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AHHoTanHs. HHTepec K criopoobpasyomum bakTepusim Bacillus cereus cBSI3aH ¢ MX IIUPOKOM PacIIpOCTpaHeH-
HOCTBIO U CITOCOOHOCTBIO BBI3BIBATh pa3/lUuHble 3a60/eBaHUs, IJTaBHBIM 06pa30M >Kel1yJ0UHO-KHIIeYHOT 0
TpakTa. CIIOpHI IaTOreHHBIX MUKPOOPraHMU3MOB, B TOM YHCJIe U B. cereus, IIpeicTaB/IsI0T 60/1bIyI0 IIpobaeMy
IJ15 MeUIIMHbI, GapMaKOJOIUU K MUIeBOM IIPOMBILIIIEHHOCTH H3-3a Pe3UCTEHTHOCTH K PA3TUYHBIM bak-
TOpaM BHeIlIHel cpefbl. CBOKCTBA CIIOp 06yCI0BIeHbl KX yanpaCprKTypon BasucHas CTpyKTypa Crop KoH-
CepBaTHBHA U COCTOUT M3 3K30CIOPHUYMa, 000/I0UKH, BHEIIHeH MeMbOpaHbl, KOpPTeKCa, BHYTPeHHEH MeM-
OpaHBl U cepALleBUHBI [1]. OGHaKO Hapy>KHbIe CJIOU CIIOP, BK/IIOYasl 5K30CIIOPUYM, Pa3/IUYAIOTCS Y OTAe/b"
HBIX BUJIOB U MITAMMOB, UTO [103BOJISIeT CPAaBHUBATbh 0COOEHHOCTH MX KOMIIOHEHTOB C ITIOMOIIBIO 3/IeKTPOHHOL
MHKPOCKOIIHH.
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Abstract. The interest in the spore-forming bacteria Bacillus cereus is due to their widespread occurrence and their
ability to cause various diseases, mainly of the gastrointestinal tract. Spores of pathogenic microorganisms,
including B. cereus, pose a great challenge to medicine, pharmacology and food industry because of their resis-
tance to various environmental factors. The properties of the spores are determined by their ultrastructure. The
basic structure of spores is conservative and consists of the exosporium, shell, outer membrane, cortex, inner
membrane and core [1]. However, the outer layers of the spores, including the exosporium, vary between species
and strains, allowing the features of their components to be compared by electron microscopy.
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BBE/JLEHUE

9K30CIOPUYM -~ CTPYKTypa, XapaKTepHas [JIsl CIIOp
rpynmsl B. cereus, B. thuringiensis, B. anthracis, cocTout
M3 Hapy>KHOTO BOPCHMHYATOIO C/I0sl, BHyTPeHHero
NapakKpHUCTaT/IN4eCKOro, reKCaroHaJabHO Iepdo-
PHPOBaHHOIO 6a3a/IbHOIO CJIOSI U COLEPKUT besikH,
AUIOHUABL, MOJHCaXapUAbl [2-4]. DK30CcHOpHYM
MMeeT JJIMHHbIe BEIPOCTBHI, CIIOCOOCTBYIONIHe afre-
3uun cnop [5]. Ik3ocmopuyMm HaxoAHUTCS oT 06o0-
JIOYKH Ha 3HAaUYUTEeJIbHOM PAacCTOSHHU, HAallpPUMep,
y B. anthracis - 500 HM [3]. D71eKTpoHHO-IIpO3pavyHas
obmacTp Mexxay 6a3aabHEIM CI0e€M 3K30CIOPHYyMa
1 060J104KO¥ CIIOP (IPOMEeSKyTOUHOe, SK30CIIOpHalb-
HoOe IIPOCTPAHCTBO) y HEKOTOPBIX IITAMMOB COJEp-
SKUT CTPYKTYPBI, obpasylomue NOIOTHUTEIbHEIE
[IOBePXHOCTHEIE CJIOM. DK30CIOPHUYM HIpaeT BaK-
HYIO POJIb B Pe3UCTeHTHOCTH, a[ilTe3HH, pacIpocTpa-
HeHHHU U B [IPOPACTAHUU CIIOP. IK30CIIOPUYM IIpes-
CTaBisieT 060K GUIBTP, KOTOPBIH [103BO/ISIET IPOHU-
KaTb MHAYKTOPaM IIPOPaCTaHUS ~ aJJaHUHY U1K HHO-
3HHY, HO He [IPOTe0TUTHYeCKUM QepMeHTaM 1 aHTH-
Tenam [6]. YV criop myTaHTa B. cereus, HMeIOIEro MOBEI-
IIEHHYI0 YCTOMYHBOCTE K JIM30LIUMY U H3MEeHeHHYIO
CII0CO6HOCTD K ITPOpPACTaHHI0, 06pa3yeTcs JBOMHOM
3K30CIOPHYM [7]. Ba>KHBIM JI/1S1 CTPYKTYPHBIX KCCIIe-
JIOBAaHUH 3K30CIIOpPUYMa SIBJISIETCS er0 eCTeCTBeHHas
KpHUCTa/In4ecKasl IPUposa. IK30CIIOPHYM MOKET
OBITH MCII0JIB30BAH KaK MOJIENb AJISI CO3MAHHUS CAMO-
OPTaHHU3YOIHXCS HaJMOJIEKYASPHBIX, HAaHOPa3-
MepHBIX CTPYKTYPp. IIoKa3aHo, 4YTO OCHOBHOH 6esIoK

INTRODUCTIONS

Exosporium is a structure characteristic of the spores of
the B. cereus, B. thuringiensis, B. anthracis and consists of an
outer villous layer, an inner paracrystalline layer, a hex-
agonally perforated basal layer and contains proteins, lip-
ids and polysaccharides [2-4]. The exosporium has long
outgrowths that promote spore adhesion [5]. The exospo-
rium is located at a considerable distance from the shell
(e.g. 500 nm in B. anthracis [3]. The electron-transparent
region between the basal layer of the exosporium and the
spore shell (the intermediate exosporial space) in some
strains contains structures that form additional sur-
face layers. The exosporium plays an important role in
resistance, adhesion, proliferation and spore germina-
tion. The exosporium is a filter that allows the germina-
tion inducers - alanine or inosine - but not proteolytic
enzymes or antibodies, to pass through [6]. The spores of
the mutant B. cereus which has increased lysozyme resis-
tance and altered germination ability, forms a double exo-
sporium [7]. Important for structural studies of the exo-
sporium is its naturally crystalline nature. Exosporium
can be used as a model for creating self-organizing supra-
molecular, nanoscale structures. It has been shown that
the main protein of the ExsY basal layer can assemble into
ordered two-dimensional structures that mimic the exo-
sporium. Self-assembly, probably, plays an important role
in exosporium construction [8]. Using electron micros-
copy and computer image analysis, we have previously
obtained data on the fine structure of the exosporium of
the reference strain B. cereus [9].
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6asanpHOro Cy0ost ExsY MoxkeT cobupaThCs B yIopsi-
Jo4YeHHBIe ByMepHbIe CTPYKTYPbI, KOTOPble KMUTH-
pYyIOT 3K30cmopruyM. Camoc6opka, BepOSITHO, UT'PaeT
Ba’>KHYIO POJIb B IIOCTPOEHHHU 3K30CIopHyMa [8].
C IIOMOIIIBIO 3/IeKTPOHHOM MUKPOCKOIIMH KU KOMIIBIO-
TepHOT0 aHa/lu3a U300paskeHUN paHee HaMU ObIIH
Io/1y4eHbl JaHHBIE O TOHKOM CTPYKTYPe 3K30CIIOpH-
yMa 3TaJIOHHOTo mTaMMa B. cereus [9].

IIpe/iCTaBIISITIO HHTEepeC IPOBECTH H3yUeHHe 9K30-
CIIOPHMYMa y CIOP WITAMMOB Pa3JIMYHOTO IIPOMC-
XOXKJeHM S, IPUPOJHBIX U KIMHHUYECKUX H30JIs1-
TOB C IIOMOIIBIO 3/IeKTPOHHOM MUKPOCKOIIMU K KOM-
IIBIOTEPHOTr0 aHA/IK3a H300pakeHUH. HcciemyeMeble
IITAaMMBI 0 HaCTOSIIeTO BpeMeHHU He OB H3Y-
yeHbl. Ocob6oe BHUMaHHe yJie/IeHO HapPy>KHBIM CTPYK-
TypaM crop B. cereus (3K30CIIOPHUYM M 3K30CIIOPHAIb-
HOe IIPOCTPAHCTBO) 3TUX MITAMMOB, X OPraHHU3al U1
KaK 371eMeHTOB, 06ecleurBaOIIHUX CBOMCTBA II0BEPX-
HOCTH. 1le/IbI0 HACTOSIEr0 MCC/IeJOBAHUS SAB/ISIeTCS
oIpejie/ieHHe [TIapaMeTPOB PeIleTKH 6a3abHON MeM-
OpaHBI 5K30CIIOPHYyMa M CPaBHEHHE IT0BEPXHOCTHBIX
CTPYKTYP CIOP IITAMMOB K3 Pa3JIMUHBIX 9KOJIOTHYe-
CKHMX HHII.

MATEPUAJIbI U METO/1bl

LTamMbl U MUTaTENbHbIE cpeppl

B paboTe KCI10/1630Ba K KOJUIEKIIMOHHBIH 3TAIOHHBII
mTtaMM NCTC 8035 u mpupofHele mTaMMbl (115\079,
131\079) B. cereus. IlTaMMBbI BhIpallMBaJIkM Ha ara-
PHM30BAaHHOM IIHTaTelbHOM OynboHe LB mpu 28 °C
B TedeHHe 96 4. KIIMHUYeCKIe U300/ Thl ObIIH I10Y-
4yeHBl OT OOJBHBIX C SI3BeHHBIM KOJAUTOM (SK)
uU3 [ocymapCTBEHHOTO Hay4YHOIO LIeHTPa KOOI POK-
Tosoruu M. A.H. Peiskux M3 PO, 0603HaueHHbBIe KaK
B.cereus SCCC 1208, B.cereus SCCC 19/16. HcciemoBaniu
TaKke claeAyolre MTaMMBbl: IITaMM 169 B. cereus,
BBIJIeJIEHHBIN K3 OTAE/IsIeMOro OPIOIIHON I10JIOCTH
y 6onpHOTO C IK; mTamMm 177 B. cereus, BbIe/I€HHBIH
M3 IPOCBeTHBIX GeKanuil; mTaMM 172 B. cereus, Belfie-
JIeHHBIN M3 NPOCBETHBIX QeKaNluM; mTaMMm 214/18
B. cereus, BBIAEJIEHHBIN W3 ONEPALIMOHHON PaHBI
nanueHTa ¢ 4K; mrtamm 239/18 B. cereus, BhIJeI€H-
HBIN M3 KPOBHU IallkeHTa ¢ K U noATBep>KAeHHBIM
OUArHO30M CeIlCHca; mTaMM 223/18 B. cereus, BbIe-
JIEHHBIH U3 6p10u1H01?1 IIOJIOCTHU HalHeHTa ¢ K
mTaMM 181 B. cereus, BbIAeeHHBIH 13 OIlepallHOHHOM
paubl manueHTa ¢ K. Cpeaa BeIpaliBaHU A ~ KPOBS-
HOMH arap.

lpocBeunsaiowas NeKTPOHHAS MUKpOCKONUS

bakrepuu depes 96 4 KyJIbTHBHPOBAHUS CMBIBAIHU
C IVIOTHOM MHTaTe/lbHOM Cpellbl U OTMBIBAJIX JHC-
TH/I/IMPOBAHHOU BOMOM. JI/1s1 H3y4YeHHs CIIOpP MeTO-
JOM HEraTHBHOIO KOHTPACTHPOBAHUSA CYCIIeH-
3UI0 CIIOP HAHOCHJ/IM Ha MeJHble CeTKHU, IOKPBIThIE

HAHO MHAVCTPUA Tom 15 Ne1 2022

It was of interest to study exosporium in spores of
strains of different origin and natural and clinical isolates
by means of electron microscopy and computer image
analysis. These strains have not been studied until now.
Particular attention is paid to the external structures
of B. cereus spores (exosporium and exosporium space) of
these strains and their organization as the elements pro-
viding for surface properties. The aim of the present study
is to determine the lattice parameters of the basal exospo-
rium membrane and to compare the surface structures of
spores of strains from different ecological niches.

MATERIALS AND METHODS

Strains and nutrient media

A collection reference strain NCTC 8035 and natural
strains (115\079, 131\079) of B. cereus were used. The strains
were grown on LB agarized nutrient broth at 28 °C for
96 hours. Clinical isolates were obtained from patients
with ulcerative colitis (UC) treated in A.N.Ryzhikh State
Scientific Centre for Coloproctology, (Moscow, Russia) of
the Ministry of Health of the Russian Federation, desig-
nated as B. cereus SCCC 1208, B. cereus SCCC 19/16. The follow-
ing strains were also investigated: strain 169 of B. cereus
isolated from abdominal secretions of a patient with UC;
strain 177 of B. cereus isolated from lumen feces; strain 172 of
B. cereus isolated from lumen feces; strain 214/18 of B. cereus
isolated from the operative wound of a patient with UC;
strain 239/18 of B. cereus isolated from the blood of a patient
with confirmed sepsis; strain 223/18 of B. cereus isolated
from the blood of a patient with UC; strain isolated from
the operative wound of a UC patient; strain 239/18 B. cereus
isolated from the blood of a UC patient with a confirmed
diagnosis of sepsis; strain 223/18 B. cereus isolated from the
abdominal cavity of a UC patient strain 181 B. cereus isolated
from the operative wound of a UC patient. The growth
medium was blood agar.

Transmission electron microscopy

After 96 hours of cultivation the bacteria were washed
off the nutrient-dense medium and washed out with
distilled water. To study spores by negative contrast, the
spore suspension was applied to copper grids covered with
a formvar film and stained with 1% aqueous uranyl ace-
tate solution or 2% aqueous ammonium molybdate solu-
tion. To obtain ultrathin sections, the samples were
fixed using the Ito-Karnowski method [10]. The mate-
rial was then fixed in 1% OsO, solution on 0.2 M caco-
dylate buffer and in 1% uranyl acetate solution on 0.2 M
maleate buffer. The material was dehydrated in alcohols
with concentrations of 50°, 70°, 96°, and 100°. The mate-
rial was then placed in a 100° alcohol mixture with LR
White resin and then in pure LR White resin. The mate-
rial was transferred to gelatin capsules which were placed
in a thermostat at 56 °C. Sections were obtained on an
LKB III ultratome (LKB, Sweden) and contrasted with a
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bopMBapoBOM MJIEHKOM, U OKPALIMBaIH 1% BOLHBIM
pacTBOpOM ypaHUIalleTaTa U1K 2% BOSHBIM PaCcTBO-
poMm MonubgaTa aMMOHU . [JIs I0/1y4YeHHUs yabTpa-
TOHKHUX Cpe30B 06pa3isl GUKCHPOBAIHU 10 METOAY
Hto-KapHoBckH [10]. 3aTeM MaTepHal GUKCHPOBAIU
B 1% OsO, pacTBope Ha 0,2 M KaKkoAuIaTHOM bydepe
U B 1% pacTBOpe ypaHuaaueTara Ha 0,2 M MajieaTHOM
bydepe. MaTepuasn o6e3BOXKKBaIH B CIUPTaX C KOH-
HeHTpauuamMu 50°, 70°, 96°, 100°. Janee momMeinanu
B cMech 100° cmupTa co cmonoi LR White, a 3atem
B YUCTYyI0 cMoay LR White. MaTepuas repeHOCHIH
B JKeJIaTHHOBBIE KaIICY/Ibl, KOTOPhIe [IOMEILIA/IH B Tep-
mocTat 1pu 56 °C. Cpessl mojiy4yaau Ha yabTpaToMe
LKB III (LKB, Sweden) 1 KOHTpacTHPOBAJIH 1% pPacTBO-
poMm ypaHuIanerarta B 70° CIUPTe K IMMOHHOKHUC/IBIM
CBUHIIOM. HeraTuBHO OKpallleHHBbIe CIIOPhI U Cpe3bl
HM3y4Yald B 3JIeKTPOHHOM MHKpocKome JEM 2100
(Jeol, Japan) mpu yckopsifommem HamnpsikeHUH 160 KB.
AHanu3 n3obpaskeHUH IIPOBOAMJICS C IOMOIIBIO I1PO-
rpaMMHoro obecrnevyenus "®emToCkaH OHIanH"
(LleHTp HmepCHeKTHUBHBEIX TeXHOJOTUM, MOCKBa,
www.nanoscopy.ru) [11].

PE3Y/IbTATDI

MeTosaMU HeraTUBHOIO KOHTPACTHPOBAHUSA U Y/Ib-
TPAaTOHKMUX CPe30B OblJI0 IPOBeeHO 3JIeKTPOHHO-
MHKPOCKOIIMYeCKOe M3y4YeHHe CIIOP 3TaJIOHHOTO,
IPUPOAHBIX IITAMMOB U KJIMHUYECKUX U30/IATOB
B. cereus. Ha puc.1-7 mpeacTaBaeHbl 3pejible CIIOPhI
3TaJIOHHOro mramma 8035, IpHUPOSHBIX HITAMMOB
U KJIMHHYECKHUX U30/ATOB B. cereus. DTaJIOHHBIN
mramM 8035 UMeeT XapaKTepHYIO A1 B. cereus yabTpa-
CTPYKTYpY (puc.1).

Ha momepeyHoM cpese IIpefcTaBleHbl ClIeyIoe
CTPYKTYPBhI: 9K30CIIOPUYM B BHUE 3JIEKTPOHHO TIJIOT-
HOI'0 Hapy>KHOTO CJI0s1, 3JIeKTPOHHO-TIPO3pavyHOe 3K30-
CIIOpHAJIbHOE IIPOCTPAHCTBO, OTALAI0IIee 3K30CI0-
PHYM OT CIIOPOBOM 3JIeKTPOHHO-TI/IOTHOM 000I0UKH,
3JIeKTPOHHO-IIPO3PaYHEIM KOPTeKC, CepAlleBHHa
B LIeHTpe CIIOpBI. ITH Pe3y/IbTaThl JAIOT 0bIiee Ipe-
CTaBJIeHHEe O CTPO@HHUH CIIOPHI B. cereus. Bce mcce-
JOBaHHBEIe MTaMMBbI (IPUPOAHBIE U KIMHHUYECKHE
H30/ISTHI) KMeTH CXOAHYI0 6a3UCHYIO YIBTPaCTPYyK-
TYpY, HO U CBOM 0CO6@HHOCTH. Y CIIOPBI IIPHPOIHOTO
mraMma B.cereus 131 Ha IorepevyHOM Cpese B 9K30CII0-
PHAIBHOM IIPOCTPAHCTBE 0OHAPY>KHUBAIOTCSI MHOXKe-
CTBeHHbIe MeM6paHHBIe BK/IIOUEHH S, [IOBTOPSIIOIHe
X0J, 3K30CIIopryMa (puc.2).

Y KIMHHYEeCKOT0 U30/4Ta B.cereus 19 Ha Ipomo/ib-
HOM Cpe3e BU/HO, YTO CII0OPa HaXOAMTCS Ha OJHOM
II0JIF0Ce 3K30CIIOPHUYyMa, CBOOOJHO MPUIIETAOIIero
yexsa, a 60apmIas 4acTh ero BHyTPeHHEro 3JIeK-
TPOHHO-TIPO3PavYHOI0 IIPOCTPAHCTBA 3aII0/IHEHA Xa0-~
TUYHO PACIIOIOKeHHBIMH GparMeHTaMHu MeMOpaH-
HBIX CTPYKTYP (pHc.3).

a T

83,5HM | nm +
50,5 HM | nm

639 HM | Nm

4

1010 HM | nm —

b : 200 HM | nm

Puc.1. Yabmpacmpykmypa cnopbl B. cereus 8035 ¢ pazmepamu:
3K30CcnopuanbHoe NpocmpaHcmeo — 98-142 HM, 060A04Ka —
50,5 Hm, Kopmekc — 835 Hm, cepduesuHa — 690 Hm

Fig.1. Ultrastructure of the B. cereus spore 8035 with dimensions:
exosporous space 98-142 nm, shell 50.5 nm, cortex 835 nm,
medulla 690 nm

1% solution of uranyl acetate in 70° alcohol and citric acid
lead. Negatively stained spores and sections were studied
in a JEM 2100 electron microscope (Jeol, Japan) at an accel-
erating voltage of 160 kV. Image analysis was performed
using FemtoScan Online software (Center for Advanced
Technologies, Moscow, www.nanoscopy.ru) [11].

P
200 HM | nm

Pazaudumbl mHoXecmeeHHble MeM6paHHble 8KAOYEHUS,
no opme aHan02uYHbIe IK30CNOPUYMY

Fig.2. Image of a spore of strain B. cereus 131. Multiple membrane
inclusions similar in shape to the exosporium are visible
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—
200 HM | nm

Puc.3. M3o06paxeHue cnopel wmamma B. cereus 19.
OmauyumenbHas 4epma — xapakmepHoe pacnpedeneHue cno-
pbl 8 00HOU Yacmu 3K30cnopuyma

Fig.3. Image of a spore of strain B. cereus 19. Distinctive feature -
characteristic spore distribution in one part of the exosporium

Ha momepeuHBIX cpe3ax CIOp KIMHHYECKHX H30-
JATOB BUJHO, YTO 3K30CIOPHAIbHOE IPOCTPAHCTBO
COZLEP>KUT CTPYKTYPhI, OTCYTCTBYIOIIHE y CIIOP 3Ta-
noHHoOro mramma. Ha puc.4 a, b, c BumeH nomnonsHu-
TeJIbHBIHM CJI0M BTOPOTO 3K30CIIOPHYyMa y KIMHHYe-
CKHX MU30/TOB 214, 177, 239.

TakuM 06pa3oM o6HapPysKeHO, YTO IOBEPXHOCTHBIE
CJIOH CIIOp HPHUPOJHBIX MITAMMOB U KIMHHYECKUX
H30/I4TOB yTOJIIEeHbl M, BO3MOKXHO, MeHee IIPOHHU-
IlJaeMBbl, YeM y 3TaJ0HHOTO IMTaMMa. Takasi ocobeH-
HOCTb MOKET 3aIUIIATh CIIOPY OT Pa3THYHBIX 6aKTe-
PHULHIHBIX GaKTOPOB. B c/lydyae IpUpPOAHEIX MITaM-
MOB 3TO MOTYT OBITH IIOTOJJHBIE BO3/IEHCTBHS, d KIIH-
HHYeCKHe U30/ISThl JOJIKHBI IIPOTHBOCTOSITh 3aIUT-
HBIM aHTHOaKTepHaIbHBIM MeXaHH3MaM XO35IMHa.
DTaZoHHBIN TaMM 8035, BRIpaIlHBaeMbIH B 1abopa-
TOPHBIX YCJIOBUSIX, He [TOJBEPraeTcs TAKUM BO3/eu-
CTBHSIM U MMeeT 6olee YIIPOIIEHHYIO IOBEPXHOCTh
cIiop.

MeTomoM HeraTUBHOIO KOHTPAaCTUPOBAHUS OBIIO
TaK>Ke IIPOBeJIeHO 3IeKTPOHHO-MHKPOCKOIIHYeCKoe
H3ydeHHe CIIOP KIMHHYEeCKHUX U IPUPOJHBIX H30-
n4T0B. Ha puc.5, 6 mpeacTaBaeHbI CIIOPHL ¥ UX ¢par-
MEeHTHI, HeTaTHBHO KOHTPACTHPOBAaHHBIE 2% MOIHO-
JaTOM aMMOHHS. PaHee METOJOM HEraTHBHOIO
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Puc.4. 306paxkeHue 8mopo20 A0S 3K30CNOpuyma Ha none-
pevyHom cpese cnop KAUHUYecKux wmammos B. cereus a — 214,
b-177,¢-239

Fig.4. Image of the second exosporium layer on a cross-section of
spores of B. cereus clinical strains: a-214,b-177,¢c- 239

RESULTS

Electron microscopic examination of the spores of the ref-
erence strain, natural strains and clinical isolates of B.
cereus was carried out using negative contrast and ultra-
thin sections. Figures 1-7 show mature spores of the ref-
erence strain 8035, natural strains and clinical isolates of
B. cereus. The reference strain 8035 has an ultrastructure
characteristic of B. cereus (Fig.1).

A cross section shows the following structures: the
exosporium as an electron-dense outer layer, the elec-
tron-transparent exosporial space separating the exo-
sporium from the electron-dense spore shell, the
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Puc.5. M306paxkeHue yyacmka 3Kk3ocnopuyma B. cereus: a — wmamma 114, b - wmamma 115, ¢ - wmamma 239

Fig.5. Image of the exosporium section of B. cereus a - strain 114, b - strain 115, c - strain 239

KOHTPAaCTUPOBAHU S KCC/IeJOBAJIH CIIOPHI 3TAJIOHHOIO
mramma 8035 [9].

DK30CIOPUYM HCC/IeLOBAHHBIX CIIOP IITaMMOB,
Kak ¥ y mrTaMmMma 8035, BRIABISAICS B BHE 3JI€K-
TPOHHO-IIPO3PavyHOr0 [BYCJIOHMHOTO MellKa, OKpPY-
SKAIOLIero 3/1eKTPOHHO-TIJIOTHYIO CIIOPY. s BBISAB-
JIeHU S YABTPACTPYKTYPhl UCCIeN0BA/IH IepUdepu-
yecKyo 061acTh 9K30cmopruyma. Ha puc.5 mpencras-
JIeHbI YYACTKH 3K30CIIOPHYyMa Y IIPUPOLHEIX IITAMMOB
B. cereus 114 1 115 ¢ XOpo1IO pa3saUYMMbIMK BOPCHHYA~
TBIM U 6a3a/IbBHBIMU CI0SIMH, 2 TAKKe aHAJIOTUYHBIH
Yy4aCTOK 3K30CIIOPUYMa y KITMHHYECKOI0 U30/14Ta 239.
Ha 11oBepXHOCTH CIIOp IITaMMOB 114 1115 BUIHBI J/TUH-
HbIe CIIOPOBbIe BEIPOCTBHI.

IIpu 60ybIIOM yBeJHYEeHHUH Ha BCeX CHHMKaX
BU/IHA TeKCaroHajabHasl yHNaKoBKa Cyb6beJMHHUIL
6a3anpHOM MeM6paHbl. OMHAKO CTPYKTypa 3TON MeM-
OpaHBI BULHA He OTYETIHBO.

s mojlydeHHUsI 4eTKOM KapTHHBI 3K30CIOPH-
yMa CIop 3TaJJoHHoro mrtaMMa 8035 paHee Hmpu-
MeHH/IH Pypbe-QUIBTPALIMI0 U IOJIYUYHIH CBO-
bomHOe OoT mMyMOB H306pa’keHHe, Ha KOTOPOM
BH/HA IeKCaroHajJbHas yIaKOBKa M OTBEPCTHUS.
AHasloruuHas paboTa mpoBeJieHa C 5K30CIIOPHYMOM
mramma 239 (puc.6). H3mepeHue neprosa pediekcon
He BBISIBUJIO 3HAUHTe/IbHBIX H3MeHeHHU PacCTOSIHUS
Me>KJy MOpaMH B TeKCarOHa/bHOM yIIaKOBKe 3K30-
Criopuyma IrammMa 239 1o CpaBHEHHUIO C STAJIOHHBIM
IITaMMOM: y ITaMMa 8035 IyiMHa CoCTaBiIsIa 5,6 HM,
6,2 HM, 4,7 HM. Ha puc.6C AHHA COCTaBJIsAeT 5,2 HM,
5,5HM, 5,8 HM. CpenHee 3HaYeHHe OAMHAKOBO 14 3Ta-
JIOHHOTO IITAMMa M mTaMMa 239-5,5 HM.

Ha puc.7 moxka3aH OJHOCIOMHBIN $pParMeHT 3K30-
CIIOpHyMa KJIMHHYeCKOro u3o0/sTa B.cereus 214, memMoH-
CTPUPYIOUMH CXOJCTBO C 3K30CIHOPHUYMOM JPyroro
KIMHHUYeCKOro u3ossarta B.cereus 239.

electron-transparent cortex, and the core at the centre of
the spore. These results provide an overview of the spore
structure of B. cereus. All the strains studied (natural and
clinical isolates) had a similar basic ultrastructure, but
also had their own specific features. In the spore of the
natural strain B. cereus 131, a cross-section of the exospo-
rium shows multiple membrane inclusions repeating the
course of the exosporium (Fig.2).

In the clinical isolate B.cereus 19, a longitudinal section
shows that the spore is located at one pole of the exospo-
rium, a loosely adhering sheath, and most of its inter-
nal electron-transparent space is filled with chaotically
arranged fragments of membrane structures (Fig.3).

Transverse sections of the spores of clinical isolates
show that the exosporium contains structures not pres-
ent in the spores of the reference strain. In Fig.4a, b, ¢, an
additional layer of the second exosporium can be seen in
clinical isolates 214, 177 and 239.

Thus, the surface spore layers of natural strains and
clinical isolates were found to be thicker and, possi-
bly, less permeable than those of the reference strain.
Such feature may protect the spore from various bacte-
ricidal factors. In the case of natural strains, these may
be weather-related influences, whereas clinical isolates
must resist the antibacterial defense mechanisms of the
host. The reference strain 8035, grown under laboratory
conditions, is not exposed to such influences and has a
more simplified spore surface.

Electron microscopic examination of the spores of clin-
ical and natural isolates was also carried out using the
negative contrast method. Figures 5, 6 show spores and
their fragments negatively contrasted with 2% ammo-
nium molybdate. Previously, spores of the reference strain
8035 were examined by negative staining [9].

The exosporium of the examined spore strains, same
as in strain 8035, was revealed as an electron-transparent

Vor.15No.12022 NANO INDUSTRY
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Puc.6. ®ypbe-npeobpazosaHue uzobpaxeHus puc.5c 8 MO "®emmoCkaH OHAAlUH": a - ucxo0Has 06aacme, b — usmepeHue nepuoda
pedaekcos, ¢ - yoaneHue wymosol cocmasasitouieli 3a 2paHuteli obaacmell, 8bl0eAeHHbIX KpacHOU NYHKMuUpHoU AuHuel; d - ebide-

AeHHbIl ppazmeHm nocae pypbe-puabmpayuu

Fig.6. Fourier-transformed image Fig.5c by "FemtoScan Online" software: a - source area, b — measurement of the reflection period, ¢ -
removal of the noise component beyond the boundary of areas highlighted by red dotted line; d - highlighted fragment after Fourier-filtering

BbIBO/1bl

B pesynbTaTe IIpOBeLeHHOIO HCCIe40BAHUS BbISB-
JIeHbI 0011 e K Pa3/IMYHble YePThl MKy STAJIOHHBIM
IITaMMOM H IIPUPOSHBIMU M KIMHHUYECKUMHU HU30J15-
TaMM. B YaCTHOCTH, BBISIBJI€HBI Pa3/IMYHs B [IOBEPX-
HOCTHBIX CJIOSX CIIOP IPUPOSHBIX IITAMMOB U KJIK-
HHUYeCKUX HU30JI5ITOB ~ I10 CPAaBHEHHIO C 3TAJIOHHBIM
IITaMMOM OHH YTO/IIEHE U, BUAUMO, JTyYllle 3all1-
IIIAIOT CIIOPBI OT IIPOHHUKHOBEHU S U3BHe. O6HapyskeH
JNOIIOTHUTENbHBIM CJIOHM BTOPOTO 3K30CIHOpPHUYMa
y KIMHUYeCKUX U30/151TOB. C ITIoMOIIbi0 Qypbe-GUIIb-
TpPaLUM ollpeneneHbl obmue 0COOEHHOCTH B reK-
CaroHaJIbHOM yIMaKOBKe 3K30CIIOpPUYyMa — PacCcTos-
HHe MeXXIYy IIoOpaMH OLHOTO CJI0Sl COCTaBJIsIeT B Cpef-
HeM 5,5 HM.

ITonyueHHBIE Pe3yIbTaThl MOT'YT ObITh MCIIONb30BAHbI
1151 IOHUMaHUs ocobeHHOCTeHN cIiop B.cereus 13 pa3s-
JIMYHBIX 3KOJIOTHYECKHUX HUII U KX YyBCTBUTEIBHOCTH
K CIIOPOLIMAHBIM GaKTOpaM.
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ities with the exosporium of the other clinical isolate
B.cereus 239.

CONCLUSIONS

The study revealed common and different features
between the reference strain and the natural and clini-
cal isolates. In particular, differences in the surface lay-
ers of the spores of natural strains and clinical isolates
were found - as compared to the reference strain, they
are thicker and apparently better protect the spores from
external penetration. An additional second exosporium
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Puc.7. 1306paxceHue 3k30cnopuyma u 00HOCAOLIH020 ppdzmeH-
ma 3k3ocnopuyma wmamma 214. Juamemp eblpocma, cési-
30HHO020 C 3K30Ccnopuymom, 15,4 Hm

Fig.7. Image of exosporium and single-layer fragment of
exosporium of strain 214. Diameter of the outgrowth associated
with the exosporium is 15.4 nm

layer was detected in the clinical isolates. Using Fourier
filtration, common features in the hexagonal packing of
the exosporium were identified - the distance between
the pores of one layer is, on average, 5.5 nm.

The obtained results can be used to understand the
characteristics of B. cereus spores from different ecologi-
cal niches and their sensitivity to sporocidal factors.
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HoBocTtu

ELI - HAHOTEXHO/NIOTMYECKUI HEAPOMPOTE3, KOTOPbI MOXHO
WHTErTPUPOBATb C HENPOHAMU YENIOBEKA

Yxe 6onee ABafUATH NeT pa3pabaTbiBAlOTCA MeAULIMHCKME Heiponpo-
Te3bl. Hanpumep, KoxneapHble UMMAAHTATbl MOMOTIM BOCCTAaHOBUTb QYHK~
LNOHANbHBIA CAIYX Y MOAEN C TSHXXENbIMI HApyLIeHUAMI cyXa. [anbHelme
LOCTWXEHUS B 06MACTW ABMraTeNbHLIX HEMpOMpOTe30B Nexar B 061acTu
BOCCTAHOBNIEHNS ABUrATENbHLIX GYHKLMIA Y MIOfeN C TeTpannerven — note-
pei KOHEYHOCTeN ¥ NapanyoM CTBONA MO3Ta.

B HacTosiLee Bpems y4eHble paboTatoT Haj pasnnyHbLIMI BUAAMM MHTEpdEi-
COB "MO3r — MALUMHA" A1 BOCCTAHOB/EHWS ABUraTeNbHBIX QYHKLIA 1 YACTUYHON
CeHCOPHOM (YHKLMW. OFHUM 13 TakKX YCTPONCTB ABAseTcs Ipsihand, no3sonsio-
Liee napann30BaHHON pyke ABUraTbCs. YCTPOCTBO OOHapyXWBAET HaMepeHust
nonyyatens nyTem AewvdpOBKMA EKTPUYECKMX CUTHANOB, B pe3ynbrare Yero
pyKa YesoBeKa MOXET OCYLLECTBASTb ABWXEHNS.

Elwe opHa HepaBHss pa3paboTka — mporpamma Herpopeabunutauum
noxoAku BMI, B KOTOpOW MCMOMbL3YeTCs CMCTEMA BM3YaNbHO-TaKTUILHON
06paTHOM CBS3M B COYETAHNM C QU3NYECKNUM IK30CKENETOM W ynpaBse-
MbIMW 33T MCKYCCTBEHHLIMM WCMONHUTENbHLIMA MeXaHU3MaMn BO Bpems
X0Ab6bI. 3Ta nporpamma 6bina onpoboBaHa Ha BOCbMY MaLMEeHTax, KOTopble
OTMETWIN YNYHIIEHNS B ABUXEHUN HUXKHUX KOHEYHOCTEN W COMATNYeCKon
YYBCTBUTELHOCTY.

XWpYpruyecku yCTaHOBNEHHbIE 3MEKTPOAHbIE WMMNAHTAThl  Takxke
YMEHbLWWAN CUMNTOMbI Tpemopa Y /tofed C 6onesHblo [MapKMHCOHA.
HecmoTps Ha To, 4YTO HepoOMpOTe3NpOBaHMe AAET PasNUYHble MpenmyLye-
CTBa, Y HEr0 eCTb 1 CBOW HepelLeHHble Npobnembl. Bo-nepBbix, 31eKTpoAHbIe
VIMNNAHTATbl B MO3 NOABEPXEHbI Aerpafalui, YTo NPUBOANT K Heobxoam-
MOCTM YCTAHOBKW HOBLIX MMMAAHTATOB Yepe3 Heckoabko NeT. Bo-BTOPbIX,
Kak ¥ npu Noboi Apyroi OnepaLuit, UMNAAHTMPOBAHHbIE 31EKTPOALI
MOTYT BbI3BaTb N0CE0NEPALNOHHYI0 MHBEKLMIO 1 06pa30BaHNe FnaNbHbIX
py6buoB. Kpome TOro, 06Hapyxmnocb, Yto Herpobuonornyeckas sdpdek-
TUBHOCTb WMMNAHTATA 3aBUCUT OT CKOPOCTM ero BBEAEHWUS B OpraHW3M
YenoBeka.

HoBbIM warom sBUAach MAes HeMOCPeACTBEHHOTO MOAKIOYEHNS K Helt-
pOHam. Takoil HeriponpoTe3 Mor 6bl paaMkanbHO ONTUMU3MPOBATD eYeHMe
HefpofereHepaTuBHbIX 3360/1€BaHUA U TPaBM MO3ra, a Takxe, BOIMOXHO,
YAYHWWUTL KOTHUTUBHBIE CNOCOBHOCTH.

MexzyHapoAHas rpynna yyeHbix paspabotana HerponpoTes Ha 0CHOBe
HAHOTEXHONOTWI, KOTOPbIA 6bI1 omybankoBaH B XypHane Frontiers in
Neuroscience (Integration of Nanobots Into Neural Circuits As a Future
Therapy for Treating Neurodegenerative Disorders).

MHTepecHoin 0C06EHHOCTbLI0 HeMpONpoTe3a C HAHObOTaMu ABASETCS TO,
YTO OH bbIN1 3aMMCTBOBAH M3 NPUPOALI MOCPEACTBOM IHAOMUKOPU3bI — CUM-
6no3a pacteHns u rpuba, kotopomy bonee YeTbIpeXCcOT MUATUOHOB JeT.
B npouecce 3HAOMMKOPM3A FPUBLI MCNONL3YIOT MHOTOYUCIEHHbIE HUTEBNA-
Hble BbICTYMbl, Ha3biBaeMble MULenneM, KOTOpble NPOHMKAKOT B KOPHM pac-
TeHWU, 06pa3ys KonoccanbHble NOA3EMHbIe CeTH C bausnexalumm KopHe-
BbIMW CuCTEMaMK. Bo Bpemsi 3TOro mpoecca rpubbl 3abupaioT XM3HEHHO
BaXHble MUTaTeNbHble BEwecTBa, OfHOBPEMEHHO 3aWMlas KOPHU pacTe-
HWA OT MHEKLMIA. M03TOMY HAHOHEpONpoTe3 NOAYYMA Ha3BaHUe "MHTep-
(eic nuranaa s3HAOMMKOpU3bI", MK CoKpaLyeHHo "ELI".
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Endomycorrhiza

KoHuenuus 3HOOMUKOpU3bl U MEXaHU3M ee NPOHUKHOBEHUS 8
KAemKU KopHel pacmeHul, a makxe cxema coedUHeHUs d8yX
pasHeix pacmeHul. baazodaps smomy mexxdy pacmeHusmu ne-
pedaromcs 6uonozuyeckue ceolicmea, Hanpumep UMMYHHbIL
omeem 00H020 pacmeHus opy2omy

KoHcTpykums ELI cocTouT U3 kamepel, cofepXalleil NonoXUTeNbHO 3aps-
OKEHHbIE MOHbI U MHOXECTBO HUTEeM, OTXOAAMX OT Kamepbl C KaTMOHAMMK.
HuTn HaHopoboTa 06pasyioT CeTKy U NPOCTUPAIOTCS A0 HEMPOHOB.

MpeanonaraeTcsi, 4To KaXAbl KOHYMK HUTW CMOXKET MpOHMKATL
B OMpefeneHHble Y4acTKN HelipoHa, Takue Kak Teno KNeTku, akCOH 1 AeH-
ApUTbI, 0becneynBast Tem CambiM CBS3b C HUMMW. ITO MOXET CTaTb BO3-
MOXHbIM 671aroAaps MCMONb30BAHNIO BUOXUMUYECKMX CBOWCTB MeMbpaH
HepOHOB.

TeopeTtnyecku, nocne yctaHoBAeHus cBs3u, ELI cMoxeT nepepasathb
noTeHUManbl [eRCTBUS MEXAY COeAMHSIOWMMUCS HEepOHaMKu 1 nepe-
JaBaTb nx obpatHo. bonee Toro, ELI Takxe CMOXET MOBbLICUTL CKOPOCTb
nepefayu NoTEHLMAN0B enCTByS.

KpaiiHe BaXHO, 4TO B 3KONOrMYECKMX CUCTEMAX, KOTOPbIE MOFYT Camo-
BOCCTAHABAMBATLCA W CaMOKOPPeKTUpoBaThcs, ELI cmoxeT 06xoauTb
noBpex/eHHbIe NpecHanTMYeckne HelpoHbl U NepefaBaTb MOTEHLMANbI
AeNCTBIS 6113NexalMM HeinpoHam.

Takum o6pasom, ELI 6yseT QyHKLMOHMPOBATb ANS BOCCTAHOB/E-
HMS HapyLIeHHbIX HEMPOHHBIX NyTed, HabnoAaeMblx MpU HelpopereHe-
PaTMBHLIX 3a00/1€BAHMSAX, TakMx Kak bonesHb Anblreimepa, 6onestb
TapkuHCOHa W Apyrux 3abonesaHusix mosra. ELI byaeT CKOHCTpynpoBaH
Takum 06pa3om, YTo6bl MCMOL30BATL OKPYXKAIOLLYIO INEKTPOXUMUYECKYIO
MO3rOBYI0 CPefly B Ka4ecTBe MCTOYHIUKA SHEPTUN.

Io mamepuanam: https://www.nanowerk.com



HAHOMATEPWA/IbI MOMOTAIOT B IEYEHUU PAKA

HaHomatepuanbl Mpou3Benu peBOMOLMIO B MUPE JeYeHus paka,
a HaHOYaCTULbl PACTUTENLHOTO MPOUCXOXAEHUS UMEIOT AOMONHUTENbHOe
MPEeMMYLLECTBO — OHN 3KOHOMUYECKM 3OGEKTUBHLI U MPOCTbI B MACCOBOM
nponsoacTee. MccnegoBarenu u3 TOKMIACKOrO HAY4HOTO YHUBEPCMTETA
HeaBHO pa3paboTany HoBble HUOHAHOYACTMLLbI, MOMYYEHHbIE U3 KYKYPY3bl,
ANS NpSMOro BO3AENCTBUS HA PAKOBbIE KNETKM Yepe3 UMMYHHbIA MeXaHM3M.
MonyyeHHble pe3ynbTaThl 0OHAAEXKMBAIOT, TEXHONOTWUS NMPOAEMOHCTPUPO-
Bana 3GGexTMBHOCTL NpN NeveHnn 6oNbHLIX Mbilel. bonee Toro, 40 Cux
Mop y Mblllel He 6bi10 3aperncTpUpoBaHO HUKAKMX CEPbE3HbIX MOHOYHbIX
3G deKTOoB.

HaHoyacTuLbl NPOAEMOHCTPUPOBANM OTPOMHBIA MOTEHLMAN BO MHOIUX
0671aCTAX HayK 1 TEXHUKY, BKK0YAs Tepanuio. OZHAKO 06bIYHbIe, CUHTETMYE-
CKve HaHOYACTHLbl CIOXHDBI 1 AOPOTY B MPON3BOACTBE. BHEKNETOYHbIE Be3n-
kynbi (EVS), KoTOpble MOSBUAMCH B KAYECTBE abTEPHATHBLI CUHTETUYECKUM
HaHO4aCTNLAM, ;eMOHCTPUPYIOT TPYAHOCTI B MACCOBOM NMPOM3BOACTBE.

[lpyruM HepaBHO MOSBMBLUMMCS BApUAHTOM SIBASIOTCS HAHOYACTWLbI
(HM) pacTUTENLHOrO MPOUCXOXAEHUS, KOTOPble MOXHO JIErKO MpOM3BO-
ANTb B 6OMbWNX KOAMYECTBAX MPU OTHOCMTENbHO HWU3KMX 3aTparax. Kak
n EVs, cucTembl HA OCHOBE TaKMX HAHOYACTWL, Takxe cogepxar buoak-
TUBHbIE MONEKY/bI, BKIIOYAs MOAUGEHONb (M3BECTHbIE AHTUOKCUAAHTLI)
n MUKpoPHK, KoTopble MOryT JOCTaBASTL JEKapCTBA B LieneBble OpraHbl
Hawwero Tena.

Mcnonb3ys 3TM 3HaHWS, MccnefoBatenn 3 TOKMACKOrO HayYHOTO YHU-
BepcuTeTa (TUS) HefaBHO pa3paboTany 6MOHAHOYACTULLI C MPOTUBOPAKO-
BOIA aKTUBHOCTbIO, UCMONb3yS B KAYECTBE Chipbst KYKypy3y (Mamc).

Mpodeccop Makus Huwmkasa u3 TOKMIACKOTO HAy4HOrO YHUBEpPCUTETA
(INoHMs), BO3MNABNSBLINA MCCNEAOBATENLCKYIO FPYNMY B 3TOM HayMHa-
HUK, NosicHsieT: "KOHTponmMpys GM3NKO-XMMUYeCkue CBOMCTBA HAHOYACTHL,
Mbl MOXeM ynpaBnsiTh ux GapMakoKWHETUKOW B OPraHu3me; no3ToMy Mbl
XOTENM W3Y4NTb HAHOYACTULLI Cbe0BHbLIX pacTeHuid. Mauc, nan Kykypysa,
NpOU3BOANTCS B 6ONLLINX KOAMYECTBAX MO BCEMY MUPY Kak B CBOEM POAHOM
BUAE, TaK U B reHeTUYeckn MoANdULMPOBaHHbLIX Gopmax. MMeHHO noTomy
Mbl BbiGpanu ee AN HaWero MCCIefOBAHMS". Pe3ynbratbl UCCNef0BaHNS
6bin onybankoBaHbl OHAANH 24 Hos6ps 2021 ropa B kypHane Scientific
Reports.

KomaHaa co3pana 0fHOPOAHYK CMech Cynepcnagkor Kykypy3bl B BOAe,
3aTeM LeHTpUQYrmupoBana 3ToT KyKypy3Hbii COK HA BbICOKOW CKOPOCTH,
nocsne 4yero 0T¢GMALTPOBANA €r0 Yepes WNpuLeBor GuALTp C pasmepom nop
0,45 MKM. 3aTem oTUILTPOBAHHbIE 06pa3Libl NOABEpranuch yNbTPALeHTpU-
dyrupoBanuio Ans nonyyeHns NPs, noayyeHHbIX 13 KyKypy3bl. MonyyeHHble
u3 kykypy3bl NPs (CNPs) umenu guametp okono 80 HM. [J0BOMLHO MHTe-
pecHo, 410 3T HM® TaKxXe HeCaM KPOLIEYHbIM YUCTbIA OTpULATENbHDbIN
3apsg -17 mB.

3aTem uccnegoBaTenbckas rpynna NocTaBuAa IKCMEPUMEHTD, YTO6bI
BbISICHNTb, NornowaoTcst Av 311 YHI pasnnyHbIMK TUNamu knetok. B cepum
MHOroObelatoLWmx pe3ynbTatoB 6biM0 MokasaHo, yto KHIM 6biau norno-
WeHbl HeCKOMbKUMW TUMAMW KNETOK, BKKYAA KAWHMYECKW 3HAYNMMble
onyxonesble kneTku colon26 (pakoBble KNETKW, MONYYEHHbIE OT MblLeit),

makpoparonogobHuie knetkn RAW264.7 u HopmanbHble KneTkn NIH3TS3.
Knetkn RAW264.7 06bI4HO WUCMOL3YIOTCS B Ka4ecTBe CKPUHMHIA in vitro
AN UIMMYHOMOZYNTOPOB — N1eKapCTB, KOTOPLIE B MEPBYI0 04epeab Hanpas-
NeHbl HA pasainyHble NyTH PA3BUTHS paka.

Pe3ynbTarthl 66V NOPA3UTEbHLIMU: U3 TPeX TUMOB kneTok, CNPS 3Hauu-
TeNbHO NOAABASNM POCT TONLKO KNETOK 0lon26, 4TO yKa3biBaeT Ha UX n36u-
paTenbHOCTb B OTHOWIEHNM KAHLIEPOTeHHbIX KNEeTOYHLIX IMHUIA. bonee Toro,
CNPSs cMOrAIM YCMeWwHo WHAYLMPOBATL BbICBOBOXKAEHME dakTopa Hekpo3a
onyxonu-a (TNF-a) u3 knetok RAW264.7. X0poLio 3a[0KyMeHTMPOBAHHbI
(aKT cocTouT B TOM, 40 TNF-0 B OCHOBHOM BblA€NSeTCS Makpodaramu,
eCTECTBEHHLIMU KNeTKaMu-Kuanepamn 1 1uMQoLmuTamMu — Tpems Kaoye-
BLIMM KOMMOHEHTaMV HaLle BbICOKOPA3BUTOM UMMYHHOW CHCTEMDI, KOTO-
pble MOMOraoT BbI3BaTb MPOTUBOPAKOBLIA OTBET. "CiAbHbIA 0TBET TNFa 6bin
06HafeXMBAIOWMM 1 yKa3biBan Ha pob CNP B Ie4eHUN pa3nnyHbIX BUAOB
paka", — 0bbAcHseT gokTop Jancyke Cacaku, nepeblit aBTOP MCCIEAO0BAHMS,
npenojaBaTe/ib 1 Hay4YHbIA COTPYAHNK TUS.

3aTem uccnepoBaTenbckas rpynna  MpoBena  PenopTepHbli  aHanw3
C Mcnonb3oBaHnem depmenTa "nioundepasa’ (Moay4EHHOrO M3 CBETAAYKOB),
KOTOPbIA SBASETCS HYBCTBUTELHLIM PEMOPTEPOM ANS W3YYEHNS PasNNYHbIX
6bronornyecknx peakLui. ITOT aHaaKU3 Ha 0CHOBe NtoLudepasbl NoKasan, YTo
MOLLHas kombuHawus cNPs 1 kneTok RAW264.7 3Ha4uTenbHO NoAasasaa npo-
nndepauuio knetok colon26. HakoHeL, uccnefoBarenbckas rpynna uyuuna
geiicteue CNPs Ha 1a60paTOPHbLIX MbILIAX, Y KOTOPbIX Obi MOAKOXKHbIE OMy-
Xonu. W CHOBA pe3ynbTaThbl 0Ka3annch NOpasuTebHLIMU: eXe[HEBHOE BBEAe-
HMe HaHOYaCTuL, B OMYX0A €0lon26 3HaYNTENbHO NOAABAAN0 POCT OMYXOAH,
He Bbi3blBas CEPbE3HbIX MOHOUHLIX IGPEKTOB 1K NOTepy Beca.

"ONTMMM3NPYS CBOWCTBA HAHOYACTHUL, U KOMOBMHMPYS X C MPOTUBOPA-
KOBbIMM Mpenapatamu, Mbl Hajeemcs paspabotath 6esonacHble u 3ddek-
TUBHbIE J1IEKAPCTBA OT PA3/IMYHbLIX BUAOB paka', = ONTUMMCTUYHO 3aMeyaeT
npodeccop Huwnkasa.

[Jloktop Kocyke Kycamopu, coaBTop pabotbl 1 goueHT TUS, pestomupys
MONyYeHHble pe3ynbTaTbl, roBopuT: "3Tn CNPS 0613aloT NpeBOCXOAHLIMM
MpOTMBOOMYXONEBLIMU CBOWCTBAMM, WX NErko pa3pabarbiBaTb, M OHN KO-
HOMMYECKM BLIFOAHDI. bonee TOro, OHM He NPOSIBASIOT HUKAKMX Cepbe3HbIX
nob0oYHbIX IO PEKTOB, MO KpaiHel Mepe, y Mbllueqn".

Io mamepuanam: https://researchfeatures.com
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