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M3yuena 3aBUCUMOCTb OCHOBHBIX ITApaMETPOB B3aMMOJICHCTBHS KOMIIOHEHTOB MMMYHO(TyOPECIIEHTHON TECT-CHCTEMBI
JUTSL KOJIMYECTBEHHOTO OTIPE/ICIICHNS IPOCTATCIIENU(PUIECKOr0 aHTUI'€Ha Ha OCHOBE TUIa3MOHHBIX CEPEOPSTHBIX HAHOUACTHIT
0T (PUBUKO-XMMHUUECKOH MPUPOJIBI PASITHMUHBIX MOINAIEKTPOIUTOB, TPUMEHAEMBIX MTPU MOKPHITHH INICHOK U3 HAHOYACTHIL
cepebpa. ITokazano, yTo ncnonb30BaHue caa003apsKEHHOTO MOTUKATHOHHOTO AIEKTPOIUTA TTONIK-L-T131Ha MO3BOMISET
MOBBICUTb 10Ka3aTe/I aHTUTCHHOTO CBS3BIBAHUS TECT-CHCTEMBI B 2,34 pa3a, a NPUMEHEHNE CHIbHO3aPSKEHHOTO MOJIH-
KaTHOHHOTO JIEKTPOJINTA MOIHANAIUTIIIMMETHIAMMOHUS XJIOPH/Ia BHI3BIBACT YBEIMUCHHUE MTapaMeTpoB a(PHUHHOCTH CBsI-
3BIBAHMS TIpocTarcrenuduieckoro anTureHa B 5 pas. Ilpu pa3paboTke pasiMuHBIX HMMYHOXHMHUYECKHUX TECT-CHCTEM
C WCITIOJIb30BAaHMEM IUICHOK M3 HAHOYACTHI] cepedpa BayKHOE 3HAYCHUE MMEET BHIOOP MOIMIICKTPOINTA JJIsl HOKPBITHS
HAHOCIIOS cepedpa, Tak Kak (PU3UKO-XUMHUYECKHE U 3IEKTPOCTaTUIECKHE CBOMCTBA MOIMAIEKTPOINTA MOTYT OKa3bIBaTh
CYIIECTBEHHOE BIIMSHUE KaK Ha COPOLIMOHHYIO EMKOCTh TBEPOil (ha3bl, Tak U Ha KOH(GOPMALIMOHHOE COCTOSIHUE U (PyHK-
LIUOHAJILHYIO aKTUBHOCTh MMMOOWIIN3YEMbIX OEJIKOBBIX MOJIeKYJ. OT 3THUX HapaMeTpOB B 3HAUUTEIBLHON CTEIICHHU 3aBH-
CHUT Kak CIelH(pUIHOCTD, TaK ¥ YyBCTBUTEIHLHOCTh MMMYHOXHMHUECKOH TECT-CHCTEMBI, & TAK)K€ MUHHUMAJIEHO BO3MOXK-
HBIC OTKPBIBAGMbIC KOHIICHTPALIMH ONOaHAINTA.
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It was studied the dependence of the interaction of the components of the immunofluorescence test system for the
quantitative determination of prostate specific antigen based on plasmon silver nanoparticles on the physicochemical
nature of various polyelectrolytes used to coat films of silver nanoparticles. It has been shown that the use of a weakly
charged polycationic polyelectrolyte poly-L-lysine can increase the antigenic binding of the test system by 2.34 times,
and the use of a highly charged polycationic polyelectrolyte polydiallyldimethylammonium chloride increases the bin-
ding affinity of prostatic specific antigen by 5 times. When developing various immunochemical test systems using films
of silver nanoparticles, an important parameter is the choice of a polyelectrolyte for coating a silver nanolayer, since the
physicochemical and electrostatic properties of the polyelectrolyte can significantly affect both the sorption capacity of
the solid phase and the conformational state functional activity of immobilized protein molecules. Both specificity and
sensitivity of the immunochemical test system, as well as the minimum possible detectable concentration of bioanalyte,
largely depend on these parameters.
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BBenenune

[Ipocrarcneunduueckuit anturen (IICA) B HopMe sIBIIsIETCS KOMIOHEHTOM MPOCTATUYECKOTO CEKpeTa
Y CEMEHHOM KHJIKOCTU U BhIpa0aThIBACTCS JTFIOMHHAILHBIMU JMUTEIHALHBIMU TKAHSAMH MPOCTaThl. braaroma-
Psl MEXaHM3MaM MEKTKaHeBOM 1u(y3uu HEKOTOpast ero YacTh MONaAaeT B KPOBOTOK, TaK YTO CpEHEe Colep-
JKaHUe 3TOro OeJKa B CHIBOPOTKE KPOBH y MYKUMH Kosiebiercst ot 1 o 4 ur [1-3]. JlaHHOE 3HaYeHHE MOXKET
BapbUPOBATHCSI B 3aBUCHMOCTH OT BO3pacTa, GU3NUECKON HArPy3KH M WHAWBUAYAIbHBIX (PU3UOIOTHUYECKUX
ocobeHHocTei [4—6].

Kpowme storo, [ICA 6bu1 00Hapy>KeH U B HEIPOCTATHUECKUX TKAHSX, TAKUX KaK CEKPETOPHBIE SITUTEIINAIb-
HBIE KJIIETKH TPaXeH, IIUTOBHUIHOM JKEJIE3bl, CINFOHHBIX JKEJIe3, TOIIEH 1 MO/IB30IIHON KUILIKH, TOKETYI0YHON
xkenesbl [7-9]. loctatouHo BeIcokoe copepkanue [ICA oTMeueHo U y JKEHIIMH B TKaHIX dHIAOMETpHs, Iia-
LEHTBI, MOJIOYHOM KeJe3bl, a TAK)KE B TPYAHOM MOJIOKE U aMHUOTHYECKOU skunkoctu [10; 11], uto cBuaerens-
CTBYET O TOM, YTO JaHHBIH OCJIOK BOBJIEUYEH BO MHOT'HE (DU3MOJIOTMYECKHE MPOLECCHl U ero (pyHKuus B 4eio-
BEYECKOM OpPIaHM3Me HE OTPAHNYMBAETCS TOJIBKO MOIEPKaHUEM arperaTHOrO COCTOSHUS CIIEPMBI Y MY>KUHH.

[Ipu pa3BUTHH MATONOTMYECKUX MPOLECCOB, 0COOEHHO HEOMJIACTHUECKOTO XapaKTepa, NPOUCXOANT TTOBBI-
menne ypoBHs [ICA B CBIBOPOTKE KPOBH, U 3TO SIBJISETCS TUArHOCTHUECKUM KPUTEPHEM B MEPBYIO OUEPEb
paka npeAcTaTeIbHON kKeNe3bl Y MYXUHH, a IPU YCTAHOBJIEHHOM JHArHO3€ «PaKk» OTpa)kaeT pacHpOCTpaHEeH-
HOCTB M CTaIMIHOCTH OITyX0sieBoro nporecca [ 1-3; 5]. OTHocuTenpHO HeraBHO 00HapyxeHo, uto [ICA moxer
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IKCIPECCUPOBATHCS PA3IMIHBIMHU CONUIHBIME oOpa3oBanusimu [11]. [IpucyrcTeue [ICA B TkaHsIX ObUIO OT-
MEUYEHO TPH MOYEYHO-KIETOYHOM pake (B TOM YHCIE U Y KEHIIUH), HEMEJIKOKIETOYHOM PaKe JIETKUX Y MYX-
YUH U JKEHIINH, OMYXO0JIIX HEPBHON CHCTEMBI, Ha/IMOYEYHUKOB, TOJICTON KHUIIIKH, CITFOHHBIX U IOTOBBIX XKEJe3,
B OHKOITUTOMAaX OKOJIOYIIHBIX kenie3 [2; 3; 6; 7; 11]. HaubompImuii mHTEpEC MpeCTaBISIIOT Ty OIHKAITIH, T10-
CBsIIeHHBIE nccienoBanusaM ypoBHs [ICA mpu pake MosouHoM *xemnessl [6; 9; 11].

AHanuTrdeckas OMOTEXHOJIOTHS JaeT BO3MOXKHOCTH Pa3padaThiBaTh HOBBIE KCIIEPUMEHTAIBHBIE TTOXOBI
K CO3ZIAaHMIO BBICOKOUYBCTBHUTEIBHBIX METOJOB aHAIM3a OWOJOTHYECKH aKTHBHBIX COCIWHEHHH, MTO3BOJISIO-
IIUX JOCTOBEPHO ONPEAEIATh HAHO- M ITMKOTPAMMOBBIE KOJIMYECTBA BEUIECTBA B OMOIOTHYECKUX KUAKOCTSIX
WU 00BEKTaX OKPYKAIOMICH CPEIIbI.

[IpumMeHeHne CreKTpabHOTO HHCTPYMEHTAIBHOTO 000pyAoBaHus obecrednBaeT d(P(EKTUBHYIO JETEKIIUIO
OnoaHanuToB. B 3TOM ciiyyae B KauecTBE METKH MCIIONB3YIOTCS BEIIECTBA, 00Ia[arollne JTFOMUHECIICHTHBI-
MU, (QITyOpEeCHEeHTHBIMU MJIM WHBIMH CHEKTPAIILHBIMU CBOMcTBaMH. B porm ontudeckux mnpeobOpaszoBareeit
pa3zHoo0pa3HbIX OHocHenn(YUISCKUX B3aNMOACHCTBHI BHICTYIIAIOT HAHOYACTHIIEI METAJUIOB, TAKMX KaK 30J10-
TO U cepedpo, YTO MO3BOJSET COYETATh B OAHON IKCIEPUMEHTAIBHON CHCTEME SBJICHHS TUIa3MOHHOTO Pe30-
HaHca U (IyOopeCIeHIINN.

NMMyHOaHAIMTHYECKOE KOMMYECTBEHHOE OTIPe/IeTICHIE OSIKOBBIX MOJIEKYII C MPUMEHEHNEM (IIyopoXpo-
MOB JUIsI KOHBIOTHPOBAHUS C aHTUTEJIAMH WJIM aHTUT€HAMHU 00J1a/laeT YyBCTBUTENBHOCTHIO HAa OAMH-ABA TIO-
psiJIKa BBIIIE, YEM ITPH UCIIONB30BaHUH (DOTOMETPUUECKUX METOK.

Jua uccnenoBanus Bo3MokHocTH npuMeneHust [ICA B kadecTBe 6romMapkepa HEMPOCTATUYECKUX PAKOB
TpebyeTcsl yBeTMUeHHE YyBCTBUTEIHHOCTH CYIIECTBYIOINX NMMYHOXUMHUYECKIX TECT-CUCTEM.

Lenp HacTosimeit paboThl — M3yYNTh BIUSHHUE PA3TUYHBIX TOIUIEKTPOINTOB HAa YyBCTBUTEIHHOCTh M-
MyHO(pyopectenTHoro aHanm3a [ICA Ha ocHOBE TUIa3MOHHBIX CepeOpsTHBIX HAHOYACTHII.

MaTepI/IaJ'II)I U METOAbI HCCJICAOBAHUSA

IIpumensiemble MaTepuaJibl. B paboTe HCIIONB30BAINCH CIENYIONINE XUMUYECKHE PEaKTUBbI: HUTPAT
cepebpa, MUTpaT HaTPUsl, MOIUIICKTPONHUT nonuanauTmiauMetTmiamymonnii xiaopun (ITIIAJIMAX), nomu-L-
TU3UH ruapodpomu, duryopectent nzoruonuanar (PUTL, usomep /), xsiopua HaTpHsl, ObIYHUN CHIBOPOTOY-
Helii anbOymuH (BCA) (Bce peakTuBbI IPOU3BOACTBA KoMnanuu Sigma-Aldrich, CIIIA), OydepHblii pacTBOp
Tris-EDTA ¢ pH 7,6 (Fisher BioReagents, CI1LIA), 10 mMoub/n kanuii-uatpuii-ocdarusiii oydep (PCB), co-
aepkammit 140 mmosns/i NaCl, 10 mmosns/nn KCl, 10 mmons/n NaH,PO, (pH 7,4), u crangaptel [ICA, cootser-
crBytomye koHeHtpauusim 0; 1; 2,5; 5; 15 u 30 ar/mn (OO0 «AnanuzMenlIpom», benapyck), HEKOHKYpHpPYIO-
e MoHokJoHasbHbIE anTuTeNa K [ICA anTulICA-MAT1 u antullCA-MAT2 (Abcam, BenukoOpuranus).

OKCIEepPUMEHTHI MPOBOAWINCH B MPO3PAYHBIX 96-TyHOUHBIX TMOJMCTHPOJIOBBIX IMJIaHIIETaX Uil HMMYHO-
ananmm3a (OAO «Mennonumepy, Poccust) ¢ o0beMoM TyHKH 250 MKII.

IHosnyyeHne KOHBIOraTOB MOHOKJIOHAJLHBIX aHTHTEJ. CHHTE3 KOHBIOTaTOB MOHOKJIOHAJIBHBIX aHTUTEN
auTulICA-MAT2 u ®UTIL] (nanee — antulICA-OUTLI) ocyIecTBIsUICS MO CTaHAAPTHON MeToauKe [4], KoH-
HEHTpaIUs KCXOJHOTO pacTBOpa Obu1a 2,97 MI/MII ¢ MOJISIDHBIM cooTHOmeHneM Oenka u @UTL 1,0 : 3,9.

dopmupoBanme IVIEHKH HAHOYACTHIl cepedpa. 30ib cepedpa ObUI CHHTE3WPOBAH MO METOY IUTpar-
HOTO BOCCTaHOBJICHHs HUTpara cepedpa [12; 13]. DnexTpoHHbIE CHUMKH MOJIy4eHHBIX CepeOpsSHBIX HaHO-
4acTHUIl ObLIM C/ICJIaHbl HA CKaHUPYFOIIeM 1ekTpoHHoM Mukpockore SU 8030 (Hitachi, Slnonus). OGpasipl
JUTSE STIEKTPOHHONW MUKPOCKOIIMY TOTOBUIIH ITyTEM HaHECEHMS KaIllv 307151 cepedpa Ha KpeMHHUEBYIO OATIOKKY
Y TIOCTIETYIOIIIETO BRICYIIIMBAHUS Ha BO3/IYyXE.

CepeOpstHble HAHOYACTHUITHI OCAXKIAIN B TYHKH TUTAHIIIETA TI0 CICAYIOMIEH cXeMe:

1) 150 mxi pacteopa [TTAIMAX (1 r/n B 0,5 MoJB/JT XJTOpUa HATPUSI) BBIJICPIKUBAIKCH B TIOJIOBUHE JTy-
HOK IUTaHIIeTa B TeueHue 20 MuH;

2) 150 Mk 30151 cepeOpa BBIAEPKUBAINCH B TIOJIOBUHE JIYHOK TUIAHIIETa B Te4eHHE 24 4 Ipyu KOMHATHON
TeMIeparype.

@opmupoBaHue €J10€B MOJIUNIEKTPOJUTOB Ha cepeOpPAHOI HaHOIIeHKe. Ha mOBepXHOCTh TUIEHKH, CO-
cTosIIIeH U3 HaHouacTull cepedpa, HaHocuu 150 Mt pacteopa [TIAJIMAX (1 r/1 B 0,5 Mo/ XJI0puaa Hat-
puist) Wik pacTBopa nonu-L-nmu3una (20 MKI/mMiIT) TI0 OTAENEHOCTH JIMOO0 Yepe/IOBAIIU CIION ATHX JIBYX TTOJIUDIICKT-
ponurtoB. PactBops! [IJIAJIMAX n nmonu-L-nu3uHa HHKYOMpOBaJIM TP KOMHATHOM TemIieparype B TEUCHHE
20 muH. Kaxapril aTan npoueaypsl 3aKaHIUBAJICS TPOMBIBKOM TUCTHIITMPOBAHHON BOIOM.

dopmupoBanme cJI0€B MOJHITEKTPOJIUTOB HA MOBEPXHOCTH MOJUCTHPOJIa. OOpaboTKa MOIUCTHPOIIO-
BBIX IUIAHIIIETOB PACTBOPAMH MOJUAJIEKTPOIUTOB OCYIIECTBIIACh ITyTeM HHKyOupoBanus 150 MK pacTBo-
pa noiu-L-nu3una (20 mxr/mun) win pacteopa [TJTAIMAX (1 r/n B 0,5 Monb/i XJ10puaa HaTpHsl) HA SYCHKY
B TeueHre 20 MUH MpH KOMHATHOW Temnepatype. Kaxaplit aTam npoueaypsl 3aKaHUYHUBAJICS TPOMBIBKOM AHC-
TUJIJTMPOBAHHOMN BOJIOM.
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HNmmodnauzanus antTulICA-MAT1 na TBepaoii paze. B myHKH TOMHCTUPOIOBBIX IJIAHIIETOB (MHTAKT-
HBIX WJTH TTOKPBITHIX KOMIUIEKCAMHU, COCTOSIIIMMHU M3 HAHOTIEHKH cepedpa U TOIMAIEKTPOIUTOB B PA3IHYHBIX
coueranusx) BHocwH aHTUIICA-MAT1 B konmmuectBe 3 Mk Ha 1 myHky B 150 Mk 10 MMoIe/i Kamwii-Hart-
puii-dpocdarnoro oydepa (pH 7,4) n uakybuposanu 16 1 npu 4 °C. 3areM IUTaHIIETH TPOMBIBAIN TEM K€
oydepom u gobasisin 1 % pactBop BCA B ®CB. Uepes 1 4 mnanmiersl npombiBain @Ch u ncnosb3opaiu
B aHAJIN3E.

JIBynenTpoBblii aHanu3 cBsa3biBaHus IICA ¢ MOHOKJIOHAJILHBIMM aHTUTeJIaMH. B myHKHN monuctupo-
JIOBBIX TUIAHIIIETOB C MPEIBAPUTEIPHO NMMOOMIM30BAHHBIM MOHOKIOHATBHBIM aHTHTEeIOM aHTHIICA-MAT 1
no0aBisin Bo3pacraroiue konudectsa [ICA (ot 0 1o 30 ur/mi coorBerctBerHo) B ®CB-BCA B 0o0beme
150 mxa. UakyOuposanu B reuenue 1,5 1 ipu 37 °C, aBaxkas! npoMbiBasin @Ch n BHocwuiu 1o 300 HT KOHBIO-
rara anTulICA-OUTL] B o6veme 150 mxit. Yepes 1,5 g nakyOaruu npu 37 °C B TeMHOTE JTyHKH TPOMBIBAIIN
OCb n n3mepsIN HHTEHCUBHOCTE (uryopecueHun (Bo30yxaerne 460 uMm, smuccust 518 um).

KoHCTaHTBI B3aUMOJCHCTBHS KOHBIOraTa MOHOKIOHANBHBIX aHTUTeA aHTUIICA-OUTI] ¢ xoMIiekcoM
anTulICA-MAT1 — IICA, ¢pukcrpoBaHHBIM Ha OJIKUCTHPOIIC WM HAHOIICHKAX cepedpa, MOKPBITHIX pa3iiny-
HBIMU TIOJIMAJIEKTPOIUTAMH, OTIPENEISIIN TTOCPEICTBOM MHOKECTBEHHOTO PETPECCHOHHOTO aHAIN3a.

Crarucruyeckuii anaau3. CTaTuCTHYecKyro 00padOTKy MOTyYEHHBIX PE3YIBTaTOB MTPOBOAMIIH C TOMOIIHIO
MakeTa MPUKJIAIHbIX Tporpamm Statistica 8.0 (StatSoft Inc., CILIA) niis Windows ¢ HCTIONB30BaHUEM TTapaMeTpH-
YyecKuX KpuTepues. [Ipu cpaBHEeHNN HE3aBUCHMBIX BRIOOPOK MTPUMEHSITH JUCTIEPCHOHHBIN aHAIIN3 U ~KPUTEPHUN
CreionenTa. [y onpeaeneHns Bua B3aMMOCBSI3H MTPU3HAKOB HCIIOIH30BAIN MHOKECTBEHHBIN PErpecCHOHHBIN
aHanu3. B 1ensx BBISABIEHUS CTATHCTUYECKH 3HAYUMBIX Pa3NIWYUid WA B3aMMOCBSI3M MPU3HAKOB KPUTHIECKUH
YPOBEHB 3HAYMMOCTH p HYJEBOH IUITOTE3bI pUHUMaH paBHBIM 0,05.

Pe3y.]'[bTaTbI U UX 06cyme1me

[TnazmMoHHO-ycuIeHHas (PIyOpeCIeHIHs SBISIETCS OJJHAM U3 Hanbolee MepCIeKTHBHBIX METOOB MOBBIIIE-
HUSI 9YBCTBUTEILHOCTH (DIIyOPECHEHTHOTO HMMYHOJIOIHYECKOTO aHann3a. IHTeHCUBHOCTh PETUCTPUPYEMOTO
curHajaa MoxxeT ObITh yBenuueHa B 10—100 pa3, eciiu quiyopecuenTHas Metka (diyopodop) pa3Meraercs Ha
OTIPEICIICHHOM PACCTOSIHUY OT METAJTMIECKUX HAHOUACTHIT 30J10Ta win cepedpa [ 12—14]. bonpmioe 3HaueHNE
IIPU ATOM MMEET Ha4aJIbHbIA KBAHTOBBIN BBIXOJ (pIIyOpECLEHIIUH UCTIOIb3yeMoro (ryopodopa [15; 16].

Panee B paborax rpymnmsl uccueaoBarenei moj pykooactBom akagemuka HAH Benapycu, nokropa ¢usuko-
MaTeMaTuueckux Hayk, npogeccopa C. B. 'anoHeHko OblIa MPOAEMOHCTPUPOBAHA BO3MOXKHOCTh TIONTYYEHHUSI
YCHJICHHOU (DITyOpecIeHIINH JijIst MOiesibHBIX Onomosiekya BCA-OUTIL] (Obrubero CHIBOPOTOUHOTO aibOyMHUHA,
MEYEHHOTO (DITyopeclieMHOM U30THOLMAaHaTOM) U uMMYyHOr00ynHa G-OUTL (umMyHoroOynrHa G yenose-
Ka, MEYEHHOTO (PIIyOpeclieMHOM M30THOIIMAaHATOM ), OCAXK/IEHHBIX HAa HAHOTEKCTYPHUPOBAHHYIO CEPEOPSHYIO IT0-
BepxHOCTH [13-15].

Amnanoruunbie 3G GeKThl ObUIN 3apETUCTPUPOBAHBI U B CITydae MPUMEHEHUS TUIEHKU W3 HAHOYACTHIL cepeO-
pa B KauecTBE MOMIOXKKH JJISi HMMYHOJIOTHUYECKOM TECT-CUCTEMBbI, CKOHCTPYUPOBAHHOMW B paMKax JIBYIICHT-
POBOTO «COHJBUY»-aHAIN3a C UCTIONIb30BAHUEM TTapbl HEKOHKYPHUPYIOIINX MOHOKIIOHAIBHBIX aHTUTEI JIJIs OTI-
penencuus anbda-peronporenna u [ICA [13; 14].

[Ipu 3TOoM HaHOYACTHIIBI cepedpa 3IEKTPOCTATUIECKH OCAKIAINCh HA TIOBEPXHOCTH JIYHOK IMOJIUCTHPO-
JIOBBIX TUIAHIIIETOB C IMOMOIIBIO MOJMAIEKTPOIUTHBIX CIOEB. Pazmep ocakiaeMblX HAHOYACTHII, 110 JaHHBIM
3JIEKTPOHHON MUKpockonuH, cocTaBui oT 30 1o 80 um (puc. 1). @ukcanys MOHOKIOHAIBHBIX AHTUTEI Ha T0-
BEPXHOCTH CEPEOPSIHON HAHOIICHKU MPOMCXOIMIA C TIOMOIIBIO TIOJIMAIEKTPOIUTOB.

B cniekrpe onTr4eckoil IIoTHOCTH ocepeOPEHHBIX JTYHOK TUIAHIIETa PETHCTPUPOBAIICS XapaKTePHbIA MaK-
cumyM B obmactu 400 HM, CBSI3aHHBIN ¢ PE30HAHCHBIM IIJIA3MOHHBIM TOTJIONICHIEM HAaHOYACTHIIAMH cepedpa,
a Taxoke mupokas noioca B odmactu 600—800 HM, cBA3aHHAA C MOIIOIIEHUEM arperaraMu cepeOpsSHBIX HaHO-
yactuil. [Ipy 3TOM MPOUCXOANIIO NIEPEKPBITHE TIOJIOCKHI TNIA3MOHHOTO PE30HAHCA CePEeOPSIHON TIICHKU CO CIIEKT-
pom norioieHust koubrorarta aHTulICA-OUTL, uto obecnieunBano 3dexkruHOE BO30ykaeHHE (PiIyopeciiecH-
i OUTL] 1 co3naBano ycinoBust it HAOMHOACHUS YCHUIICHHOH (ityopeciieHiuu (puc. 2).

Tak kaK JUIs perucTpanyy IIa3MOHHOTO YCHIICHUSI (TyOPECIICHITUH CYIIECTBEHHBIM SIBIISIETCS PACCTOSIHUE
Mexay ¢iyopodopoM u cepeOpsSHBIME HAHOYACTHIIAMH, TONIIMHA MOTHAICKTPOIUTHBIX CIOEB Ha MOBEPX-
HOCTH cepeOpsiHON HAHOIIJICHKH, MCITOIb3YEMbIX JIJIS a7IcOpOIIMU OSJIKOBBIX MOJICKYII, HE JOJIXKHA TIPEBBIIIATD
1,4-3,3 am [12-15]. DTO IPOCTPaHCTBEHHOE OTPAaHUYCHHUE CBA3aHO C HAJMYHUEM B MPUMEHSIEMON UMMYHO-
XUMHUYECKOW KOHCTPYKIIH ABYX CIIOEB MOJIEKYT MUMMYHOTITOOYMHOB U ciosi Mmonekyn [ICA, xotopsie obmia-
JTAIOT TOCTaTOYHO OONBIITUMHE pa3MepaMHu.

Ha ocHOBaHMM 3THX JJAHHBIX B HAIIKX YKCIIEPUMEHTAX JIJIsl UMMOOHIM3AIINH TIEPBOTO KOMIIOHEHTa HIMMYHO-
xuMugeckor TecT-cucteMbl aHTUI ICA-MAT 1 MBI HCTTONTE30BaJTH MIOBEPXHOCTH TTOTUCTHPOJIA HITH CepeOpsTHON
HAHOIIJICHKH, MTOKPBITHIE TOJIBKO OMHIUM MOoHOcToeM nommdsexTponuta (IIIAJIMAX umu monu-L-nu3uH).
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Puc. 1. I300paxxenne cepeOpsIHBIX HAHOYACTHIL,
TOJIy4EHHOE C OMOIIBIO CKAaHUPYIOLIEH 3IEKTPOHHONH MUKPOCKOIINH

Fig. 1. Image of silver nanoparticles obtained using atomic force scanning electron microscopy
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Puc. 2. CiexTpsl ONTHYECKOH IUIOTHOCTH IUICHKH cepedpa 1 BogHoro pactopa anTul[ICA-OUTII.
Crpernkoif yka3zaHa [UTHHA BOJIHBI BO30YK/JAIOMIETO M3y ICHHUS

Fig. 2. Optical characteristics of an immunochemical test system
with plasmon enhancement of PSA-FITC fluorescence by silver nanoparticles.
The arrow indicates the wavelength of the exciting radiation

Jnst u3ydeHusl BKJIaia MOHOCTOS TTOJTMKAaTHOHHOTO JIEKTPOJIUTA B MPOLECCH MMMOOMIN3ALNH MOJICKYI
MMMYHOITIOOYJIMHOB Ha OBEPXHOCTH MOJIMCTUPOIIA U CepeOPSHBIX HAHOIUICHOK, a TaKKe MOCIEAYIOIIEero 00-
Pa30BaHMs MOJMBAJICHTHBIX UMMYHHBIX KOMIUIEKCOB IPUMEHSUIMCH CIIEeIyIOINe BapUaHThl (opMUpOBaHUS
TBEpIOH (ha3bl: MOJUCTHPOIL, TOKPBITHIHN Monu-L-m3uHom; noauctupon, nokpsITeiid [TJAJIMAX; HaHOMIIeHKa
cepebpa, MOKphITas noju-L-nu3uHoM; HaHoMIeHKa cepedpa, nokpsiTast [ITAIAMAX.

KonTponem siBisinocs nposereHne uMMyHoananusa ¢ umMmoonnuzanueid antulICA-MAT1 Ha uHTaKTHON
MOBEPXHOCTH MOJINCTUPOIIA B sTYEHKAX IJIaHIIETA JUIsl MUKPOAHAIN3a.

Kak BuiHO U3 mpeacTaBieHHbIX pe3yisTaroB (puc. 3), npu nummoounuzauun antulICA-MAT1 B nmyHkax
MOJIMCTUPOIIOBOTO MJIAHIIETA, HOKPBITHIX NONN-L-IN3MHOM, IPOUCXOANUT CTATUCTHYECKH 3HAYMMOE YBETHMUECHHE
koHcTaHT B3aumoeicTBus aHTHI ICA-OUTL] ¢ anTurenom B 1,2 pasa mo cpaBHeHuto ¢ koHTpoieM (p < 0,05),
MIPY 3TOM MHTEHCUBHOCTH (IIyOpECLICHIIMH BO3PACTaET B cpeJHeM Ha 15 % (cM. Tabmuiy).

KaTnoHHBIH MOMU3IEKTPONUT NMOAM-L-113KuH npeacTaBiseT co0ol TMHEHHBIH TOMOIIOJIMMED, COCTOSIINI
13 TI0CIIEI0BATENBHO COEIMHEHHBIX MOJIEKYJI aMHUHOKHUCIIOTH! L-nmn3nHa. Hannune MHOXKECTBEHHBIX KaTHOH-
HBIX TPYNI EPBUYHBIX aMMHOB NPH MMMOOWIM3ALMK JAaHHOTO TOMOIIOJMMEPa Ha MOBEPXHOCTH IOJIUCTHU-
pona nin cepeOpsHON HAHOIICHKH OOECIeYMBACT CO3AHUE MOBEPXHOCTH ¢ HEPAaBHOMEPHOH IUIOTHOCTBIO
aNeKTpuIecKoro 3apsaa. Kpome Toro, MoHomeps! L-nru3nHa npu mMMOOMIM3aLuK HA TBEPIOH (a3e B BOJHOI
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Puc. 3. OnpeneneHne KOHCTaHT B3aUMOIEHCTBIST MOHOKIIOHAIIBHBIX aHTHTEI
Fig. 3. Determination of the interaction constants of monoclonal antibodies

cpezie GOPMHUPYIOT BTOPUYHBIE CTPYKTYPbI, KOTOPHIE 110 CTPOSHUIO HATIOMUHAIOT 3-CKJIaIKU M BBHICTYMAIOT HA/I
MOBEPXHOCTHIO, 00pasys 3apsuKEHHBIC «IIETIAN» U «XBOCTHI» [17]. V3 nmuTepaTypHbIX JaHHBIX W3BECTHO, YTO
MPOIECC UMMOOMIIU3AINK OCJIKOBBIX MAaKPOMOJICKYJI Ha MOJUKATHOHHON TIOBEPXHOCTH OMPEACISETCS B OC-
HOBHOM CYMMOI\/'I SJICKTPOCTATUYCCKUX B3aI/IMOI[eI\/'ICTBI/II\/'I Ha MaJibIX paCCTOSIHUAX, O6pa3OBaHI/IC BOAOPOAHBIX
cBsizel Wi TuapooOHbIC B3aMMOJICHCTBHS He UTPAIOT pellaroiieit posiu B 3toM mporecce [18; 19]. C ognoit
CTOPOHBI, 3TO MOXKET MPUBOJHTH K POCTY KOJMUECTBA MMMOOMIIN30BaHHBIX MOJIEKYJI, & C Ipyroi — K cTa0uIiIu-
3alUH OEITKOBOW CTPYKTYPBI, CIOCOOCTBYS TEM CaMbIM YBEITUUEHHIO PETHCTPUPYEMOTO CUTHAIIA.

3HavyeHHs] KOHCTAHT B3aMMO/€eiiCTBHSI KOHBIOTaTa MOHOKJIOHAJILHOTO
anTuTea aHTHIICA-OUTI] ¢ kommiaexcom aHTHIICA-MAT1 — IICA,
HMMOOMIN30BAHHBIM HA Pa3INYHBIX MOMI0KKAX
The values of the interaction constants of the conjugate
of the anti PSA-FITC monoclonal antibody with the anti PSA-MAT1 — PSA
complex immobilized on various surfaces

Koncranra
Bux noumoxku o
B3auMOICHUCTBHUA, HMOJIB/JI
ITonuctuposn (KOHTPOIb) 7,5
ITonuctupos + MoHoCHON NTOKU-L-mu3nHa 6,7
TTonuctupon + monocnoit I[ITAIIMAX 5,8
Hanonnenka cepedpa + MoHOCOH 1osu-L-nn3nHa 3,2
Hanomnenka cepedpa + monocnoi [ITAJIMAX 1,5

Hamm npeamonokeHust MoATBEPIUITNCH PE3YIIbTaTaMy YKCTIEpUMEHTOB ¢ nMMoomm3anueit antul [CA-MAT1
Ha TIOBEPXHOCTH CEPEOPSHBIX HAHOIDICHOK, TIOKPHITHIX MOHOCIIOEM TOJH-L-TH31HA: OTMEYEHO CTaTHCTHYECKU
3HAYMMOE BO3pACTaHUE KOHCTAHT B3aUMOJCHCTBHSI KOHBIOraTa MOHOKJIOHAJIbHBIX aHTuTen aHTullCA-OUTL]
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C aHTUTeHOM B 2,34 pa3a OTHOCHUTEIEHO KOHTPOJIS (TIOIUCTHPOI) U B 2,1 pa3a 1o CpaBHEHMIO C IKCIIEPUMEHTOM
(p <0,05), B KOTOpOM TMOIMCTUPOIT OBLT IIOKPBIT MOHOCIIOEM TTONU-L-1m3una (cM. prc. 3, Tabnuiry).

[TomoOHBIi pe3yabTar onpeessieTcs B IEPBYIO OUYepeab MOBBIICHUEM YPOBHSI JETEKIIUH PETUCTPHPYEMO-
TO CHTHaJIa Onarofaps HAJIWYHIO TDTa3MOHHOTO pe30HaHca cepeOpsHON HAaHOTUIEHKH CO CIIEKTPOM TOTIIOIIe-
Hust aHTUl ICA-OUTL. Ummobumm3arust anTul ICA-MAT1 Ha monmukaTHOHHON TTOBEPXHOCTH MONH-L-1n3nHa
MpuBelia K BO3PACTAHHUIO KOJIMYECTBA MMMOOHMIN30BABIINXCS MOJICKYJ KaK Ha TIOBEPXHOCTHU MOJMCTHPOIIA,
TaK 1 Ha TIOBEPXHOCTU CEePeOPsSHON HAHOIUICHKH. DTO MOBBICUIIO OOIIYI0 4yBCTBUTEIBHOCTh aHAJIM3a, HO HE
MOXET CUMTAThCS BELyIIM (PaKTOPOM B IaHHOM ITIpoliecce.

Hcnonb3oBanue B Ka4eCTBE MOAI0KKH it uMMoOmiu3aiu auTUlICA-MAT 1 nmoBepXHOCTH MOJUCTHPO-

na, nokpsiroro cinoeM IIJTAJIMAX, npuBeno K CTAaTUCTUYECKH 3HAUUMOMY BO3PACTaHUIO KOHCTAHT B3aUMO-
neiicteus B 1,3 paza (p < 0,05) mo cpaBHEHHIO C KOHTPOJIEM (CM. pHC. 3, TabnuIy).
Iommanexrponut [TIAIMAX npencrapisieT co00il BEICOKOMOJIEKYIISIP-
o, o, HBII TIOMTMMEp, UMEIOIINI POCTPAaHCTBEHHO-HEIMHEHHBIA XapakTep U Co-
JeprKaluii OONBIIOE KOJMYECTBO 3apsHKEHHBIX TPYIIT Ojarogapsi HaTUIUEo
B €I0 CTPYKTYype IIATUWICHHBIX apOMAaTHYECKUX KOJELl, BKIFOYAOIINX YEThI-
pEXBaJICHTHBIH a30T (puc. 4).

CornacHo JUTEpaTypHBIM TaHHBIM TPU CPEIHEN MOHHOW CHJIe pacTBO-

putens (4TO COOTBETCTBYET YCIOBHSAM Harrero skcrepumenta) [1JIAJI-

H,C ~ CH, MAX o0pa3yeT MHO)KECTBEHHBIC Pa3BETBICHHbIC AHTCHHOIIOIOOHBIE 1IN
- cl =" umewmn, a Takke GOPMHUPYET CTPYKTYphI, ToX0xkue Ha kiayoku [20]. TIpu
nvmmoOnmm3armu Makpomoiekyn [TAJIMAX Ha mommoxkke obpa3yercs

Puc. 4. CrpykTypHas oprasuzanus

mosekyisi TIIAJIMAX penbedHas MOBEPXHOCTh C PAa3IUYHBIMU BBICTYIIAMHU, KOTOpas oOiamaeT
Fig. 4. Structural organization of the ~ BPICOKOIi INIOTHOCTBIO 3apsiJia, YTO CO3/aeT GIArOLPHUSATHBIC yCIIOBUS LISt
PDADMAC molecule ¢ukcupoBanusa Mosekya uMmMmyHor1o0ynuHoB (anTulICA-MAT1) [21; 22].

Bricoko3apspkeHHas TOBEPXHOCTH OOJIBIION MJIOIAIH1, C OHOH CTOPO-
HBI, 0O6ecrneunBaeT cTabmIbHOCTE KoMmIuiekcoB [1/IAJIMA X — GekoBast MOJIEKYJIa B IPOCTPAHCTBE, a C IPYToi
CTOPOHBI, MOKET CITOCOOCTBOBATh TAKOMY U3MEHEHHIO KOH()OPMAIIUK UMMOOWIN30BAaHHBIX MOJICKYJI aHTUTEI,
MIPH KOTOPOM JIOCTUTACTCsl MaKCUMasibHast a)()MHHOCTD CBSA3BIBAHMSI aHTUTCHHBIX JICTCPMUHAHT B aHTUTCH-
CBSI3BIBAIONINX IIEHTPaX aHTHUTEN, YTO MPUBOINT K YBEINMUCHHUIO 3HAYCHNH KOHCTAHT CBA3BIBAHHS aHTUTEHA.

JlaHHBIE TEOPETHUYECKUE MPEITOI0KECHHUS TOITBEPKIAOTCSI PE3yJIbTaTaMU SKCIICPUMEHTOB, TJIC B KAY€CTBE
TBepAOH (a3l OblIIa HCIIONH30BaHA CepeOpsIHas HaHOIUICHKA, MTOKphITas MoHocmoeM [1JIAJIMAX. KoncranTa
B3aumojeicTBus koubtorara aHTUlICA-OUTL] ¢ aHTUTEeHOM CTaTUCTUUECKU 3HAYMMO BO3PACTaET B 5 pa3 1o
CpaBHEHUIO C KOHTpOJIeM (TIOTUCTUPOI) U B 3,9 pa3a no cpaBHeHHIo ¢ nmMmoomiu3anuei anTulICA-MAT1 na
TTOBEPXHOCTH TOJTUCTUPOIIA, TTOKPBITOTO MOHOCTHOeM [TJIAJIMAX (cMm. puc. 3, Tabmuiy).

O4eBUIHO, YTO TIOJOOHOE YBEIMYCHUE 3HAYCHHSI KOHCTAHTHI B3aUMOJICHCTBUS, CBH/ICTEIBCTBYIOIIEE O BO3-
pacTaHW¥ KOJIMYECTBA CBSI3aHHBIX MOHOKIOHANBHBIX aHTUTEN aHTUIICA-DUTIL] ¢ xommuekcom aHTUlICA-
MAT1 — IICA na TBepoii dase, He TOIBKO SBISETCS Pe3yabTaTOM MOBBIIICHUS CIOCOOHOCTH TBEPAOH (hasbl
CBSI3BIBATh MOJICKYJIbI aHTHUTEN Onarogaps Hanuauto Mmonocsost [TJJAJIMAX, HO u OTpakaeT BIMSIHUE CHIIbHO-
3apsDKEHHOTO TIOJIMKATHOHHOTO DJICKTPOJIMTA Ha KOH(OPMAIMOHHYIO JHHAMHUKY MOJIEKYJ aHTHTEN, HaxoJls-
IIUXCSI B TTOJIMBAJIEHTHOM KOMIUIEKCE C aHTUTEHOM.

CrnenoBarenbHO, HAOTIOAAETCS OHOBPEMEHHOE MMPOTEKAHUE IBYX MapalIeIbHbIX MPOIIECCOB: C OHOU CTO-
POHBI, IPOMCXOIUT YBEIWYCHHUE TIOBEPXHOCTHOH IIIOTHOCTH KOMITJIEKCOB aHTUTEH — AaHTUTENO Ha cepeOpssHON
HAHOIUJICHKE, YTO, 0E3yCIIOBHO, MOBBIIIAET YyBCTBUTEIBHOCTh JAHHOH MMMYHOXMMHUYECKOW TECT-CHCTEMBI,
a ¢ JPYroi CTOpOoHsI, 3TOT 3(hdeKT cTaHOBUTCsI OOiee BhIPaKEHHBIM OJ1aroaps MiIa3MOHHOMY YCUJICHHUIO (IIyo-
pecuenin diryopodopa antul ICA-OUTIL] ¢ moMomiso HaHOYACTHII cepedpa.

JlaHHBIN pe3yabTaT HHTEPECEH eIIe U TEM, YTO IPHU CBA3bIBAHUU MOJICKYJI aHTHTEJ Ha CUIIBHO3APSKEHHON
MMOBEPXHOCTH KaTHOHHOTO TonnaiekTpoinuTa [IJJAJIMAX U3MEeHSIOTCS UX aHTUTeHCBS3BIBAIOIINE CBOWCTBA
3a CYeT yBeJIHUYeHUS KOH(POPMAIIMOHHOH ITOJIBUKHOCTH KaK KOHCTAHTHBIX, TAK U BapHaOeIbHBIX JOMEHOB M-
MYHODJIOOYJIMHA, YTO CO3/IaeT OJIarONpUsATHBIC YCIOBHS Ui (DOPMUPOBAHUSI IPOCTPAHCTBEHHO-KOMITJICMEH-
TapHBIX OEITKOBBIX MMOBEPXHOCTEH KOMITJIEKCa aHTUTEH — aHTHUTEJO.

3akJroueHune

[Ipu pazpaboTke pa3InUHBIX UMMYHOXHMHUYECKHUX TECT-CUCTEM C MCIOIb30BaHMEM IUICHOK U3 HaHOYaC-
TUI cepedpa Ba)KHOE 3HAYCHHUE MUMEET BHIOODP IOJIMAJIEKTPOINTA Ul TOKPBITHA HAHOCIOS cepedpa, Tak Kak
(U3UKO-XMMHYECKUE U IEKTPOCTATUIECKUE CBOMCTBA MOJIUAIIEKTPOINTA MOTYT OKa3bIBaTh CYIIECTBEHHOE
BJIMSIHUE KaK Ha COPOIIMOHHYIO €MKOCTh TBEPIOH (ha3bl, TaK H HA KOH(POPMAIIMOHHOE COCTOSIHUE U (DYHKITHO-
HQJIBHYIO aKTUBHOCTh UMMOOMIN3YEMBIX O€JIKOBBIX MOJIEKYI. OT 3TUX IapaMeTpOB B 3HAUNTEIbHOHN CTEIIEHU
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3aBUCHUT KaK CIENU(PUIHOCTD, TAK U YyBCTBUTEIBHOCTh MMMYHOXUMHUYECKON TECT-CUCTEMBI, a TAK)KE MUHU-
MaJIbHO BO3MOXKHBIC OTKPhIBACMBIC KOHIICHTPAIIMY OMOaHAJINTA.

B Hammx sKCIepUMEHTaX HAWIYYIIMMU COPOLMOHHBIMU M (DU3MKO-XUMHUECCKHUMH CBOMCTBaMHU 00Jajal
komruieke [TJAJIMAX — nanouactuiist cepebpa — [IJJAJIMAX.

BrisicHeHHE MOJICKYJISIPHBIX MEXaHU3MOB B3aUMOACHUCTBHS MOJIMICKTPOJIUT — OSJIOK TpeOyeT JaibHEHIIIero
HCCIICTIOBAHUS U ITPOBEACHUS JOMOTHUTEIHHBIX SKCIICPUMEHTOB.
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