIIATOT@HHBIX 6aIM/II, POACTBEHHBIX
B. cereus, BBIPOCTBI 3TOI'0O THIIAa OTBETCTBEHHBI
3a a/iTe3HI0 K 3PUTPOLIUTAM U BBI3BIBAIOT peak-
LU0 reMarraloTUHANUU [10]. BeposTHO, 4TO
y B. cereus STH CTPYKTYPBI BBIIIOJHSIIOT CXOAHYIO
dyHKIIHIO.

[TonydeHHBble pe3ynbTaThl JaHHON paboTsl CBU-
AEeTEeJIbCTBYIOT O IIPOYHOCTH BBIPOCTOB, YTO XdPpaK~
TepHO [JIsl CIIOPOBBIX CTPYKTYP. YCTOMYHBOCTH
BBIPOCTOB K BHEITHUM BO3HEeHCTBUSIM, OUeBUIHO,
3aTPyAHSET IpoLeaypy OYHUCTKU 06EeKTOB OKpY-
KaoImer cpefbl oT crop. Hapsiiy ¢ mpakTHhue-
CKOM 3HAYMMOCTBIO M3y4YeHHe BBIPOCTOB Ba’KHO
IJisl IOHUMaHUs ocobeHHOCTeH COOPKHU M opra-
HHU3al WU IIHJIeH TPaMIIOJIOKHUTENbHBIX OaKTe-
PHI - HOBOTO KJIAaCCA HAHOCTPYKTYP.

PaBoma simuHckozo F1.B. 8binoaHena npu puHarcosoli noddepskie
Poccuiickozo Hay4Ho2o porda (npoexm Ne 20-12-00389), paboma
Axmemosoil A.1. - npu ¢uarcosoii noddepskre Poccutickozo orda
PyHoamenmanbHbix uccaedosanuil (npoekmst Ne 20-32-90036 u
Ne 21-58-10005).
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