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B nacrosiee Bpemst HaHodacTuilsl (HY) MeTamioB MOTYT pacCMaTpHBaThCs B KaUECTBE alIbTCPHATHBHBIX areHTOB IS
MIPEOIONICHNs aHTHONOTHKOycToHYnBOCTH. MccnenoBano Bimsare HY cepebpa Ha rpammonoxutenshsie (Enterococcus hi-
rae ATCC9790, Staphylococcus aureus MDC5233) u rpamotpuriaresnbusie (Escherichia coli K-12, Salmonella typhimurium
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MDC1759) 6akrepun. HU cepebpa 1eMOHCTpUPOBAIN aHTHOAKTEPHUATHHYIO aKTUBHOCTH B OTHOIIIEHHUH HCITOIB30BAHHBIX
OakTepuii, YTO MPOSBISUIOCH B TIOJABIICHUH YJCIBHON CKOPOCTH POCTa M YMEHBIICHUH KOJINYECTBA KOJOHNEOOPa3yIOIINX
emunu. [Ipu atom GakrepuimHoe aeiicreue HY cepedpa Ha rpaMnonoxuresbHble Oakreprn Obl1o Oosiee BHIPAKECHHBIM,
YeM Ha TpaMoTpuIaTeNbable 0akTepun. /s BeIIBICHNST MeXaHH3MOB BimsiHUs HY Taxske ObUTH MTpoaHann3upoBaHbl H3-
MEHEHHE OKHCINTEIbHO-BOCCTAaHOBUTENBHOTO NIoTeHMana (OBIT), moToka npoToHOB uepe3 OakTepHaIbHyI0 MEMOpaHy
u BeiesieHne Bogopona (H,). Ilpu nodasnernn HY nabmonanocs nHrnéupoBanne Beixoga H, 1 n3MeHeHne SHEpPro3aBu-
cUMoOro nepeHoca npotoHoB yepes F_F,-AT®a3y, uto ceunetenscTByet o BausHuu HY cepedpa Ha akTHBHOCTH MEMOpaHo-
cBsi3aHHBIX (pepmenToB. [lomyyeHHbIe TaHHBIE YKa3bIBalOT Ha TO, 4To HY cepebpa 00anaoT BEIpaKeHHBIM aHTHOAKTE-
pHUaIbHBIM JICHCTBUEM B OTHOLICHUH MUCCIIEAOBAHHBIX OAKTEPH M MOTYT IPUMEHSITHCS B OMOMEANIIMHE.

Knrouegvie cnoga: HanHouacTUIIBI cepedpa; pocT OaKTepHil; OKHCIUTENLHO-BOCCTAHOBUTEIBHBIIN MOTEHIHAI; YHEPTO-
3aBUCHMBIH ITIOTOK MPOTOHOB; BBIAEIEHHE BOLOPO/A.

bnazooapnocme. Pabora BeInoHEHA 1pH 1o iepkke MuHnCTEepcTBa 00pasoBanus 1 Haykn Poccuiickoit denepanyn
B paMKax (pMHAHCHPOBAHMS HAYYHO-HMCCIIEN0BATEIBCKON JIESITebHOCTH POCCHIICKO-APMSIHCKOTO YHUBEPCHUTETA.
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Nowadays, metal nanoparticles (NPs) can be considered as alternative agents for overcoming antibiotic resistance.
The effect of silver NPs on gram-positive (Enterococcus hirae ATCC9790, Staphylococcus aureus MDC5233) and
gram-negative (Escherichia coli K-12, Salmonella typhimurium MDC1759) bacteria have been investigated in this work.
Silver NPs demonstrated antibacterial activity against the bacteria used, expressed in the decrease of the specific growth
rate and the number of colony forming units. Moreover, the bactericidal effect of silver NPs on gram-positive bacteria
was more pronounced than on gram-negative bacteria. In order to find out the mechanisms of NPs’ effects, the change of
the redox potential, the hydrogen (H,) production ability, and the protons flux across the bacterial membrane have been
also studied. The addition of NPs led to inhibition of H, yield and to change of the energy-dependent proton flux through
F F,-ATPase, indicating the silver NPs effect on the activity of membrane-bound enzymes. The data obtained point out
that silver NPs show a pronounced antibacterial effect against the studied bacteria and can be used in biomedicine.
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BBenenue

ITonmyuenue 3¢ (HeKTHBHBIX aHTHOAKTEPHATBHBIX MTPETIAPATOB SBISETCS aKTYaILHOM ITPOOIEeMOit COBpeMeH-
HOW MEIWIMHBI U OMOTEXHOJIOTUU B CBSI3U C POCTOM PE3UCTEHTHOCTH MHUKPOOPTAaHH3MOB K aHTHOMOTHKAM.
Hanouactuier (HY) MHOTHX MeTamuioB 001aJat0T BBIPaKEHHBIMU OaKTEPUIIMIHBIME JTHOO0 OaKTepuocTaTHye-
CKHMH CBOMCTBaMH, BCIIEICTBUE YETO MOTYT PAacCMaTpPUBATHCS B KAUECTBE aJIbTEPHATUBHBIX areHTOB JUIs IIPEo-
JTOJICHUSI aHTHOUOTHKOYCcTOMUnBOCTH [1—4]. JlocTHXXEHHUSI HAHOTEXHOJIOTUH TTO3BOJSIOT HCIONb30BaTh HY
B Pa3NUYHBIX cepax MesTeNbHOCTH, BKIIOUas OMOTEXHOIOTHIO, MEIUINHY, (hapMalleBTHIECKYT0, MTUIIEBYIO
TIPOMBINIIEHHOCTH U T. 1. [1-4].

YygsctBuTenbHOCTh OakTepuii kK HY 3aBucuT OT psia pakTopoB, TAKUX Kak CTPyKTypa, hopma u pasmep HU,
WX CHHTE3, THII CTa0MIN3aTopa, CTPYKTypa OakTepHajbHOW CTEHKH, 0COOCHHOCTH MeTabonm3Mma u ap. [3-5].
[To pasmepy HY Onuzku k 60IBIIMHCTBY OMOJIOrMYECKUX MaKPOMOJIEKYJI, a 10 XMMHUYECKOH aKTUBHOCTH Ipe-
BOCXOJISIT HOHBI, YTO O0YCIIOBIIEHO OOJBION ylIeTbHON TTomaapio moBepxHoctu HY B pactBopax [4—6]. Ma-
mere pazmepsl HY crmocoOCTBYIOT aHTHOAKTEPHAIEHOMY JISHCTBHUIO, TaK KakK Ojarogaps STOMY OHH CITIOCOOHBI
MIPOHUKATh Yepe3 OakTepuaabHble MeMOpansl [1; 4—6]. Bo3nelicTBys Ha memOpanbl, HY Hapymaror xu3He-
JeSITEIBHOCTD 1 BBI3BIBAIOT THOENIb MUKpOoOpranu3MoB. [Tomumo storo, HY Biusitor Ha popmupoBanue O6uo-
IJICHOK Pa3IMYHBIMU MaToreHamu [ 7-9].
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Panee namu 65110 HccnenoBano aericteue HY okcuaa sxenesa Ha pOCT M BEDKMBAEMOCTh Pa3HbBIX OaKTepHid,
B TOM YHCJI€ aHTHOMOTHKOPE3UCTEHTHBIX TaMMOB Escherichia coli [10; 11]. O0Hapy»)eHO HHTHOUpYIOIIee
BnusiHue HY Fe,O, Ha mapameTpsl pocTa 1 MEMOpPaHOCBSA3aHHbIE IPOLIECCHI B JAHHBIX OakTepusix. BozmokHo,
[IPUYMHON MHIMOMPOBAHUS SIBIIETCSI 00pa30BaHNE AaKTUBHBIX (DOPM KHCIIOPOJa, YTO MOXKET IPUBECTH K OKHC-
JUTEIBHOMY CTpECCY, MOBPEXKICHUAM OCJIKOB U KJIETOYHbIX MeMOpaH. Cpean MeMOpaHOCBSI3aHHBIX MTPOIiec-
COB 0CO0YIO POJIb UTPAET M3MEHEHNE aKTUBHOCTHU NMPOTOHHON AT®da3kl, paccMaTpuBaeMOi B Ka4eCTBE OJHOM
13 MepBUYHBIX MumieHei nis HY.

ITouck u npumeHenne HOBbIX HY ¢ IUPOKUM CIEKTPOM TEPANIEBTUUECKOIO JECHCTBUS UMEOT OYEHb BaXK-
HOE 3HAUCHUE /i1 OMOMEIMIIMHBI M OMOTEXHOJIOTHH. XOPOIIIO W3BECTHBI aHTUMHUKpPOOHBIe cBo¥icTBa HY ce-
pedpa (Ag) [5-8; 12]. OqHako MEeXaHU3MBI, JIS)KAIIUE B OCHOBE aHTHOAKTepUaIbHOTO AetictBus HU, He uccne-
JIOBaHbI IIOJHOCTBIO U Pa3iInuaroTcs B 3aBucuMoctu oT Buja HY, criocoba ux nomyueHus u Buna 6akrepuil.

B nannoit padore nzyuyeno Bnusiaue HY Ag Ha mapameTpsl pocta (yaelbHasi CKOPOCTh U BBIKHBAEMOCTH,
OKHCITUTENIbHO-BOCCTAaHOBUTENBHBIH moTeHnuan cpeabl (OBIT)) u MmemOpaHOCBs3aHHBIE MPOIIECCHl B TpaM-
MONOXKUTENBHBIX (Enterococcus hirae ATCC9790, Staphylococcus aureus MDC5233) 1 rpaMOTpHUIIaTEBHBIX
(Escherichia coli K-12, Salmonella typhimurium MDC1759) 6akrepusix.

MarepuaJibl 1 METOIAbI UCCJIEIOBAHUS

BakTepuu u ycjioBusl KyJTUBUPOBaHUs. B HacToseit pabore ucmonp3oBamuch mraMmel E. coli K-12
JauKoro tuna (JrabopatopHbli mraMm) U E. hirae ATCC9790, npenocrasiennslii mpodeccopom M. Connozom
(bepuckuii yausepcurer, LlBeiinapus), a Takxe S. fyphimurium MDC1759 u S. aureus MDC5233 u3 xosek-
LUK MHKPOOPTaHU3MOB OHonornueckoro ¢axynsreta EpeBaHckoro rocyaapcTBEeHHOTO YHUBEpCHTETa (IO~
yens!l U3 LlenTpa nemonnpoBanns Mukpo6oB HarmonaneHo# akanemun Hayk PecryOomuku Apmenus). bakre-
puu E. coli, S. typhimurium u S. aureus BoIpallliBaJIKCh B aHA3POOHBIX YCIOBHUX Ha nenToHHou cpeze (2,0 %
nenroHa, 0,5 % NaCl, 0,2 % K,HPO, u 0,2 % rroxo3sr) npu 37 °C u pH 7,5 [10], a E. hirae ATCC9790 — na
TPUNTOHHOH cpene, kKak onucano paHee [10]. KynsruBupoBanue GakTepuii MPOBOANIOCH B CTEKISHHBIX CO-
cynax DURAN® (Carl Roth, Tepmanns) 06bemoM 250 MIT ¢ IIIOTHO 3aKPbIBAIOIIMMICS BO3TyXOHEIPOHHI[AC-
MbIMH TIpoOKamMu. [1pr 3TOM muTaTenhbHYIO Cpemy 3ajJHBalld JOBEPXY, OCTABISASI MEXKIY MMPOOKOH U POCTOBON
cpenoi HeOoubIIy 0 Tpociaoiky Bo3zayxa (30 mur). B nensx co3ganus aHa’3poOHBIX YCIOBUN aTMOC(hEpHBIH
U pacTBopeHHbIH O, yaasuin U3 pocTOBOM cpeabl aBToknaBupoBanueM (mpu 120 °C B teuenue 20 MuH), noc-
JIe 4ero COCy/bl 3aKpbIBallK MpoOkaMu. J{iist coxpaHeHHs aHadPOOHBIX YCIOBHH M TOIACPKAHUS YPOBHS CO-
nepxxkanust O, cocynbl XpaHWIM TEPMETHYHO 3aKphIThIMU. /1151 moceBa ucnonb3oBaiu 1,5 % npeaBapuTeiabHO
BBIPAIICHHON JKUIKOH HOYHON OaKTEpHaTbHON KyIBTYPHI.

Poct GakTepuii KOHTPOIMPOBAIH MMyTEM U3MEpeHuUs onTrdeckoil motHocTH (OI1) cycnensnu Ha CIeKTpo-
¢doromerpe SP-2000 UV Visible (Ningbo Hinotek Instrument, Kuraii) npu mmne BosiHbel 600 HM (OI1 ).
CxkopocTb pocta (W) onpezessuiu mo Gopmyiie

_ InOIT-InOII,
B —

rie OIl, — HauanbHOe 3HaueHne ontuyeckoi muorHoctH (Ol ), a OIT, ects OIl ), uepes Bpems ¢. Bennunny p
BBIpakaJi B 4acax B MUHYC 1riepBoii crernienu [10; 11]. [logcyer sxn3HecnocoOHBIX OakTeprii IPOBOIMINA METO-
JIOM TI0CEBa COOTBETCTBEHHO Pa3BE/ICHHOW B ONPE/IENICHHOM 00beMe OaKTepHaIbHON KyIbTYphl Ha TUIOTHYIO TTH-
TaTeNbHYIO cpey B yamky [leTpu u mocnemyromiei Komm4ecTBeHHO! OlleHKH cpopMUpOBaHHBIX KOOHHH [10].

Xapakrepuctuka HU cepedpa. HU Ag «CunbBepron» ((papmanerrudeckast kommnanus «Tonyc-Jlecy,
ApmeHust) B KOHIIGHTpauu oT 5 10 30 MKr/mMit 100aBIIsiIn HEMOCPEACTBEHHO B pocToBYIO cpeny. CTpykTypa,
¢dopma u pasmep HY Ag, CHHTE3UPOBAHHBIX AEKTPOXUMUUIECKUM METOZOM, OBUIN HCCIIEAO0BAHbI C IOMOIIBIO
TPaHCMHMCCHOHHOM Ay1eKTpoHHOM MuKpockonuu (TOM) ¢ npumenenneM mukpockorna JEM 2100 (JEOL, Smo-
Hus) (puc. 1). HU umenu cepudeckyto dhopmy, ux cpearnii pazmep cocrasisit (29,20 + 0,08) am.

Omnpeneaenne pH, OBII cpenbl, Boixona H, u 3Hepro3zaBucuMoro noToka NpoToHoOB 4yepe3 OakTe-
pUaNBHYI0 MeMOpany. YposeHb pH cpenst usmepsiu ¢ nomoiusto pH-merpa (HANNA Instruments, Ilopryra-
must). HaganeHoe 3Hauenne pH nomaeprskuBaioch B ipeaenax 7,5 £ 0,1 myrem mobasmenws 0,1 moms/m NaOH wm
0,1 mone/n HC1[10]. Benmmuuny OBII cpenst onpeaernsiiu nudpossivu nonomepamu M-160 MIT (T'omensckuii
3aBOJI U3MEPUTENBHBIX MPUOOPOB, benapyck) ¢ ucnonp3zoBanneM miarnHoBoro (JI1B-01) n turan-cumukar-
Horo (D0-21) snexTponos, kak onucaHo paxee [10; 11]. Beixon H, paccuntbiBany 1o U3MEHEHUIO BEIMUUHbI
OBII u BeIpaykany B MIIITUMONAX Ha 1 1 kynsTypsl [10; 11].

[otok H" 4epe3 GakTepuanbHyo MeMOpaHy ONpEeNsiy ¢ TIOMOMIBIO COOTBETCTBYIOMIETO CEJIEKTHBHOTO
anexrpona HI1131B (HANNA Instruments, Iloptyranus), kak onucano padee [7; 8]. bakrepun KynbTuBHpOBaIn
B ipucyTctBur HY Ag (10 Mxr/Min) B Teuenue 18—20 4. 3atem OakTepuanbHYIO KyasTypy 20 MUH HEHTPUPYTH-
poBaiu mpu 6000 06/MHH, TIOTYYEHHBIN 0canok nepeHocuin B 150 mmoms/n Tpucdocdarustii 0ydep (pH 7,5)

b
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Puc. 1. 306paxxenne HY cepebpa, moaydaeHHOE METOIOM
TPAaHCMHCCHOHHOM IEKTPOHHOM MUKPOCKOITMH

Fig. 1. The TEM image of silver nanoparticles

¥ 7106aBJIsT MCTOYHUK SHepruu — mitokosy (11 Mmonb/m). H -moTok (Jy;+) BhIpakaan B MUJUTUMOJSX B MH-
myty Ha 10" xetok [10; 11]. {151 HCCIIEOBAHMS BIMSHHS HHIHOUTOPA IPOTOHHOTO TPAHCIIOPTa GaKTepUHU
uHKyOuposaiu ¢ 0,2 mmons/n N, N’-autmkiorekcuikapooauumuaom (JILKI) B Teuenne 10 mun [10; 11].

Crarucrnyeckuii anaan3s. CTaTucTuyecKyto 00pabOTKy JaHHBIX BBIITOIHSIIN C TIOMOLIBIO KOMIIBIOTEPHOH
nporpaMmmel Excel. B pabote npusonsaTcs cpeanue apuMeTUIeCcKUe 3HaUCHUsI U3 HE MEHee YeThIpex Hesa-
BHCUMBIX 3KCIIEPHMEHTOB CO CPEIHEKBAAPATUYECKUM OTKJIOHEHHUEM pEe3yJbTaTOB M3MEPEHUNH U KpUTepueM
nocroBepHOCTH CThIOIEHTA AJIS pa3HULIbl PE3YNbTaTOB pa3lNUyHbIX cepuil skcnepuMeHToB [10; 11]. JlanHble
CUMTAIOTCS JOCTOBEPHBIMU TpH p < (,05.

Pe3yJ'[I)TaT])I H UX 06cymelme

Bruto npoananusuposano Biausiaue HY cepeOpa Ha mapameTpbl pocTa rpaMOTPULATEIbHBIX OaKTepuit
E. coli K-12 u S. typhimurium MDC1759 u rpamnonoxurenssbix E. hirae ATCC9790 u S. aureus MDC5233.
Br160op 00bekTOB H3ydeHH 00BsICHSIETCS TeM, 4To E. coli n E. hirae mupoKko NCTIONB3YIOTCS B MUKPOOHOIIO-
THYECKHUX 1 OMOTEXHOJIOTHYECKNX UCCIIEAOBAHUAX B KAYECTBE MOAEIBHBIX OPTraHU3MOB JIJISl TPaMOTPHUIIATEb-
HBIX U TPaMIIOJIOKUTENIBHBIX OakTepuii coorBeTcTBeHHO [3; 10; 13; 14]. Cpeau 3TUX SHTEPOOAKTEPHIA TAKKE
BCTPEYAIOTCSI NAaTOr€HHBIE (DOPMBI, KOTOPbIE BHI3BIBAIOT Pa3InUHbIC 3a00IeBaHUs, TAKHE KaK MHPEKIIUN Key-
JIOYHO-KHIIIEYHOTO TPaKTa, MOYEIIOJIOBOM U IIEHTpaIbHOU HEpBHOM cucteMmsbl [15; 16]. IIpeacraBurenu ponos
Staphylococcus n Salmonella — matoreHHbIe 0AKTEPUH, BHI3BIBAIOIINE IMIUPOKUN JUANMa30H HHPEKIIMOHHBIX
3a00JIeBaHMH y YeJIOBEKa U TPOSIBISIONINE YCTOWYNBOCTh KO MHOTUM M3BECTHBIM aHTHOMOTHKaM [17; 18].

HY Ag nemoHCTpHpOBaiy aHTHOAKTEpUANTBHYIO aKTUBHOCTh B OTHOIICHHH HCIIONIb30BAHHBIX OaKTEpHIid,
BBIPQKAIOIIYIOCS B TTOIABICHUN YIACTHHOW CKOpOCTH pocTa (puc. 2). O0HapykeHa KOHIICHTPAIIMOHHAS 3aBH-
CHUMOCTH aHTHOaKTepruaibHOro aeicTeua HY Ag: makcumanbHblil HHTHONpYyonwii a¢dext HY Ag nposBrsiics
npu koHueHTpauuu 30 Mxr/mi (cM. puc. 2). [1pu stom neiicteue HY Ag Ha E. hirae u S. aureus Obio 6oinee BbI-
pakeHHbIM, 4eM Ha E. coli u S. typhimurium. Kak BugHO U3 pHC. 2, yaeabHas CKOPOCTb pocTa S. fyphimurium
MDCI1759 u E. coli K-12 3amemsinack ipumepHo B 4,0 u 6,0 pa3a cOOTBETCTBEHHO (CM. pHC. 2, @), TOTAa KaK
poct S. aureus MDC5233 u E. hirae ATCC9790 nonasmsuics B 7,0 u 7,6 pa3a COOTBETCTBEHHO (CM. pHC. 2, 0).

Takum 00pa3oM, rpaMOTpHUIIATEIbHBIE OAKTEPUH OKa3aJIMCh OoJiee yCTONUMBBIME K jeiicTBuio HU, uem
IPaMIIOJIOKHUTENIbHBIC, YTO MOJKET OBITH CBS3aHO CO CTPOCHUEM KIJICTOYHOH CTEHKH M HAJMYHUEM Hapy>KHOH
MeMOpaHBI, CiTykariei ceoeoOpa3HsiM Oapbepom st HY. [peamonaraercs, yto aHTHOAKTepHaTbHAS aKTHUB-
HOocTh HY Ag MOXKET OBITH PE3yabTaTOM BOSHUKHOBEHHUS CBOOOIHBIX TTOJIOKHUTEIIBHO 3apsHKCHHBIX HOHOB Ag,
UX a7COpOIMK HA OTPHUIATEIBHO 3aPsIKEHHOM MOBEPXHOCTH OaKTEpUaIIbHONW MeMOpaHbI, B3aUMOACHCTBUS
C MeMOpaHOCBI3aHHBIMU O€lIKaMu, B TOM 4Hciie ¢ pepMeHTaMu, U IPOHUKHOBEHUS B KiIeTKy. CBOOOAHbIE
MOHBI Ag' MOTYT CIOCOGCTBOBATh 00Pa30BAHUIO AKTHBHBIX (POPM KHCIOPOJIA, YTO MOXKET MPUBECTH K OKHC-
JUTEILHOMY CTPECCY, MOBPEXKICHUAM OCIKOB M KJIIETOYHBIX MEMOpaH, a Takxke K rudenu O0akrepuii [4—6; 12].

Bruto nccnenosano Bnusuue HY Ag na xonnvectBo koioHneoopasytomux eanuui (KOE) ucnonb3yembix
Oaxrepuit (puc. 3). Ilpu nobasnenun 10 mxr/mut HY Ag Konm4ecTBO KU3HECTIOCOOHBIX KOJIOHUH S. typhimu-
rium MDC1759 u E. coli K-12, BeIpocIINX Ha IJIOTHOW MUTATEIHHON cpefie, CHIKaoch Ha 60 u 52 % coot-
BETCTBEHHO 110 CPAaBHEHHIO ¢ KOHTposieM (cM. puc. 3). B mpucyrctun HY Ag Habmronanock Takke yMeHbIIe-
HUe uncna konoHuit S. aureus MDC5233 u E. hirae ATCC9790 Ha 71 1 76 % cOOTBETCTBEHHO OTHOCHTEIBHO
KOHTPOJISI, YTO CBHJICTEIILCTBOBAJIO O OAKTEpULIMAHOM JieiicTBrn naHHbix HY (cm. puc. 3).
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S. typhimurium MDC1759 E. coliK-12 S. aureus MDC5233 E. hirae ATCC9790

- Kontposs (6e3 HY) - Bakrepns + HU Ag (5 Mxr/mi) - bakrepus + HU Ag (10 mxr/mon)
[ bakrepus + HU Ag (20 mxr/mn) [ | Baxrepus + HU Ag (30 Mxr/von)

Puc. 2. BnusiHue pa3nuunblx koHuentpauuiit H4 Ag Ha ynenpHyI0 cKOpocTh pocTa rpaMOTpULaTeIbHbIX (&)
U TPaMITIONIOXKUTEIBHBIX (6) OakTepuid. KoHTpons — 6akTepnu, BeIpamienHsie 6e3 HY

Fig. 2. Effect of Ag NPs various concentrations on the specific growth rate
of gram-negative (@) and gram-positive (b). Control was without nanoparticles addition

100

80

S. typhimurium  E. coli S. aureus E. hirae
MDC1759 K-12 MDC5233  ATCC9790

- Kontposns (6e3 HY) - Bakrepns + HU Ag (10 mxr/vi)

Puc. 3. KonmuecTBo KOTOHHEOOPA3YIONINX SAMHUIL PA3THYHBIX OaKTepUi
npu pocte B npucyrcreun HU Ag (10 mkr/mit). Kontpons — 6akrepuu, Beipariennsie 6e3 HU

Fig. 3. The number of colony forming units of various bacteria, grown
in the presence of Ag NPs (10 pg/mL). Control was without nanoparticles addition

OBII sBnsieTcst BaxXHBIM (haKTOPOM, XapaKTEPU3YIONTAM METa00IMIECKY0 aKTUBHOCTD OaKTEPHIA TIPH POC-
T€ B pasnuIHBIX ycimoBusax [3; 10; 19]. YeraHOBIEHO, UTO pOCT OaKTEPHl B OTCYTCTBHE KHUCIOPOIA COIPO-
Boknaercs cHkeHrneM OBII oT MONMOXHUTENBHBIX 10 OTpHUIIATEIRHBIX 3HaueHu [3; 10; 19]. B pabore Obu10
nccnenosano maMenenue OBII B mporiecce 6akTepuansHoro pocta B npucytctsun HU Ag (puc. 4). Poct
S. typhimurium MDC1759 u E. coli K-12 (6e3 HY) B aHa’poOHBIX YCIOBUAX B TeueHUE 20 I COMMPOBOXKIATICS
cumkennem 3Hadennii OBIT ot (+120 * 10) mB B Hawane mar-¢asst 10 (—430 £ 15) MB u (—580 £ 15) MB co-
oTBeTCTBEHHO (cM. puc. 4). [Tamenne OBII yka3siBacT Ha MOBHINICHHE WHTCHCUBHOCTH BOCCTAHOBUTEIHHBIX
peaxiuii, 9To SBISIETCS XapaKTEePHBIM I METa0OIMUYECKHAX MPOIIECCOB MPU pOCTe OaKTeprii B aHAIPOOHBIX

68



BuorexHosi0rus 1 MUKpOOHOI0TUS
Biotechnology and Microbiology

S. typhimurium E. coli S. aureus E. hirae
MDC1759 K-12 MDC5233 ATCC9790
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Puc. 4. Iamenenue OBII cpenpl pa3nu4HbIX OaKTepHil IPH POCTE
B npucyrctBun HY Ag (10 mxr/mi). Kontpons — 6akrepun, Beipaiiennsie 6e3 HU

Fig. 4. Changes of medium redox potential of various bacteria grown
in the presence of Ag NPs (10 pg/mL). Control was without nanoparticles addition

ycIoBUsIX U MeMOpaHocBsi3aHHOrO BelaesneHus H, [3; 10; 19]. JloGasienne HY Ag npuBoanT K 3aMeIEHUIO
nmagenust OBIL. Tak, B mpucyrcrsun 10 mxr/mn HY Ag 3nagenue OBII camxanock no (—280 £ 10) mB (S. typhi-
murium) u (—410 = 10) MB (E. coli) (cm. puc. 4). B cmydae rpaMmonoxxuTensHeIx Oakrepuii nameHerane OBIT
OBLIO HE CTOJIb BRIPAYKEHHBIM (CM. pHC. 4).

B3aumocssi3p Mexny cHikeHneM Beanunabl OBII u Beinenenuem H, Oblna nokaszaHa uis pa3sHbIX MUKPO-
OpraHu3MoB B Haiuel ylaboparopuu [19-22]. U3sectHo, uto Bhinenenue H, Oakrepusamu E. coli cBsi3aHO
C JIeATENbHOCTHIO THApOTeHa3 u popmuar-sogopoa-ma3aeix (OBJI) kommrekcos [19; 20]. HU Ag momasmsmu
Beixog H, B E. coli K-12 npumMepHO B 5 pa3 U NONHOCTbIO MHIMOMPOBAJIM JAHHBIN 1pouecc B S. fyphimurium
MDC1759 (nannsie He npusoasrcs). [eiictBue HY na memOpanocssizanHoe Beigenenue H, Mmoxer ObITh 00y-
CITOBJIEHO TIOZIABJICHNEM aKTUBHOCTH TuaporeHas n ®BJI-xkommiekcos. [ paMnonoxuTenbHbIe OakTepuu S. aureus
MDC5233 u E. hirae ATCC9790 HecniocoOHBI K BBIIENEHUIO OHOBOIOPO/IA.

KJICTOK

10

H

Joy+, MMOJIB/MHH Ha 10

S. typhimurium MDC1759 S. aureus MDC5233

- KonTpons (6e3 HY) - Kontposns + UK/ (0,2 Mmosb/i)
- Bakrepus + HU Ag |:| Bakrepus + HU Ag + JILK/ (0,2 Mmmons/m)

Puc. 5. Bmusune HY Ag (10 mxr/min) Ha notok HY uepes Mem6panbt
S. typhimurium MDC1759 u S. aureus MDC5233. Konrtpoib — 6akrepu, BoipaiieHHbie 6e3 HY

Fig. 5. Effect of Ag NPs (10 ug/mL) on the H*-flux across the membranes
of S. typhimurium MDC1759 and S. aureus MDC5233. Control was without nanoparticles addition
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Hns BbIsABIIEHUsT MexaHU3MOB BiMsiHuA HY Takke vccienoBain SHEpro3aBUCUMBIN EPEHOC TPOTOHOB Ye-
pe3 OakrepuaiibHyr0 MeMOpany. [lpu nodasnennu HY Ag HaOmr0Ma10Ch U3MEHEHHUE SHEPTrO3aBUCHMOTO T10-
TOKa MPOTOHOB uepe3 MeMmOpany B S. typhimurium MDC1759 u S. aureus MDC5233 naxe B NpUCYTCTBUH
naruouTopa ALK/, cBuneTenscTBytomniee 0 ToM, 4T0 aHTHOaKTepuanbHoe aerictBue HY moxer ObITH CBs3a-
HO ¢ u3MeHeHHeM akTUBHOCTH F F,-AT®a3b! (cM. puc. 5). IlomydeHHbIe pe3yabTaThl yKa3bIBalOT HA TO, YTO
MeMOpaHocBs3aHHas potoHHas ATdaza MOXKET SIBIATHCS OCHOBHOM MUIIIeHBIO netictBust HU Ag.

3aKjaoueHune

Takum oOpa3om, 0OHapykeHo aHTHOaKTepuanbHoe aeiictrue HU Ag Ha uccieioBaHHbIe OaKTEPHHU, IPOSIB-
JISTFOIEECsl B MOJIABIICHUH Y/ICILHOW CKOPOCTH POCTA, YMEHBIIICHUN KOJMYECTBA KU3HECIIOCOOHBIX OaKTEepH-
aNbHBIX KooHUiH, naMeHeHusx OBII, mepeHoca mpoToHOB uepe3 MeMOpaHy U BhIJeneHnn OnoBogopona. [pu
aToM OakrtepuiuaHoe BiausHue HY Ag Ha rpamnonoxurtensHbie 6akrepun E. hirae u S. aureus Obuio 6oiee
BBIPKECHHBIM, YeM Ha TpaMoTpunareiabasie E. coli u S. typhimurium. llpeanonaraercsi, 9T0 TpaMOTPHUIIATEITb-
Hble OakTepuu OoJiee YCTOWYMBHI K Bo3zekicTBrio HY Gnaronapst Hamu4uui0 Hapy»KHOW MeMOpaHbl, ClTyKalen
cBoeoOpa3HbIM Oapbepom st HY.

CrnenoBarenpHo, HY Ag MOTyT paccMaTpHuBaThCs Kak MEPCIIEKTUBHBIC aHTHOAKTEPUAIIbHBIEC areHThI U B Oy-
IyIIeM CITIOCOOHBI 3aMEHUTHh aHTUOMOTHKH TIPH JICUSHUH PA3IMYHBIX 3200JIeBaHUH.
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