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Ilpedcmasnenvl  Oanmvle nO  6CmMpedaeMocmu U ONPeOeleHulo  COUCMS
cnopoobpasytouwux Oaxkmepuii epynnvl Bacillus cereus 6 obpasyax manouszyueHHwix
6bicomHbIX  ammocgepnvix asposoneii Hosocubupckoii obracmu, nonyueHHvix npu
camonemmom 30HOUPOBAHUL AMMOChepbl, U 8 adPO30IAX, OMOOPAHHBIX 8 NPUIEMHOM
croe 8030yxa amoeo e pecuona. baxmepuu yepeycrnoii epynnot Bacillus cereus (Bc)
u Bacillus thuringiensis (Bt), noosudog Bt ssp. kurstaki, Bt ssp. galleriae, a maxkoice
uzonamul Bt ¢ neonpedenennvim cepomunom, oOHapyscentvle KAK 6 bICOMMHbIX, MAK
U 6 NPU3EMHBIX ABPO30NAX, NPOAGIANU BbICOKYIO AHMUOUOMUUECKYIO AKMUBHOCHb K
Mmukpoopearuzmam pooa Staphylococcus, Candida, Bacillus, nonupesucmenmuocms no
omuowenuio Kk anmubuomuxam. [Ipu ucciedoeanuu GUOXUMULECKUX NPUZHAKOG bakmepull
OaHHOU 2pYnnbl  OOHAPYIICEHBI WIMAMMbL, 00nadarwue blcoKou ¢hocghamasnotl,
NpomMeonumu4ecKol, TUNOIUMUIecKoll U amMuloIumuyeckol akmusiocmamu npu pH 5,0—
9,0, umo mooicem 6vIMb UCNONTBL306AHO 8 DUOMEXHON02UL OISt PAZPAOOMKU NPOOYYEHNO8
hepmenmos. Yemarnosneno, umo danHvle 6akmepuu npoOyyupyiom maxue epmenmol
azpeccuu, Kax goconunasvl, 2eMOIUUHbBL, NPOMEA3bl, HYKIEOTUMUYecKue pepmenmel,
AGNAIOWUECS  NPUSHAKAMU — namozeHHocmy. Beisenen wmamm  B.  thuringiensis,
obnadarowuil  ebipadicenHou cekpeyueli komniexkca PHKa3z, —nepcnexmuenviii  0ns
paspabomiu npomugosupycHulx npenapamos npomus PHK-cooepoicawux eupycos.

KuawueBble caoBa: Bacillus cereus; Bacillus thuringiensis;, 0u0a’po30iu
arMocdepsl;  cnopoobpasyiomie  Oakrepud;  (epMEHTAaTHBHAs  AKTHBHOCTE;
AQHTHOMOTHYECKAs aAKTHBHOCTD
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BBenenune

CocTaB U CTpyKTypa cooluiecTB OakTepuil, BXOASIIUX B COCTaB O10a’po30-
neit, popmMupyeTcs 1Moy BO3AeHCTBIEM MHOTOKOMITOHEHTHBIX,, MEHSIOIINXCS (hak-
TOPOB CpEbl, BKIIOYAIOIINX MMOTOJHBIE YCIOBHUSA, Teorpaguueckoe MoloXKeHue,
BpeMsI CYTOK, CE€30H T0f[a, COCTaB aTMOC(epsl, HATMINE TOYECIHBIX NCTOYHHUKOB
MUKpoopranu3MoB [ 1, 2]. Ciopoobpa3yromiue 6akrepun rpymmsl Bacillus cereus,
HMEIOIIIE OONIBIIOE YKOHOMIYECKOE, METUIIMHCKOE W OMOJIOTHIEeCKOe 3HAYCHNE,
BCTPEYAIOTCA MOBCEMECTHO B TIOYBAX M BO3/AYXE, B TOM YHCIE B a’3pO30JIAX IIy-
CTBHIHHBIX [3] ¥ Tponuueckux [4] MIHUPOT, OOHAPY)KUBAIOTCS B COCTABE «OPTaHU-
YEeCKOI» MBUIH, BO3ACUCTBYIOIICH Ha pabounX, CBA3aHHBIX C PACTEHHUEBOJCTBOM
1 TIPOU3BOJICTBOM CEIBCKOXO3SHCTBEHHOH MPOIYKIIMK BO BPeMsI MOJIEBEIX padboT
[5], 1 MOryT OBITH NMPUYMHOM BO3HHKHOBEHUS HH(DEKLIMOHHBIX 3a001E€BaHUM.
TpaHCTIOPTHEIA TIEPEHOC MUKPOOPTAaHI3MOB B aTMoc(epe PUKCHpyeTcs Ha 3Ha-
YUTEbHBIE paccTOsHU. Hampumep, IIMHA TPAeKTOPUHU MEPEeHOCa BO3IYIIHBIX
Macc, cofepkamux OakTepun IepeycHOH Ipymmsl, ¢ fora 3amagaoi Cudbupu 1o
Anonun B Teuenue 93 4 coctasuia 4 700 km [6]. Kpome nepeHoca Ha nanbHue
PaCCTOSIHUSA, CITOPOOOpa3yoIre OaKTEpUH CIIOCOOHBI OCTaBAThCS KUIHECTIOCO0-
HBIMU U TIOCJI€ BEPTHKAIBHBIX MOABEMOB Ha BbIcOTY 10 20 kM [7, 8], uTO ne-
MOHCTPHPYET X yCTOHYMBOCTh K YD-uHIyMpoBanHOMY noBpexaeanto JJHK,
BBICYIIMBAaHUIO U dKCTPEMalbHBIM TeMmepaTrypaM [9]. 3HauuTeabHOe BHUMaHHUE
HCcIeIoBaTeNeil MPUBIEKIIN COOBITHS, CBSI3aHHBIC C ITBUTBIO B A3HH U IIEPEHOCOM
ee B JApYyrue PeruoHbl, M3-3a UX HEOIarompusaTHOTO BO3ACHCTBHUS Ha SKOCHCTE-
MBI U 310pOBbe uenoBeka. OTHOCHTEbHAS YUCICHHOCTE BUIOB Firmicutes Cy-
LIECTBEHHO yBeIUYMIIach B MbUIEBBIX oOpasuax (44,3 = 5,0%) no cpaBHEHHIO C
MECTHBIMHU 00pasnamu 6e3 meiiu (27,8 £ 4,3%) [10].

B uepeychyo rpymnmy Oanuii g0 HEJaBHEro BpeMEHHM BKIodain 12 BU-
noB pona Bacillus: B. cereus, B. thuringiensis, B. anthracis, B. mycoides,
B. pseudomycoides, B. weihenstephanensis, B. gaemokensis, B. manliponensis,
B. cytotoxicus, B. toyonensis, B. bingmayongensis, B. wiedmannii. C 2017 1.
B OTy TpyMIly OTHECEHHI emle 9 HOBBIX BUAOB: B. paranthracis, B. pacificus,
B. tropicus, B. albus, B. mobilis, B. luti, B. proteolyticus, B. nitratireducens,
B. paramycoides [11]. IlpencraButenu nepeycHou rpynmsl B. cereus, B. mycoides,
B. weihenstephanensis, B. wiedmannii, B. cytotoxicus AIMEIOT TeIbIA PSJI TIaTO-
TeHHBIX NPU3HAKOB, BKIIOYAs aAre3WHBI, YHTEPOTOKCUHBI, T€MOJIM3HHBI, SBIIS-
FOTCS TIPUYMHON MOPYM MUIIEBBIX MPOAYKTOB [12]. B. anthracis — Bo30yauTeNb
CUOUPCKOIL A3BBL, B. thuringiensis — aTOreH HACEKOMBIX, UCIIOJIb3yEMBIN B Kaue-
CTBe OMOKOHTpoJIMpyIoliero arenra [ 13]. TemneparypHbIid ONTHMYM pocTa 00JTb-
LIMHCTBA MPEJCTABUTENEH LIePEyCHOM TPyl OaKTepUil TO3BOJISIET OTHECTH UX
K Me30puIaM, OMHAKO B. weihenstephanensis, B. wiedmannii — nicuxpotoie-
paHTHBIE, a B. cytotoxicus — TepMOTONiepaHTHbIE MUKpoopranusmel [14]. ITpu-
YaCTHOCTh OaKkTepuu B. cereus K MHINEBBIM OTPABICHUSAM n3BecTHa ¢ 1950-X IT.
MuKpoopranu3Mbl 3TOTO BUIa MOTYT BBI3BIBaTh TUapelo, 3a00sieBaHue, TOX0XKee
Ha Ta30BYIO TaHTPEHY, THCBMOHHIO, MCHUHTUTHI, CENTUIIEMHUIO, OaKTePHEMHUIO,
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SHIO(TAIBEMHAT, SHIOKAPINT, CAITBITNHTUT, KO>KHBIE HH(EKINH, HHPHIIIPOBAHIE MO-
YEBBIJIETUTENBFHOTO TPAKTa, BCTPEYaThcsa B BUAE HO30KOMHAIbHBIX HHpeKiwmii [15].

Bricokast pepMeHTaTHBHAs, aHTHOMOTHYECKAS,, HHCCKTUIMIHAS AaKTHBHOCTH
OaxTepuii LepeyCHOM TPYIIIBI HAXOAT MIUPOKOE MPUMEHEHHE B OMOTEXHOIOTHH
IUTs pa3paboTKU OMOTIpeIapaToB pa3InIHOTO Ha3HaueHus. biraronaps npogyKim
TUIPOIUTHYECKIX (PEPMEHTOB U IIUPOKOTO CIIEKTPa aHTUOMOTUYECKUX COeINHE-
HUH, METa0OIHTHI B. cereus 00Maar0T BBICOKOW aHTUMHUKPOOHOH aKTHBHOCTBIO,
B CBSI3U C 4eM OHMoMacca CIiop BBEIEHA B COCTaB TaKUX IpenapaToB-MpoOHOTH-
KOB, KaK «Toioriepun» [16], «0akTucyOTHI», «(DIOHUBII, «1Iepeodnoren» [17],
JpyTruX TpernapaToB A MeAUUWHBI U BeTtepuHapuu [18]. Lltammel B. cereus
MIATOTEHHBI IS OOJIBIIOTO KpyTa HACEKOMBIX: YCeITyeKpBUTHIX Lepidoptera, nepe-
MMOHYATOKPBUIBIX Hymenoptera, xecTKOKpelbIX Coleoptera, a Takxe Tapaka-
HOB Leucophaea maderae. Cautaior, 9to (haKTOpaMH ITaTOTEHHOCTU B. cereus
cnyxuT docdonumaza C. OnHako BEAyUIYIO pojib Cpeau Bo3OyauTeneil Oakre-
pHAIBHBIX OOJIe3HEH HACEKOMBIX HWMEET YpPe3BBIYAHO T'e€TEPOTCHHBIH TOKCH-
HONIPOAYUUPYIOIIUN BUA B. thuringiensis, ITaMMbl KOTOPOTO Pa3JIMYAIOTCA IO
enoMy paay (GU3HOIOro-OHOXUMHUYECKHUX MPU3HAKOB, CIIOCOOHOCTH K CHHTE3Y
(hepMeHTOB, OaKTEPUIITHOIOOOHBIX BEIIECTB, a TAK)Ke NHCEKTUIIUTHOCTH 1 CIIel-
npuaHOCTH K HacekoMbIM [13]. CpaBHEHHE WHCEKTHIMAHOW ¥ aHTUMHKPOOHOM
aKTUBHOCTEHl pacTBOPOB MapaclopaibHbIX BKIIOUCHU B. thuringiensis BbISBUIO
CYILIECTBOBAaHUE MPSMOM KOPPEIBIINY MEXIy HUMH. BEIICHEHO, 9T0 MOp(hOBapHI
B. thuringiensis MOTYT TIPOSIBIIATh KaK B3aUMHBIM aHTaroOHU3M, TaK U MPOTUBOMHU-
KpoOHoe Bo3neiicTBue Ha B.megaterium, B. subtilis, B. laterosporus [19].

B cBs131 ¢ HAKOMUBIIUMECS CBEICHUSIMU O BIUSTHUH MUKPOOHUOTHI aTMOC(hephl
Ha KIIMMaTHYECKHE TPOLECCH, COCOOHOCTH BEI3BIBATE AJUIEPTHUCCKHIE PEAKITIH
1 3a00JIeBaHUs YeNIOBEeKa, TPAHCIIOPTHUPOBATHCS Ha OOJBIINE PACCTOSHUS AKTHB-
HOCTB MICCIIEAOBaHNI OMOTEHHOI KOMIOHEHTHI aTMOC(EPHI B MAPE 3HAYUTENHEHO
BBIPOCJIa, B TO BpeMs Kak oOmmpHast Tepputopusi Cubupu mo-npexHeMy OTHO-
CHUTCS K MAJIOM3YYeHHBIM TeppuTopusaM. s 3anaguoit Cubupu mccienoBanus
a’po3oeil aTMocgepbl CPaBHUTEIHHO HEMHOTOYHCIICHHBI: MPOBEIEHBl MOHH-
TOPUHIOBBIE HCCJIEOBAHUS COCTaBa, KOHLUEHTPALMH KyJIbTUBUPYEMbIX MHKpO-
OpPraHU3MOB M CYMMAapHOTO Oejlka B aTMOC(EpHBIX BBICOTHBIX U IMPH3EMHBIX
aspo3oisix Hajx Kapakanckum 6opom, Ha rutomaakax B 1. Kiroun u . KosibiioBo
HoBocubupckoit 06acTu, BBIAEICHO U 0XapaKTEPU30BaHO OOJIBIIOE KOTUIECTBO
KyJIBTHBAPYEMBIX OakTepuil u rpuOoB [20—22]; ¢ mpuMeHEHHEM MOJIEKYIJISIPHO-
OHMOJIOTHYECKUX METOAOB B MPU3EMHBIX a3po30sax CHOMPCKOro peruoHa uccie-
JOBaHBI TAKCOHOMHYECKHIH COCTaB, CE30HHAS M CyTOYHAS THHAMHUKA MUKPOOHBIX
coobmecTB [23], mpoObl oToOpaHbl B Auana3zone temmneparyp 48 °C (ot 26 mo
—22 °C). 3uMoii 10 cpaBHEHUIO ¢ JieToM HaOironamu B 5—170 pa3 cHU)KEHUE BBI-
xona JIHK, u3BneuenHoil u3 Ouomaccsl, Haxojseics B Bo3ayxe. OTAenbHBIX
WCCIICIIOBAHUM O HAMUWU Bacillus cereus v IpyTHX MpeNCcTaBUTENEH epeyCHOM
TPYMIBI B a3p030JIsIX aTMOC(EepHOro Bo3ayxa TeppuTopuu 3ananHoi Cubupu B
JIuTeparype NpakTHUECKU He NPeJICTaBIIeHO.
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Bocnonmaenne HegocTaromei HHOOPMAIIIH O COCTABE, KOHIIEHTPALIUH MAKPO-
6uoTel atMocgepsl Cubupu, UMeroIel MIaHeTapHOE HKOJIOTMYECKOE 3HAYCHUE,
MTOVCK HOBBIX IITaMMOB IUIsT OOHOBJIEHUS 0a3bl MIPOLYIICHTOB OMOJIIOTHYCCKH aK-
THBHBIX BEIIECTB C PacCIINPEHHBIM AUANa30HOM JeHCTBHS, MOHUTOPHHT IIaTOTEeH-
HBIX MHKPOOPTAHI3MOB B a3pO30JISIX BO3AyXa IS MPOMIIIAKTHKH U TIPEIOTBpa-
IIeHHs 3a00IeBaHuil — 3a/1a41 ¢ BO3PACTAIOIIEH aKTyaIbHOCTBIO.

Lens naHHOTO MICCIEOOBAHMUS — ONPEIEICHIE BCTPEYaeMOCTH U CBOMCTB Oak-
TepHU TPYNITBL B. cereus B MPU3EMHBIX aTMOC(HEPHBIX a3pO30JIAX U B a3PO30IIAX
BBICOTHBIX, ITOJYYEHHBIX IIPH CAMOJICTHOM 30HIMPOBAaHUK aTMocdepsl HoBocu-
Oupckoit obacTu, pacnoiaokeHHo! Ha tore 3ananHoir Cubupu, oueHka OnoTex-
HOJIOTUYECKOTO ITOTEHIINAIIA BBIICTIEHHBIX MUKPOOHBIX H30JISATOB.

Marepuajbl 1 METOANUKH HCCJIET0BAHUS

Omobop obpazyoe asposzoneil. llpuzeMHbie PoOLI BO3IyXa OTOMpPAIN Ha BbI-
coTe 2 M B UMIIMHKEPHI ¢ pacxogoM 50 ni/MuH, cogepxamue 50 M pacTBopa
Xenkca «BIOJIOT» (Poccust), mo 30 MuH 4 paza 3a CyTKH €XEeMECSIHO Ha IIJI0-
IIaJKe, UCIONb3yeMON B KauecTBEe IMpUMepa yyacTKa ¢ aHTPOIIOTeHHOM Harpys-
Ko, pacrionioxeHHo# B 11. KombiioBo HoBocubupcekoii o6mactu. CpeqHuii 00bemM
BO3JlyXa, IPOIMYIIEHHBIN Yepe3 UMIMHIXKEP, cOCTaBsa okoso 1 500 1. Ot6op
BBICOTHBIX IIPOO aTMOC(EpPHOTO BO3IyXa OCYIIECTBIUIN Haa TeppuTopuei Kapa-
KaHckoro 6opa B 50 kM K rory or HoBocubupcka (TpaHUIIbI TPACKTOPUH MOJIETA
camornera: 54°26'38" c.m1., 82°30'47" B.11.; 54°10'55" c.m1., 81°44'00" B.11.) ¢ IOMO-
pio naboparopun «ONTHK-D», CMOHTUPOBaHHOM Ha camonete AH-30 u 3atem
Ha TVY-134. Kapakanckuii 00p UcclienoBaii Kak IpUMep OTHOCHTEIBHO YHUCTOTO
9KOJIOTHUECKOTO 3TasnoHa. [IpoOsl 0TOMpanu B AHEBHOE BpeMs, OCIE0BATEIBEHO
Ha BeicoTax 7 000, 5 500, 4 000, 2 000, 1 500, 1 000 1 500 M B Teuenne 6—10 MuH
C UCIIONIB30BAaHUEM UMIIMHIXKEPOB ¢ pacxogoM 50 i/MuH, copepxamux 50 mi
pactBopa XeHkca. B 3aBHCHMOCTH OT BpeMeHH 0TOOpa 00heM BBICOTHOU MTPOOBI
Bo3xyxa cocranisin 300-500 .

TuTp MUKPOOPTaHW3MOB B BBICOTHBIX M IPH3EMHBIX IPOOAX OMpPEACISIIA B
nepecuere Ha 1 M> aTMOC(epHOTO BO3ayXa.

O0pa3ubl aTMOC(EPHBIX adpo30JIeii B TPEX MOBTOPAX BHICEBAIN HA CTaHAAPT-
HbIE NMUTATENbHbIE Cpenbl [24]: pbIOHBIN MUTATENBHBIM arap, Kpaxmaao-aMMU-
auHBIA arap, MOoYBeHHBIN arap, cpexy Cabypo «®BYH T'HI] IIMb» (Poccus),
XKUJKYI0 U arapu3oBaHHyio cpeny LB «Difcoy (CIIA), no3Bosstomnue BbIIBUTH
MHKPOOPTaHU3MBI Pa3IMYHBIX TAKCOHOMUYECKUX Tpyn [24, 25], 1 uHKyOupoBa-
mu npu Temneparypax 28-30 u 610 °C B teuenue 3—-20 cytok. MHauBuayanb-
HBIE KOJIOHMH MHKPOOPTaHU3MOB HCITOIB30BAIH IS TOTYIEHHS YUCTHIX KyIBTYD
U MOCIEIYIONIEro aHaau3a (peHOTUNHYIECKUX CBOIcTB. Biausuue pH cpexnsl Ha
POCT MEKpPOOPTaHU3MOB OIIPEAEIUTH MPH KyJAGTHBHPOBAHUN IITAMMOB Ha BapH-
aHTax arapu3oBaHHo# cpeabl LB ¢ pH 5,0, 7,0 u 9,0. TemneparypHblii Auana3on
pocTa OIpeneTsUT IpH KyITETHBHPOBAHNH IITAMMOB Ha arapu30BaHHBIX Cpemax
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pu Temneparypax 5, 20, 30, 37, 42 u 55 °C. Mopdoi0oruto KJIeTOK MHKpOOpra-
HU3MOB HCCJIEIOBATI METOJIOM (ha30BO-KOHTPACTHON MUKPOCKOITUH C TIOMOIIBIO
Mukpockona Axioskop 40 «Carl Zeiss» (I'epmanums). J{ns najgpHEUIero uccie-
JIOBaHUS OTOOpaHbl 25 GakTepUaIbHBIX U30JATOB MO (PEHOTUITUYECKUM U TEHOM-
HBIM TpPU3HAKaM, COOTBETCTBYIOIIMX OaKTEpWSAM TpyMIBl Iepeyc. B kauectse
KOHTPOJIBHBIX HMITAMMOB MCIIOJB30BaHbI THUIIOBBIE IITAMMBI U3 COCTaBa KOJIJICK-
nuu Gaktepuit, bakreprodaros u rpudos ®EYH I'HI BB «BekTop» Pocnorpe6-
Haja3opa: wramm B. thuringiensis ssp. kurstaki B-916, mrammsbl B. thuringiensis
ssp. galleriae B-966 u B-997, mrammel B. cereus B-1367 u B-277.

Ckpunune gepmenmamugnoll akmugrnocmu Kyiomyp. JIMTIOINTUYECKYIO aK-
THBHOCTbH ONpPENEISIM Ha KEITOYHOM arape M arapu3oBaHHOHM cpene LB, co-
AeprKaiiei dpupbl KUpHBIX KUCIOT, ¢ gobasnenuem 0,01% CaCl,. B kauectse
cyoctparos ncnonsioBann 1,0% monomaypar (TBuH-20) 1 MoHOOMEAT (TBUH-80).
Yamku co cpemoil, 3acesHHbIE HCIBITYEMbIMH KyJIbTypaMH, BBIIEPKUBAINA B
tepmoctare npu 28-30 °C B TeueHue 2 cyToK. AMUIOINTHIECKYIO aKTUBHOCTh
KYJBTYp OIIPENENIAIN MPU X BhICEBE HA KpaxMallo-aMMHUa4YHbII arap, IpOTeoJu-
THYECKYIO0 — TI0 CITOCOOHOCTH K THJIPOJIM3Y JKeJaThHA M Ka3eHMHa MOJIOKa [26].
CriocoOHOCTh K TeMOJIM3Y YYUTHIBAJIM, BBICEBas KyJIbTYphl Ha cpeny LB c mo-
OaBlieHHEM KpoBH OapaHa. Hykiea3Hyro akTHBHOCTH HCCIIeIOBalH Ha cpene LB
¢ nobasnenuem [JHK «Sigmay (CLHA) [26]. Conepxanue mnazmuanoit JTHK B
M30JISITaX OMPEIEISTA CKPUHIHTOM T10 CTaHIAPTHON MeToauke [26].

Cnoco0HocTs k cekpennu PHKa3 B kynsrypansnoii cpene IIJII'T npu kynsru-
BHpOBaHUM Oaktepuii ipu Temneparype 30 °C B TeueHue 18—24 4 onpenersiiy mo
HAKOIUICHHUIO KUCIIOTO-PACTBOPUMBIX MIPOILYKTOB, 00Pa3yIOIIUXCS IPU THAPOIH3E
BbIcokorronmuMepHoit PHK apoxokeit (1 Mr/mur). 3a eqUHHAIYY akTHBHOCTH (hepMeH-
TOB NMPUHUMAJIU UX KOJIMYECTBO, Karaiusupyouiee obpazosanue 1 A, kucmo-
TOPACTBOPUMBIX MPOAYKTOB B TeueHue 60 muH mpu 37 °C B 50 MM Tpuc-HCI,
pH 8,0. Coctas cpenst [IAI'T (r/m): menton — 9,27, ApoxckeBoit SKCTpakT — 5,00,
NaCl - 3,00; 10 mi 50% mmunepuna, 2 mit 20% rmoko3sr; pH 7,0-7,2 [27].

AHTHOMOTHYECKYIO aKTUBHOCTb HCCIICAYEMBIX IITAMMOB OMPENEIsLTH Kiac-
CHYECKUM AN (PY3HOHHBIM METOJOM OTCPOYCHHOTO aHTAaroHW3Ma (METOA Tep-
HNEeHUKYISpHBIX mTpuxoB) [28] Ha cpene LB mpu temmneparype 37 °C. B ka-
YEeCTBE MATOTCHHBIX TECT-IITAMMOB NpuUMeHsun: Staphylococcus aureus ATCC
6538, Bacillus subtilis ATCC 6633, Candida albicans 620, Klebsiella pneumoniae
B-4894, Escherichia coli ATCC 25922, Salmonella typhimurium 2606, Shigella
sonnei 32 U3 cocTaBa KOJUIEKIMM OakTepuii, 6akrepuodaros u rpu6os ®bYH
I'HIT Bb «BekTop» Pocnorpebnanzopa. KoHTposb Xapakrepa i akTHBHOCTH PO-
CTa TeCT-IITaMMOB — UX MapauIeNbHBIN oceB Ha yamku [leTpu ¢ Tol xe nuta-
TEJILHOU cpesiol 0e3 UCIBITYEeMOU KyJIbTYPHI.

UyBCTBUTENBHOCTD UCCIENYEMBIX KYJBTYp K aHTUOMOTUKAM OIpeeIsUTH TUCKO-
T(hy3MOHHBIM METOIIOM C TIPUMEHEHHEM CKOB Tipor3BoacTBa HULID (Poccus).

lenernueckuii aHanmu3 6akTepuaIbHBIX U30SATOB MPOBEEH ¢ moMolubto [TLHP
co cnenuduyeckumu npaiiMepamu Ha 16S pPHK [29]. HykiienHOBBIE KHCIOTHI
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BBIJICIISUIN U3 CYTOUHBIX BETETaTHBHBIX KIIETOK, KOHTPOIUPYS OTCYTCTBHE CIIOPO-
00pa3zoBaHUsl MUKpOCKOITUecKH. KiieTku GakTepHanbHBIX H30JITOB pa3pyllaiu
musupyrommM Oydepom (Habop pearentoB s BoiaeneHus JJHK/PHK, «HITD
Jlutrex» (Poccus)) u Beinensnu cymmapuyro JJHK cornmacHo mpunaraemoit K Ha-
oopy mHcTpykimu. [P nposenen ¢ ucnonp3oBanueM Oydepa M MoIMMepassl
npousBosicTBa «CnbOH3uM» (HoBocubupck, Poccus) B COOTBETCTBUM C WH-
cTpykuuei no npuMenennto. st nposenenud 1P ncnons3oBanu cueayroniyo
nporpammy: 94 °C — 10 ¢, 60 °C — 15 ¢, 72 °C — 30 ¢, 40 nuxiios, 3arem 72 °C —
7 muH. Iponykts! [P ananusuposamu B 2,0% arapos3nom rene. Hykneoruna-
Hble nocnenosarensHocty 16S pPHK 6akrepuii onpenensian Ha aBTOMATHYECKOM
cexBeHarope Applied Biosystems 3130x1 «Hitachi» (CIIA) ¢ ucmnons3oBaHreM
Habopa ABI prism Big Dye terminator V3.1 cycle. [Ins cekBeHUpOBaHUS HCIIONb-
30BaJIM IPOYKTHI aMIuTHuKau JmuHoH 1 360 m.0. BelpaBHHBaHUE MTPOBEICHO
¢ momoipio nporpammel «Lasergene 9». dunoreHeTHUECKuil aHAIU3 OCYILECT-
BJICH C TIOMOIIBIO IporpaMMHoro obecrnedeHus «MEGA 7».

Brigenennsle mTaMMbl MUKPOOPT@HU3MOB XPaHWIH MIPU HU3KOTEMIIEpaTyp-
HOM 3aMOpaKMBaHUH B KojuieKuuu npuponusix uzonatos ®bYH I'HIL Bb «Bek-
Top» Pocrorpebnanzopa.

Cmamucmuueckas 06pabomxka oannwlx. Pacder dmcna KyJsTHBUPYEMBIX MH-
KpPOOPraHU3MOB B Ipobax mposezeH o metony Kepbepa [30], mpu 3ToM konmuue-
CTBO MHUKPOOPTaHU3MOB YCPEIHSUIH T10 3 ITapallieisiM BEICESTHHBIX po0. CpemHero-
JIOBbIe CYMMapHbIe BEJIMYMHBI YUCICHHOCTH KYJIETUBUPYEMBIX MUKPOOPTaHU3MOB
pacCCUNTHIBANI KaK CPEIHHE 10 MOBTOPHOCTSM + JIOBEPHUTEIHHBIA WHTEpBAN Ha
ypOBHE 3HAUUMOCTHU 95%, npumensis t-kputepuil CtoronenTa (p < 0,05).

Pe3ysabTarsl Hccaeq0BaHuS U 00CYKIeHAE

Ha teppuropun tora 3amagnoit Cubupu ¢ 1998 r. mpoBOAUTCSI MOHUTOPUHT
OMOTEeHHOW KOMITOHEHTHI a3p030Jiel aTMOoc(hepHOro Bo3IyXa Ha BEICOTaxX 110 7 KM,
3aKITFOYAIOLIUICS B U3yUYCHUU KaY€CTBEHHOTO U KOJIMYECTBEHHOTO COCTABA KYJIb-
THUBHPYEMBIX MUKPOOPTaHn3MoB. O011ast KOHIIEHTPAIHsI MUKPOOPTaHU3MOB B ad-
po3oisix HoBocubupckoit ob1actu, pacnonoxkeHHoN Ha rore 3anagHoit Cubupw,
COCTaBIIAIA B Pa3HBIX MP0oOax B cpeqHeM OT MeHee equHuIbl 10 5% 10° KOE/M?,
IIPY 9TOM KOHILIEHTpaLus NCUXPO(UIBHBIX MUKPOOPTaHU3MOB, CIIOCOOHBIX PACTH
npu Temmeparype 6—10 °C, B pa3HbIx 00pa3nax Moria CocTaBisTh ot 3,20%10? qo
1,13x10° KOE/M®. Cpean BbIICICHHBIX MUKPOOPTaHU3MOB Mpeobnananyu 6akre-
pHH, CpeqHsIsT KOHIIEHTpaIws TprOoB B 00pa3iax He npebimana 10% ot obrero
KOJIMYECTBA M30JIATOB. BcTpeuaeMocTs cC1opooOpasyromux MUKPOOPIaHU3MOB B
BBICOTHBIX ITPO0Ax 32 TOJBI MOHUTOPHHTA COCTABIISIIA OT OOIIETro KOJIMYECTBA BEI-
nensieMblx MuHUMYM 0,5% B 2005 1. 1 MakcumyMm 55% B 2011 r.; a1 Ha3eMHBIX
o6pasioB — 0,1% B 2002 . 1 makcumyMm — 83% B 2016 1. Conmepxanue Oaxrepuit
LepeyCHOM IpyMIIbl B pa3HbIX 00pa3liaX TaKkKe 3HAUUTEIBHO OTINYATIOCh, COCTaB-
nsis1 ot 0,1 110 6,5% OT 0011IeT0 KOMYeCTBa BhIIEIIeMbIX Oaruiut. CpeTHerooBoe
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3Ha4YEHHE COJEePIKaHUs COPOOOPa3yoMUX OaKTepHil B BBICOTHBIX U IPU3EMHBIX
npobax aTMoc(epHBIX adpo30JIel MPeACTaBIeHo Ha puC. 1.

[
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[Average annual content of spore-forming
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Puc. 1. CpexHeronoBoe 3Ha4eHNE COAEPKaHUS CIIOPOOOPa3yIoNINX OaKTepHil B BRICOTHBIX
(4) n mpuzemuBIX (B) mpobax arMocdepHbIX asposorneit HoBocnbupckoit obmactu, %
[Fig. 1. The average annual value of the content of the spore-forming bacteria in high-altitude (4)
and surface (B) samples of atmospheric aerosols of Novosibirsk region], %

KonudecTBo BBIIENSEMBIX KYJIBTUBHPYEMBIX CIIOPOOOPA3yIONINX OaKTepHi,
3HAYHUTEIEHO OTIMYAOIIEecs] B pa3HbIe TOlbl HAOIOJCHUS, NPEACTABICHO Ha
puC. 2, TaHHbIE TEHOMHOTO aHaJIN3a — Ha puC. 3.

HHTepecHo, 9TO B HCCIIEAyeMBIX 00pa3lax a’spo3oiicii, OTOOpaHHBIX MOCIE
JUIUTEJIBHOTO JIOXKIIA WM OOMJIBHOTO CHEromasa, KIeTKH MHUKPOOPTaHHW3MOB He
0o0HapyKUBAIMCh WIH MPUCYTCTBOBAIN B €IMHHYHOM KOoIH4YecTBe. B kauecTBe
puMepa TaKOW CUTYallul MOXKHO MPUBECTH PE3YIbTAThI BHICEBOB 3UMHHX BBICOT-
HBIX a’po3oneit ot 22.12.2010, 29.01.2013, metaux BbicOTHRIX — OT 30.05.2000,
24.08.2008, mpuzemHbIx mpod ot 14-15.08.2012, ot 18-19.08.2015, tae kynb-
TUBUPYEMbIC MHKPOOPTaHU3MBI OTCYTCTBOBAIIH, T.€. HAOIOMAJICS CBOCOOPA3HBII
3¢ deKT BEIMBIBAaHHS YaCTHIl a3P0O30JIeH U3 aTMOCQephl, YTO MOXKET ObITh OJHOM
W3 TIPUYUH 3HAYMTEIBHOTO OTIIMYHUS KOHIICHTPAIWH BBIICISIEMBIX MHKpPOOpPTa-
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HU3MOB B Pa3HBIX 00paslax, a B pe3ylibTaTe — M B CYMMapHBIX CPEIHETOHOBBIX
JTAaHHBIX.

10000

1000

100
1 LW 0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Tox npo6oor6opa [Sampling year]

KonuuecTBo KyIbTUBUPYEMBIX
bacteria]

criopoobpasyromux 6akTepuit
[The number of cultivated spore-forming

Beicothble [Altitude] ™ ITpusemusie [Surface]

Puc. 2. CymmapHO€E KOJTMUECTBO KYJIBTHBHPYEMBIX IITAMMOB
CIOPOOOPa3yIOMIUX OaKTEepHUHl, €XKETOHO BBIENIIEMBIX M3 00pa3IioB
BBICOTHBIX W MPHU3EMHBIX aTMOC(EpHBIX adpo3oneit HoBocubupckoii odmactu
[Fig. 2. The total number of cultivated strains of spore-forming bacteria annually isolated
from samples of high-altitude and surface atmospheric aerosols
of the Novosibirsk region]

W3 mpu3eMHBIX ¥ BBICOTHBIX P00 aspososieit ocenn 2016 1., 0TOOpaHHBIX B
nepro]] NpeolinagaHus Oro-3alaHbIX BeTpoB M3 Kazaxcrana, Xapakrepusylo-
IIUXCS TIOBBIICHHBIM COAEP’KAaHHEM ITBIICBBIX KOMIIOHEHTOB M 0CO00 BBICOKOM
YUCIEHHOCTBIO CIOPOOOpasyromuX OakTepuil, BbIeNEeHB 225 OaKTepHalbHBIX
H30JIATa, U3 KOTOPBIX 62 00pa30BBIBAIN HIOCTIOPHI.

HItamMMmbl copooOpa3syromux OakTepuil MO ONpefeNeHH0 (heHoTHInYe-
CKHX CBOWCTB M JTAaHHBIX TEHOMHOTO aHaim3a (CM. pUC. 3) OTHECEHBI K poaaM
Bacillus, Paenibacillus, Brevibacillus, Lysinibacillus, Oceanobacillus n psany
npyrux. Cpenu MUKpOOHBIX H30JIATOB ATOTO IMEpHOa Mpeodiaganu OakTepuu
pona Bacillus, no COBOKYITHOCTH PU3HAKOB OTHECEHHBIE K BUJIaM B. beringensis,
B. boroniphilus, B. megaterium, B. firmus, B. korlensis, B. pumilus, B. subtilis,
B. brevis, B. licheniformis n qpyruM.

Bakrepun, wneHtudunmpoBanuele kak Bacillus cereus (Bc) w Bacillus
thuringiensis (Bf) noaBuaoB Bt ssp. kurstaki, 0OHapy>XEHbI KaK B BHICOTHBIX, TaK
U B IPU3EMHBIX Ipo0ax, MTaMMBI Bt ssp. galleriae W30mMpoBaHBI U3 IPU3EMHBIX
aTMOC(EpHBIX a3pO30JIeii.

Cremyer OTMETHTB, YTO Cpeld OAaKTEpHANFHBIX HM30JIITOB IEPEyCHOU TIpyII-
Bl OTCYTCTBOBAJIM TIaTOTeHHbIe Oakrepuu Bacillus anthracis, Tak KaK KIETKH
BCEX BBUICJICHHBIX IITAMMOB IMOJBWXHBI, 00aganu Gochoinnazon, meI0qHon
¢docdarazoii, MPOSBIUIN TEMOTUTHYECKYIO, TIA3MOKOAryIa3Hyl0 aKTUBHOCTH,
YCTOWYHBEI K IEHUIWIINHY, YTO HE SBISICTCS CBOMCTBEHHBIM U OaKTEPHiA BHIA
B. anthracis (tabmn. 1, 2).
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Bacillus sp.

Bacillus psychrosaccharolyticus ATCC 23296

Bacillus beringensis strain 80

Bacillus firmus isolate SI 2

76| ® cbses

Bacillus korlensis strain KSS4
 cbsss

64 | Brevibacterium frigoritolerans IHB B 15515
— ® Cg9

® cg3

Bacillus subtilis strain HSN 07

Bacillus sp. Al Dhabi 21

Firmicutes bacterium JF983206
* 1173

® Cgas

Lysinibacillus fusiformis JF970585

«{ Bacillus megaterium strain 202.1

Lysinibacillus fusiformis strain R112
Lysinibacillus sphaericus BPHM1
Cboes

Lysinibacillus KP723524

® Cboss

¥ Cg39

Bacillus cereus isolate HR55

@ Cbogo

Bacillus cereus strain INNNN

Lysinibacillus sphaericus strain NCIM 2478
® Ccbo77

@ Cboe4

® Cg32a

Bacillus thuringiensis Bt185

@ Cb940

Bacillus cereus isolate HR46

Bacillus anthracis strain RA3
@ Cga2

Bacillus anthracis strain S2CB42
Bacillus halmapalus strain FJAT 44660
@ Cboes5

@ Cb9o74

Lysinibacillus sphaericus strain BCHB83
Lysinibacillus fusiformis CESNVD 1
Lysinibacillus sphaericus strain LSR1
Lysinibacillus sphaericus CLS BA8 4

4{ @ Cbo61
63| Lysinibacillus sphaericus BI132

@ Cg14
T{ Lysinibacillus fusiformis strain Z6
Brevibacillus invocatus ZLynn1000 20
| & Cbo97
100 Brevibacillus brevis ZLynn800 23

Brevibacillus choshinensis JSM 05182138
Brevibacillus nitrificans S1868
87| @ Cgasa
* cg32
Brevibacillus parabrevis strain B4
‘0 Cb976

100 Bacterium ocnta172Ib777offp11
911 Brevibacterium pityocampae TSTB15 118

—
002

Puc. 3. dunoreneruueckoe 1epeBo, MIOCTPOSHHOE Il OAKTEPHiA, BBIAETEHHBIX
u3 a’po3soieii arMochepHOro Bo3ayxa, Ha OCHOBE CPAaBHEHHS C M3BECTHBIMHU
mTaMMaMH. AHaJIU3 IPOBEICH METOJOM «0OBEIMHEHHS OMIKaUIINX coceneiny
C HCIIOIBb30BaHKEM 2-TlapameTpudeckoi Mmozrenu Kumyps
[Fig. 3. The phylogenetic tree constructed for bacteria isolated from atmospheric
aerosols based on comparison with known strains. The analysis was carried out
with the nearest neighbor method using the Kimura 2-parameter model]

B nureparype nmpuBOIATCS JaHHBIC aHAIM3a CXOMHBIX 00pasIoB, Il aBTO-
paMu MOKa3aHO, YTO a’pPO30JIH, IPUBHECEHHBIC C MBUIBI0 M3 A3WH, TaKKe CO-
Jepxaiy OoJbliee KOJIMIecTBO BUIOB Oaruut (23,8% oT o0miero KoinudecTsa),
yeM MecTHbIe oOpasisl 0e3 mbutu (13,3%), BKiItodast BUIbI, TECHO CBSI3aHHBIE C
Bacillus cereus. B u3onsarax B. cereus, BBIICIICHHBIX U3 00pa3IloB a3po30JieH, co-
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Iep KalluX IbUIb, aHAJIN3 TCHOB YHTEPOTOKCHHOB IIOATBEPIMII Hanuuue (axro-
poB BupyneHTtHoctH [10].

Tabmnuna 1 [Table 1]
IIpn3Haku mMTaMMOB 0anuILL, 6JU3KHX HA (PUIOreHeTHYECKOM JiepeBe

K Buaam Bacillus cereus w Bacillus anthracis
[Characteristics of bacilli strains that are close to the species
Bacillus cereus and Bacillus anthracis on the phylogenetic tree]

@ = 8 — —
S Z <Y < 7 Iy T~
g = (= 2 iy g o
8% (222 |25 859| 82| 2 |2E5| 2.
g3 Z E|l 9o—=| & 8|Sl 33 o 1) E 2| 28 %
S £2| 22| 85| 8%|E&|E® 5§ |28E2F|5E5
[ITamm §’§ Ev|EZ|5%SS|ES|88| 2 |E=8|&3=
Strai g s 25| 58|28| sS85 S |2E=s|g25E
Buan] | 2E | 2Z|23|22|52|S8| 8| 8| 5ES|52¢
= 3 =h £ i S 2
<% |88|2 7|02 ES|SE|25| § |S22|_%¢
£S | 57|F sZ|VTIER| B |7 =& £
< < - = =
= £ = o
ITanouku
mo 12 us| 1,0~ EST
Cb-989 | pyenouxax | 1,2x | + ec |t + + + R -
[12rodsand| 3-5
in chains]
Cg-42 —«= —— | + |« | + + + + R —
Cb-940 —«— —«— |+ [« |+ + + + R -
Cg-45 —— —— + —— + + + + R —
Cg-39 —«— —~— |+ | | + + + + R +
Cg-46 —«— —~«— | + || + + + + R —
Cb-946 —«— —«— |+ | == + + + + R —
Cb-958 —«— —«— | + | =« | + + + + R -
B. cereus
—«— B I e + + + R _
ATCC 10702
B. cereus
B-277 —«— —«— | | —« + + R —
B. cereus* —«— —«— | /= | —« + + +/— + R —
B. anthracis* —«— —«— — EC — - - — S —
B. thuringi-
| e | [ W= [BST |+ || R +

Ipumeuanue: * no [31]; «+» — MOJTOKUTETBHOE MPOSIBIICHUE TIPH3HAKA; «—» — OTPUIATENFHOE
MpOosIBJICHNE TPU3HAKa; «+/—» — BapuabenpHOE MposiBieHne npu3Haka; EC — cropsl smmmn-
tudeckue neHrpansHeie, EST — cropsl smumntrdeckne cyOTepMuHaANBHBIE; R — ycTOWYHB K

AQHTUOMOTHUKY, S — YyBCTBUTENICH K aHTHOUOTHKY.

[Note: * according to [31]; “+” - Positive manifestation of the characteristic; - Negative manifestation
of the characteristic; “+/—" - Variable manifestation of the characteristic; EC - Elliptical central spores,
EST - Elliptical subterminal spores; R - Antibiotic resistance, S - Antibiotic sensitivity].

@ %

Depmenmamusnas akmusHocms. BUOXUMUYECKHE MPU3HAKU BBIIEIEHHBIX
IITaMMOB B¢ 1 Bf TOBOJIIBHO CXOXKH: BCE HCCIIEyeMbIe ITaMMBI POy IIHPOBAIIH
KaTajasy, IpoTeasbl, o0Jafanyu aMUIOIUTUYECKOH, (ocaTasHOH, jxenaTuHas-
HOHM, TeMOIUTHYECKOH aKTUBHOCTSIMH, BBIPDAXKEHHBIMH B Pa3HOM CTENEHH; TH-
JPOIM30BaU ITIOKO3Y ¢ 00pa30BaHUEM KHCJIOTHI, HO HE ra3a, He yTHIIN3UPOBaIN
caxapo3y ¥ MaHHHT, KaK [PaBHII0, 00Ia[aIH IUIA3MOKOAryIa3HOH aKTHBHOCTBIO.
Brustenen mtamMm Bt Cb-527 ¢ BBICOKON HyKJI€a3HON aKTHBHOCTBIO. 3a HEOOIb-
MM HUCKITIOYCHHEM OTIIMYUS BBIIENCHHBIX IITAMMOB HPOSBIISUINCE B COOTBET-
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CTBUH C BUIOBBIMH XapaKTEPUCTUKAMU [25] B HAJTMYHUH WM OTCYTCTBUHU ypeasHl,
JIMTIA3HOH U JINTIOJIMTUYECKOW aKTUBHOCTEH (TadI. 2).

Tabnuna 2 [Table 2]
Buoxumunyeckue npusnaku mrammoB Bacillus cereus n Bacillus thuringiensis,
BbI/JIeJIEHHBIX U3 aTMOC(epHBbIX a3po30Jieii
[Biochemical characteristics of Bacillus cereus and Bacillus thuringiensis
strains isolated from atmospheric airaerosols]

§ = I'uaponus
= < 27 % —~ E — ] [Hydrolysis]
Itamm s S §E£§§_§m2§€ S |EE28 88, _

swing |2 HSEIZEEE5524 55555588 ET

02525388838 2|88 55|2E|28|28|:%

= - X2 =o 2 EISEFSEIREE222ES

= SE|S2ERE2
Be| B-1367 | — | + | — | + | + |+ | = |+ | + + - | K| -
Bc | B-277 - |+ -+ + [+ —1T+1+ + —_ | K| =
Bc| Cb-946 | — [ + | — | £ [ + | + | =1+ [+ T “ K| =
Bec | Cb-958 — + — + + + _ + T ¥ — K —
Bc | Cb-989 — + — + + + _ ¥ ¥ ¥ _ K —
Bc | Cg-45 -+ | -+ [+ ]+ -1+ 1+ + - | K| -
Be | Cg-42 — + — + + + - |+ | + + _ K| =
Be | Cg-39 - + - + + + - |+ | + + _ K | —
Bc | Cg-46 — + — + + + - |+ | + + _ | K —
Btk | 24-17 + + + | + + |+ + [+ | £ + — T K [ =
Btk | 18-15 + |+ [+ £+ ]+ ]+ ]+ ]+ - 1T-]TK]| -
Btk | 32-04 + + + | + + | + - |+ | =+ + —_ [ K| -
Btk | 50-04 + + [+ | £ + | + - |+ | £ + — | K| =
Btk | 18-05 + + |+ — + [ + — [+ | + + —_ K| =
Btk | 09-01-40 | + + + + + + + |+ | + + _ K | —
Btk | 32-04 + |+ |+ |+ [+ ]+ ]+ [+ ]+ + — | K] =
Btk | 63-04 + + + + + + + |+ | + + _ K —
Btk | 41-18 + + + | + + | + + [+ | £ + — K | =
Btk | 100-04 + |+ |+ [+ [+ + [+ [+ + + - | K] =
Btk | 118-17 + |+ | £ [+ [+ + [+ [+ =+ + - | K| -
Btk | 78-04 + |+ + [+ [+ + [+ [+ + + T K | =
Btk | 31-04 + [+ + [+ [+ ]+ [+ ]+ [+ - ]TKIJ[-
Btk 5-18 + + + + + + + [+ | £ + - | K| -
Btg | Sn-50 + |+ |+ [ £ [+ ]| -]+ [+ = + - [ K| -
Btg | Sn-56 + + + + + — + |+ | £ + - | K] =
Btg | Sn-60 + + + + + + | + | + + - | K| -
Btg | Sn-66 + + + + + - + |+ | + + - | K| -
Bt | Cb-527 + + — + + + — + + + _ K _
Btg | B-996 + + | + + |+ — + |+ | + + —_ | K| -
Btg | B-997 + |+ |+ |+ |+ =+ |+ * + - K| =
Btk | B-916 + + | + + |+ + [+ [+ | + + — K | =
B.cereus* -+ -1+l +1+1-1+1+ + _ | K| =
B. anthracis* — + + + + _ + — _ — ¥ K _
B. thuringiensis®* | + + + + + + + + + + _ K _

Ipumeuanue: * mo [3

Bacillus thuringiensis ssp. kurstaki; Btg - Bacillus thuringiensis ssp. galleriae).

]; «+t» — monoxurtenbHas peakuys; «—» — OTpULATEIbHAs PEaKLus;
«*» — ci1abo BbIpaxkeHHas peakuus; «K» — ruaposn3 yrieBosa ¢ 00pa3oBaHHEM KHCIOThL; Be —
Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus thuringiensis ssp. kurstaki; Btg —

Bacillus thuringiensis ssp. galleriae.
[Note: * according to [31]; “+” Positive reaction; “— Negative reaction; “+” - Weakly expressed reaction;
“K” - Hydrolysis of carbohydrate to form an acid; Bc - Bacillus cereus,; Bt - Bacillus thuringiensis, Btk -
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CBCI[GHI/I}I 10 PE3UCTCHTHOCTU K aHTHOMOTHKAM OIMHAKOBO Ba’XHbI KaK IIpU
HCIOJb30BAHNU MUKPOOPraHU3MOB B OMOTEXHOJIOTUYCCKUX nponeccax B Kade-
CTBC, HAlIpUMEP, CCIICKTUBHOIO arc¢Hra, Tak U JJIsI BO3SMOXXHOCTHU OI'paHHUYCHUA
Pa3BUTHSA BbI3bIBACMbBIX MU HH(l)eKHHfI. I[aHHBIe 0 pE3UCTECHTHOCTU HUCCIIEAYC-
MBIX IITAMMOB K aHTHOMOTHKAM PEACTABICHBI B Tabm. 3.

Tabauma 3 [Table 3]
YyBcTBUTEABHOCTH IITAMMOB Bacillus cereus v Bacillus thuringiensis kK aHTHOMOTHKAM
[Sensitivity of Bacillus cereus and Bacillus thuringiensis strains to antibiotics]

AHTHOMOTHKY (MKI/IUCK)/ 30HA MTOAABICHUS POCTa B MM
[Antibiotics (ug / disc) / growth inhibition zone in mm]
sle B2 ls|a =
[Iramm %gig§§§§%€§§8?%€8c%?%§§§§€2~
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Z2|52lcel2gsEzZ2EESElE88s8 52852
BB B R R B e
g 1578 E“ S IE < 2 F |5 = |& |2
S|
Bc |B1367 122 |22 | 251252012 |20 |20 25|18 |15 |12 | 17 | 18
Bc | B-277 | 1511612014 20| 15|20 | 15| 0 [ 18] 0 | 10| 10 | 12
Bc|Cb946 | 0 |19 |22 |24 (24| 0 |12 0 | 15|22 0 |12 0 |15
Bc |Cb958 | 18 | 19 [ 23 127 20|10 (23 [14]23|10] 0 [10] 20| 15
Bc [ Cb989 130153027 0 [10] O [35]35[12| 14|16 20| 20
Be | Cg45 | 17 (23|20 11 | 18| 0 |20 | 16| 0 [ 12| 0 | O | 11 | 11
Bc| Cg42 | 13| 0| 0 |20]12] 0] 0 |15]) 0 16| 0] 0| 12 ] 12
Bc| Cg42 [ 15122 0 |20(21 121914 0 | 18| 0 | 14| 17 | 11
Bc| Cg39 | 8 | 0 [ 1427 |11 | 12251528 | 15|12 | 15| 24 | 22
Bc| Cg46 | 12| 0 [ 15]125]120|10] 2023 |25|15] 10| 15] 18 | 20
Btk| 24-17 | 17 [ 2125|1241 19] 0 ]21] 0] 0] 0] 01]14] 0 0
Btk| 1805 | 2026|2430 |25] 18] 0 [ 13|12 10| 0 | 18| 16| 20
Btk| 3204 | 0 [20] 16|28 |20[20] 16| 12) 0| 0| 0 |10]| O 0
Btk| 50-04 | 0 [ 24|28 | 1522|1224 | 18| 15]20| 9 | 15] 0 | 25
Btk| 18-15 [ 1711912012 0| 9 | 11| 0] 0] O] O 12] 9 | 11
Btk| 01-40 | 18] 0 [ 25129211719 | 15| 0 | 15| 0 | O | 19 ] 20
Btk| 32-04 | 19|21 ]125|30(21| 0| 0] O] 020 0] 15]22] 17
Btk| 63-04 | 16 | 21 |1 24| 21| 18| 0 | 15/ 0| O | O | O [ 14] 0 | 15
Btk| 41-18 | 17 | 23 24| 12|22 | 13| 14| 15] 1123 20] 16| 21| 20
Btk| 100-04 | 20 | 24 | 28 | 26 | 25| 251251 20| 0 | 17| O | 10] 15| 23
Btk| 118-17| 20| 20| 24| 24| 22| 181 22| 20| 10| 16| 0 | 20| 20 | 20
Btk| 78-04 | 20| 24| 0|27 0] 0 (21|14 9| 0] 0| 11| 0 | 20
Btk| 31-04 | 10| 19| 26| 2524 19(25| 0| 0] O | O | 12| 13 | 15
Btk | 5-18 11 |10 )11 [ 18 |21 |18 | 10| O | O | O | O | 8 0 |19
Bt |Cb-527 |17 {20 |20 |23 21| O |21 202020 |27 |12 14 | 12
Btg| Sn-50 | 11 [ 10|16 |10] 9 [ 11|11 | O] O] OO ]10]|] O |12
Btg| Sn-56 | 17 | 24 {22 | 24120 |16 |18 13 ] 0 | 0 | O [14] 14 | 12
Btg| Sn-60 | 19 | 25[25]126(19]10[ 9 | 9|0 | 0] 0 10| 0 |13
Btg| Sn-66 | 17 |23 23] 0 |21 |13]10[17] 0| 0] 0 [11] 9 |12
Btk| B-916 | 19 {23 119120(19| 0 |14] 0 [10] O | O | 18] O | 19
Btg| B-996 | 0 |26 (23] 0 [20]20] 19|18 10 15]10] 10| 0 | 10
Btg| B-997 [ 20123 125] 0 |24 |13 ] 11 [15] 0 | 0 ] 1324|1215

Ipumeuanue [Note]:

Bc — Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus
thuringiensis ssp. kurstaki; Btg — Bacillus thuringiensis ssp. galleriae.
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B MHOTOYNCIICHHBIX JIUTEPaTyPHBIX UCTOYHUKAX OTMEYACTCS, YTO OOJBIIIH-
CTBO U30JIATOB B. cereus yCTOWYMBO K NCHUIMUIMHAM U [Ie(aIOCTIOPUHAM, YTO
paccMmaTpuBaeTcs Kak CIeICTBUE MPOMyKIyH [-akramas [32]. Pan pabor, kaca-
FOIIMXCS M3YYCHHS 1yBCTBUTEIBHOCTH IITAMMOB B. cereus K aHTHOMOTUKAM, TI0-
KasbIBaeT, YTO 3a MOCIICTHHE ACCATHICTHS K HEKOTOPBIM M3 IperapaToB HaunHa-
eT popMUpOBaThCA PE3UCTEHTHOCTD, HE XapakTepHas paHee [33]. MccnenoBanus
MOCTICTHUX JIET CBUACTENBCTBYIOT O MPUCYTCTBUU OakTepuii Buna B. cereus, co-
JepIKAIIUX KaK MHOXKECTBEHHBIC TEHBI TOKCHHA, TaK U MPOSIBISIFOIIUX MYJIBTHY-
CTOMYMBOCTH K aHTHOMOTHKAM, B TIPUPOIHBIX NCTOYHHKAX M B Ka4eCTBE KOHTA-
MUHAHTOB Pa3lIUYHBIX IPOLYKTOB [34].

BrrsicHeHO, 4TO BCE MCCIeayeMble B HACTOSIIEH padoTe mTamMMbl Be u Bt pe-
3UCTEHTHBI K MOJIMMHUKCHHY, OKCAIIWILIHHY, OCH3MINCHUIMIUTHHY, a TAKXKe K nedy-
pOKCHMY (IaHHBIC B TaONWIly HE BHECEHBI), YTO COINIACYETCS C JINTEPATyPHBIMHU
ceenenusmu [33]. Hckmouenune cocraBisu mrammbl Be B-1367 u Bt Cb-527,
MPOSIBUBIINE K JAHHBIM AHTHOHMOTHKAM BBICOKYIO UYBCTBHUTENHHOCTH. Bombmiast
YacTh MITAMMOB OKa3allaCh PE3UCTEHTHOW K IedanocrnopuHaM (uedaieKcruny,
nedaioTuHy U nedaxiopy). BakHO OTMETHTB, YTO BBIACNEHHBIE W3 adpO30JIeH
mramMMel Be, kpome mtamma Be Cg-45, mokas3any BRICOKYIO YYBCTBUTEIBHOCTD K
IUIPOQIOKCAIMHY, HO OYeHb OTIHYAJIHCH 110 BOCTIPHUMYHBOCTH K BAHKOMHIIVHY,
OTMEUCHHBIM Ha TPAKTHKE KaK aHTUOMOTHKU pe3epBa, 3H(EKTUBHBIC B JICUCHUH
uHpekwn B. cereus (cM. TabI. 3). BEICOKyT0 4yBCTBUTENEHOCTH BCE IITAMMBI Be 1
Bt nposiBIIM K POKCUTPOMHUITIHY, SPUTPOMUIIUHY U, 38 UCKITIOUCHUEM InTaMma Bt
24-17, x nmuHe30MuAy (IaHHbIe B Ta0I. 3 He mpuBeneHsl). Kpome mrammos Bt Cb-
527 u Bc B-1367, Bce uccnegyeMble MITaMMBI LIEPEYCHOI IPyIIIBI OKA3aIHCh MOJIH-
PE3UCTEHTHBIMH, TPOSBII YCTOHYUBOCTD K IMIECTH—TIITHAAIATH AaHTHOMOTHKAM.

Anmubuomuueckas axmuernocmy. B pa3HON CTeneHH BBIAEICHHBIE U3 ad3p030-
Jiel mraMmbl Bt 1 Bc TIOAaBISIM POCT MaToreHHbix npoxokedt C. albicans, Hau-
OOJBIIYI0 aKTMBHOCTH MPOsIBWIM ITammbl Btk 24-17, 18-15, 09-01-40, 63-04
(Tabn. 4). AHTH(YHTATEHOE JEHCTBHE IMTAMMOB Bt 00yCIIOBIMBACTCS MPOMYKIIUEH
(hepMEeHTOB W3 KJlacca TUAPONA3 U aHTHOMOTHYecKuX coeauHeHui [35]. Ltamm
Bt Cb-527 u psix irtaMMoB B¢ TOTIOTHHATENBHO 3()()EKTHBHO yTHETAIH POCT IpaM-
MOJIOKUTETIBHBIX TECT-IUTaMMOB S. aureus, B. subtilis. IpamoTpuiiateibHbIe TECT-
IITAMMBI TIPOSIBIUIM 3HAYUTEIIFHO MEHBITYI0 YyBCTBHUTEIBHOCTH K aHTHOHOTHYE-
CKOMY JieiiCTBHIO IITAMMOB B? u Bc: yrHeTeHHe pocTa mraMMa E. coli Habmonamu
TIOJ] BO3JICHCTBHEM CEKPETUPYEMBIX METa0OJIMTOB MTaMMoB Btk 5-18, 41-18, 09-
01-40; mrammsr Btk 24-17, 63-04, 118-17 u 5-18 orpaHn4uBany pocT MITaMMa
S. thyphimurium. tamm K. pneumoniae IposiBUI pe3UCTEHTHOCTh OTHOCHTEIEHO
BCEX IITaMMOB Bt u Bc, ucnons3yeMbix B onbite. ClienyeT OTMETUTh TaKxkKe, YTO
THTIOBOM KOJDICKIIMOHHBIN mTamMM Bc B-1367 3HaunTeNbHO yCTymanm mpUpOTHBIM
A3POM30JLITAM I10 YCTOMYMBOCTH K aHTUOMOTHKAM M aHTUMHUKPOOHOI aKTHBHOCTH
(cMm. Tabm. 3, 4).

[IpoTuBOMUKpPOOHAsI AKTUBHOCTH OAKTEPHUil IEPEYCHOM TPYIIIbI, B YACTHOCTH
B. thuringiensis, paHee MmokKa3aHa 110 OTHOIIEHUIO K OakTepusm Bacillus subtilis,
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Erwinia herbicola, Erwinia amylovory, Pantoea agglomerans, Enterococcus
avium, Staphylococcus aureus, Bacillus amyloliquefaciens, Bacillus pumilis,
Bacillus thuringiensis [36], TpoTHBOrpHOKOBas aKTHBHOCTh — IO OTHOIICHHUIO
k rpubam poma Aspergillus [35]. M3BecTHa Taroke JUTHYECKas AaKTHUBHOCTb
B. cereus x nmanoOaktepusiM [37], TIOKa3aHa TPOMYKIMs IMMTaMMOB B. cereus
UWS8S 1Byx (yHIHCTaTH4eCKUX aHTHOMOTHKOB, TIOJIABIISIOINX POCT HaTOreHHO-
ro rpuba Phytophthora medicaginis [39]. TlonTBepkaeHne CBeJCHUN 00 aKTHB-
HOCTH OakTepuil iepeyCHOM IpyMIIbl IPOTUB OIM3KOPOACTBEHHBIX OakTepuit [19,
35] — anTaroHu3M MmMTaMMOB B. thuringiensis ssp. galleriae B-996 u B-997 mno
OTHOIIEHHIO K ITaMMaM B. cereus B-277 u B-1367. 3oHa nu3uca 3Tux Oakrepuit
O] BIIMSTHUEM CEKPETUPYEMbIX MeTaboIUTOB mTaMMoB Btg B-996 n B-997 npu
MIPUMEHEHUH METO/Ia OTCPOYSHHOTO aHTarOHMW3Ma COCTaBislIa 16 MM (JlaHHBIE B
TabJ. 3 He BHECEHBI). 30HBI YTHETEHHSI POCTa TECT-IIITAMMOB B YCJIOBHUAX MTPOBE-
JIeHHOTO ombITa MeHee 10 MM IpeHeOpeXNMO Majbl U OTHECEHBI K OTPHUIIaTeNb-
HBIM pe3yIIBTaTaM.

Ta6numa 4 [Table 4]
AHTHOHOTHYECKAS AKTUBHOCTDH IUITAMMOB Bacillus cereus u Bacillus thuringiensis,
BbIIeJICHHBIX U3 aTMOC(epHBbIX a3po3oJieil
[Antibiotic activity of Bacillus cereus and Bacillus thuringiensis
strains isolated from atmospheric aerosols]

TecT-mTaMMBI TATOTEHOB / 30HA YTHETCHUS POCTa, MM
[Test strains of pathogens / zone of growth inhibition, mm]
©“ v g
3 S 3
S 2 g B = 5 -
S 3 s g 8 £ 2
Itamm % < 2 3 S = g
| < s | £ S = S 2
[Strain] S - N g S = s
3 = S 3 5 = S
= E S 3 5 E 2
= 2 =
S | S S 3 a £ ”
A %! 3
Bc | B-1367 0 0 24 0 0 0 0
Bc | B-277 20 12 25 0 0 OR OR
Bc | Cb-946 30 25 25 0 0 0 OR
Bc | Cb-958 25 25 23 0 0 0 0
Bc | Cb-989 0 0 26 0 0 OR OR
Bc | Cg-45 0 0 10 0 0 0 0
Bc | Cg-42 30 25 23 0 0 0 0
Bc | Cg-39 20 30 15 0 0 0 0
Bc | Cg-46 25 25 26 5 0 0 0
Btk | 24-17 7 0 41 0 0 17 5
Btk | 18-15 11 0 45 0 0 12 5
Btk | 32-04 6 0 35 0 0 10 6
Btk | 50-04 5 0 30 0 6 4 4
Btk [09-01-40 7 0 46 0 17 11 4
Btk | 32-04 6 0 35 0 30 10 6
Btk | 63-04 4 0 40 0 4 20 8
Btk | 41-18 5 0 42 0 30 10 7
Btk | 100-04 3 0 40 0 16 6 7
Btk | 118-17 6 6 25 0 0 25 6
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OxonuaHnue Tabx. 4 [Table 4 (end)]

TecT-1TaMMbI IATOTEHOB / 30Ha YTHETEHHUS POCTa, MM
[Test strains of pathogens / zone of growth inhibition, mm]

v V s

S 3 3
S 2 g 5 5 E 3
IITamMmm : E '§ § S 5 g
: g E E 2 3 B >
[Strain] S < g g S BN s
S = = 3 8 = 3

= 2 2 3
% q 5 3 = £ “

A S 3
Btk | 78-04 9 0 41 0 6 14 5
Btk | 31-04 3 0 28 0 6 4 4
Btk 5-18 10 0 30 0 33 30 11
Bt | Cb-527 30 25 22 0 0 0 0
Btg | Sn-50 0 0 40 0 0 0 0
Btg | Sn-56 0 0 25 0 0 0 0
Btg | Sn-60 7 0 40 0 0 0 0
Btg | Sn-66 7 0 20 0 0 0 0
Btk | B-916 5 0 40 0 0 5 0
Btg | B-996 7 15 45 0 0 7 0
Btg | B-997 7 10 40 0 0 7 0

Ipumeuanue [Note]: Bc — Bacillus cereus; Bt — Bacillus thuringiensis; Btk — Bacillus
thuringiensis ssp. kurstaki; Btg — Bacillus thuringiensis ssp. galleriae; OR — ocnabnenue pocra
[the weakening of growth].

Mramm Ch-527, uneHTHOUITUPOBAHHBIN COMTACHO (PEHOTHITMYECCKUM TIPH-
3HaKaM Kak Bacillus thuringiensis (konn. Ne B-1378), B oTiuune oT Apyrux Bbl-
JETICHHBIX IITaMMOB Bf MMeJ HENOABIKHBIEC KJIETKU, P KyJIBTUBHPOBAHUH B
KHUIKOW cpelie Ha TepMOCTaTHPOBAHHOM Kadaiike o0pasyroline KpyIHble arpera-
ThI (XJ101bs1) (pUC. 4, A), KOTOPBIC TIPH MPEKPAIICHUN MTEPEMEITUBAHNS CPEIbI B
KOPOTKOE BpeMs OCaXJIAIUCh B BUJIE PHIXJIOro ocajka (puc. 4, B). Ecte MHeHue,
YTO arperanus KIETOK MOXET OBITh CTpaTeTHeil MOBHIIICHHUS UX BEDKUBAEMOCTH
B CYPOBBIX YCIIOBUSX, TAKHX, HAIPUMED, KaK BBICOKas /1032 YABTPa(UOIETOBOTO
M3Iy4deHUs1 Ha OombInoi Beicote [9]. Knetku mramma Bt Cb-527 o6pa3oBbIBaIN
MOIIHBIE Kancydbl (puc. 4, C), 4To He XapaKTEPHO IS TUTIOBBIX IITAMMOB B, po-
[eCCc aKTUBHOTO 00Pa30BaHMUs SHAOCIIOP U IAPACIOPANTBHBIX KPUCTAJIIOB IIPH €T0
BBIpAIUBAaHUU B >KUAKOHN cpene mpu Temmneparype 37 °C HaumHaucs yxe k 24 1
KYJIETHBUPOBaHUSA (Y JPYTHX BHIICICHHBIX INTAMMOB Bt — Ha 3—5-€ CyTKn).

Mtamm Bt Cb-527 ornuuaincst Takke OT APYTHUX HM30JIMPOBAHHBIX M3 ad3p030-
Jiel mTaMMOB Bt BBICOKOW UyBCTBHTEIHHOCTBIO K aHTHOMOTHIECKUM TIperaparam
(x 17 u3 21 aHTHOMOTHKA, UCIIOIB30BAHHOTO B OMbITE). B OTIMYME OT OCTaNBHBIX
mramMmMoB Bt miramMm Bt Cb-527 vMen cXOiHy!o o mTaMMaMu Bc BBICOKYIO aHTH-
MHUKPOOHYIO aKTUBHOCTh OTHOCUTEIBHO IPaMITOIOKHUTENILHBIX IITAMMOB S. aureus,
B. subtilis (cM. Tabmn. 3). O0HapyxeHHbIe ocoOeHHOCTH mTamMMma Bt Cb-527 moryt
OBITH 0OYCIIOBJICHBI XapaKTEPHBIM ISl LIEPEYCHON IPyIbl 0OMEHOM IIIa3MHUIaMU
Kak MeXAy B. thuringiensis, Tak ¥ JPYTUMH OJMM3KOPOACTBEHHBIMH BHIAMH, TIPH-
HauIexKamMu K rpynne Bacillus cereus [39]. [Tnasmunuasie JTHK npencrasnsior
0COOBIf MHTEpeC Kak CoIeprkaliie BHEXPOMOCOMHBEIE TE€HBI PE3UCTCHTHOCTH K
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AHTUOMOTHKAM U JpyruM (hakTopam cpeiipl OOMTaHus. AHaIW3 ITaMMOB Bt u Bc,
M30JIMPOBAHHBIX U3 adPO30JIEH, MOKa3al, YTO KaK XapaKTepHO Ui 3THX BUAOB [39],
BCE OHH COIEprKaT IUIA3MHUIBL. JIEKTPOPOpEerpaMMBl, OTPAXKAIOIINE COCTAB ILIA3-
musbIX JJTHK 1 uX HoABHKHOCTB, U1sI BCEX IITAMMOB OKa3aJIMCh JOCTATOYHO CXOA-
HBIMH. AHAJIN3, TIOATBEPSKAAIONIHI PE3UCTEHTHOCTh IITAMMOB K aHTHOMOTHKAM B
3aBUCHMOCTH OT COCTaBa M HAJIMYMS TUIA3MH/I, B HACTOALIEH paboTe He MPOBOANIIH.

[Mramm Bt Cb-527 mponmyrnmposan komimiekc PHKa3 ¢ koHmeHnTpanueit o
350-400 e.a./mn xynerypansHoi xunkoctu (KXK). Panee nmpoBeneHHBIME 3KcIie-
pPUMEHTaM{ HaMH [TOKa3aHa MPOTHBOBHPYCHAS aKTUBHOCTH OTAEIBHBIX (hpaKmumit
KK mrammoB B. thuringiensis, coaepXaiux BHEKJIECTOUHbIE HU3KOMOIEKYIISP-
seie (ot 15 mo 20 x/la) u BeicokoMonekyispHbie PHKa3b1 (mopsinka 55 k/la), mo
OTHOIIEHHIO K BUPYCY Tpunma yenoBeka A/Aichi/2/68 (H3N2) u Bupycy rpumnma
nrut] A/chicken/Kurgan/05/2005 (H5N1) [40], gTo coracyercsi ¢ auTeparyp-
HBIM JTAHHBIMHU O MIPOTHBOBHUPYCHOM akTHBHOCTH OakTtepuanbubix PHKa3 npotus
BHPYCOB, B KaueCTBEe HyKIIEMHOBOU KHcIOTHI copepxamux PHK [41]. Bricokas
rxoHueHTpanus PHKa3, cekperupyeMsix mrammoM B. thuringiensis Cb-527, cBu-
JETENBCTBYET O MEPCIIEKTUBHOCTH €TO UCTIONIE30BAHS IS pa3paboTKy mpenapa-
TOB, HAIPABIICHHBIX Ha MojaBieHue pasMHokeHus PHK-comepxammx BupycoB.
JononHuTeNbHBIE MCCIEIOBAHNS TIO3BOIT OOJiee TOYHO HACHTH(UIMPOBATH
mramM Bt Cb-527 u onTUMU3UPOBATH BO3MOXKHOCTU €r0 OUOTEXHOJIIOTHUECKOTO
MIPUMEHEHHS B Ka4eCTBE IIPOTHBOBUPYCHOTO CPENICTBA.

B

Puc. 4. Mopdonorns kieTok 1 0coOeHHOCTH pocTta mramma Bacillus thuringiensis Cb-527
B xxukoit cpene (poro M.C. Annpeesoit): 4 — knetku mramma B. thuringiensis Cb-527
B CKOIUICHHSX (XJIOTBSX) TPH KYJBTHBHPOBAHHUU B XKHUIKOH cpezie (Ppa3oBbIil KOHTPACT,
x2500); B — ocanok kieTok mramma B. thuringiensis Cb-527 npu KynbTHBHPOBaHUH
B )KHIKOM cpene (cieBa), — mramM Bacillus cereus B-277, cpena paBHOMEpHO MyTHast
(cmpaBa); C — KpHCTaJUIBL, CIIOPHI U KaICYJIbl KIETOK mramMma B. thuringiensis Cb-527
(dazoBrrit KoHTpacT, X2500)

[Fig. 4. The morphology of cells and the growth characteristics of strain Bacillus thuringiensis Cb-527
in a liquid medium (Photo by Irina Andreeva): A. B. thuringiensis Cb-527 strain cells in clusters (flakes)
when cultured in a liquid medium (phase contrast, X2500); B. On the left - The sediment of cells of the
B. thuringiensis Cb-527 strain when cultured in a liquid medium; on the right - the Bacillus cereus B-277
strain, the medium is uniformly turbid; C. Crystals, spores and capsules of B. thuringiensis Cb-527
(phase contrast, x2500)]



76 HU.C. Anopeesa, A.C. Capamos, JI.H. Ilyuxosa u op.

3akir0ueHne

B pesynberare MHOTOJIETHETO MOHUTOPUHTa OMOTEHHOI KOMIIOHEHTHI aTMoche-
psl HoBocnOupckoii o0acTh, pacroiokeHHO!M Ha tore 3amaaHoi CHoupH, moka-
3aHO, YTO 3Ha4YE€HNUE KOHIEHTPAIlUUd MUKPOOPTaHU3MOB B HUCCIIEAYEMBIX a3p030JIsIX
KOJIEOAIOCh B pasHbIX Mpo0ax B CpeaHeM OT MeHee eauHMIs! 10 5x10° KOE/Mm>.
UHCIEHHOCTh KyABTUBUPYEMBIX CIIOPOOOPa3yIOIUX OaKTepuii, BKII0Uasi OaKTepuu
TPYIIIEI IEpeyC, B pa3HbIe BPEMEHHBIE TIEPHOIBI TakXKe OblIa IIepeMeHINBa, THTP
BBIJIETSIEMBIX M30JIITOB B PA3HBIX MPOOaX MOT OTINYATECS HA 5 TOPSIIKOB.

B nccnenoBaHHBIX 00pa3ax BEICICHEI OakTepuu B. cereus u B. thuringiensis,
B TOM YHUCJIe TIOABUIIOB Bt ssp. kurstaki, Bt ssp. galleriae. Ilokazano xapaxrep-
HOE JUISA TIPEICTaBUTENICH STUX TaKCOHOB HAJHYHE TaKUX (PEPMEHTOB arpeccuH,
Kak (ochounaspl, TeMOIU3UHBL, IPOTEa3bl, HyKICONUTHYECKHE (HEPMEHTHI. 3a
HCKITIoueHreM mTamMMmoB Bc B-1367 u Bt Cb-527, Bce mTaMMbl a3pOU30JIATOB
B. cereus n B. thuringiensis NposSBUIM MHOXXECTBEHHYIO yCTOHYHMBOCTb IO OT-
HOIICHUIO K aHTHOMOTHKAM, IIONTBEPKIas JUTEpaTypHBIC TaHHBIE O BCe OOJb-
IIEM PacIpOCTPAHEHUU IMOTUPE3UCTEHTHOCTU CPEAM BBIBISEMBIX MPUPOIHBIX
MHUKPOOHBIX H30JTOB. BBIpaskeHHass aHTHOMOTHYECKash aKTUBHOCTh LITAMMOB
B. cereus u B. thuringiensis oka3aHa OTHOCHTEJIbHO BO3OYIUTENS KaHIUI030B
Candida albicans 1 TpaMTIOIOKHUTENBHBIX MTAaMMOB S. aureus u B. subtilis, B
eIMHUYHBIX CIIyJasx — IPOTUB IITAMMOB B. cereus.

U3 asposoneit arMmocdepHOro Bo3ayXa BhIJCICH aTUITUYHbBIA HOBBIHA IITAMM
B. thuringiensis Cb-527, obnanarouuii Beicokoit mpoxykuueit PHKa3, uto mo3so-
JISIeT PEKOMEHIOBATh €T0 IS pa3padOTKH MPOTHBOBUPYCHBIX ITPETIApaTOB IIPOTHB
PHK conepxammux Bupycos. llItammsl B. cereus u B. thuringiensis, IpOsIBUBIINE
BEIPOKCHHYIO (DepMEHTAaTHBHYIO, aHTHOMOTHUECKYIO aKTHBHOCTD, JICTIOHHPOBA-
Hbl B Konneknun 6akrepuii, 6akrepuodaros u rpudos ®5YH I'HI[ Bb «Bexrop»
PocnioTpebnan3opa ans nanpHEHIHX pa3paboTOK B KauecTBE MCTOYHHKOB Qep-
MEHTOB U COCAMHEHMH, HHTHOUPYIOUIUX Pa3BUTHE MATOT€HHBIX MUKPOOPTaHU3-
MOB U BHPYCOB.
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Occurrence and characteristics of Bacillus cereus group
bacterial atmospheric aerosols in Novosibirsk region

The microbial diversity of atmospheric bioaerosols involves microorganisms
that can cause allergic and infectious diseases or toxic effects. They include bacteria
of the Bacillus cereus group (B. cereus, B. thuringiensis, B. anthracis, B. mycoides,
B. pseudomycoides, etc.), which can result in diarrhea, pneumonia, meningitis,
septicemia, and other infectious diseases. Accordingly, monitoring the presence of
Bacillus cereus group bacteria in aerosols is critical. However, practically no data
exist on Bacillus cereus and other cereus-group bacteria in southwestern Siberia’s
poorly investigated atmospheric aerosol environment. Bacteria of the cereus group
are capable of effective production of various biologically active compounds, with
important implications for biotechnology; microorganism strains with new capabilities
are being investigated. This study aimed to determine the occurrence and characteristics
of B. cereus group bacteria in ground-level and high-altitude atmospheric aerosols
in Novosibirsk region of southwestern Siberia, and to evaluate the biotechnological
potential of the obtained microbial isolates.

High-altitude atmospheric samples were collected over Karakan Pine Forest,
approximately 50 km south of Novosibirsk, at altitudes of 7000, 5500, 4000, 2000, 1500,
1000, and 500 m, by aircraft sounding. Boundaries of the aircraft flight path: 54° 26'38"
N, 82° 30'47" E; 54°10'55" N, 81° 44'00" E. Ground-level samples were collected at
various sites in Koltsovo settlement, Novosibirsk region. Impingers with a flow rate of
50 L/min containing 50 ml of Hanks’ solution were used for air sampling. The obtained
aerosol samples were sown on a set of nutrient media and incubated at 28-30°C and
6-10 °C. The titers of microorganisms in high-altitude and ground-level samples were
determined in terms of 1 m® of atmospheric air. Standard microbiological methods were
employed to study the phenotypic characteristics of the identified microbial isolates.
Lipolytic activity was determined on yolk agar and LB agarized medium containing fatty
acid esters with 0.01% CaCl,. The substrates used were 1.0% monolaurate (tween-20)
and monooleate (tween-80). Amylolytic activity of the cultures was determined by their
isolation on starch-ammonia agar, and proteolytic activity by their ability to hydrolyse
milk gelatin and casein (Maniatis T et al., 1984). The ability to hemolysis was taken
into account when cultures were plated on LB medium with the addition of ram’s blood.
Nuclease activity was studied on LB medium with the addition of Sigma DNA (USA)
(Maniatis T et al., 1984). The content of plasmid DNA in the isolates was determined
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by screening according to Maniatis T et al. (1984). The capacity for RNAase secretion
in culture medium (peptone - 9.27 g/l, yeast extract - 5 g/l, NaCl - 3.00; 10 ml of 50%
glycerin, 2 ml of 20% glucose; pH 7.07.2) during cultivation of bacteria at 30 °C, for
18-24 h, was determined by the accumulation of acid-soluble products, formed upon
hydrolysis of high-polymer RNA of yeast (1 mg/ml). Antibiotic activity of the studied
strains was determined by cross-strics (Yasuda T et al., 1992) on LB medium at 37 °C.
The following pathogenic test strains were used: Staphylococcus aureus ATCC 6538,
Bacillus subtilis ATCC 6633, Candida albicans 620, Klebsiella pneumoniae B-4894,
Escherichia coli ATCC 25922, Salmonella typhimurium 2606, and Shigella sonnei 32
(collection of FSBI State Research Centre Vektor of the Rospotrebnadzor). The genetic
analysis of bacterial isolates was performed using PCR with specific primers on 16S
rRNA. The calculation of the number of cultivated microorganisms in the samples
was carried out according to the Kerber method [Bottone EJ, 2010], and the number
of microorganisms was averaged over three parallels of the inoculated samples. The
annual average numbers of cultivated microorganisms were calculated as a mean + the
confidence interval at a significance level of 95% of #-Student’s (p < 0.05).

Percentages of spore-forming cultured bacteria in aerosol samples varied
significantly across the years of observation (1998—present): in high-altitude samples,
the minimum and maximum were 0.5% (in 2005) and 55% (in 2011), respectively,
and, in ground-level samples, the minimum and maximum were 0.1% (in 2002) and
83% (in 2016), respectively (See Fig. 1 and 2). Annual averages of total concentration
of microorganisms ranged from < 1 to 5x10° CFU/m?. The number of cereus-group
bacteria also varied significantly from sample to sample, with averages ranging from
0.01% to 6.5% of the total number of isolated microorganisms. A total of 2.025 bacterial
isolates, of which 62 formed endospores, were isolated from ground-level and high-
altitude aerosol samples collected during the predominance of south-westerly winds
from Kazakhstan in autumn 2016, and were characterized by increased dust-component
content. Spore-forming bacteria were identified as belonging to the genera Bacillus,
Paenibacillus, Brevibacillus, Lysinibacillus, and some others. Both high-altitude and
ground-level aerosol samples were shown to contain bacteria of the cereus group:
Bacillus cereus (Bc) and Bacillus thuringiensis (Bt), Bt ssp. kurstaki, Bt ssp. galleriae
subspecies; Bt strains with indefinite serotype were also found. Notably, Bacillus
anthracis species were not found (See Table 1). Screening for enzyme secretion
revealed Bt and Bc strains with pronounced proteolytic, phosphatase, lipolytic, and
amylolytic activities in a medium pH range from 5.0 to 9.0 (See Table 2). An atypical
strain of B. thuringiensis Cb-527, which demonstrates high production of RNase,
was isolated. All strains demonstrated hemolysis capability, were multi-resistant to
antibiotics (resistant to 6-15 drugs (See Table 3), and suppressed the growth of the
pathogenic yeast, Candida albicans, to varying degrees. The Bt Cb-527 strain, as well
as several Bc strains, also effectively inhibited the growth of Gram-positive test strains
of Staphylococcus aureus and Bacillus subtilis. Gram-negative bacterial test strains
were low-sensitive to the action of metabolites of the studied Bc and Bt strains (See
Table 4).

In high-altitude and ground-level samples of the studied atmospheric aerosols,
bacteria of the cereus group belonging to Bacillus cereus and Bacillus thuringiensis
species were found in amounts ranging from 0.01 to 6.5% of the total number of cultured
microorganisms isolated under experimental conditions. The presence of aggression
enzymes such as phospholipases, hemolysins, proteases, and nucleolytic enzymes
typical of representatives of these taxa, was found. We isolated Bc and Bt strains with
high levels of secretion of enzymes and metabolites that possess antibiotic activity;
these strains are promising as producers. The Bacillus thuringiensis Cb-527 strain (with
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a pronounced secretion of the RNase complex) can be used for the development of
anti-RNA-containing virus drugs. The isolated Bc and Bt strains demonstrated multiple
antibiotic resistance, which confirms literature data on the increasing prevalence of
polyresistance among the identified natural microbial isolates.

The paper contains 4 Figures, 4 Tables, and 41 References.

Key words: Bacillus cereus; Bacillus thuringiensis; atmospheric bioaerosols;
spore-forming microorganisms; enzymatic, antibiotic activity

Funding: The work was performed as a part of the state order of Rospotrebnadzor
(Russian Federal Service for Surveillance on Consumer Rights Protection and Human
Wellbeing).

The Authors declare no conflict of interest.

References

Smets W, Moretti S, Denys S, Lebeer S. Airborne bacteria in the atmosphere:
Presence, purpose, and potential. Atmos. Environ. 2016;139:214-221. doi: 10.1016/j.
atmosenv.2016.05.038

Wei K, Zheng Y, Li J, Shen F, Zou Z, Fan H, Li X, Wu C, Yao M. Microbial aerosol
characteristics in highly polluted and near-pristine environments featuring different climatic
conditions. Science Bulletin. 2015;60:1439-1447. doi: 10.1007/s11434-015-0868-y
Soleimani Z, Goudarzi G, Sorooshian A, Marzouni MB, Maleki H. Impact of Middle Eastern
dust storms on indoor and outdoor composition of bioaerosol. Atmospheric Environment.
2016;138:135-143. doi: 10.1016/j.atmosenv.2016.05.023

Akila M, Priyamvada H, Ravikrishna R, Gunthe SS. Characterization of bacterial diversity
and ice-nucleating ability during different monsoon seasons over a southern tropical Indian
region. Atmospheric Environment.2018;191:387-394. doi: 10.1016/j.atmosenv.2018.08.026
Madsen AM, Zervas A, Tendal K, Nielsen JL. Microbial diversity in bioaerosol samples
causing ODTS compared to reference bioaerosol samples as measured using Illumina
sequencing and MALDI-TOF. Environmental Research. 2015;140:255-267. doi: 10.1016/].
envres.2015.03.027

Kobayashi F, Maki T, Kakikawa M, Yamada M, Puspitasari F, Iwasaka Y. Bioprocess of
Kosa bioaerosols: Effect of ultraviolet radiation on airborne bacteria within Kosa (Asian
dust). Journal of Bioscience and Bioengineering. 2015;119(5):570-579. doi: 10.1016/j.
jbiosc.2014.10.015

Griffin DW. Terrestrial microorganisms at an altitude of 20,000 m in Earth’s atmosphere.
Aerobiologia. 2000;20(2):135-140. doi: 10.1023/B:AER0.0000032948.84077.12

Griffin DW. Atmospheric movement of microorganisms in clouds of desert dust and
implications for human health. Clinical Microbiology Reviews. 2007;20(3):459-477. doi:
10.1128/CMR.00039-06

Yang Y, Itahashi S, Yokobori SI, Yamagishi A. UV-resistant bacteria isolated from upper
troposphere and lower stratosphere. Biological Science in Space. 2008;22:18-25. doi:
10.2187/bss.22.18

Yoo K, Han I, Ko KS., Lee TK., Yoo H, Khan MI, Tiedje JM, Park J. Bacillus-dominant
airborne bacterial communities identified during Asian dust events. Microbial Ecology.
2019;78(3):677-687. doi: 10.1007/s00248-019-01348-0

Liu Y, Du J, Lai Q, Zeng R, Ye D, Xu J, Shao Z. Proposal of nine novel species of the
Bacillus cereus group. International Journal of Systematic and Evolutionary Microbiology.
2017;67(8):2499-2508. doi: 10.1099/ijsem.0.001821

Buehler AJ, Martin NH, Boor KJ, Wiedmann M. Psychrotolerant spore-former growth
characterization for the development of a dairy spoilage predictive model. Journal of Dairy
Science. 2018;101(8):6964-6981. doi: 10.3168/jds.2018-14501


http://dx.doi.org/10.1016/j.atmosenv.2016.05.038
http://dx.doi.org/10.1016/j.atmosenv.2016.05.038
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jbiosc.2014.10.015
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jbiosc.2014.10.015
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1023%2FB%3AAERO.0000032948.84077.12

Bcmpeuaemocmes u ceoiicmea 6axmepuii yepeycroii zpynnoi 83

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Patogeny nasekomykh: strukturnye i funktsional 'nye aspekty [Insect Pathogens: structural and
functional aspects]. Glupov V'V, editor. Moscow: Kruglyy god Publ.; 2001. 736 p. In Russian

Ramarao N, Lereclus D, Sorokin A. The Bacillus cereus group. In: Molecular Medical
Microbiology. Vol. 2. Chap. 59. Tang Y-W, Sussman M, Liu D, Poxton I, Schwartzman J,
editors. New York: Elsevier Publ.; 2015. pp. 1041-1078.

Bottone EJ. Bacillus cereus, a volatile human pathogen. Clinical Microbiology Reviews.
2010;23(2):382-398. doi: 10.1128/CMR.00073-09

Williams LD, Burdock GA, Jiménez G, Castillo M. Literature review on the safety of
Toyocerin, a non-toxigenic and non-pathogenic Bacillus cereus var. toyoi preparation.
Regulatory Toxicology and Pharmacology. 2009;55(2):236-246. doi: 10.1016/j.
yrtph.2009.07.009

Pokhilenko VD, Perelygin VV. Probiotiki na osnove sporoobrazuyushchikh bakteriy i
ikh bezopasnost’ [Probiotics on the basis of spore-forming bacteria and their safety].
Khimicheskaya i biologicheskaya bezopasnost’. 2007;2-3:20-41. In Russian

Mefoyd KM, Osipova IG, Vasilyeva EA. The results of the’comparative study of new vet
probiotics irilis and paciflor. Vestnik Rossiyskogo universiteta druzhby narodov. Seriya:
Meditsina = Rudn Journal of Medicine. 2006;2:27-31. In Russian

Yeo IC, Lee NK, Cha C-J, Hahm YT. Narrow antagonistic activity of antimicrobial
peptide from Bacillus subtilis SCK-2 against Bacillus cereus. Journal of Bioscience and
Bioengineering. 2011;112(4):338-344. doi: 10.1016/.jbiosc.2011.06.011

Safatov AS, Andreeva IS, Buryak GA, Marchenko VV, Ol’kin SE, Reznikova IK, Repin VE,
Sergeev AN, Belan BD, Panchenko MV. Tropospheric bioaerosols of Southwestern Siberia:
Their concentrations and variability, distributions and long-term dynamics. In: Nucleation
and Atmospheric Aerosols. O’Dowd CD, Wagner PE, editors.Dordrecht: Springer; 2007.
pp. 741-745. doi: 10.1007/978-1-4020-6475-3 146

Andreeva IS, Safatov AS, Puchkova LI, Emel’yanova EK, Buryak GA, Ol’kin SE,
Reznikova IK, Okhlopkova OV. Kul’tiviruemye mikroorganizmy v vysotnykh probakh
aerozoley vozdukha severa Sibiri v khode samoletnogo zondirovaniya atmosfery
[Culturable microorganisms in high-altitude atmospheric aerosol samples collected above
northern Siberia by aircraft sounding]. Vestnik Nizhnevartovskogo gosudarstvennogo
universiteta. 2019;2:3-11. doi: 10.36906/2311-4444/19-2/01 In Russian

Andreeva IS, Safatov AS, Morozova VV, Tikunova NV, Emelyanova EK, Solovyanova NA,
Babkin IV, Buryak GA, Puchkova LI. Saprophytic and pathogenic yeasts in atmospheric
aerosols of Southwestern Siberia. Atmospheric and Oceanic Optics. 2020;33(5):505-511.
doi: 10.1134/51024856020050024

Gusareva ES, Gaultier NPE, Premkrishnan BNV, Kee C, Lim SBY, Heinle CE, Purbojati RW,
Nee AP, Lohar SR, Yanqing K, Kharkov VN, Drautz-Moses DI, Stepanov VA, Schuster SC.
Taxonomic composition and seasonal dynamics of the air microbiome in West Siberia.
Scientific Reports. 2020;10(1):21515. doi: 10.1038/s41598-020-78604-8

Metody obshchey bakteriologii. T. 3. [General bacteriology methods. Vol. 3]. Pod red.
Gerkhard F, Myurrey R, Kostilou R, Nester Yu, Vud V, Krig N, Filips G, editors. Moscow:
Mir Publ.; 1984. 264 p. In Russian

Bergey s Manual of Systematic Bacteriology. Vol. 3. The Firmicutes. Vos P, Garrity G, Jones
D, Krieg NR, Ludwig W, Rainey FA and Whitman WB, editors. New York: Springer-Verlag
Publ.; 2009. 1450 p. doi: 10.1007/978-0-387-68489-5

Maniatis T, Fritsch E, Sembrook J. Molecular cloning: A Laboratory Manual. Translated
from English by Baev AA and Skryabin KG. Moscow: Mir Publ.; 1984. 480 p. In Russian

Yasuda T, Nadano D, Tenjo E, Takeshita H, Kishi K. The zymogram method for detection
of ribonucleases after isoelectric focusing: analysis of multiple forms of human, bovine,
and microbial enzymes. Anal. Biochem. 1992;206(1):172-177. doi: 10.1016/s0003-
2697(05)80029-6


https://doi

84

HU.C. Anopeesa, A.C. Capamos, JI.U. Ilyuxosa u op.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Singh V, Haque S, Singh H, Verma J, Vibha K, Singh R, Jawed A, Tripathi CRM. Issolation,
screening, and identification of novel isolates of Actinomycetes from India for antimicrobial
applications. Front. Microbiol. 2016;7:1-9. doi: 10.3389/fmicb.2016.01921

Wang Y, Qian P-Y. Conservative fragments in bacterial 16S rRNA genes and primer design
for 16S ribosomal DNA amplicons in metagenomic studies. PLoS One. 2009;4(10):¢7401.
doi: 10.1371/journal.pone.0007401

Ashmarin [P, Vorob’ev AA. Statisticheskie metody v mikrobiologicheskikh issledovaniyakh
[Statistical methods in microbiological research]. Leningrad: Medgiz Publ.; 1962. 180 p. In
Russian

Rukovodstvo po meditsinskoy mikrobiologii. Chastnaya meditsinskaya mikrobiologiya i
etiologicheskaya diagnostika infektsiy. Kniga Il [Guide to Medical Microbiology. Private
medical microbiology and etiological diagnosis of infections. Book II]. Labinskaya AS,
Kostyukova NN, Ivanova SM, editors. Moscow: Izdatel’stvo BINOM; 2010. 1152 p. in
Russian

Bottone EJ. Bacillus cereus, a volatile human pathogen. Clinical Microbiology Review.
2010;23(2):382-398. doi: 10.1128/CMR.00073-09

Strachunskiy LS, Kozlov SN. Sovremennaya antimikrobnaya khimioterapiya. Rukovodstvo
dlya vrachey [Modern antimicrobial chemotherapy. A guide for doctors]. Moskow: Borges
Publ.; 2002. 432 p. In Russian

Yibar A, Cetinkaya F, Soyutemiz E, Yaman G. Prevalence, enterotoxin production and
antibiotic resistance of Bacillus cereus isolated from milk and cheese. Kafkas Universitesi
Veteriner Fakultesi Dergisi. 2017;23(4):635-642. doi: 10.9775/kvfd.2017.17480

Kumar SN, Mohandas C, Nambisan B. Purification of an antifungal compound, cyclo(l-
Pro-d-Leu) for cereals produced by Bacillus cereus subsp. thuringiensis associated with
entomopathogenic nematode. Microbiological Research. 2013;168(5):278-288. doi:
10.1016/j.micres.2012.12.003

Zheng D, Zeng Z, Xue B, Deng Y, Sun M, Tang Y-J, Ruan L. Bacillus thuringiensis produces
the lipopeptide thumolycin to antagonize microbes and nematodes. Microbiological
Research. 2018;215:22-28. doi: 10.1016/j.micres.2018.06.004

Nakamura N, Nakano K, Sugiura N, Matsumura M. A novel cyanobacteriolytic bacterium,
Bacillus cereus, isolated from a Eutrophic Lake. Journal of Bioscience and Bioengineering.
2003;95(2):179-184. doi: 10.1016/s1389-1723(03)80125-1

Silo-Suh LA, Lethbridge BJ, Raffel SJ, He H, Clardy J, Handelsman JO. Biological
activities of two fungistatic antibiotics produced by Bacillus cereus UW8S. Applied
and Environmental Microbiology. 1994;60(6):2023-2030. doi: 0.1128/aem.60.6.2023-
2030.1994

Vilas-Boas GT, Santos CA. Conjugation in Bacillus thuringiensis: Insights into the
Plasmids Exchange Process. In: Bacillus thuringiensis Biotechnology. Sansinenea E, editor.
Dordrecht: Springer Publ.; 2012; pp. 159-174. doi: 10.1007/978-94-007-3021-2_8
Andreeva IS, Zakabunin AS. Issledovanie vnekletochnykh nukleoticheskikh fermentov
shtammov Bacillus thuringiensis metodom zimografii [Study of extracellular nucleotide
enzymes of Bacillus thuringiensis strains by zymography]. Colloquium-Journal.
2017;2(2):7-14. In Russian

Shah Mahmud R, Ilinskaya ON. Antiviral activity of binase against pandemic influenza A
(HIN1) virus. Acta Naturae. 2013;5(4):44-51. doi: 10.32607/20758251-2013-5-4-44-51

Received 04 April, 2021; Revised 17 August, 2021;
Accepted 25 November, 2021, Published 29 December, 2021.


http://dx.doi.org/10.1016/j.micres.2012.12.003

Bcmpeuaemocmes u ceoiicmea 6axmepuii yepeycroii cpynnoi 85

Author info:

Andreeva Irina S, Cand. Sci (Biol.), Assoc. Professor, Leading Researcher, Department of Biophysics and
Environmental Research, FBRI State Research Center of Virology and Biotechnology “Vector” Rospotreb-
nadzor, Koltsovo, Novosibirsk region 630559, Russian Federation.

E-mail: andreeva_is@vector.nsc.ru

Safatov Alexander S, Dr. Sci. (Techn.), Head of the Department of Biophysics and Environmental Re-
search, FBRI State Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor, Koltsovo,
Novosibirsk region 630559, Russian Federation.

E-mail: safatov@vector.nsc.ru

Puchkova Larisa I, Cand. Sci (Biol.), Leading Researcher, Department of Biophysics and Environmental
Research, FBRI State Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor, Koltso-
vo, Novosibirsk region 630559, Russian Federation.

E-mail: puchkova_li@vector.nsc.ru

Emelyanova Elena K, Cand. Sci (Biol.), Senior Researcher, Department of Biophysics and Environ-
mental Research, FBRI State Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor,
Koltsovo, Novosibirsk region 630559, Russian Federation; Assoc. Professor of Department of Hygiene and
Ecology, FSBEI HE Novosibirsk State Medical University, 52 Krasny pr., Novosibirsk 630091, Russian
Federation.

E-mail: emelenl @yandex.ru

Solovyanova Nadezhda A, Researcher, Department of Biophysics and Environmental Research, FBRI
State Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor, Koltsovo, Novosibirsk
region 630559, Russian Federation.

E-mail: solovyanova_na@vector.nsc.ru

Buryak Galina A, Researcher, Department of Biophysics and Environmental Research, FBRI State
Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor, Koltsovo, Novosibirsk region
630559, Russian Federation.

E-mail: buryak@vector.nsc.ru

Ternovoi Vladimir A, Cand. Sci (Biol.), Head of Laboratory, Department of Molecular Virology, FBRI
State Research Center of Virology and Biotechnology “Vector” Rospotrebnadzor, Koltsovo, Novosibirsk
region 630559, Russian Federation.

E-mail: tern@vector.nsc.ru


mailto:safatov@vector.nsc.ru
mailto:puchkova_li@vector.nsc.ru
mailto:emelen1@yandex.ru
mailto:solovyanova_na@vector.nsc.ru
mailto:buryak@vector.nsc.ru
mailto:tern@vector.nsc.ru

