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CTpoeHne nOBEPXHOCTU KIEeTKM OTPaxXaeT (yHKUMOHANBHOE CO-
cTOsHMe BakTepun B Lenom. Hanuuue cneumuduyeckux npusHa-
KOB KJIETOK CKa3blBaeTCsl Ha 61MOdU3NYECKMX XapPaKTEPUCTUKAX UX
NOBEPXHOCTU — 3apsfe, cBoOOAHOW 3Heprun u ruapodobHOCTY.
B3saumopeiicTeue baktepuit ¢ GuoMonekynamn 1 yacTuuamn Tak-
X€ CBA3aHO C 3TUMU XapaKTepUCTUKaMm NoBepxHoCTy. Lienbio Ha-
weii paboTbl 6bI0 M3yyeHNe GYHKLMOHANBHOMO COCTOSHUS KNETOK
F. tularensis 15 HUASI npu kynbTMBMPOBAHMM B YCNOBUSX CTpECCa
C noMoLbl0 anektpoonTtuyeckoro (30) MoHuTopuHra. Beino mo-
Ka3aHo, YTO NMpy BO3LENCTBUW MOBLILIEHHON TEMNepaTypsl B CO-
YeTaHWUW C NEepPeKnCHLIM CTPECCOM U3MEHSIIOTCS NMOKA3aTenn Xus-
HecnocobHOCTH KNETOK, @ TakXe MOBEPXHOCTb KNETOYHON CTEHKW.
BmecTe ¢ aTUM cTpecc CTuMynupyeT y GakTepuu 3KCMpPeccuio
MMMYHOPEAKTUBHbIX CTPecCoBbIX Oenkos. [poussoaunoch u3y-
YeHue BO3AENCTBUS MasbiX 403 aHTMOMOTUKA HA Buodmamyeckue
napameTpbl KNeToK F. tularensis B Te4eHWe KOPOTKOro BPEMeHU —
1 4. B akcnepumeHTe BbiNM UCMONB30BaHbI AHTUOMOTUKM, NpUME-
HSIEMbIE MPW NEYEHUU TYNSPEMUM, — CTPENTOMULMH, KaHAMMLMH
¥ aMIALMANKH B KOHUEHTpauun 0,5 r/n. Bbino BbIIBNEHO, YTO Ham-
60/bLUIMM NOBPEXAAIOWMM [EICTBMEM Ha KNETKY B JAAHHON KOH-
LieHTpaumm obnagaet amnuumnnuH. Mpn BO3neicTBUM KaHaMULMHa
1 CTPENTOMULIMHA TaKXe HabNIoAAI0TCS M3MEHEHUS XM3HECTOCOD-
HOCTM KNETOK F. tularensis, HO B MeHbLUeii cTeneHn. Takum obpa-
30M, YCNOBUS KYNbTUBMPOBAHUS F. tularensis BAMSIIOT HA XN3HEHHbIE
MnoKa3aTenn KNeTok M ypoBeHb KCPECCUU aHTUFEHOB. ANEKTPO-
ONTUYECKWIA aHANU3 YCMELIHO PErNCTPUPYET Pa3/INyHbIE TUMbl BO3-
LECTBUS Ha KNETKM MUKPOOPraH13Ma U SIBISIETCS NEPCNEKTUBHBIM
METOA0M KOHTPONS Npu pa3paboTke NPodUIaKTUYECKNX U [AUarHO-
CTUYECKMX NPenaparos.

KnioueBble cnoBa: Francisella tularensis, 3nekTpoonTUYeCcKuii
aHanus, CTPEeCC, aTOMHO-CUI0Bast MUKPOCKOMMS.
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BeepeHue

Tynsipemust — 300HO3HAsI IPUPOITHO-0UATOBASI
uHpexnus, Bo30yauTens KoTopoit Francisella
tularensis, TpaMoTpHLaTeIbHAsT (PAKyIbTATHBHO-
aHa’pOoOHAasi BHYTPHUKICTOUHAsT OaKTepUs, MOXKET
BBI3BIBATh BCIIBIIIKY 3200JICBAHUS CPEIU ITHPOKOTO
KpyTa X03s5eB, BKJIIOYasl YEJIOBEKa, UTO MPEICTaB-
JSeT MPoOIeMy IS MPAKTHIECKOTO 3APaBOOXpa-
HeHus [1].

B mporiecce aganTanuu KIeTKH K ONIpeIeNieH-
HBIM YCJIOBUSIM M3MEHSICTCSI CTPOCHUE KICTOYHOMN
MOBEPXHOCTH, UYTO OTPAXKAET TAKXKE U €€ (PyHKI[HO-
HaJlbHOE cocTostHue. Hanmume crnenmugpuyeckux
MIPU3HAKOB KJIETOK CKa3bIBaeTcs Ha Ouoduznye-
CKHX XapaKTePUCTHKAX UX MOBEPXHOCTH — 3apsilie,
cBOOOHOM sHepruu u rugpododHocTu. B3aumo-
neicTBue OakTepuil ¢ OMOMOJICKYJIAMH M YaCTH-
[aMU TaK)Ke CBS3aHO C ATUMH XapaKTePUCTUKAMU
MMOBEPXHOCTH [2].

enpro Hamie#t paboThl OBUIO W3yYCHHE (PYHK-
[IHOHATBHOTO COCTOSHHUS KJIETOK F. tularensis
15 HUUOBT npu KyapTUBUPOBAHUMU B YCIOBHUSX
cTpecca ¢ MOMOIIBI0 AekTpoonTrdeckoro (D0)
MOHHUTOPHHTA.

Matepuanbl 1 meToAbl

OObexToM u3ydeHwus OblTu Oaktepuu F. tula-
rensis subsp. holarctica mramm 15 HUNUDT (mosny-
4yeH u3 [ocyaapcTBEHHOM KOJIJIEKIIUN MTaTOT€HHBIX
KOJIEKIMH «Mukpo0O»). lllTaMM BbIpamuBaiu Ha
nnactuHkax FT arapa (mp-sa 'HIL [IMb, O6o-
nenck) npu 37° C B reuenue 48 4. 3aTem OakTepuu
WHOKYJIHUpOBaIH B OynboHe Mioimiepa — XUHTOHA
¢ T-no6askoii pH 7,4 1 KynbTUBUPOBAJIU B KOJIOaX
DpreHmMeiiepa Ha TePMOCTATUPYEMOM Kadalike
(MULTITRON II, Infors) mpu 200 06/mMuH B Teye-
Hue 16 9 ipu (37 + 2)° C 10 DOCTHIKEHHS DKCITO-
HeHUHaIbHOMU (ha3el pocTa. [lonydeHHYI0 HOUHYIO
KyJBTYPY ITOBEPTaNIN CIEAYIONIEMY BO3ICHCTBHIO:
TEeMIIEpaTypHOMY CTpEcCY — MOBBIIICHHUIO TeMIIe-
parypsl 1o 42° C; coueTaHHIO TeMIEepPaTypHOTO
cTpecca ¢ ePeKUCHBIM OKUCIICHHEM; BO31EHCTBHIO
AHTUOMOTHKOB.
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1. Bo3aeiicTBUe MepeKUCHOT0 U TeMIepaTyp-
HOro cTpecca Ha kieTku F tularensis

Jns u3yveHus nepeKucHOro ¥ TeMIepaTypHOro
crpecca nobasisiin H,O, 10 KOHEYHOH KOHIIEHTpa-
nuu 5 MM, OBBIIIIANIN TEMITEPATypPy BhIpAIIIBAHUS
10 42° C u KyJIbTUBUPOBAIIM €€ B TEUCHHE 2 .
KonTposibHbIe 00pa3ipl BeIpamuBain 0e3 mepe-
kucu Bonopoza npu 37° C. B xone akcriepuMenTa

OBLTO TMOKa3aHO: BEIpamuBanue F. tularensis B
CTPECCOBBIX YCIOBHUSAX MPUBOAHUT K H3MCHCHHIO
anekTpoontudeckoro (30) addexra (puc. 1), uto
CBUICTENECTBYET 00 M3MEHCHUN OPUEHTAIHOHHOTO
CIIeKTpa KJIeToK. Hamu yctaHoBIeHO, 4TO CTpecc-
yenosus (42° C, H,0,) HE3HAUUTENBHO CHUKAIM
JKU3HECTIOCOOHOCTh F. tularensis, HO TIPUBOIUIN
K 3HAYUTEIILHOMY YBEIHUYCHHIO KCIIPECCUU OCITKOB
TEIUIOBOTO IIOKA, U ATO COTTIACYETCs C IUTepaTyp-
HBIMU JJAHHBIMH [3].
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Puc. 1. M3mMenenue nokasaresist ajieKkTpoontruaeckoro sddexra npu yacrore 900 kI
Fig. 1. The change of the electro-optical effect at a frequency of 900 kHz

HuTepec npeacrapigeT Takke M3MEHEHHE MOKa-
3aTesiel MOBEPXHOCTH KJIETKH — PUTMIHOCTH U LIepO-
XOBATOCTHU KJIETOYHON CTEHKH, KOTOPBIE OLIEHUBAIUCH
C MOMOLLBIO METO/1a AaTOMHO-CHJIOBOM MUKPOCKOIIHH.

M3MeHeHMe yCITOBUIA CKa3bIBACTCSI HA IIEPOXOBATOCTH
KJIETOYHOM MmoBepxXHOCTH (puc. 2). Takum oOpazom,
yeM OoJ1ee KECTKIMH CTAHOBSITCS YCIIOBHS JUIs OaKTe-
pun, TeM Goliee OTYETIIMBO BU/IHBI JAHHBIC H3MEHEHHSL.

1

Puc. 2. ATOMHO-CHIIOBast MUKPOCKOIIHS KJIETOK F. fularensis, BBIPAIIGHHBIX B PA3JIMYHBIX YCIOBUSX: / — KOHTpONb; 2 —t =42°C;
3-42°C+H,0,
Fig. 2. Atomic force microscopy of F. tularensis cells grown under different conditions: / —control; 2 —¢=42°C; 3-42°C+H,0,

MeTtonamu 31ekTpodopesa B MOJTUAKPUTIAMUI-
HoM rene (SDS-PAGE) [4] u uMMyHOOJIOTTHHTA
[5] ObuT poOBeACH aHATU3 BBIICICHHBIX (paKIIHi

Bronorns

OenkoB F. tularensis 1SHUNDI, cekperupyembix
B KYJIBTYypPaJbHYIO XHAKOCTH NPHU BBIPANABAHUU
6e3 cTpeccoBOro BO3ACHCTBUS U MOJ JIEHCTBUEM
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cTpecca. bbuto Moka3aHO yBEJIMYCHUE YKCIIPECCHH
UMMYHOPEAKTUBHBIX CTPECCOBBIX OenkoB F. fu-
larensis, B 4aCTHOCTU OJHOTO M3 OEJIKOB IIANepo-

HoB — GroEL (60 x/la), mox aeiicTBreM MepruKUCHOTO
U TEMIIEpPaTypHOTO CTpecca MO CPAaBHEHHIO C
KOHTPOJIbHBIM BapUAHTOM OIIbITA (puC. 3).
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Puc. 3. Pesynsrater SDS-PAGE 1 nuMMyHOONIOTTHHTA GEIIKOB, CEKPETHUPYEMBIX
Oaxrepusimu F. tularensis |SHUWOI npu BeIpamuBaHuy B TeUeHUE 16 9 HA )KUAKHX
cpenax: / —6enkoBblii TPO(HIIb, MOINAKPUIAMHU/IHBIH I'elIb OKPAILIEH KyMacCH CHHUM
R-250; 2 — ©MMyHOOJIOTTHHT C CBIBOPOTKOM 0/M, BAKLIMHUPOBAHHO F. tularensis
ISHUUDI'; a — KoHTpoIIb, 6€3 CTPECCOBOTO BO3IACHCTBYS, O — Ha 2 4 HOBBIILICHUE
TeMIIepaTypsl BblpamuBanus 10 42° C; ¢ — Ha 2 4 NOBBIILICHUE TEMIIEPATypbl BbI-
pammBanus 10 42° C u gob6asnenune 5 MM H,0,
Fig. 3. The results of SDS-PAGE and immunoblotting of proteins secreted by bacteria
F. tularensis 15SNIIEG when grown for 16 hours in liquid media: / — protein profile,
polyacrylamide gel, colored with Kumassi blue R-250; 2 — immunoblot with serum
b/m vaccinated with F tularensis 15NIIEG; a — control, without stress, b — for two
hours raising the temperature of growing to 42° C; ¢ — for two hours, raising the
cultivation temperature to 42° C and adding 5 mM H,0,

2. Bo3neiicTBie aHTHOMOTHKOB KaK CTpPecc-
(¢akTopa

[IpouzBoamiIocs U3yyeHue BO3ACHCTBUS MAJIbIX
J103 aHTUOMOTHKA Ha OModU3NUecKue mapameTpbl
KIeTOK F. tularensis. B skcniepumMeHTe ObUIM HC-
MOJb30BaHbl AaHTHOUOTHUKHU, MPUMEHSIEMbIE MPHU
JICUCHUH TYJISIPEMUH, — CTPEIITOMUIINH, KAHAMUIITH
¥ aMITAIMIIIAH B KoHIeHTpanuu 0,5 /1.

BbL10 BBISIBIIEHO, YTO HAUOOIBIIMM TOBPEKIa-
IOIIHUM JIEMCTBHEM Ha KJIETKY B JaHHOW KOHI[EHT-
paruu o0ranaeT aMIUIIIINH. YK€ Ha Ha9allbHOM
JTane B3aWMOJCHCTBUS aHTHOMOTHKA C KJICTKOU
COIIPOTHUBISIEMOCTH OBLJTa CHIDKEHA B JIBa pa3a. ITO
TOBOPHUT O COPOMPOBAHUHU YACTUL aHTUOMOTHKA
Ha MemOpane. Yepe3 15 MUH CONPOTUBIAEMOCTh
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KJIETKH pe3Ko Bo3pactaer. [lo-BunuMomy, B JaHHBINA
MOMEHT IPOUCXOJIUT aKTUBHAS CTAOMITH3AIUSI MEM-
OpaHBI KJIETKH C IIEJIbI0 3AIIUTHI OT ITOBPEXK IA0IIe-
ro (¢aktopa. Crycts 45 MUH cHOBa HaOIrOMaeTCs
CHI)KCHHE COTIPOTUBIISICMOCTH KISTKH, YTO CBsI3a-
HO C HapyIIEHHUEM IeJI0CTHOCTH MeMOpaH (puc. 4).

[Ipu BO3CHICTBHY KAHAMHIIMHA H CTPEITOMH-
[[MHA Tak)Xe HaOII0AAIOTCA MOX0XKHUE MOKa3aTelH,
HO B MCHBIIICH CTETICHH.

3aknioueHue

Taxum oOpa3zom, yCIOBHUS KyIbTHUBUPOBAHHS
F. tularensis BIUAIOT Ha KU3HEHHbIE MOKa3aTenn
KJIETOK U YPOBEHB HKCIIPECCUU aHTUTEHOB. DJIEKTPO-
ONTUYECKUI aHATTU3 YCIIEIIHO PETUCTPUPYET Pa3HbIC

HayyHbifi otaen
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Puc. 4. Vi3ameHeHHe 3MeKTPOONTHUECKOTO 3P deKTa KICTOK F. tularensis moj NeiCTBHEM aHTUOMOTHKOB MPH
yacTtoTe opueHTHpytomero mnosust 900 k'
Fig. 4. Changes in the electro-optical effect of . tularensis cells at a frequency of the orienting field of 900 kHz

TUTBI BO3ICUCTBUSA Ha KICTKH MHUKPOOPTAHU3MA.
D0 MOHUTOPHUHT (PYHKIIMOHAJIBLHOTO COCTOSIHUS
MHUKPOOHBIX KJICTOK B PEKUME PEeaJI-HOTO BPEMECHU
SIBJISIETCSI IEPCIIEKTUBHBIM METOIOM KOHTPOJIS NpU
pa3zpaboTke MpoPHUIAKTUICCKUX U TUATHOCTUYC-
CKHX Tperaparos.
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The structure of the cell surface reflects the functional state of the
bacterium as a whole. The presence of specific features of cells
affects the biophysical characteristics of their surface: charge, free
energy and hydrophobicity. The interaction of bacteria with biomol-
ecules and particles is also related to these surface characteristics.
The aim of our work was to study the function of F. tularensis
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15 NIIEG cells under cultivation under stress using electro-optical
(EO) monitoring. It was shown that under the influence of elevated
temperature in combination with peroxide stress, the cell viability
indices, as well as the surface of the cell wall, change. At the
same time, stress stimulates expression of immunoreactive stress
proteins in bacteria. The effect of small doses of antibiotic on
the biophysical parameters of F. tularensis cells was studied for
a short time — 1 hour. In the experiment, antibiotics used in the
treatment of tularemia — streptomycin, kanamycin and ampicillin
at a concentration of 0.5 g/I were used. It was found that the
greatest damaging effect on the cell in this concentration was
by ampicillin. When exposed to kanamycin and streptomycin,
changes in the viability of F. tularensis cells were also observed,
but to a lesser extent. Thus, the conditions of cultivation
F. tularensis affect the vital signs of cells and the level of antigen
expression. Electro-optical analysis successfully registers various
types of exposure to microbial cells and is a promising method of
control in the development of preventive and diagnostic medica-
ments.

Keywords: Francisella tularensis, electro-optical analysis, stress,
atomic force microscopy.
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