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B paGore ucnosb3oBajcs pexKuM OCUWUISLIMM aTOMHO-CHI0BOTro Mukpockora (ACM) miist co3naHus CH-
CTeMBbI BLICOKOUYBCTBUTEIBHOM IETEKIIMA aHTUOMOTUKOPE3UCTEHTHOCTU B PEXUME PeaiIbHOTO BpEMEHU.
Takoii pexxuM IO3BOJIIET OLICHUTh YYBCTBUTEILHOCTh WIN PE3UCTEHTHOCTh rpaMoTpruLaTeNIbHbIX (Escherichia
coli) v rpamMIIoNoXUTeNbHBIX (Staphylococcus aureus) 6akTepuii K aHTUOMOTUKY 3a 15—30 muH. B ocHOBe aHanu-
TUYECKOTO CUTHaJIa (MI3MEHEHUST aMITIMTYTHO-YaCTOTHBIX XapaKTepUCTUK KaHTUJIEBEPa) JIEKUT MeTaboImie-
CKasli akTUBHOCTb OakTepuii. bakrepru, BhicakeHHbIE Ha KAHTUJIEBED, BBI3BIBAJIM €0 KOJIeOaHUSI C BHICOKO
aMIUTMTyno#. B ciryyae ecin 6akrepru YyBCTBUTEIbHBI K aHTUOMOTHKY, aMITIUTYa CTATUCTUIECKU 3HA-
yuMo mnanaia B TedeHue 15—30 MUH, eciu 6aKTepuu pe3UCTEHTHBI, TO aMIUIUTyIa MO0 He U3MEHSLIACh,
JIMO0 yBeMMIMBasach. [ToydeHHBbIE pe3yIbTaThl COMTOCTABUMBI C TUCKO-TU(MGOY3MOHHBIM METOIOM.

Karouesvie cro6a: aHTUOMOTUKOPE3ZUCTEHTHOCTb, aTOMHO-CUJIOBasi MUKPOCKOMUSI, PEXKUM OCLIMJUISILINU,
nucko-nuddysnonHslit Meton, Escherichia coli, Staphylococcus aureus
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VCToMUMBOCTE K aHTUOMOTUKAM SIBJISIETCSL €CTe-
CTBEHHBIM CBOIICTBOM MMWKPOOPraHM3MOB B pa3jiny-
HBIX 3KocucTemax [1]. OgHako “3KonorudecKuii mpec-
CUHT” BBI3BAJl YCKOPEHHOE paclpOCTpaHEHNE TeHOB
PE3UCTEHTHOCTU CPpeaY HO30KOMUAIbHBIX IITAMMOB.
3a 60see yem 70 J1eT ¢ MOMEHTA Havyajia IIpOU3BOICTBA
OBLIM CMHTE3MPOBAHbI METraTOHHbI aHTUOMOTUKOB U
Cepbe3HOiT MPOOIEMOIi CTAJIO IIIMPOKOE UX UCTIOJIB30-
BaHHUE IJIsI CaMBIX pa3HbIX Lejieit [2]. B HacTosee
BpeMsi HEKOTOPBIE€ 9KCIEPTHI MPEAyIIPesKaaloT O BO3-
BpallleHUU K JOAaHTUOMOTUYECKOI 31oxe. DTU omna-
CeHHMsI CBSI3aHBI C TE€M, YTO OTKPBLITO yxXe Oojee
20000 nmoTeHIIMAJIBHBIX TEHOB PE3UCTEHTHOCTH K aH-
tubuotukaM [3]. Hapsiomy ¢ pa3paboTKoil U BHeape-
HUEM HOBBIX KJIACCOB aHTUOMOTUKOB M KOHTPOJIEM
3a UX palMOHAJIBHBIM MCIOJIb30BaHNEM HOJDKHBI pa3-
pabdaThIBaThCSI METOIbI SKCIIPECC-TECTUPOBAHMS aHTH -
OMOTHKOPE3UCTEHTHOCTH, KOTOPBIE 00ECIIeuaT KIIMHM-
UCTOB MHPOpMAaLIME, HEOOXOOUMOM UISI CBOEBpE-
MEHHOI'O Ha3HAYEHUs ONTUMAaJIbHON 1 3(HEKTUBHOM
Tepanuu U €€ KOPPEKIUU Y TSKeJIbIX OOJIbHBIX C Ta-
KM 3a00JIeBaHUSIMU KaK CETICUC, TsKesiash ITHEB-
MOHUS, OaKTepUaIbHBIII 3HAOKAPIUT, ITEPUTOHMUT,
MEHUHTUT U 1p., [IPA KOTOPBIX OIIINOKA B BEIOOPE aH-
TUOAKTEePUATILHOM TAKTUKN NPUBOAUT K TUOEIN I
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WHBaJIMIM3aIny manuenTa. JAncko-anddy3noHHbII
METO/I CUMTAETCs 30JI0ThIM CTaHAApTOM Io00pa aH-
TUOMOTUKOB M aHTUMUKOTMKOB UISI TUOTPOMHOI
Tepanuu [5, 6], MOCKOJIbKY MMEET LEJbIiA psi Ipe-
WMYIIIECTB. TMPOCTOTa, HU3Kasi CTOMMOCTb, BO3MOX-
HOCTb TECTUPOBATH OOJIBIIIOE KOJIMYSCTBO MUKPOOpra-
HU3MOB M aHTUMUKPOOHBIX ar€HTOB, IIPOCTOTA UHTEP-
MpeTalry MoJydYeHHbIX pe3yabTaToB. OTHAKO MOXHO
OTMETHUTb U CYIIIECTBEHHbIE HETOCTATKU, ITOCKOJIbKY
MHIMOMpPOBaHME POCTa OaKTepuii HE O3HAYAET MX T~
oenb. KpoMe Toro, 3TOoT MeTOn He JaeT MHGOpMaIIuKN
0 0aKTEepMLIMIHOM WJIM 0aKTePUOCTAaTUUECKOM Jeii-
CTBMU, HE MOAXOAUT IS ONpelneieHUsI MUHUMAJIb-
Holi mHruobupyloumeit KonueHrpamuu (MHUK), tak
KaK HEBO3MOXHO KOJUYECTBEHHO OMNpPEIEIUTh KO-
JIMYECTBO IMMPOTUBOMUKPOOHOTO areHTa, IudyHamu-
poBasiiero B cpeny [7]. Ho caMbIM CylieCTBEHHBIM
HEJIOCTAaTKOM IUCKO-IU(PGY3MOHHOTO METOIA SIBJISI-
€TCsl BpeMsI €r0 BBIIOJIHEHUSI: IJISI TIOJIydeHUSI aHTU-
OMOTHKOTpaMMBI TpeOyeTcsl He MeHee CYTOK, 3a 3TO
BpeMsl MallMEHTY Ha3HA4vaeTCsl SMIIMpUYecKass aHTH-
OMOTHUKOTEPAITHs, YTO CITOCOOCTBYET (DOPMUPOBAHUIO
AHTUOMOTUKOPE3UCTEHTHOCTY Y MUKPOOPTaHU3MOB.
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B 2015 r. rpynma C. Ka3zaca [8] chopmymmpoBaia
WUJICI0 O TOM, YTO MOXHO BbICaXXHUBaTh OaKTepuU Ha
IMOBEPXHOCTh KaHTUJIeBepa aTOMHO-CUJIOBOTO MMK-
pockona (ACM), KOTOPHI A0 3TOrO UCIOIb30BAICI
WUCKJIIOUUTEIBHO JJIsI UCCIeNoBaHUSI MOPGhOJIOTUU U
PUTHIHOCTHU XXUBBIX KJIETOK C BLICOKMM pa3pellIcHUEM.
bakrepun, npukperuieHHbIe K KaHTwieBepy ACM,
BBI3bIBAIOT KOJIeOaHUSI, KOTOPhIE HAIIPSIMYIO KOppe-
JIMPYIOT C XKM3HECIIOCOOHOCThIO MMKpPOOpraHM3Ma.
ITo3oHee Ha ocHOBe 3TOro ObLIa pa3paboTaHa CUCTe-
Ma ObICTpoM 1 3(PHEKTUBHON AeTEKIIMU aHTUOMOTH -
KOpe3UCTeHTHOCTU [9]. DTa cucreMa mo3BoJjsjia B
OTJIMYME OT IUCKO-Ar((Py3MOHHOTO METOA BHIIABATh
pe3yJIbTaT O YyBCTBUTEIbHOCTU WJIM PE3UCTEHTHOCTU
bakTepuii yxxe yepe3 1—2 4. B padote [10] ObL11 pa3pa-
0oTaHbI U aIpoOMPOBaHBL: ONTUMAJIbHBIE KaHTHUJIC-
BEPHI 11 UCCIEAOBAaHMSI XKU3HECIIOCOOHOCTU OaKTe-
puii, MeTonbl PUKcalMy OaKTEepUii Ha KaHTUJIEBEpE,
METOIBI HETEKIIMK Pa3IMUMil B KOJICOAHMSIX KaHTU-
JIeBepa MEXKIY XKUBBIMU OAKTEPUSIMU U OaKTEePUSIMU
MOABEPIHYTHIMUA BO3IEHCTBUIO aHTUOMOTHKA C OaK-
TePULIMIHON aKTUBHOCTBIO, PA3INUMs B KOJICOAHMUSIX
KaHTWJIEBEPOB JJIsl OMHOTO U TOTO XK€ IITaMMa 6aKTe-
puii TIpU €ero NpeObIBaHUU B CUCTEME C aHTUOMOTHU -
KOM, K KOTOPOMY OH OBLIT YyBCTBUTEJIEH U B CUICTEME
C aHTMOMOTUKOM, K KOTOPOMY OH ObLIT PE3UCTEHTEH.

Lleas pabGoThl — ucCIenOBaHUE YyBCTBUTEIBHO-
CTH/PE3UCTEHTHOCTU K aHTUOMOTMKAM TpaMOTpUIla-
TenbHbIX Escherichia coli 321 v TpaMIONOXKUTENbHBIX —
Staphylococcus aureus 2879M GakTepuii ¢ MOMOIIbIO
HOBOTO METOIA 3KCIPECC-TUAarHOCTUKKM aHTUOMOTHKO-
PE3UCTEHTHOCTH, UCCIeAOBAaHUE IUHAMUKI MeTabO M-
YEeCKOI aKTUBHOCTH OAaKTEepUii M COMOCTaBJICHHE HaH-
HBIX TI0 aHTUOMOTUKOPE3UCTEHTHOCTH, TIOJTyIeHHBIEC B
peXrMe OCHUIISILIMY aTOMHO-CUJIOBOTO MUKPOCKO-
Ma ¢ KJIaCCUYECKUM TUCKO-TU(hHY3MOHHBIM TECTOM.

METOMKA

IMonyyenne OakTepuabHOii cycmeHsud. [IITamMMBbI
E. coli321 u S. aureus 2879M ObLIM B3SITHI U3 KOJIJICK-
LIUU KyJIbTYp MUKpoopranudMoB HayuyHo-o0Opa3oBa-
TeJIBLHOTO IIeHTpa “@Pu3nKa TBEPHOTEIbHBIX HaHO-
crpyktyp” HHI'Y um. H.M. JlobaueBckoro. KyinpTy-
poel BelpamuBaii Ha LB Oynbone (“Invitrogen”,
CIIA) npu 37°C 18 4, TIocJie Yero UX TPUKAbI OTMBI-
Banu LB OynboHOM, 1ieHTpudyruposanu npu 450 g
5 MUH ¥ CTaHIAPTU30BaJIM 10 KoHUeHTpaumu 10° xi1/mr
Ha cnekTpodoTomerpe CITEKC-CCII (“Cnexrpo-
CKOIMYeCKUe crucTeMbl”, Poccus) mpu A = 670 HM,
y10 cooTBeTcTBOBasIO 10 ME 110 cranmapty Mak®ap-
JIaHJa.

Juncko-muddysnonnsiii meton. Ha vamku Iletpn
co crepuiibHO pas3nuTbiM M ®-arapom (pepmeHTH-
pOBaHHBIN TUAPOIU3AT TOBSIKbero Msica, HaydHo-
HMCCIIeOoBaTeNIbCKUil HeHTp (papMakoTepanuu, Poc-
cust) HaHocuau 100 MKJT OaKTepUaIbHOM CyCHIEeH3UN
(10° kJ1/MJ1) ¥ pABHOMEPHO PACIIPENEIIAIIN €€ 1ITIaTe-
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JIEM IO MOBEpXHOCTU arapa. He mosmHee yeM yepe3
15 MuH 1I0CIe MHOKYJISIIMU Ha MMOBEPXHOCTh MUTA-
TEJILHOM cpennl o LeHTpy Yawku [letpu HaHOCUIN
KBaapaThl PUIBTPOBAIbHOM OymMaru, IMpOIMTaHHOMI
AHTUOMOTUKOM. ATITUIMKAIIMIO TTPOBOINIIN CTEPUITb-
HBIM MWHIIETOM, IOcJie Yero yamku Iletpu Hemen-
JIEHHO MoMellaau B TepMocTat Ha 24 4 ipu 37°C. Pe-
3yJIbTAT YYUTHIBAIU HA CJIEAYIOIIMIA IeHb HA MAaTOBOM
IMOBEPXHOCTH B OTpakeHHOM cBeTe. JIlmamerp 30H 3a-
JIIePXKKK POCTa U3MEPSIIN C TOYHOCTHIO 10 1 mMm. [Tpn
MpPOBEACHNM TUCKO-IU(P(PYy3MOHHOTO MEeTOA U yUde-
T€ €ro PEe3y/JbTaTOB MCIIOJIb30BaJIM PEKOMEHIALIUU
MYK 4.2.1890—04.

IIpenoopaGoTka KanTuaeBepa A (pUKcANUA 0aK-
Tepuii. Hutpun-xkpemuueBbiii kautunesep A-MLCT
(fy — 22 xI'u, k — 0.07 H/M, “Bruker”, CILIA) ¢dyHK-
muoHaausupoBanu 0.01%-HbpIM  110JIM-L-TU3UHOM
(“Merck”, CIIA) ripu 24°C B TeueHue 10 MuH, a 3a-
TeM TPeXKpaTHO aKKypaTHO OTMbIBAJIN IUCTUJLIMPO-
BaHHOI Bojoii. KaHTuneBepbl TMOACYLIMBAIU TPU
24°C 5 MUH, TI0CJIe YEro Ha HUX HAHOCUJIM CYCITeH-
3uto 0akTepuii 1 nHKyoupoBanu 1pu 37°C 30 MuH.

HccaenoBanue XKu3HeCOCOOHOCTH OaKTepHii B pe-
2KMMe OCHMJISIUN ATOMHO-CHJIOBOTO MUKpockona. [To-
JIPpOOHO MeTol M MoAdOp PEXUMOB MCCIIETOBaHUS
onucansl B padote [10]. KopoTko: KaHTHIEBED C Ha-
HECEHHOI Ha Hero CyclieH3ueil OakTepuii ycTaHaB-
JuBaau B nepxateab ACM-mukpockomna NTegra
(“NT-MDT”, Poccust) u morpyxaju B aHAJIUTUYC-
cKy1o Kamepy ¢ 5 M1 LB-0ynwoHa. 151 KOHTpOJIS UC-
MOJIb30BAJIM KaHTWIEBEDP, MOKPHITHIN MOJU-L-T13U-
HOM, 0e3 6aKkTepuii.

YcraHaBauBaiy 1a3ep B LIEHTP YEThIPEXCEKIIMOH-
HOTO (poToaMOIA, TIEPEBOAUIN MUKPOCKOI B PEXKUM
peructpauuu ocuwuisinuii (Nova, Bepcusi Px.3.4.0
rev 17188, pexxum Oscilloscope) u cHUMAaIN aHAIUTH-
yeckuii curHaia DFL (pa3HOCTHBIN CUTHal MEXITY
BEPXHUM 1 HIDKHUM ydacTKaMmu ¢oTtomauona — differ-
ence signal between top and bottom halves of the pho-
todiode). HaHoBuOpanuu B KOHTPOJIE U B OMBITE C
GaKkTepUsIMU CHUMAJTH B TedeHue 60 MUH.

HccaenoBanne YyBCTBHUTELHOCTH/PE3NCTEHTHO-
CTH K aHTHOMOTHKY. [Tociie CHITHS aHATUTUYECKOTO
curHana DFL o xapakTepucTUKY KOJIeO0aHW XK1~
BbIX OaKTEpUIl U3 AaHATUTUYECKON KaMepbl OTOMpaIn
2 mn LB-0OyiboHA 1 BHOCWIIM 2 MJI aHTUOMOTHKA (KO-
HeuHas1 KoHLeHTpauust 16 mr/min) 4%-Horo pactBopa
reHTaMuiHa cyibdara (“Mukporen”, Poccust) misa
WCCIICIOBAHUSI  YYBCTBUTEJIBHOCTHU/PE3UCTEHTHOCTH
mwramma E. coli 321, mn6o 2 mn 1%-Horo pactBopa
(koHeuyHas1 KoHUeHTpaums 40 Mr/mi) uedTpruakcoHa
(“buocuntes ITAO”, Poccust) mist ucciienoBaHUs YyB-
CTBUTEJILHOCTU/PE3UCTEHTHOCTU ITaMMa  S.aureus
2879M.

KantuneBep ¢ 6akTepussMu OITyCKaJd B pacTBOP
reHTaMULMHA JTM0O LiePTpUakcoHa, UHKYOUpPOBaIu
npu 24°C 60 MUH, TIOCJIe Yero NepeBOAUIN MUKPO-
ckomn B pexuM peructpauum curHaia DFL. beim
Ne 1
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OTOOpaHEbI IBa aHTUOMOTHKA, K OMHOMY M3 KOTOPBIX
mraMMmbl E. coli 321 w S. aureus 2879M ObLIN 4yB-
CTBUTEJIbHBI, a K IPYTOMY — pe3uCTeHTHHI. LledTpu-
aKCOH 0Ka3aJICs eMMHCTBEHHBIM 13 IIPOTECTUPOBAH-
HBIX aHTUOMOTUKOB, K KOTOPOMY OBLJIM PE3MCTEHTHBI
oba 1mramMmMa, MO3TOMY OH ObLI BEIOpaH B KadyeCTBE
aHTHOMOTHKA, K KOoTopoMy S. aureus 2879M pesu-
cTeHTeH. BuIOOp reHTamMunmHa cpeay aHTUOMOTU-
KOB, K KOTOPbIM 00a IITaMMa YyBCTBUTEIbHbBI, 00Y-
CJIOBJICH HECKOJIbKMMHU (paKTOpaMu: TeHTAMUIIAH —
aHTUOMOTUK ILIMPOKOTO CIEKTpa AeHCTBUS, KOTOPHIi
aKTUBHO IIPUMEHSIETCSI B KIIMHUYECKOM IIPaKTHUKE,
TSI HETO XapaKTepHa CPeIHsIsI 30Ha OTCYTCTBHSI POCTa,
YTO IIO3BOJISIET OMTHOBPEMEHHO OLIEHUTb HACKOJIBKO
YyBCTBUTEJICH HOBBIII MeToH, (M3UKO-XUMNYCCKUE
CBOICTBA T€HTaMMILIMHA, IIOCKOJIbKY IDTOTHOCTb I'€HTa-
MUILIMHA OJIM3KE BCETO K IUIOTHOCTH 3a0ydepeHHOro
(GpU3NOIOrMYECKOr0 pacTBopa, KOTOPBII B Ccepuu
MIpeaBapUTEIbHBIX KCIIEPUMEHTOB MCIIOJIb30BaJICS
B Ka4eCTBE OTPULIATEIbHOTO KOHTPOJIS.

O0paboTKa MOJyYeHHBIX pe3yabTaToB. [lojydyeH-
HBII1 MacCUB JAaHHBIX 0O0pabaThIBad B IIpOrpamMme
Origin Pro 8 SR4v8.0951. C momo1bio Pypbe-puiab-
Tpa W3 aHAJMTUYECKOTO CUTHaJa yAassiiu Kojeba-
HU ¢ yactotamu Huke 1 T11 (kojebaHust ajieKTpoce-
TH M ApYTHE BHELTHUE KonebaHus ). CortacHo paboTte
[11] yacTOTHI KOJIeOaHUIT, XapaKTepU3YyIOllIe MeTa-
0OJIMYECKYIO aKTUBHOCTh OaKTepUIii, JieKaT B JUara-
30He 1.6—5 I'1. [TpousBoamin onpeaejieHue KBaapa-
Ta CTAaHAAPTHOTO OTKJIOHEHMUS (BapraHChl) B KaXKI0OM
W3 OITLITOB JJISI XapaKTePUCTUKU aMIUIUTYIObI CUTHA-
J1a kantuieBepa. [1pu aHanm3e naHHBIX IS y9eTa Ba-
puanuii XapakTepUMCTUK KaHTUJIEBEPA U pa3uuuii B
KOJIM4YeCTBE (PUKCUPOBAHHBIX OAKTEPUil IPOU3BOIM-
JI1 HOPMHUPOBKY HAHHBIX, IyTeM IIPUHSITHUS 3a €IM-
Huuy curHana DFL ot kaHTuseBepa ¢ 6akTepusiMu ¢
MOCJIETYIOIUM NPUHSATHEM 3a HYJIb cuTHasia DFL ot
KaHTWIeBepa, (YHKIMOHAIU3MPOBAHHOIO TOIBKO
nonau-L-nmu3nHoM.

KoHTposib KM3HECOCOOHOCTH OakTepHii moce
akcnepumenTa. [locie mpoBeaeHNST OCHOBHOTO 2KC-
TIepUMEeHTa TI0 MCCJIENOBAaHUIO YYBCTBUTEIBHOCTH/
PE3UCTEeHTHOCTU OaKTepUii aKKypaTHO IMTPOU3BOININ
CMBbIB C MOBEPXHOCTU KaHTWUJIEBEpa, 3aTeM CYyCIIeH-
3uto 6akTepuii B kKonndyectBe 100 MKJI HAaHOCWIM Ha
yaiku [letpu co crepuabHO paznuteiM M d-arapom,
HeMeJIEHHO PaBHOMEPHO paclpe/esss ee InarejiemM
MO MOBEPXHOCTH arapa. [locie sKcno3uiMy yvaliek
IMetpu nipu 37°C B TeueHUe 24 9 yUUTHIBAIM pe3yJIbTAT
Ha MaTOBOM MOBEPXHOCTU B OTpaK€HHOM CBETE, MOI-
CUUTBIBAS KOJIMYECTBO KOJJOHMEOOPA3YIOIINX ENUHNILL
(KOE).

Cratuctuyeckass o0padorka. CTaTUCTUYECKYIO
00paboTKy mpoBomuian B Iporpamme Origin Pro §
SR4 v8.0951 (“Origin Lab Corparation”, CIIA).
Onpenensiiv rpaHULbl HOPMAJIBHOTO pacrpeaeaeHust
KOJIMYECTBEHHBIX TOKa3aTesaeil BEIOOPOK C MCITOJIB30-
BanueM kputepus Illanmupo-Yunka. ITockonbKy pac-
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MpenesicHusI HE COOTBETCTBOBAIM KPUTEPUSIM HOP-
MaJbHOCTU, OIpeAessuId MeauaHy W 25-i MHpoleH-
TuJb. JJ1s cpaBHEHMS ABYX BHIOOPOK MCIIOJIb30BaJIN
HelrapaMeTpuIecKnii Kputepuii BuikokcoHa.

PE3VJIbTATBI 1 UX OBCYXIEHHWE

HccnenoBanmu  mTaMM  TPaMITOJOXUTEIbHBIX
S. aureus 2879M 6GaxkTepuii, KOTOpbIe HE UMETH XKTy-
TUKOB U, COOTBETCTBEHHO, COOCTBEHHOM IBUTATEIb-
HOIl aKTMBHOCTM U TpaMoTpulaTelbHbIX E. coli 321
0aKTepuii, KOTOpble XapaKTEpU30BAIUCH MEpeTpu-
XaJIbHBIM XTYTUKOBaHUEM U BbICOKO ABUTATEIbHOM
aKTUBHOCTBIO, IJIST TOTO, YTOOBI AOKa3aTh, YTO KOJIe-
0aHUs1 KaHTUJIeBepa 00YCIOBIEHBI METabOIMUECKO
aKTUBHOCTBHIO MUKPOOPTraHU3MOB, a HE CBSI3aHbI UC-
KJIIOUUTEIBHO ¢ IBUTATEIbHONM aKTUBHOCTBIO OaKTe-
puii [12]. DT BUOBI MUKPOOPTaHU3MOB HamboJee
4acTO BBIIEJSIOTCS y TIAIMEHTOB B KJIMHUYECKOM
npakTtuke. B yactHocTH, S. aureus sIBJIsIETCS OMHUM
U3 BeIylIUX BO3OyIMTEIE HO30KOMUAIbHBIX MH-
(hexumii xupypruiyeckux CTalMOHapOB U POAUIIBHBIX
nomoB [13], a E. coli Boi3eiBaeT 1o 90% wHpexLmit
MOYETIOJIOBOI cucTeMHI [14].

IIpeaBaputebHO € WCIOJb30BAHUEM JIUCKO-
nuddy3rnoHHoro mMeroaa Oblla MCCAeAOBaHA YYB-
CTBUTEILHOCTh/PE3UCTEHTHOCT INTaMMOB E. coli 321 n
S. aureus 2879M K 11eJ10My psily aHTUOMOTUKOB. Pe-
3yJbTaThl AUCKO-TUDHY3MOHHOTO METOIa CyMMUPO-
BaHbI B Ta0. 1.

M3 cniekTpa ncciemoBaHHBIX aHTUOMOTHKOB OTO-
Opanu aBa IUIST anpoOallMi MeTola SKCIpecc-Iua-
THOCTHMKM: TeHTaMMIIMH, K KOTOPOMY 4YBCTBUTEJIECH
wtamMm E. coli 321 v uedTpuakcoH, K KOTOpOMY pe-
3UCTEHTEH IITaMM S. aureus 2879M.

Ha puc. 1 1 2 KOHTpoJIb — COOCTBEHHbIE KOJicha-
HUS KaHTWJIeBepa aTOMHO-CUJIOBOIO MUKPOCKOIIA,
GYHKIIMOHAIU3UPOBAHHOTO ITOJU-L-ITM3uHOM. B
peXrMe OCHUJIISILIMY Ha BEPXHIOIO YacTh 30H/a, KO-
TODBIM BBICTYTIAET B KaUeCTBE 3epKajia, Najaer Jiazep,
KOTOPBII OTpaxkaeTcs OT 30H/a B LIEHTP YEThIPEXCEK-
LIMOHHOTO (hoTonuonaa. IlepeMenieHus curHaia oT-
paXxeHHoro Jjiazepa Ha doToanone (AHAUTUTUYECKUIA
curHan DFL) xapakrtepusyioT KojeOaHMS 30HIA.
OHU 3aBUCST OT aMJIMTYTHO-YaCTOTHBIX XapaKTepu-
ctuk (AYX) 30HIa, ITO3TOMY BaXKHO CHUMATh KOH-
TPOJIbHBII CUTHAJI.

Ha puc. 1 u 2 (kpuBsbie 2) nipencTaBiieHbI KOJICOaHUS
KaHTHJIeBepa ¢ (PUKCUPOBAHHBIMUA HAa HEM OaKTepUsI-
MU, BUTHO, YTO OAKTepUU CYIIIECTBEHHO YBEJINYMBAIOT
ocHWIIAIMIO KaHTwieBepa. CieayeT OTMETUTh, YTO
st E. coli 321 ociyuisiiiyst yBeJIMYUBaIaCch 3HAUYNTE]Tb-
Hee, yeM i S. aureus 2879M, HO 00a 1ITaMMa BBI3bI-
BaJIM CTAaTUCTUYECKM 3HAYMMOE yBEJIMUYCHUE aHaIM-
Tyeckoro curdaia DFL nmo cpaBHEHIIO C KOHTPOJIEM.
TakuMm 06pa3oM, yCUIeHUE OCIIWJUISILIUUA HENTb3ST 00b-
SICHUTh MCKJIIOYUTEJIbHO ABUTATEIbHOII aKTUBHOCTBIO
OakTepuii, UMEIOIINX XIyTUKU. BeposiTHee Bcero Ha-
Ne 1
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Taomuna 1. Pe3ynbrars! nucko-nuddy3noHHOro Tecta 1o onpeaeaeHuIo YyBCTBUTETbHOCTH,/PE3UCTEHTHOCTY OaKTepuit

K aHTUOMOTUKaAM

AHTHOMOTHK KonnenTpatust, Mmr/mi qi;ii;i?:{zlfozi?(g)/ 30Ha OTCYTCTBUS pOCTa, MM
E. coli 321
burmmH-3 36 —
I'eHTamMuuuH 40 10
BankomuuuH 100 y 10
Metporuin 5 q 8
Pudamnuuux 20 p —
AMOKCULIMIJUTIH 50 P —
AMMOULIMUIMH 5 y 13
Lledazonnu 250 q 10
Knunnamuuuxa 150 q 10
JIuHkoMULIMH 300 q 11
LledpTpuakcon 285 p —
S. aureus 2879M
bunwina-3 36 q 13
IeHTamMuumvH 40 q 11
Metpormn 5 q 14
ILledpTpuakcon 285 p —
AMOKCULIWJIIMH 50 10
Ledazonnn 250 q 19
Knnapamuyx 150 q 13
JluHkoMuULIUH 300 q 18

HOJIBYDXEHUSI OaKTepuii 00yCIIOBJIEHBI MX COOCTBEHHOM
MeTaboJIMYeCKOl aKTUBHOCThIO. McciienoBaHUsIMU
Bunapra ¢ coaBrt. [15] ObLI0O TOKa3aHO, YTO HAHOABU -
JKeHWUST JPOXIKEBBIX KIIETOK CYIIIECTBEHHO 3aMEJISTIOT-
Csl, €CJIA BMECTO MOJHOLICHHOU MUTATEJIbHON Cpembl,
HeoO0X0IMMOI I MeTaboJIM3Ma KJIETOK, UCITOJIb30-
BaTh ocdaTHBI Oydep.

Ha puc. 1 (xpuBble 3—5) IOKa3bIBAIOT, YTO aHa-
yutndeckuii curHaia DFL cratuctuyecku 3HaYMMO
nagan mmocie 15, 30 1 45 muH ripeosBadus E. coli 321 B
CHCTEME C ITeHTaMUIIMHOM. B 3TOM cirydae xapakrep
AHAJIUTUYECKOIO CUTHAJIA IPAKTUYECKN COOTBETCTBO-
BaJl HAHOBUOpalUsIM KaHTUJIeBepa 0Oe3 OakTepuid,
dyukumronamsupoBanHoro 0.01% monu-L-Tu3uHOM.
Takum oO6pa3oM, HOBBIII METOM IKCITPECC-IUarHOCTH-
KU aHTUOMOTUKOPE3UCTEHTHOCTU OKAa3aJicsi HaCTOJb-
KO OBICTPBIM U BBICOKOUYBCTBUTEJIBHBIM, YTO daBall
OTBET O YYBCTBUTEIbHOCTU OaKTEepUii K aAHTUOMOTUKY
yxKe dgepe3 15 mMuH, a He depe3 18—24 4, Kak TUCKO-
I PY3MOHHBIN METO/I.

ITPUKIIAAHAA BUOXUMUA U MUKPOBHUOJIOT'UA

Ha puc. 2 (kpuBble 3—5) KpuBbIE MTOKa3bIBAIOT,
yto aHanuTtuueckuii curHaa DFL Bo3pacTaeT B ciy-
yae npeobiBaHus S. aureus 2879M B cucteMe ¢ aHTU-
OMOTUKOM 1Ie(PTPUAKCOHOM, K KOTOPOMY I10 pPe3yJib-
TaTaM JUCKO-IU(pGY3MOHHOIO TecTa IITaMM pe3u-
CTeHTeH. XOTS CTaTUCTUYCCKU 3HAYMMbBIX Pa3IMInii
MeXAy BapruaHcaMM (KBaapaTaMy CTaHAAPTHBIX OT-
KJIOHEHUI), XapaKTepu3ylolInMnu udMeHeHuss AUX
KaHTWJIEBEpa BO BCEM CHEKTpE 3alMcu HaHOBUOpa-
Uit He 0OHApYKEHO, UAET CYLIeCTBEHHOE YCUJICHHE
aHAIMTUYECKOro curHaja. I1ocKoIbKy MaeT yBemam-
yeHHe MeTa0OJIMUEeCKO aKTUBHOCTM OakTepuii,
MOXHO MPEAIOJOXKUTh, UTO TIPOUCXOANIA aKTUBALIUS
CUHTEe3a U paboThl (PEPMEHTHBIX CUCTEM 30JIOTUCTO-
ro crauiIOKOKKa, BBI3BIBAIOIINX MOAU(PUKAIIIIO
WIN JeCTPYKIMIO MOJIEKYJ aHTMOMOTHKA, TMOO aK-
THUBALIASI HACOCOB, obecIeuynBaromXx 3O@IIoKC aH-
TUOMOTHKA U3 OaKTepuadbHOM KJIETKM. YUYWUTHIBAs
BPEMEHHOI1 OTPE30K B 15 MMH 1 MHTEHCUBHOCTD pe-
aKIUM OakTepuii, 3TH IBa MeXaHU3Ma HauboJiee Be-
POSITHBI, MEHEE BEpPOSITHO TIOAKIIIOUEHUE U JPYTUX
MEXaHU3MOB: MOTU(MUKALIVSI MUIIISHU 1 TI100aJIbHOM
Ne 1
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Puc. 1. AMIUIMTYAHO-4aCTOTHbBIC XapaKTEPUCTUKU KaH-
TUJIeBepa MPU U3MEPEHUU KOJIEOAHUI B PEXXMUME OCLIMJI -
JisiuMM (TIpencTaBlieHbl pe3yJibTaTbl OOHOTO B cepuu u3 4
BOCIPOM3BOIUMBIX 9KCIIEPUMEHTOB): I — KOJieGaHusI ITy-
CTOTO KaHTWJeBepa, QYHKIMOHAIU3UPOBAHHOTO TOJIM-
L-nu3nHOM; 2 — KoyiebaHUsT KaHTUJIeBepa, ¢ (puKcupo-
BaHHBIM Ha HeM E. coli 321; 3, 4, 5 — xojlebaHUs KaHTU-
neBepa yepes 15, 30 1 45 MMH COOTBETCTBEHHO ITOCIIE 10~
GaBineHust B cucreMy ¢ E. coli 321 renTaMuiivHa cynbdara
B KOHEYHOI KOHIIEHTpauu 16 Mr/M. N — HOpMUPOBaH-
Hasl aMILUIMTyda KoJjiebaHui KaHTuieBepa. HopmupoBka
MpoU3BeIeHa IMyTeM JeJICHUs PpETMCTPUPYEMOTO CUTHAa
Ha CyMMapHbIii CUTHaJI.

ajanTaiuu Kiaetku [ 16]. s nokasarenbcTBa KU3HE-
COCOOHOCTH S. aureus TIOCIIe UCCIAECAOBAHUS B Cpele
C aHTMOMOTUKOM NPOM3BOIMIICS BBICEB CMbIBA C
KaHTUJIeBepa ¢ nociaenaytomum noacuerom KOE. Pe-
3yJbTAThl 5 9KCIIEPUMEHTOB MMOKA3aJIk, YTO CpeIHEe
yuciao KOE 649.0 = 250.1. Takum obpa3oM, ObLIO
MOATBEPKACHO, YTO OAKTEPUU PE3UCTEHTHHI K 1Lied-
TPUAKCOHY, U BLDKUBAJIU MOCJE MIPOBEIEHUSI DKCITe-
pUMeEHTA.

HccnenoBanre DTMHAMUKNA MeTabOJMYECKON aK-
TUBHOCTH E. coli 321 110CIIE TIpeOBIBAHUS B CICTEME C
reHTaMHULIMHOM, aHTUOMOTUKOM, K KOTOPOMY HaH-
HBII IITaMM OBbLIT YyBCTBUTENEH U S. aureus 2879M B
cHucTeMe ¢ 1Ie(TPHaKCOHOM, aHTUOMOTHUKOM, K KOTO-
pOMY TaHHBIN IITAMM OBLT PE3UCTEHTEH, TIPEICTaB-
JIeHbI Ha puc. 3.

IlepBast Touka 060OMX TPa(PUKOB COOTBETCTBYET
“HyneBOMY” 3HAYEHUIO, TO ECTh COOCTBEHHBIM KOJIe-
6aHUSIM (DYHKIIMOHAIM3NPOBAaHHOTO KaHTWJIEBEpa B
KOHTpOJIe, BTOpasi TOUYKa MOJIy9IeHa ITPY OCIIILIS TN

MMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT'UA
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Puc. 2. AMIUIMTYTHO-4aCTOTHBIE XapaKTePUCTUKN KaH-
TUJIeBepa MPU U3MEPEHUM KOJIeOaHU KaHTUIeBepa B pe-
KUMe OCUMLISILIUMY (TIPeACTaBIeHbI Pe3y/IbTaThl OMHOTO B
cepuu 13 4 BOCIIPOM3BOAUMBIX SKCTIEPUMEHTOB): / — KO-
JieGaHUsI MyCTOTro KaHTWIeBepa, QYHKIIMOHATIU3UPOBaH-
HOTO TI0JIN- L-TN3nHOM; 2 — KoJebaHMsI KaHTUJIeBepa, C
¢duKcrupoBaHHBIM Ha HeM S.aureus 2879M; 3, 4, 5 — xone-
bGaHus KaHTUJIeBepa yepes 15, 30 1 45 MMH COOTBETCTBEH-
HO TIOCJIe BHeCeHUsT B cucteMy c S.aureus 2879M ued-
TpMaKcoHa B KOHEYHOU KoHIeHTparuu 40 mMr/mia. N —
HOPMUpPOBaHHas aMIUIUTyJa KoJjiebaHUil KaHTWJIeBepa.
HopmupoBka npou3sBeneHa rmyTeM JeJeHUST peTUCTPUPY-
€MOTr0 CUTHaJIa Ha CyMMapHBI CUTHAJT.

KaHTWiIeBepa ¢ GUKCUPOBAHHBIMU Ha HEM OaKTepHU-
MU Oe3 BHECEHHUSI aHTMOMOTUKOB. Ha 3Ty TOuky
MpPOU3BEACHO HOPMUPOBAHUE BCEX CEPUIl IKCIIEPU-
MeHTOB. Heo0xoauMocTh HOpPMUPOBKU 00YCJIOBJICHA
HaJlM4veM BapuaOeJIbHOCTU OTpazkalolleil crocoo-
HOCTHU TMOKPBITUSI Pa3HbIX MapTUii KAaHTUJIEBEPOB U
HE3HAYUTEJbHOI BapuabeIbHOCTbIO B KOJIMYECTBE
OakTepnil, PUKCUPYEMBIX Ha TOBEPXHOCTH KaHTWJIC-
Bepa. [Tocaemytomme TOYKM — CpeaHNe 3HaUYeHHsI Ba-
pUaHC arIuTyI HaHOBUOpaluii KaHTUJIEBepa 4epe3
15, 30, 45 1 60 MuH nocie 1oOaBIeHU B aHAJIUTUYE-
CKYIO KaMepy aHTUOMOTHKA COOTBETCTBEHHO. OueBU/I-
HO, UTO yXke yepe3 15 MUH nocjie BHECEHUSI aHTUOMOTHU -
Ka TSI 3TUX JIBYX UCCJIEAyEMbIX IITAMMOB MOXHO OaTh
OTBET O YYBCTBUTEJIbHOCTU/PE3UCTEHTHOCTU K aHTHU-
OMOTHUKY U 3TOT OTBET OyIeT KOpPEIUpOBaTh C TaH-
HBbIMU AUCKO-A1uddy3noHHOro Tecta. st HagexHo-
CTHU pe3yJbTaTOB MOXKHO YBEJIMYUTh BpeMsI HaOIone-
Hus 10 30 MuH.
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Puc. 3. luHaMuKa KCCIIeOBAaHUSI pe3UCTEHTHOCTH,/9yBCTBUTEIbHOCTHY IITaMMa E. coli 321 K reHTaMuIiMHa cyabdaty 16 mr/mi
(a) u S. aureus 2879M K uedrpuakcony 40 mr/mi (0). D — HOPMMpPOBaHHasH qucrepcusi (BapuaHca) aMILTATYIbl KoJieOaHU i

kaHTuieBepa. *Paznuuus cratuctudyecku 3Hadyumsl (p < 0.05)

Takum oOpa3om, paspaboTaH NPUHLMIIHAIBHO
HOBBIII METOJI 9KCIIPECC-AUArHOCTUKY aHTUOMOTUKO-
PE3UCTEHTHOCTU TPaMOTPULIATENIBHBIX U TPAMITONO-
KUTEIbHBIX MUKPOOPTaHMU3MOB, KOTOPbIi1 TIO3BOJISIET
C BBICOKOII CKOPOCTBIO U UYBCTBUTEIHLHOCTBHIO NAaTh
OTBET O PE3UCTEHTHOCTU IITAMMOB K aHTUOUOTUKAM
U KOPPEKTUPOBATh AaHTUOUOTUKOTEPATIUIO.

PaboTa BeImotHEHA B paMKaxX IpOrpaMMBbI CTpaTe-
TMYECKOTO akKameMudeckoro juumepctBa “Ilpmopu-
teT-2030”  Huxeropoackoro rocygapcTBEHHOTIO
yHuBepcutera nM. H.U. JloGauyeBckoro mpu Tmom-
nepxke Poccuiickoro HaydHoro ¢oHzaa, Ne rmpoekra
22-14-20001.
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A New Method for Express Detection of Antibiotic Resistance

S. N. Pleskova® » *, E. V. Lazarenko* ?, 1. S. Sudakova’, R. N. Kriukov, and N. A. Bezrukov* *

¢ N.I. Lobachevsky Nizhny Novgorod State University,
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b R E. Alekseev Nizhny Novgorod State Technical University,
Ministry of Science and Higher Education, Nizhny Novgorod, 603115 Russia
*e-mail: pleskova@mail.ru

The oscillation mode of an atomic force microscope (AFM) was used to create a highly sensitive real-time
detection system for antibiotic resistance. This mode allows to evaluate the sensitivity or resistance of Gram-
negative (Escherichia coli) and Gram-positive (Staphylococcus aureus) bacteria to an antibiotic in 15—30 min-
utes. The analytical signal (changes in the amplitude-frequency characteristics of the cantilever) is based on
the metabolic activity of bacteria. Bacteria was adding on the cantilever and was causing it to oscillate with
high amplitude. Ifthe bacteria are sensitive to the antibiotic, the amplitude drops statistically significant with-
in 15—30 minutes, if the bacteria are resistant, then the amplitude either does not change or increases. The
obtained results were comparable with the disk diffusion method.

Keywords: antibiotic resistance, atomic force microscopy, oscillation mode, disk diffusion method, Esche-
richia coli, Staphylococcus aureus
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