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IIOBEPXHOCTHO-YCUJIEHHO PAMAHOBCKON
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A.U. Zamaneesa, M. Kaxpaman, M. Yyaza, P.D. Daxpyrrum

AnHoTanus

B mammoit pabore onmcan mMeTon MoaudUKANUKA KJIETOK HAHOILIEHKAMH U CepeOpsaHbIMU
HAHOYACTHUIAMH JIJIsT YCOBEPITEHCTBOBAHNS TEXHUKU TOBEPXHOCTHO-YCUJIEHHON PaMaHOBCKOMN
crekTpockonuu. IlepBoHAYAIbHO KJIETKH TOKPBIBAJIMA IMOJIMJIEKTPOJIUTHBIMU [LJIEHKAMU T10-
s (anmmaamMuR) ruApoXI0puaa u/uam nonm(cTupen) cyabdonara, obpabaTeiBan cepedpsaHbI-
MV HAaHOYACTUIAMU ¥ TTIOBTOPHO HAHOCHUIN OUC/IONHYIO TIJIEHKY M/ 3aKPErIeHNns HAHOYACTHUIT
Ha TIOBEPXHOCTHU KJIeTKH. MeTomamu cKaHUPyYOei 3/1eKTPOHHON U aTOMHO-CHJIOBO MUKPOCKO-
nuu OBLIO MOKA3aHO, YTO HAHOYACTHUILI U UX arperarbl (DOPMUPYIOT ILJIOTHBIN, PABHOMEPHBIH
CJTO¥ Ha TMOBEPXHOCTH KJIETOK. [IpesioxkeHHas HaMu TeXHUKA 00pabOTKY KJIeTOK HAHOYACTUITA-
Mu obserdaer BU3yaau3anuio MoauGUIMPOBAHHBIX KJIETOK BCJIEJACTBHUE CIIOCOOHOCTU HAHOYA-
CTHUIl OTPpaXKaTh CBeT. B KadecTBe 00beKTa MCCIeq0BaHus ObLIM BhIOpaHbl KieTku Escherichia
coli, B KauecTBe KOHTpOJsS — KJeTKu Staphylococcus cohnii. BblIo moOKa3aHO, UTO CHEKTPHI
HaHOMOIU(MUIMPOBAHHBIX OaKTEPUil ComepKaT MUKW, XapaKTEePHBIE /I KaXK/I0T0 BHU/a MUK-
poopraumn3ma, 00yC/JIOBJIEHHBIE XUMUYECKIUM COCTABOM KJIETOUYHOM CTEHKM OakTepuil. BpIo Tak-
JKe€ YCTAHOBJIEHO, 9TO CUTHAJ PAMAHOBCKOTO CIIEKTPA XapaKTEPU3YeTCs BHICOKON BOCITPOM3BO-
AuUMOCThI0. MBI mpejnoiaraeM, 9TO ONMUCAHHBIA HAMHU METOJ, TO3BOJIAT UIACHTUDUIUPOBATH
eIMHUYHBIE KJIETKU PA3HBIX BUIOB OAKTEpUil B CMECH.

KiroueBble cjioBa: MeTO/I IOCIOMHOIO HAHECEHHSI, [I0INIIEKTPOINTHBIE HAHOIIJIEHKH, Ce-
pebpsTHbIe HAHOYACTHUIIEI, €UHITHAS KJIETKA, TOBEPXHOCTHO-YCUJIEHHAST PAMAHOBCKAsT CIIEKTPO-
CKOIINA.

BBenenue

Bricokorounas fgerekiius u uIeHTU(UKAIIS MEKPOOPTAHU3MOB SIBJISIETCST AKTYa b=
HOIT TpobemMoit ast 6monorun u GunoMeaumuHbI. Vlcmonmb3yembie HbIHE MAUKPOOHOIOTH-
JecKre MeTonbl He Bcerda 3(hEeKTUBHBI, OCOOEHHO B TeX CJIyYasX, KOTJIa HEeoOXOIu-
MO JIeTeKTHPOBATL EIUHUYHBLIC KJICTKHU. [eHeTHdYecKue MeTo[bl (MOJuMepasHas el
Hag peakiusd u JApyrue) 3HadutesbHo dddexkrusree, HO TPeOyOT GOABIIUX 3aTpaT
BPEMEHHU, PEaKTUBOB U Joporocrosiiero obopyrosanus [1]. Cuekrpockonuyeckue me-
TOJBI COYETAIOT B cehe BBICOKYI0 TOYHOCTH W MPOCTOH MPOIECC MOJArOTOBKU 0Opasna
K ananu3y [2, 3]. Illupokne BO3MOKHOCTH OTKPBIBAET CIEKTPOCKONUS KOMOWHAIIMOH-
HOTO paccerBanus (PaMaHOBCKas CIEKTPOCKOINS), TIO3BOJISIONIA ONPEIeIsaTh MUKDPO-
OPraHM3MBbl MO YHUKAJIBHOMY JJIsi KasKao0ro Buga crekrpy [4]. OxHako asist mereximn
HE3HAYUTETLHOTO KOJHYECTBA KJIETOK HEOOXOIUMO YCHIUTH CJa0bIil CIEKTPOCKOMUYe-
CKUiT CUrHAT. DTO JOCTUTAECTCs TIyTeM MOIUMUKAIIUU KIETOK METAINICCKUMU HAHOYA~
cruniamu [5]. B ocHOBe ycuiieHns curHasa KOMOHHAIIMOHHOTO DACCENBAHNS JIEYKUT SIBJIE-
HUE TOBEPXHOCTHO-TIA3MOHHOTO PE30HAHCA, KOTIA JeJ0KAJIN30BAHHBIE TOBEPXHOCTHBIE
9JIEKTPOHBI HAHOYACTHUIL DJIATOPOIHBIX METAJIJIOB HA MOPSIKNA YCUINBAKOT CUTHAIA pPa-
MAHOBCKOI'O CIIEKTPa (JaHHAs TEXHUKA AHAIM3A HA3BIBAETCS [OBEPXHOCTHO-YCUIEHHO
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paMaHOBCKO#i criekTpockonueit) [6]. OObIYHO HaHeceHWe HAHOYACTHIL HA TIOBEPXHOCTh
KJIETOK OCYIIECTBJIAETCS HEMOCPEJCTBEHHO, MyTeM BHECEHUs] KJIETOK B CYCIHEH3UI0 Ha-
nwouacrur, [7]. Knerku BeTynaooT B KOHTAKT € HAHOYACTUIIAMU, KOTOPbIE XaOTUYECKU
MPUCOEIMHSIOTCS K KJIETOUHOW CTEHKE. DTO TPUBOAUT K arperaini KJIeTOK, YTO IeIaeT
HEBO3MOXKHBIM UACHTU(MDUKAINIO IUHUIHBIX MUKPOOPTAHU3MOR. Bojiee TOro, HepaBHO-
MEPHOE TIOKPBITHE KJIETOK HAHOUYACTUIIAMH TIPU HEMOCPEJICTBEHHOM CMEITUBAHUT TAKKE
He6JIArONPUATHO BJIUIET HA BOCIPOU3BOAUMOCTD anauu3a [8]. Takum obpazom, Becbma
AKTYyaJbHBIM MPEJCTABIIeTCsl pa3paboTKa MeTo/a, KOTOPBIH MO3BOIUT Obl 3aKPENUTh
HAHOYACTHIIBI HA TIOBEPXHOCTU KJIETOK PABHOMEPHO ¥ 6e3 06pa3oBaHust MEKKIETOIHBIX
arperatos jist 3¢pdEeKTUBHON HETEKIINN OTAEIBHBIX KJIETOK C MOMOIIBIO TTIOBEPXHOCTHO-
YCHUJIEHHOI PaMAHOBCKOW CIEKTPOCKOIINN.

1. Marepuajbl U MeTObI

B pa6ore ucnosb3oBasiu CIeAyIONMe PEAKTUBLL: [10J1H (aJIMIAMUHIUIPOXIOPUI,
PAH) (MB - 15 k/la) (Sigma, CIIIA), nonu(crupencynsdonar, PSS) (MB - 70 k/la)
(Sigma,CIIA). [Iis npuroToBIeHus BCEX PACTBOPOB UCTIOIb30BAIH OUIUCTUIIIMPOBAH-
uyto Bomy bdHs O.

Ob0mbekTamu wuccienoBanus ABUIUCH Kietku Fscherichia coli. Knetkun Oakrtepuii
Staphylococcus cohnii ucnonb3oBaau B KadecTBe KOHTPOJs. KyabTHBUPOBAHUE MUKPO-
opranuzmoB nposoguwiu npu 37°C B Tedenwe 24 9 Ha NUTATENHHON arapu30BaHHOM
cpene.

1.1. Cunre3 cepebpsiHbIx HaHo4acTull [9]. 45 mr HUTpaTa cepeGpa pPacTBODS-
qau B 250 M TUCTUILTHPOBAHHOM BOJIBI, TOBOJIWIN [0 KUNEHWs. 3aTeM B KHUITAIIHA pac-
TBOp HUTpaTa cepebpa B KPYIJIOAOHHOM KOJIOe BauBasm 1o Karie 40 MJr muTpaTa HaTpus
€ KOHIeHTpanueli 1 Mr/Mil Ipy IOCTOSHHOM HEepPeMeNIMBAHUN Ha, MAUHUTHOMN MeIaJiKe.
Cwmech kunaruan 10 MUH 10 BBIMAJIEHUS 0CAIKA. 3aTEM HAHOYACTUIIBI (DUIHTPOBAJN C
UCTIO/IB30BaHIEM MeMOpaHHBIX (GUILTPOB ¢ nuamerpom nop 220 um. [locienaum stanom
pPACTBOP HAHOYACTHWI] JUAJU30BAJIN B OUINCTUIINPOBAHHON BOJE B TEUYEHWE HEJIEN U
dbunprpoBanu yepes GuabTpol guamerpom 0.22 MKM.

1.2. Meroa moandmKamum KJjaeTokK. B paboTe MCMOIb30BAIN 2 METOIA MOIH-
dukannn kjaetok. [TepBbIil U3 HUX BKIIOYAJ CJEIYIONINE STATDI.

[TepBoHava bHO KJIETKU MOKPHIBAJINA TPOTUBOMOIOKHO 3aPSIyKEHHBIME TOJIUIJIEK-
rposmramu PAH u PSS myrem mnocioiinoro manecenusi, 3arem oOpabarTbiBamm ce-
pebpsibiMu (nanoAg) manodyacrunamu, crabuin3upoOBaHHBIME HUTPATOM Harpus. Ha
HOCJIe/IHEM JTalle HA MOBEPXHOCTH KJETOK HaHocuau Oucioiinyio nienky PAH/PSS
IJIsT 3aKperJIeHusl HAHOYACTWI[ W YMEHBINEHWsl arperamun KJETOK. B pesyibra-
Te ObLIa TOJydYeHA CJEAYIOMas CTPYKTYpa MOKPLITHH KJIETOK MHUKPOOPTAHU3MOB:
PAH/PSS/PAH /nanoAg/PAH/PSS.

Bropoii Meros ocymiecTBIAsICS AHAJTOTMYHO OMUCAHHOMY BBIIIE METOIy, HO 0e3
UCTIOB30BAHUS OTPHUIATEBHO 3apaykeHHOro mnosudnekrponura PSS. B pesynbrare
MOJIYYAJIN KJIETKW MUKPOOPTaHU3MOB, MOAUMDUIMPOBAHHBIE MHOTOCJIOWHON TIeHKOM

PAH /nanoAg/PAH.

1.3. Ckanmpyromias 3JeKTPOHHasg MuUKpockonud. s nosyudenus: n3o0pa-
JKeHUH HaHOMOJIM@UIIMPOBAHHBIX KJIETOK C BBICOKMM Da3pelleHreM HCI0JIb30BAIN CKa-
aupyomuii 3nekrponnbiii Mmukpockon Carl Zeiss Evo-40 (Fepmanus). O6pasub mome-
AN B KAMEPY 3JeKTPOHHOTO MUKPOCKOTIA U TTOJIyYain H300paskenne Mpu HATPS KeHN N
snekTporHoro ayda 10 kKV. Beuin mosyvdens THTTHTHBIE N300parykeHust KJIeTOK MPH yBe-

mmaernn 20000-25000 pas.
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[ToaroroBka 06pA3IOB 3aKII0YANACH B CAEIAYIOMEM: 5 MKJI CYCTIEH3UN KJIETOK HAHO-
CUJIM HA 0DE3KUPEHHYIO MOBEPXHOCTH MOKPOBHOTO CTEKJIA W BBICYIIIUBAIN B TEPMOCTATE
npu 37°C B redenne 12 4. 3areM MOKPOBHBIE CTEKJIA MOMENIANNA B TPUOODP sl HAIDI-
sennsi (Baltec SCD 005) n nanocunn ToHkuit cioit 3omora (~ 10 HM) HA TIOBEPXHOCTH
CTEKOJT.

1.4. AtomHO-cujgoBasg MHUKPOCKOMUSA. DKCIEPUMEHTHI BbINOJHIINCH HA
aroMHO-cu10BoM Mukpockorne Park Systems (fnonnst) ¢ ncnonb3oBanneMm 6eCKOHTAKT-
HBIX KPEMHHEBBIX KAHTUIEBEPOB C PaJnycoM KpuBui3Hbl ocTpus Menee 10 um. Ckanu-
pOBaHMe MPOBOIMIOCH B OECKOHTAKTHOM pexknme ACM.

[TonroroBka 06pas3noB 3aKII0MAIACH B caeayionemM: 10 MKJT CyCTIeH3uH KJIeTOK HAHO-
CUJIN Ha 00€3KMPEHHYIO TOBEPXHOCTh MOKPOBHOTO CTEKJIA W BRICYITMBAJIN B TEPMOCTATE
upu 37 °C B teuenne 1 4. [Ipu ckanuposannn Hanogactur 10 MKJI pacTBOpa HAHOYACTHUIT
HAHOCHUJIU HA MMOBEPXHOCTD CJIIOJBI U BbICymuBaiu B Tepmocrare npu 37 °C B Teuenue
1 4.

1.5. IloBepxHOCTHO-yCWJIEHHasi paMaHOBcKasi crneKTpockomnus. CrexkTpbl
ObLIM TOJYyYeHBl C MOMOIIBI0O AaBTOMATU3UPOBAHHOIO PAMAHOBCKOIO MHKPOCKOIA
Renishaw InVia Reflex (Renishaw Plc., Aurmus), ocuamennoro auogoM (830 um) u
aprouosbim Jsiazepom (514 um). OBpa3sibl moMenanu B KaMepy paMaHOBCKOI'O MUKPO-
ckorma, (bOKyCHPOBAINCH TIPY MOMOIIN MWKPOCKOIMA OTparKeHHOro ceeta n depe3 10 ¢
MOJIyYaJjIu CIeKTp MPU WHTEHCUBHOCTH ja3epHoro jyda 0.2 +- 6 mW. B pabore ucnosnb-
3oBasin 00bEKTHUB ¢ yBesandenunem X 50, guciopoii ameprypoit — 0.6. Ilonroroska obpas-
OB OCYIIECTBJISIACH CaeAyomumM oopazom: 20 MK CycrneH3un MOAUMUIINPOBAHHBIX
KJIETOK HAHOCUJIN HA MOBEPXHOCTH MO/JIOXKEK, N3TOTOBJIEHHBIX W3 (DTOPUIA KATbIHA, U
BBICYIIIIBAJIN TIOJ, CTPYeil a30Ta.

2. PesyabraThl U obCcyXKJeHUe

[ToaroroBka obpasia >KUBBIX KJIETOK JIJIs TOJYYIEHUS PAMAHOBCKOTO CIIEKTPA STB-
JISIeTCsT OJTHOM M3 KJIIOYEBBIX CTJIUH CIEKTPOMETPUIECKON UIeHTHMUKAINE MIKPOOP-
PAHU3MOB W BO MHOIOM OrPAHUYMBAET JETEKIIUIO eJIMHUYIHBIX KJIeTOK. HanodacTuils
6JIArOPOJTHBIX METAJIIOB JIOJIKHBI HAXOANUTHCS B HEMOCPEJICTBEHHOM KOHTAKTE C KJe-
TOYHOMN CTEHKOMN, M B TO YK€ BPEMsT HEIKeIATeTHhHO MPOHNKHOBEHNE HAHOUYACTHIT BHYTPh
kjeTkn. Pamee OBIIO MOKA3aHO, 9TO TPOIEAypa 00pabOTKN KJIETOK HAHOYACTUIIAMU B
pesysibrare HeOmOCPEJOBAHHOIO CMEIMBAHUS MPUBOAUT K (POPMHUPOBAHUIO GOJBIIOTO
KOJIMYECTBA ArPEraroB KJIETOK, U4TO JIEJIAeT HEBO3MOXKHBIM JETEKIUI0 eUHIUIHBIX KJle-
TOK U CYIIECTBEHHO IIOHUKAET BOCHPOU3BOAUMOCTDL anasau3a [10].

B nmammuoit paGore KIETKM MOKPBITBAINCH HAHOYACTHUIIAMH TaKUM 00pPa30M, UTO
KJIETOUHBbIE CTEHKN OB TMPeIBAPUTEIHHO WHKATICYIUPOBAHBI B OOOJOYKH, COCTOSI-
e 13 MOJUIJIEKTPOJUTHBIX HAHOIIEHOK. MeTon HaHeceHus TPOTUBOMOIOKHO-3apsi-
JKEHHBIX TOJIMMEPOB MHUPOKO HUCIOJIL3YETCs JIisi MOAUMDUKAINYA TLTAHAPHBIX TTOBEPX-
Hocreit u gacrurn [11-15]. Mbr mcnonb3oBaaum B KadecTBe MOTMKATHOHA [OJIH(AIH-
JIAMWH ) THIPOXJIOPUJI, & B KAUeCTBe MOJuanuona — noju(crupen)cyabdonar. Cepebpsi-
HBbIE HAHOYACTHUITHI CHHTE3NPOBAIIN ITUTPATHBIM METOIOM. BBIIO MOKa3aHo, ITO CyCITeH-
3WsT HAHOUACTHIT OOJIATAET BBICOKOH KOJIOMTHON cTabuiabHoCcThio. [To rucTorpammam
pacipe/esieHus HAaHOYACTHIL 110 BbicoTe (puc. 1), MOJyYeHHBIX HPU IIOMOIIM ATOMHO-
CUJIOBOM MUKPOCKOINWH, ObLJIA YCTAHOBJIEHBI CPEIHUE pa3Mephbl HaHodacTuil: 45 + 7 Hwm.
B pesyabrare hopMUpOBaHWs UepEmyIONINXCS CI0EB TIEHOK W HAHOYACTHIL CYCTIEH3UN
KJIETOK TIPUOOpETan XapakTepHYIo Oypyro OKpacKy (THIMUYHYIO st CepeOpAHBbIX Ha-
HOYACTUIL), YTO JETEKTUPOBAIOCH HEBOOPYKEHHBIM IJ1a30M.
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Puc. 1. ) ACM-n306pakenne cepedpAHbIX HAHOYACTHUI], 6) THCTOTPAMMA, PACTIPE/ICICHHS Ce-
peOPAHBIX HAHOYACTHI 110 BBICOTE

Puc. 2. Qnekrponnbie MukpodoTorpadun 6akrepuit E. coli: a) MHTAaKTHBIE KJIETKH, §) MOIA-
dunupoBaHHbIe CePEOPAHBIMU HAHOYACTUIIAME

Puc. 3. ACM-u3o6paxkenus knerok FE. coli: ) marakTaag, 6) mogudunupoBanHaa cepedpa-
HBIMU HAHOYACTHUIIAMU
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Puc. 4. MukpodoTorpadhnm MUKpOCKOITAT OTPAKEHHOTO cBeTa 6akTepwii E. coli: a) nATAKTHBIE
KJIeTKH, 6) MOAM(DUIMPOBAHHBIE CEPEOPAHBIMU HAHOTACTATIAMHE
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Puc. 5. PamamoBckmuii crmexkTp kjaeTok FE. coli B 3aBUCUMOCTH OT THUMA MOJU(DUKAIIN:
a) PAH/nanoAg/PAH, 6) PAH/PSS/PAH /nanoAg/PAH/PSS; 1) unrakrasle, 2, 3) moaudu-

OUPOBaHHBIE KJIETKH
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Puc. 6. PamanoBckue cekTpbl MoAnGUIMPOBAHHBIX KIeToK E. coli (1) u S. cohnii (2)
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Jlanee moBepxHOCTHL DakTepwit . coli Obl1a mcciaenoBaHa METOIOM CKaHUPYIOIIEH
9JEKTPOHHON MHUKPOCKOMHUH, KOTOPasi MO3BOJSET W3Yy4YWTh MOAU(DUIIUPOBAHHYIO IMO-
BEPXHOCTH C BBICOKHM paspemntenneM. Ha 3,1eKTpoOHHBIX MUKpOdoTorpadusax ODaKTepun
E. coli (puc. 2), momudunupoBanHoii MjaeHKaMU ¥ HAHOYACTUIIAMU, YETKO BUJIHBI ar-
perarbl METAIINIECKUX HAHOUYACTHUIL, M3MEHSIONUX OTHOPOIHYIO, POBHYIO TIOBEPXHOCTH
KJIETOK.

AromMHuo-cunoBas MUKPOCKONHUS TOKa3ana (GOPMUPOBAHKE ILJIOTHOTO U PABHOMEP-
HO PACIpPEIEIEHHOTO CJI0si HAHOYACTUIL HA TOBEPXHOCTH KaeToK. Kak moka3aHo Ha
puc. 3, momudunuposannas kierka F. coli xapakrepusyercs IIepOXOBATON MTOBEPX-
HOCTBIO, OOYCJIOBJIEHHO# MPUCOEINHEHUEM OTPUIATENHHO 3aPSKEHHBIX HAHOYACTHUIL K
MOJIOYKUTEIHHO 3aPSAKeHHOM T1erKe. [Ipn 3T0M HaHeceHne TOMOJTHUTETHHBIX MIJIEHOK TM0-
BEpX HAHOYACTHIT MO3BOJIsAET 3a(PUKCUPOBATH UX HA MOBEPXHOCTH KJIETOK, IPEIOTBPATHR
MEXaHWYIECKOe YAATeHNe HAHOYACTHUI] DU MAHUIYAAUusSX ¢ oOpasnom. s cpaBHeHus
MOKa3aHa HeMOAMDUIIMPOBAHHAS KJIETKA, TIOBEPXHOCTH KOTOPO OTHOCUTETHLHO POBHAS
U TJIaKas.

AmroMaTu3mpoBaHHas CHCTEMa PAMAHOBCKOTO MHKPOCKOIMA MPEICTABISET CO0Oi
KOMOWHAIINIO MUKPOCKOTIA OTPAaYKEHHOT0 CBETA M CIIEKTPOMETPA KOMOWHAIIMOHHOTO Pac-
cenBanusga. Kak Bugao u3 puc. 4, mocae o6pabOTKH HAHOYACTUIIAMHU KJIETKHA PHOOpeTa-
0T MeTaindecKuii OJecK, XapakTepHbIil i cepedpa. I1oT GakT 00bICHIAETCS CIO-
COOHOCTBI0 HAHOYACTHUIL IPU BHICYIIIMBAHUU ArPErUPOBATH U OTPAXKATH BUIUMBINH CBET.
Brina takke 3amedena TEHIEHIHS K YMEHBITEHUIO KOJWYECTBA arperarton, MoOaudu-
[IMPOBAHHBIX HAHOIJIEHKAMU W HAHOYACTHUIIAMH KJIETOK, [0 CPABHEHUIO ¢ WHTAKTHBIMU
(puc. 4, 6). Biarogaps 3TuM AByM CBOWCTBAM CTAJI0 BO3MOXKHBIM CHOKYCHMPOBATHCS HA
OTJIETBHBIX KJIETKE W MOJYyYUTh COEKTP eIuHuIHOM Kiaerku E. coli.

JlBa pasmuYHbIX MOAXOAA K MOAUMUKAINN KJIETOK ObLIN TPUMEHEHbI B JAHHONW pa-
Gore. B mepBoM cirydae MBI HCTIOIB30BAIN TIEHKY, coctosiyio n3 PAH /nanoAg/PAH,
a Bo Bropom — PAH/PSS/PAH /nanoAg/PAH/PSS. Pamanosckue criekTpsl Moandumn-
POBAHHBIX U HEMOIMMPUIIMPOBAHHBIX KJIETOK MOKA3aHBI HA PHUC. 5. BumHo, 94To crexkTp
KJIETOK, MOJU(PUIIMPOBAHHBIX KAK MEPBLIM, TAK U BTOPBIM CIIOCOOOM, COJIEPIKUT XapaK-
TepHBIE /s JJAHHOTO MUKPOOPTAHU3MA MUK, TOT/IA KAK B CIIEKTPe HEMOIU(MUITHPOBAH-
HBIX KJIETOK HEBO3MOYKHO PA3JIUYIUTH UETKUE MHKH. JKCIEPUMEHTAIbHBIE PE3YIbTATHI
TOBOPSIT O TOM, YTO HAHOYACTHUIIHI HAXOAATCS B HEITOCPEICTBEHHOMW OJIM30CTH OT KJIETOU-
HOM CTEHKH, HO He MPOHUKAIOT BHYTPh, TAK KAK PACIOJIOXKEHUE CIEKTPATbHBIX MTHKOB
CYNIECTBEHHO OTIUYACTCS OT KAPTUHBI, IOy Y9€HHON P BBEJICHUN KOJIJIOUTHOTO ceped-
pa BHYTDb KJjeTok kuiiednoii nanouku [16]. Ilonpobuble cBenenus 0 npupoje BO3SHUK-
HOBEHHUsI CMIEKTPAJIbHBIX MUKOB MPHU XapakTtepuctuke K. coli ¢ MOMOIIBI0 PAMAHOBCKOA
CIIEKTPOCKOINN OIyOIMKOBAHLI panee [17].

Bru10 mokazano, YTO CHTHAJ PAMAHOBCKOTO CIEKTPA MOANMDUIMPOBAHHBIX KJIETOK
XapaKTEPU3YETCsl BBICOKOH BOCIPOU3BOIUMOCTHIO HE3ABUCHMO OT METOJa MOaugUKa-
muu. Ha puc. 5 (2 u 3) npencrapiieHbl paMaHOBCKHE CIEKTPbl OT Pa3HbIX 00Pa3IoB
MOIUQPHUINPOBAHHBIX KJIeTOK F. coli.

st TOro 9To0bI MPOIEMOHCTPUPOBATH BO3MOKHOCTH MIPUMEHEHHUS TAHHOTO METO/Ia,
JIJIsT PACTIO3HABAHUS KJIETOK OAKTEPUil, MBI MOJYUUIN CIEKTPHI KJIETOK MUKPOOPTAHI3-
Ma S. cohnii, 06pabOTAHHOTNO HAHOYACTUIIAMN W TOJWIJICKTpoanTaMu. Kax BHUIHO u3
puc. 6, cuekTp cTaduII0KOKA CYIMIECTBEHHO OTJIMYAeTCs OT CHeKTpa KHUIIeYHOH mna-
JIOUKH. DTO CBA3AHO C PA3IUIHBIM COJMEPIKAHUEM MOBEPXHOCTHBIX GHOMAKDPOMOJIEKYT
JAHHBIX BUJOB OakrTepuii (MepBblil BUI SBJIAETCA IPAMOTPUIATEIHHBIM, 8 BTOPOH —
IPaMIOJIOKHUTEIbHBIM MUKpoopranu3mom) [18]. Cormajenve psija MIKOB BBI3BAHO Ha-
JITUUEM Dsijia BEIecTs (MoMcaxapuioB, OeIKOB), OMUHAKOBO Npucymux u i E. coli,
n nia S. cohnii.
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3akJiroueHue

[IpemoxkenubIii HAMU METOJ B 00EMX BapHANUAX MO3BOJIsIET 3(DMEKTUBHO UMMO-
OUIN30BAThH HAHOYACTHUIHI HA TIOBEPXHOCTH KJIETOK OAKTEpHil M 3aTeM ONpemessiTh UX
BUIOBOM COCTAB METOJIOM DPaMAHOBCKOW CHEKTPOCKOTHH. VCnoah30BaHe TaKUX METO-
JIAK, KAK KAPTUPOBAHKE yIACTKOB MOBEPXHOCTH TPU MOMOIIH PAMAHOBCKOTO MUKPOCKO-
[a U BU3yaJn3allds KJAETOK 0 3aJaHHOMY XapaKTePUCTUIECKOMY MUKY, MO3BOJIUIIO0 HE
TOJIBKO JIETEKTUPOBATH KJIETKH OIHOTO BUJA, HO U PA3JENUTh HECKOJBKO BUIOB MUK-
poopranu3moB B cmecu. Ecan npumenenne cucrembl PAH/nanoAg/PAH st monndn-
KaIlUU SIBJISIETCS MEHEee PECypPCOeMKUM U 0oJiee OBICTPBIM, TO HWCIOJb30BAHUE TIIEHOK
PAH/PSS/PAH /nanoAg/PAH /PSS nossossier momydurh BBICOKOIUCIEPCHBIE CYCIIEH-
3UM eIMHAIHBIX KIeTOK. QONUuCaHHBI HAMU MEeTOJ] MOYKeT ObITh UCIOIb30BAH HE TOIbKO
Jtst MOJIUUKAIIME KJIETOK OaKTepuii, HO U MHUKPOMHIIETOB, BOJOPOCTEH, a TaKkKe B
MEPCIEeKTUBE — PACTEHUN W KUBOTHBIX.

Summary

A.I. Zamaleeva, M. Kahraman, M. Culha, R.F. Fakhrullin. Nanomodified Bacteria:
Detection of Individual Cells Using Surface-Enhanced Raman Scattering.

The layer-by-layer method of coating bacterial cells with polyelectrolytes and silver
nanoparticles for improving the surface-enhanced Raman scattering (SERS) spectra is
reported. First, the bacteria cell wall is coated with poly(allylamine) hydrochloride (PAH)
and/or poly(styrene) sulfonate (PSS) and then with citrate reduced silver nanoparticles.
In order to increase the stability of the coating, other layers of PAH/PSS are formed on
the surface. The SEM and AFM images indicate isolated nanoparticles and aggregates of
nanoparticles on the bacterial wall. The coating of bacterial cells with silver nanoparticles
not only serves for their preparation for SERS measurement but also helps to visualize the
coated bacterial cells under the ordinary whitelight microscope objective due to efficient light
scattering properties of silver nanoparticles. The two bacteria that differ in shape and cell wall
biochemical structure, Escherichia coli and Staphylococcus cohnii, Gram-negative and Gram-
positive respectively, are used as models. Reproducible SERS spectra were obtained from single
and aggregated silver nanoparticle-coated cells. These spectra can provide valuable information
about chemical structure of bacterial cell wall. Preliminary results reveal that the approach
could be used for single bacterial cell identification. Key words: layer-by-layer, polyelectrolyte
nanofilms, silver nanoparticles, single cell, surface-enhanced Raman scattering.

Key words: layer-by-layer method, polyelectrolyte nanofilms, silver nanoparticles, single
cell, surface-enhanced Raman scattering.
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