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NUMMYHO®EPMEHTHBIE CUCTEMbBI U HABOP PEAT'EHTOB
JJA ONPEAEJEHUSA BAIIMTPALIMHA B ITMIIEBBIX TIPOAYKTAX

AnnoTtanus. Pa3paboTaHbl TECT-CHCTEMBI IS HEIPSIMOTO U IIPSIMOTO MMMYyHO(pepmenTHoro ananu3a (MDA) menrtun-
Horo aHTHOMOTHKA OanmrtpanuHa (bm). [lomwkionansHbIe aHTHTENA IS 00EMX TECT-CHCTEM IIOJyYeHBI MMMYHH3AINeH
KPOJIMKOB KOHBIOraToM bIT 1 reMoninaHuHa YIUTKH, KOTOPBIH CHHTE3UPOBAIN B3aUMOCHCTBHEM MENTHAA C OEIKOM B MpHU-
cyrerBun 1-9THn-3-(3-numetunamuHonponmi)-kapooaunmuaa (EDC). B cucreme menpsamoro MDA TBeproda3zHbIM KOHB-
IOTHPOBAHHBIM aHTUTEHOM CIIYKHJ MPOAYKT NMPHCOSAUHEHHs bil kK THpornoOynuHy, MpenBapuTeNbHO aKTHBHPOBAHHOMY
EDC u N-ruapokcucynbpocykiuauMuaom. st npsimoro MDA Ha MOBEpXHOCTH JIyHOK MUKPOIUTAHIIETa ObUIH HMMYHO-
XUMHUYECKH HMMOOUIIH30BaHbl aHTHTENa K bIy, a skuakas dasa comepixania KOHbIOraT bil ¢ mepokcuias3oit u3 KopHel XpeHa,
MOJIy4YEHHBIH Iy TeM IOCIE0BaTEIbHBIX PEAKIUil IPUCOCAMHEHUS aMUHOIpy Il bil K OKMCIICHHO TeproaaToM yIiieBOJHON
yacTu (epMeHTa ¥ BOCCTaHOBIEHHs oOpa3oBaBiuerocs ocHoBanus llludda 6opornapuaom Hatpus. B cucremax mnpsimoro
U®DA n venpsimoro MDA cBsi3pIBaHNE KOHBIOTHPOBAHHBIX aHTHICHOB C aHTHTEIAaMHU K Bl 00yciIoBIMBaIO MakCHMaJbHbIE
KOJIOPHMETPUYECKHe CUTHANIBI 0KoJI0 2,0 1 1,2 eqMHHIl ONTHYECKOH INIOTHOCTH COOTBETCTBEHHO U 3aBUCEIIO OT COAEPIKAHMUS
B B xxnpkoit ¢aze. IIpn 5TOM KOHIIEHTpaMy aHTHOMOTHKA, BEI3BIBAIONINE NHIHONpOBaHKE CBs3bIBaHIS Ha 50 %, cocTaBMIH
2,6 ur/ma B npsmom MDA u 10,0 ur/mi B Henipsimom MDA TIpocTtas u uyBcTBUTENbHAS cUcTeMa IpsiMoro MDA mocmyxina
MPOTOTUIIOM JUJISI CO3/IaHUSI TOTOBOTO HAOOpa peareHTOB M METOIUKH BBITIOTHEHHS M3MEPEHUH, TeXHUKO-aHATUTHISCKHIEe
napaMeTpsl ¥ METPOJIOTHUECKHE XapaKTePUCTHKH KOTOPBIX O3BOJISIOT OMPEAEIATh OCTATOUHBIE KonndecTBa bif B mumieBoit
MPOAYKLUHU >KUBOTHOTO MPOUCXOXKACHUSA PACIIMPEHHOT0 NEepeyHs, BKIIoYaromero 14 HauMeHoBaHMi, B nuanazoHe ot 9,0
10 405,0 MKT/KT ¢ HaJuIeKaleil MpaBUIBHOCTHIO U TOYHOCTBIO.

KioueBble cjioBa: aHTHOMOTHKH, GallUTPalliH, UMMYHO(EPMEHTHBIH aHaTU3
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ENZYME IMMUNOASSAY SYSTEMS AND A REAGENT KIT FOR THE DETERMINATION
OF BACITRACIN IN FOODS

Abstract. Two test-systems for a direct and an indirect enzyme-linked immunosorbent assay (ELISA) of peptide an-
tibiotic bacitracin (BC) were developed and studied. For the both systems, polyclonal antibodies were obtained by immu-
nizing rabbits with a conjugate of BC with keyhole limpet hemocyanine synthesized using reaction between the peptide and
the high molecular weight protein in the presence of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC). The product
of BC linking to thyroglobulin which was activated with EDC and N-hydroxysulfosuccinimide served as conjugated antigen
on a solid phase in the indirect ELISA. For the direct ELISA, the antibodies against BC were immunochemically immobilized
onto microplate surface, while the liquid phase contained a conjugate of BC with horseradish peroxidase. This conjugate was
obtained by successive reactions of antibiotic amino groups coupling to periodate oxidized carbohydrate chains of enzyme
and the reducting of formed Shiff’s base with sodium borohydride. Conjugated antigens binding to anti-BC antibodies pro-
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vided maximum colorimetric signals of 2.0 and 1.2 optical units for the direct and indirect ELISA, respectively, and depended
on BC content in the liquid phase. Antibiotic concentration that caused the inhibition of binding by 50 % was 2.6 ng/ml in the
direct ELISA and 10.0 ng/ml in the indirect ELISA. The simple and sensitive direct ELISA system was used as a prototype
of the finished reagent kit and a method for measurements with technical-analytical parameters and metrological characteristics
allowing the determination of BC residues in a variety of foods including 14 items in a concentration range of 9.0 to 405.0 pg/kg
with proper accuracy and precision.
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BBenenue. M30b1TOYHOE MpUMEHEHHE aHTUOMOTUKOB B BETEPUHAPHOW MPAKTUKE AJIS JICUCHHS
Y TIOBBINICHUS MPOTYKTHBHOCTH CEIhCKOXO3IMCTBEHHBIX JKHBOTHBIX MPUBOAUT K HAKOIICHUIO OCTa-
TOYHBIX KOJIWYECTB ATHUX JIEKAPCTB B MPOAYKTaX MUTAHUS uejoBeka. /|muTerpHOe MCIOIb30BaHUE
B MHIY TPOAYKTOB YKMBOTHOTO MPOUCXOXKJICHHUS, COMEPKAIINX aHTHOMOTHKH, MOYKET BBI3BIBATH HE-
OnaronpusATHBIE JIJ15 370POBbS MOCIE/ICTBUS, @ TAKKE CIIOCOOCTBOBATH MOABJICHUIO U Pa3BUTHIO YCTOM-
YUBBIX K aHTHOMOTHKAM (POpPM MHKPOOPTaHHU3MOB.

bauurpauun (bu) — nukanyeckuii menTUAHBIA aHTHOMOTHK, KOTOPBIH POIYUPYETCsi HEKOTOPHI-
MU mrammamu Oakrepuit Bacillus licheniformis w Bacillus subtilis, 0b11 0OHapyxeH B 1943 1. [lxo0H-
coHoM [1]. OH oOnagaeT MOIHONW aHTUMUKPOOHOI aKTUBHOCTBHIO B OTHOIICHUH T'PAMIIOIOKHUTEIBHBIX
OakTepuil, KoTopasi 00ycIoBJIeHa BO3JCHCTBUEM aHTHOMOTHKA HA CHHTE3 OaKTepUaIbHOW KICTOYHOH
CTEHKH. bIT MUPOKO MpUMEHSeTCs B Ka4eCTBe KOPMOBOH T00ABKH, a TaKKe [ TPOPUIAKTUKH H Jiede-
HUS WHPEKITNOHHBIX 3a00JIeBaHUH y )KUBOTHEIX [2]. M3-3a BEIpaXKEHHOH TOKCHYHOCTH B TepaneBTHYE-
CKHX IEJISIX JJIs 4esioBeKa bIl ucmmonb3yeTcs TOIbKO KakK CPEACTBO IS HAPY KHOTO TTPUMEHEHUSI.

IlepBuunas cTpykTypa bir, nMeroriero MoiekyaspHyto maccy 1423 1/Moib, BKIIOUACT TeTAICTITH/I-
HOE KOIIbII0, KOTOPOE CBSI3aHO C INEHTaNenTHAHOW 00KoBOH nemnbto (puc.l). uknmueckuit ¢pparmeHt
cocTout u3 L- 1 D-aMUHOKHCTIOT, TTIaBHAs PO B 00pa30BaHUH IIUKJIA TPUHAIEKHUT ocTaTky L-Lys®,
KOTOPBIM MPUCOETUHSETCS] TPEMSI aMHIHBIMH CBS3SIMM K aMHUHOKHCIIOTHBIM OCTAaTKaM 3a CUYET CBOUX
rpynm: —COOH (D-Orn’), a-NH, (L-Tle’) n e-NH, (L-Asn'?). N-koHIeBast THA30IMHOBAS IPYTITIHPOBKA
MOIeKyJIbl aHTHOMOTHKA 06pa3yeTcs 3a CYeT KOHASHCAluM KapOokcuibHoi rpynmbl L-Ile! ¢ amuno-
¥ cynbruapunsHoii rpynmamu L-Cys?. TIpeanonaraercs, 4To MUKINYECKOE CTPOCHHUE, TIPHCYTCTBUE
yeThIpeX D-aMHHOKHCIOT W 0co0asi MpoCcTpaHCTBEHHAsT KOH(POPMAIIHS ITOT0 aHTHOMOTHKA OOYCIIOB-
JUBAIOT €r0 YCTOWYMBOCTH K TPOTEONH3y W HAJCNSIIOT CBOWCTBAMH IOTEHIIMATHHOTO WHTHOWTO-
pa npoteunHas [3]. BaxxHo oTMeTuTh TOT (HakT, 4To bl 00s1ajaeT ClIOCOOHOCTHIO XeIaTHPOBATh HOHBI
JBYXBaJICHTHBIX METaJUIOB, TakuxX kak Zn>*, Ni*", Cu®*, Co’" u Mn?" [4, 5]. B kommiekcoo6pa3oBa-
HUHM y4acTByIoT Kapookcun D-Glu*, umumasonsnoe xombio L-His'" u tuasomuuopas rpynmuposka [4,
6]. Coenunenus bi ¢ HOHaAMH METaJIJIOB XapaKTEPU3YIOTCS OONbLIel CTaOMIBHOCTHIO 10 CPAaBHEHUIO
¢ ano-popMoii aHTHOMOTHKA, TOITOMY 3TH KOMIUIEKCHI, B YaCTHOCTH Zn-bi, sBIsitoTCs QapmaneBTu-
YECKUMH CyOCTaHIIUSIMU KOMMEPUECKHUX BETEPUHAPHBIX MPEnapaToB. B 3TOl CBSI3U HHTEPECHBIM TIpE/I-
CTaBIIAETCS 3allaTeHTOBaHHOE NMpPUMEHEeHHe bIl 1 cTabMin3aiu Mpu TOJITOBPEMEHHOM XpaHEHHH
XpoMoreH-cybcTparHoii cmecn (3,3°5,5’-terpameTnnbensunun + H,0,), npennasHadeHHON 1151 IETEK-
MW KOHBIOTMPOBAHHON TIepoKcH1a3sl n3 KopHeit xpena (I1X) B ummyHopepmenTHOM anammnse (MDA)
[7]. Cxopee Bcero, cTabuiau3mpyrolIee IeHCTBUE H0O0aBIEHHOTO bil 00yclOBICHO XelaTHpOBaHUEM
noHoB Fe?”, KoTopsle MOI'yT IIPHCYTCTBOBATh B CMECH MM TIOMAJaTh B HEe B CIEJOBBIX KOJTHUYECTBAX
Y MHULIMAPOBATh PEaKLNI0 OKUCICHHUS JaKe B OTCYTCTBUE hepMeHTa.

[lepBonauansHO bIy ObLT ONMcaH Kak HHAUBUAYAJIbHOE COCTUHEHUE, OJJHAKO TIO3KE ero HaAeHTH -
LUPOBATH KaK CMECh CTPYKTYPHO CXOXKHX JloAeKanenTHaoB. OCHOBHBIM KOMIIOHEHTOM aHTHOHMOTHKA
sBisieTcs bl A, KOTOPBIN U ONpenensieT ero aHTUMUKPOOHBIE CBOMCTBAa. BTOpOCTEIeHHBII aKTHBHBIH
KOMTIOHEHT TipesicTaBisiet coboit bir B. Uneatudumnuposanst taxxe by C, F, H, [ u F, xotopsie oOHapy-
JKUBAIOTCS B CJICAOBBIX KOJWYECTBAX B IpemnapaTax b [3, 8—10].

B pesynbrare mcnonb3oBaHUsl BIl B TPOIYKTHBHOM XUBOTHOBOJCTBE €r0 OCTATKH MOTYT IIpHU-
CYyTCTBOBATh B IPOJIOBOJILCTBEHHOM ChIpPhE U MUIEBOH MpoayKiuu. [loaTomy ¢ nenpio obecnieueHns
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2 Y 0100e30MacHOCTH YeIOBEKa BO MHOTUX CTpaHax MHpa ycTa-
D-Phe L-His HOBJICHBI MaKCHUMAaJbHO JonycTumble ypoBau (MJIY) ocrta-
/ \ TOYHBIX KOJHMYECTB ITOI'0 aHTHUOMOTHKA B >KMBOTHOBOIYC-
L-lle D-Asp CKOM CBIPbE U MPOAYKTaX MUTAHUS U HCTIONB3YIOTCS pa3InvHbIC
\ / METOJIbI KOHTPOJISI €ro KOHIEHTPALUH, B TOM YUCIe UMMYHO-
R i ananu3. Conepkanue b perymmpyercss gupeKTHBO EBpo-
\ L-Lys / nefickoro coroza (Commission regulation (EU) No 37/2010),

| W 3TOT aHTUOMOTHK BKJIIOUeH B mpuHsAThId 13.02.2018 Peme-

L-lle HueM Ne 28 Komnerun EBpa3uiickoil 3KOHOMHUYECKON KOMUC-

l CUH NIEpEUYEHb BETEPUHAPHBIX JIEKAPCTBEHHBIX cpencts, MY

D-|Glu KOTOPBIX MOT'YT IPUCYTCTBOBaTh B HemepepadOTaHHOW IMH-

Ll - CH, LIEBOM MPOAYKIIMH KUBOTHOIO IPOUCXOKIeHU. B penenax

| < EC u EBpasuiickoro SKOHOMHYECKOT0 COI03a yCTaHOBJICHBI

/c N caenyroue MJ1Y (MKI/kr) s octaTkoB bil: kopoBbe Mo-
0 N noko — 100, kponuube msico — 150, npyrue npoayktsl < 20.

“,
7,
4

S NH, Jlnst ommpeenieHus TIeKapCTBEHHBIX COSTUHEHNH B (papma-

LEBTUYECKUX Tpernaparax, OMOJIOTHYECKUX KUIKOCTSIX, KHU-

Puc. 1. Xumueckas CTpyKTypa GamuTpannia A BoTHOBOMUECKON TIPOAYKIMU U KOPMAX pa3paboTaHbl U TPU-

Fig. 1. Chemical structure of bacitracin A MEHSIOTCI MHUKPOOHOJOTHYECKHE, UMMYyHOAHATUTHUECKHIE

n xpomarorpapugeckue metoas! [11]. OdunuansHbIM aHaIU-

tuyeckuM MetooM EBponeiickoii papmakonen (EP) u @apmaxonen CHIA (USP) nns bu siBnsiercst Mu-

KpoOuosnornyeckuii rect. HecoMHEeHHO, MUKPOOHOJIOTHYECKHE METO/ABI OYeHb HAa/ICKHBI B OTHOILICHUH

OLIEHKM OMOJOTMYeCKOH aKTMBHOCTH IpPENapaToB, OAHAKO TPeOyIOT MHOTO BPEMEHHU IJii aHajIu3a

u He Bcerna crenuduynsl [12]. Kpome Toro, 5Tn MeTOBI B Cyyae TECTUPOBAHUS MULIEBBIX TTPOTYKTOB

U ChIpbA HEN30€XKHO MOJIBEPKEHBI BIUSAHHUIO IPUCYTCTBYIOLUIUX )KHUPOB, KUCIIOT, KpacUTeNleH, BEIIeCTB
C aHTHOAKTePUATbHON aKTUBHOCTBIO M PYTHX HHTHOUTOPOB.

B psine MeTos0B XMMHYECKOr0 aHajln3a JJIs BBIABIEHUS bIl Hcronb3yercs )KUIKOCTHAs XpPOMaTo-
rpadus [13—17]. Xpomarorpadhuyeckue METOIbI MO3BOJISIIOT MPOBOAUTH BBIJCICHUE U UICHTH(HKA-
U0 CyOCTaHIIMI OIHOTO MJIM HECKOIBKUX (PapMaleBTUUYECKHUX MPENapaToB, yCTaHABIMBATh HATNYIHE
Y TIPUPOAY POJACTBEHHBIX COEIWHEHUU, HO M3-3a CIOXKHOCTH HE TOAXOIAT JIJIi MOHHUTOPHHTIA OCTaT-
KOB aHTHOMOTHKA B OOJIBITIOM KOTHYIECTBE UCCIETYEMbIX 00pa3iioB. KpoMe Toro, 3T METOaBI TPEOYIOT
HCIIOJIB30BAHUS IOPOIOCTOSALIEr0 000pPYJOBaHUS, CYIIECTBCHHBIX BPEMEHHBIX 3aTpaTr U JOCTAaTOYHO
CJIOKHOM MHOT03TAIIHON MPOOOIIOATOTOBKY, UTO CAEPIKUBAET UX IIPUMEHEHUE B Py TUHHOH J1abopaTop-
HOM TPaKTHKE.

VIMMyHOaHaNIU3 LIMPOKO MCHONb3YETCs] B KIMHUYECKOW AMAarHOCTUKE U MEIULIMHCKON OHOXUMUH
1 CTAaHOBHTCS BCE 00JIee MPUMEHUMBIM JUJISl ONPEICICHNS OCTATKOB BETEPHHAPHBIX MIPENapaToB, TAKUX
KaK aHTHOMOTHKH. B OCHOBE MeTONa JIEKUT peakusi Cienn()UIECKOro CBSI3bIBAHNSI MEKY aHTHTEIIOM,
BbIPa0OTaHHBIM IPOTHUB JICKAPCTBEHHON CyOCTaHLIMH, M aHTUT'CHOM, B POJIM KOTOPOT'0 BBICTYIIAIOT ABa
COCAMHEHUS: CaM aHTUOMOTUK U €ro KOHBIOraT C MHEPTHBIM OCJIKOM MJIM aKTUBHOH METKOH, Hampu-
Mmep ¢ pepmenToMm. MDA b1 B KopMax, ;KHBOTHOBOAUECKON MPONYKIMH U MJIa3Me KPOBH OMHUCAH B He-
CKOJIBKUX padoTax [18-21]. YacTo nMMyHO(EepMEHTHBIE CUCTEMBI, BKJIIOUAIOIINE KOHBIOraT aHTUT'eHA
C MHEPTHBIM OEJIKOM, UCTIONIB3YIOTCSl B KQUECTBE MOJACIH CHCTEM UMMYHOXPOMAaTOrpaguueckoro aHa-
JM3a Ha TECT-MOJIOCKAX, B KOTOPHIX TBepAo(]a3HbIii KOHBIOTHPOBAHHBIM aHTUTCH OKPAIINBACTCS aHTHU-
TEJIOM, MEUECHHBIM KOJIJIOUJHBIM 30JI0TOM HMJIM (DIIyOpPECLEHTHBIM KpacCHTEIeM U3 MOIBUKHOM JKHIKOH
¢a3pl. Takye TECTBl XapaKTEPU3YIOTCS IKCIPECCHOCTHIO, MUHUMAJIBHON TPYJOEMKOCTBIO U B Cllydae
MOJIOKa HE TPEOYIOT JIOTIOTHUTEIBHON Mpo0onoAroToBku. CleayeT OTMETHTD, UTO UCCIIEIOBATEIbCKHE
U KOMMEpYeCKrne MMMYHOXpoMaTorpaduieckue CUCTEMBI sl onpeesieHrst bl oTCy TCTBYIOT.

Lenp Hatei paboThl — MOTyYeHUE MMMYHOPEAreHTOB, CPaBHEHHE XapaKTEPUCTUK MMMYHO(EPMEHT-
HBIX CHUCTEM, BKIIIOYAOIIMX OOIIHE IMOJUKIOHAIBHBIC aHTUTeNA K BIl M paznudHbie OeNKOBbIE KOHBIO-
raThl aHTUTEHA, ¥ pa3padoTKa Ha OCHOBE MONYYEHHBIX JaHHBIX HMMYHO(QEPMEHTHOTO Habopa peareH-
TOB JUJIs1 KOJIMYECTBEHHOT'O ONIpeNeNeHns bIl B IPOIOBOIILCTBEHHOM ChIPbE M IMHUIIEBBIX IPOAYKTaxX pac-
IIUPEHHOT'0 MepeyHs, I KOTOpsIX ycTaHoBieH M/IY. B paGoTe onncanbl TEXHUKO-aHAIUTHYECKHUE
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napamMeTpbl 1 METPOJIOIMUECKHE XapaKTePUCTHKHU AaHHOrO HaOopa. M3nokeHHBIE 3[eCh pe3yabTaThl
WCCIIEZIOBAHUSI IPYTO UMMYHO(EPMEHTHOW CUCTEMBI BOTLIONIEHBI B KOHCTPYKIIUU TIEPBOil B MUpE MM-
MYHOXpOMaTorpaduuecKoi TeCT-CUCTEMBI [22], OnrcaHue KOTOPOU OyIeT OIyOJIMKOBAHO B MOCIICIY0-
mieii padote.

MarepuaJjbsl 1 MeTOAbI. B padoTe ncmonbs3oBansl uucThil bt (aktuBHOCTE 76 1U/mg, Ph. Eur.)
¢upmbl Carl Roth GmbH + Co. KG (I'epmanust), Zn-bu, nonuMukcus B, KOMUCTHH, HEOMHIIMH, TeMOIHa-
HuH ynmutku (KLH), 6brauit ceiBoporounstit ansoymus (bCA), 3,3%,5,5’-terpamerunoensuaun (TMB),
NalO,, NaBH,, nereprentsl u 6akrepuoctatuku ¢pupmsl Sigma-Aldrich (CIIA), N-rugpoxcucyib-
¢docykunnumuy (cynsho-NHS) u 1-oTun-3-(3-guMeTHIaMUHOIPOIHIT)-KapOOAUMUMH THIPOXIOPHL
(EDC) xommanun Thermo Fisher Scientific (CILIA), komorka PD-10 (Cedanexc G-25) nnst obecconu-
BaHUs pacTBopoB OnononumepoB pupmbsl GE Healthcare (CLLHA), [TX (RZ = 3) dupmst JUA-M (PO).

U®A Bommonssny B pa300pHBIX MUKPOIUIAHIIETaX W3 MOJUCTHPOJIA, COCTOSIIMX W3 JIBEHAALATH
8-TyHOUHBIX TTOJIOCOK (cTpumoB), ¢pupmel Greiner bio-one (I'epmanus), uau B 96-TyHOUHBIX TTOTHO-
CTBIO pa3jeiIeMbIX MUKPOIUIAHIIETAX MOBBINICHHOW copOnronHoi emkoctu KH-M-02 or OO0 «Xe-
Ma-menuka» (P®). PactBopsl xpomorena (TMbB) u cy6erpara (H,0,), cron-pearent (pactsop H,SO,),
a Takke mpemnapaT apdUHHO OYNIMICHHBIX aHTHKPOIUYBHX UMMYyHOTTI00yTuHOB G OBIEI 1t MDA
u3roToBieHbl B MHcTUTyTe Onooprannyeckoir xumuu HAH benapycu. Mcnonb3oBanu TOTOBBIH
K UCTIOIb30BaHHUIO XpoMoreH-cyocTpaTHbiii pacTBop OO0 «Ankop Ummakey (PD). AHTUKpONIHYbH
UMMYHOTJII00YIIMHBI KO3bl, MeueHHbIe [1X, npenoctaBinensl HNUL] MUKpOOHONOTHH W MU IEMUOIOT K
um. H. @. I'amanen (P®). TupornoOynun (Tr) BeIAETAIN U3 SKCTPAKTOB MOCICONEPALIMIOHHON TKaHH
IIUTOBUIHOW JKeJIe3bl YeJloBeKa Mo JlabopaTopHoi MeTonuke MHCTHTYyTa OMOOpraHWYeCKOH XUMUH
HAH Benapycu, BkIIrouarolieit xpomarorpaduro Ha aMuHOITUHII-Cedapose.

Jl1s1 IpUTOTOBIIEHUS PAaCTBOPOB HCIIOIB30BAIN JEHOHU3UPOBAHHYIO BOY C YAEIBHBIM 3JIEKTpHUe-
CKMM conpoTuieHreM 17-18 MOMCM, MONyYeHHYI0 B MOTYJIBHOM CHCTEME OYMCTKH Boibl Arium®pro
VF ¢upwmer Sartorius (Iepmanmst). O6pa3isl MPOAOBOIBCTBEHHOT'O CHIPBS JKUBOTHOT'O TIPOUCXOKICHHUS
MPUTOTOBJICHBI B VIHCTUTYTE MSCO-MOJOYHON MPOMBINIICHHOCTH. [lwIeBbie TPOAYKTHI 3aKYILICHBI
B TOpProBoi cetu r. MUHCKa.

JIs meTeKIuH KOJIOPUMETPHUIECKOTO CHTHAIA B MUKPOIUIAHIIETHRIX MDA HCITonb30Bad IPHOOPHI
AND M/340 (OAO «Butsa3by», bemapycs) u Infinite M200 (Tecan Group Ltd., llIBefimapus). CriekTpsl
yIpTPauoOIETOBOTO MOTIIOMIEHUSI PACTBOPOB bIl M €ro KOHBIOTaTOB 3alMCHIBAIN B KIOBETE C JITHHOM
orrrraeckoro mytu 1 cm B mpudope Specord M 40 (Carl Zeiss, ['epmanmus).

Tonyuenue aumumen xk by. B xauecTBe UMMYHOTeHa /ISl BBEIEHUS KPOJIMKAM MTPUMEHSITH KOHBIO-
rat b1 ¢ BeicokoMOJIeKyisspHbIM OeikoM KLH, cuHTe3npoBaHHBIH KapOOAMUMHUIHBIM METOJIOM C HC-
nonbs3oBanueM Bojnopactsopumoro EDC [19, 23]. OuncTky HMMYHOT€Ha OT HU3KOMOJIEKYJISPHBIX CO€-
JUHEHHUU TipoBoamuIn nuanu3oM. [Ipoaykt xpanunu npu —18 °C B 50 % runepune.

AHTHTENA IOTYYalH y KPOJIUKOB ITOPOJIBI CEPhIi BETHKAH ¢ Maccou Tena 1,5-2 KT 1o oOmenpuHsi-
Toii cxeme. Tutp, ahppUHUTET U CIEHUPUUHOCTD MPOAYIHMPYEMBIX MOJTUKIOHAIBHBIX aHTUTEN OLCHHU-
BT MeTonoM Herpsimoro MDA, Tlopmust BEIOpaHHOW aHTHCHIBOPOTKH HCIIOTB30BAHA IS TTOJTYUCHHUS
MMMYHOTJIOOYIMHOBOM ()paKIMU TPEXKPAaTHBIM HepeocasxkaenueM B pactsope (NH,),SO, (50 % ot Ha-
ChINIeHUsT). BRIOpaHHBIE aHTHCHIBOPOTKH U KMMYHOTTIOOYJTMHOBYIO (ppakitiio XxpaHuiu mpu —18 °C.

Cunme3 KOH®BI02UPOBAHHBIX anmueeHo8. benKoBbI KoHBIOTAaT bIl, TpeHa3HaYeHHBIN I HMMO-
OMIM3aluy B IyHKax MUKpOILIAHIIETa CHCTeMbl HenmpsaMoro MDA, nomyyanu myTeM MpUCOCTUHEHHUS
aHTUOMOTHKA K YHCTOMY 1T, KapOOKCHIIBHBIE TPYIIITBI KOTOPOTO aKTUBHUpoBaCh cMechio EDC u cyib-
¢$o-NHS [23] u 3aTeM BBOJUIUCH B peakiliio ¢ u30bITKOM bil. Kak 1 B ciiyyae ”MMyHOreHa, KOHBOIaT
Bu-Tr ounmanu auannzom, OEIKOBBII pacTBOP Pa3BOJUIM PABHBIM 0OBEMOM INIMLEPUHA M XPAHUIH
pu —18 °C.

®OepMmeHTHBIH KOHBIOTAT bIl Amst sxuakor dasel cuctemsl npsimoro MDA cuHTe3upoBain mocie-
JIOBATEIBbHBIMM peakIUsAMU OKUCIIEHUs yriaeBogHol dactu [1X neprnogatom HaTpus, IpUCOEIHHEHUS
anTnOuoTHKa yepe3 NH,-rpynimy B 60koBo# nenu bii 1 BOCCTaHOBIICHUS HEYCTONYMBOM MMUHHOM CBS-
3u NaBH, [23]. OT Hu3komonekynsapHbeIX (Qpakumii konborar bu-I1X ornensnm rens-gunsrpanueit
Ha KoJIoHKe Superose 12 B mpubope s ObICTpoit xpoMartorpaduu 6enkoB mon naBieHneM (Farmacia
FPLC, llIBenus). Ilo mormomeHuto cBeTa MpH JIITMHE BOJHBI 252 HM PacCYUTHIBAIHM KOHIICHTPAIUIO
npucoennHeHHBIX K [1X ocTaTkoB bII, MCTIONB3YS MOJSIPHBIA KOA(G(OUITUEHT SKCTUHKITUH bII, paBHBII
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2500 M em! [24], u nanEBIe 0 MOrNOMmMEHNHK cBeTa HeMoAUpUIIPOBAaHHOI ITX IpH ITOi ATHMHE BOTHBL
KonnenTpanuio ITX onpenensim o kosddurmenty sketuakimu 102 000 M em™' npu anmne BonHb!
403 1M [25]. K pacTBOpy KOHBIOTATa MPUIMBAJIN PABHBIH 00bEM IITUIIEpUHA. XpaHEHHE IPOYKTa OCY-
wecTBIsuu npu —18 °C.

Ilposeoenue UDA. Jlns nposenenus Henpsimoro MDA korswiorat bii-Tt 01 mMMOOHIM30BaH Ha
BHYTpPEHHEH MOBEPXHOCTHU JIYHOK MUKpPOIUIAHIIeTa TyTeM HHKyOauuu B myHke 0,1 mu pactBopa bu-Tr
B 0,05 M H®b ¢ 0,15 M NaCl (pH 7,4) B Teuenne Houu npu 4 °C. Ilocie 3TOro JyHKH MPOMBIBAIH
oydepom, comepxaruMm Tputon X-100 (HOBT). 3atem B syrku BHOcHUau 50 MKJI pacTtBopa bir (koH-
uertpanuu ot 0,1 7o 1 000 Hr/Ma) n 50 MKJI pacTBOpa HIMMYHOTTIOOYTMHOBOH ()paKkLMK aHTHUCHIBOPOT-
ku kK bir 8 HOBT. Cucremy unkyouposanu 1 4 npu 37 °C v mpoMbIBaIHu JTYHKH 4 pa3a TMOPIHUSIMH IO
200 mxa HOBT. 3atem BHOCHIH B TyHKH 100 MKJI TEPOKCHIa3HOTO KOHBIOTaTa aHTUBU/IOBBIX aHTUTE,
paz6asnenHoro HOBT, u npoBogunu BTopyto nHkyOanuio 1 4 npu 37 °C. I[Tocne mpoMBIBKH TBEpAOH
(ha3er mocaenoBatensHo TpeMs moprusaMu HOBT mo 200 Mk B myHkH no0aBisian 100 MKIT cBeKepH-
TOTOBJIEHHOTO pacTBopa, coaepxkamero 0,4 MM TMb u 3,0 MM H,O, B 0,04 M HaTpuii-uuTpaTHOM
oydepe (pH 4.0), 1 BeaepxkuBaiu 15 MUH Ipu KOMHATHOW Temrieparype. DepMEeHTaTUBHYIO pPEaKIUio
B JIyHKax ocTaHaBnusanu BHecenreM 50 mxn 1,0 M H,SO, u cpa3sy ke n3Mepsan ONTUYECKYIO TIOT-
HocTh npu 450 aM (OIl,5,) B mnanmernom cnekrpodoromerpe. KannbpoBounslii rpaduk 3aBUCUMOCTH
KOHKYPEHTHOI'O CBSI3bIBAaHUS OT KOHLEHTpauui bi B KannOpoBOYHBIX MPoOax CTPOMIIN B KOOPAHMHA-
Tax: B/B, B % (0ch OpIMHAT, JMHEIHAs), KOHIEHTpauus bil B kanuOpoBoYHbIX Mpobax B HI/MI (0Ch
abcuucc, norapudmuyeckas), rae B, — onTudecKas IJI0THOCTh B OTCYTCTBUM b1l B pacTBOpe, B, — oNTH-
YecKasl IJIOTHOCTh B MPUCYTCTBUH BO3PACTAIOIIMX KOHIEHTpalui bi B pacTBope.

Ha ocHoBe pa300pHOTo MOJTUCTHPOIBLHOTO MUKPOILIAHIIIETA MOTYYalld UMMYHOCOPOSHT A TIPO-
BeaeHus npsmoro MDA nmyrtem QpyHKUIHOHATU3AUH JIYHOK acOpOIUell aHTUKPOIUIbUX UMMYHOIJIO-
OyJINHOB OBLBI C MOCIENYIOMEH UMMYHOXUMHYECKOH UMMOOMIN3anueil crenuduyeckux aHTUCHIBO-
potok k bii. KoHlleHTpaluio crnenuduueckiux aHTUTEN U pa3daBiicHue KoHbrorata bi-I1x B cucreme
noabupanu Tak, 4To0bl kKonopumeTpudeckuii curnan (OIl,s)) nocie 3aBepiueHrs UMMYHOXUMUYECKOH
n (epMeHTaTUBHON peakmuii cocTaBisia 2,0—2,3 oNTHYECKUX €IUHUIL. B JIyHKHM mMMyHOCOpOCHTA
OJTHOKaHAJIBHBIM J03aTOpOM BHOCHIM 1o 50 MKJ pacTBopoB bl B mopsijike Bo3pacTaHUsl UX KOHIIEH-
tparuii (0; 0,5-27,0 Hr/™Mi), a 3ateM nobaBisiu mo 50 MKJI pacTBOpa MEPOKCHIa3HOT'0 KOHBIOrara bii.
B skcniepumenTax 1o oneHke crnenuGUIHOCTH aHTH-BIT aHTUTEN B TyHKH BMeCTO b1 toGaBisuiu npyrue
aHTUOMOTUKH B KOHUEeHTpauusx ot 1,0 ur/mn no 20,0 MKI/Mil. AKKYpaTHBIMH KPYTOBBIMHU JIBUKECHU-
SIMH TUIAHILIETA 10 OBEPXHOCTH CTOJIA MIEPEMEILINBAIIN COIEP)KUMOE JIyHOK. FIMMYHOCOPOEHT 3aKkiienBa-
T U30JIUPYIOUTUM JINCTKOM HJTH 3aKPBIBAJI KPBIIMIKON U BBIIEPKUBAIH TpH TemmepaTrype (20-25) °C
B TeueHHe | 4, He ommycKas MonajaHus IpsIMOro COJIHEYHOIO cBeTa Ha IaHmeT. [lo okoHuaHuu Bpe-
MEHHM MHKYOaLlUn yIajsiiau KUAKOCTb U3 BCEX JYHOK ITyTeM PE3KOro NepeBOpauyMBaHUS IJIAHILETA.
3aTreM ¢ MOMOIIbI0 BOCBMHUKAHAJIbHON MUIETKH MPOMBIBaIN JyHKH 3 pasa mo 300 mkxa 0,05 M HOb
(pH 7,4), conepxkamtum 0,15 M NaCl u 0,02 % TBuH 20, 1 BHOCHIH 110 100 MKJI TOTOBOTO XpOMOTEH-CY0-
cTpaTtHOro pactBopa. OOmiee BpemMsi BHECEHHSI HE MPEBBIIIAN0 2 MUH. 3aKpbIBAIH IUIAHILIET U30JIUPY-
IOIIMM JIICTKOM MJIM KPBIIIKOW M HHKYOHpoBaiu B Teuerue 15 mun mipu (20-25) °C B TemHoTe. OcTaHaB-
nuBay PEePMEHTATUBHYIO PEAKIIHIO ITyTEeM JO0OABIICHHS BO BCE JIYHKH TiaHmeTa mo 100 Mk ctomn-pe-
arenra (1,0 M H,SO,). PacTBOpel B TyHKaxX IepeMeIINBaNIn KPYyTrOBBIMH JBHKEHUAMH IUIAHIIETA 10
MOBEPXHOCTHU J1TaOOpaTOpPHOTro cToja. B Teuenue He Oonee 15 MUH mociie OCTAaHOBKH PEAKLIUU U3MEPSIIH
Oll,s, B mnanmeTHoM crnekTpodoTomerpe. Ha 0CHOBaHMM MOJTYyUYEHHBIX SKCHEPUMEHTAJIBHBIX JAaHHBIX
CTPOMUIIU I'PalyMPOBOYHBIN Ipadk 3aBUCUMOCTH B,/B, B % (0Ch OpAMHAT, INHEHHAS) OT KOHLEHTPALUH
b B Hr/™MIT (0Ch abcmimcce, orapudMudeckas).

[IpoLeHT mepeKpecTHOro pearnpoBaHus pa3IMYHbIX aHTUOMOTHKOB ¢ aHTU-bI aHTHTETaMu (kpocc-
peaktuBHOCTh, CR) onpenensiiau mo popmyie:

CR=&100,
C

X
rae Cz’ nu Cx — KOHICHTpAaluu COOTBETCTBCHHO BII " CpaBHHUBAEMOI'O aHTI/I6I/IOTI/IKa, IIpr KOTOPBIX MaK-

cumanbHoe 3HadeHue Ollys), M3MEepeHHOe B OTCYTCTBUE KOHKYPEHTHBIX MHTHOMTOPOB B CHCTEME,
yMmensbIaercs Ha 50 %.
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Hnst onpenenenust napameTpoB kauectBa MDA mpuMeHsH oOIenprHATbIE TOAX0AB! [26, 27, 29].
[Ipu 5TOM TOUHOCTH TipsiMmoro MDA olneHHBaIN MOBTOPSEMOCTHIO (CXOAUMOCTBIO) PE3yJIbTaTOB U3-
Mepenni (kodddurment Bapuanuu, K.B.) kornentpanun b B pactBope, comepkameM 3,0 Hr/Mur big
(n=12). Ilpu pacyere 4yBCTBUTEIBHOCTH aHAIN3a (MUHUMAJIBLHOM JOCTOBEPHO ONpeaessieMON KOHIICH-
tpauuu bu) nonyvanu 10 snauenuii OIl,5, 115 pacTBOpa, He copepxamero bi, u rpaguuecku Haxoau-

JIU KOHIIEHTpAIuio, cooTBeTcTBytomyo Ollssp — 2SD. B skcrieprMeHTax Mo yCTaHOBJICHUIO IMapaMeTpa
«CTeTieHb M3BIeYeHHs (OTKPHITHS) 100aBku by B nmpsimom MDA ncnonp3oBaiu 00pasibl Msca U Mpo-
JYKTOB U3 Msica, PHIObI U MTPOAYKTOB U3 PHIOBI, MeNIa, UL U SIMYHBIX MPOJAYKTOB, HE coAepKanx bi
(menee 9,4 Mkr/kr o naHHbIM MMYyHOQepMenTHoro Habopa BACITRACIN ELISA ot EuroProxima
B. V. (Hunepnausr)). DKCIEpUMEHT TIO OIEHKE CTEMEHU M3BIICYCHUS R, mpoBoauiu ¢ pactBopoM by
¢ xonuentpauueit 1 mxr/mi B 100 %-HoM MeTaHone. B kaxkayto HaBecky oOpasua maccoi (1,00+0,01) T
BHOCHJIM aJINKBOTY pacTtBopa | Mkr/mu b oo0bemom 100 MKJI, 9TO JaBajo MaccoByIO JIONO aHTHOHO-
trka 100 Mkr/kr. [IpoGomonroToky mist MDA, BKIIOYAIONTYI0 BOAHO-METAHOJIBHYIO SKCTPAKIIHIO bIT
U pa3BelCHUE IKCTpaKTa Oydepom, MPOBOAMIM KaK yYKa3aHo jJajiee 0 TeKCTy. 3aTeM OIWH OIepaTop
Ha OJIHOM U TOM e 00OpYJOBaHWHU B pa3HbIC JHM MOTyYasl pe3yibTaThl H3MEPEHUSI MacCOBOH J101H bit
B IIPONYKTAax C OMMHAKOBEIM ypoBHEM 100aBkH bir. PacdueTs! mpoBomuiu mo ¢popmyse [29]:

R =-Sobs 10,

m
cspike

rae R, — CTENEHb U3BIEYEHUS, %o, Cops— CPENHEAPUPMETUUECKUH PE3YIBTAT U3MEPEHHH TPOO ¢ 100aB-
KO, MKI/KT, Cgyiye — CPEIHEAPU(METHICCKOE 3HAYCHHE T0OABKH, MKI/KT.

Hab6op peazenmos o1 npamozo U®A. B coctas rotosoro Habopa ITPOJOCKPUH® UMA-Baru-
TpalMH BXOJAT CIEAyIOINE KOMIIOHEHTHI: HMMYHOCOPOEHT, 96-TyHOUHBIH MUKpPOIUIAaHIIET, 12 cTpu-
OB TI0 § TYHOK, C UMMOOMIM30BaHHBIMH aHTH-BIl aHTHTENaMK, TOTOB K HCIOIB30BAHUIO, | TUTAHIIET;
rpagyuposounsie pactBopel Cy, C,, C,, C;, C, u C5 co 3HaueHusMu KoHueHTpauuu b 0; 0,50; 1,00;
3,00; 9,00 u 27,00 Hr/mMJj, TOTOBBI K HCIIOJb30BaHUI0, 6 (hiakoHos, (0,70+£0,02) mit; konbrorat (bu-I11X),
21-xpaTHBIA KOHTEHTpAT, 1 (makoH unn mukpomnpoodupka, (0,70+£0,02) mim; Oydep mmst pazdaBieHus,
1 duraxon, (25,0+0,5) M1, TOTOB K UCHIOIB30BaHUIO; Oydep mist sxkcTpakmuu 1, 1 dmakon, (20,0+0,5) M,
Oydep mist skerpakiuu 2, 1 dmaxon, (20,0+0,5) mi; Mororuii Oydep, 10-kpaTHBIH KOHIIEHTpAT, 1 diakoH
(30,0+0,5) mur; cyocrpar, (14,00,5) mi; xpomores, (0,70+0,02) mi; cton-pearent, 1 daakos, (14,0£0,5) Mo,
TOTOB K HUCITIOJIb30BAHUIO.

Texnuveckne TpeOOBaHUS K M3TOTOBJIECHHIO HAO0Opa JOMYCKAIOT MPHUMEHEHHUE TOTOBOTO XPOMOTCH-
CyOCTpaTHOrO peareHTa BMECTO JIBYX pa3/ielIbHbIX KOMIIOHEHTOB.

KomnioneHTH HaOOpa MOATOTABINBAIOT IS BRITIOJHEHUS mpsiMoro MDA ciemgyromum oOpa3om.
Comepxumoe (urakoHa ¢ KOHIICHTPATOM Moromero oydepa HHTCHCHBHO BCTPSAXUBAIOT, OTMEPEHHYIO
aTMKBOTY TIEPEHOCAT B CTaKaH, JOOABISAIOT B 9 pa3 OonmbInii 00beM AUCTHIIITMPOBAHHON BOMIBI U TIe-
pemennBaroT. Pabounii pacTBOp KOHBIOraTa HEMOCPEICTBEHHO MIEPE]] HCIIOJIb30BAHUEM TOTOBST B IIPO-
Oupke uiau Bo (IaKoHe, KyJa BHOCAT OTMEPEHHYIO alHKBOTY Oydepa s pa3OaBieHus, 100aBIsSIOT
B 20 pa3 MeHbIIN 00beM KOHIIEHTpaTa KoHbtoraTa bu-I1X u nepememnparoT, He Jomyckas o0pa3oBa-
HUSI TIeHbL. XpOMOT'€H-CyOCTpaTHBIN PacTBOP MPUTOTABIUBAIOT B TEMHBIX CTEKJISIHHBIX WJIH TJIaCTMAcC-
COBBIX ()JIaKOHAX, B KOTOPhIE BHOCST OTMEPEHHYIO alluKBOTY cyOcTpara, nobasisior B 20 pa3 MeHb-
i 00beM XpOMOTeHA U TIEPEMEIINBATOT.

Jns npuroTtoBieHusi mpod u3 00pa3noB MPOAYKTOB, HCCIEAYEMBIX C MOMOIIbIO Habopa
ITPOJIOCKPHH® UMDA-Banutparus, BHIIOTHSIIOT CELYIONIIE TPOIEAypbl. DKCTParupyrolnue cMecH
No 1 nnu Ne 2 roTOBSAT HENOCPENCTBEHHO Nepea npoBeAeHueM npsmoro MPA u3 0OTMEPEHHBIX aTUKBOT
BOTHBIX Oy(hepHBIX PACTBOPOB IS IKCTPAKIuU 1 unu 2 (pa3IudaroTcs MO CHeIHaIbHBIM J00aBKam),
K KOTOPBIM MTPHIJIMBAIOT B 4 pa3a Oonblie 00beMa METaHoJa U TIePEeMEIIHBATOT.

OT60p 00pa3uoB s ananusa BeMONHAIT 0 CTh 1036 u nmpoBoasiT nepBUUHy0 00pabOTKy
OOIETPUHATHIMU B aHAIN3€ MUIIEBOW MPOAYKIINU TpueMaMu 1 criocobamu. [Ipu ananmmse xaxaoro
00pa3siia BEIMOJHSIOT ABa MapauIeIbHBIX ONpeIeICHUsI.



324 Proceedings of the National Academy of Sciences of Belarus, Chemical series, 2020, vol. 56, no. 3, pp. 318-332

[loaroroBka mpod Msica, MACHBIX M MACOCOJEPKAIIUX MIPOAYKTOB (B TOM YHUCIIE MTHLBI, CyOnpo-
JyKTOB, IITIUKA), IPOIYKIIUU aKBaKyJIbTYphI (pbl0a, KPEBETKH), SUIl ITUI, CyXUX U KUJIKUX SAYHBIX
npoaykToB. BasemmBaroT (1,0040,01) T romoreHu3upoBaHHOro 0Opasna. HaBecky moMemaror B eHTpH-
(hyxHYIO TPOOMPKY C MPOOKOH BMECTUMOCTBIO 15 MJT 1 100aBISAIOT 2 MJI 3KCTparupytomei cmecn Ne 1
(BCSI IPOMYKIIHS KPOME SUIT U TMYHBIX TPOAYyKTOB) mutkt Ne 2 (siiT1a U TMIHbBIE TPOAYKTHI). BaskHO BCer-
na cobmoaars cooTHomeHue 1:2 maccsl 00pasia n oobema IKCTparupyromei cmecu. [Ipodupky 3axpsl-
BAIOT MPOOKOH, BCTPSIXUBAIOT B TeUeHHE |5 MUH Ha poTaTope MpH yacToTe BpameHus 50 06/MuH myTem
MepeBOpaurBaHUS BBEPX-BHU3 U BBITIONHSIOT IeHTpU(yTrupoBanue B TeueHre 10 MUH Py KOMHATHOM
TeMIepaType U OTHOCUTEIbHOM LeHTpoOexxHoM yckoperuu 2000 g. OtOuparot 50 MK cynepHaTaHTa,
MEPEHOCAT B YUCTYIO TPOOUPKY, NoOaBisttoT 200 Mk Oydepa 11 pa3daBieHUs H IEPEMEIINBAIOT.

[NoaroroBka mpo6 Momnoka. Pexomenayercs mpoBeputh pH 00pasia u mpu HeoOXOIUMOCTH JJOBECTH
roKasarens /10 3HaueHus 6,5-7,5, ucnonb3ys 0,1 M pactBop ruapookucu HaTpus. OOpasern oobeMoM
10 M neaTpudyrupyoT B TeueHue 10 muH npu 4 °C ¥ OTHOCHTEIIFHOM IEHTPOOCKHOM YCKOPESHHUH
2000 g. MoxxHO HeHTpu(pyrupoBaTh MNP KOMHATHON TeMIiepaType o0pasell, IpeaIBapuTeIbHO OXJIax-
neHHblit 1o (2—4) °C. lnareneM yJaaisitoT BEpXHHUH KUPOBOH ciiol. OTOMPAaIOT aTMKBOTY 00€3KUPEH-
HOI'0 MOJIOKa 00beMOM 20 MKJI, IIEPEHOCST B YUCTYIO MPOOUpKY, go0apistor 280 Mk Oydepa st pas-
0aBIICHUS U TICPEMEIIHBAIOT.

[Moaroroska npo6 mexa. Bapemusator (1,00+£0,01) T o6pa3na. HaBecky BHOCAT B LIEHTPUDYIKHYIO
MpOOUPKY ¢ MPOOKOH BMECTHMMOCTBIO 15 MiI, TOMEIIAIOT Ha BOASHYIO OaHIO M BhIACp:KKBaOT 10 MUH
ipu 60 °C. B mpoOupky m00aBisioT 2 M pacTBopa dKcTparupytomeid cMecu Ne 1. BaxxHo cobmonarh
COOTHOIIIEHNE Macca o0pa3na/o0beM dKcTparupytoneid cmecn = 1:2. [IpoOupKy 3aKphIBalOT MTPOOKOIA,
BCTPSIXUBAIOT B TeUEHNE 15 MUH Ha pOTaTOpE MPH YacTOTe BpareHus S0 06/MUH myTeM nepeBopadnBa-
HUS BBEPX-BHU3 U BBHITIOTHSIOT HEHTPUPYTUpOBaHUE B TeueHue 10 MUH IIPpU KOMHATHOH TeMIeparype
U OTHOCHUTEJIBHOM IIeHTpoOekHOM yckopeHuu 2000 g. OrbOuparor 50 MKII cylnepHaTaHTa, HEPEHOCST
B YHCTYIO MPOoOUpPKY, no0aBisitoT 200 Mkt Oydepa 1i1s pa30aBiIeHUs U IEPEMEIINBAIOT.

[loaroroBneHHble TPOOBI, KAK U TPagyHPOBOYHBIC PACTBOPHI, BHOCATCA B oOBbeMax mo 50 MK
B JIYHKH MUKPOIUIAHIIETa U UcCIeqyIoTCst NpsiMbIM MDA 1o MeToaMKe, ONUCaHHOW BBILIE.

O6paboTka pe3yabTaTOB U3MEPEHUH MPOBOAMTCS C IPUMEHEHUEM Ipuiiaraemoro k Habopy I1PO-
JIOCKPMH® U®DA-Bauntpanus ma6inona B Microsoft Excel. IIporpammoii Excel aBromaTnuecku
CTPOMTCS TPaJlyMpOBOYHAS 3aBUCUMOCTb B;/B B % OT HaTypaJbHOro jorapudma KOHUEHTpauuu bi
B TPaJlyHpPOBOYHBIX MPOOaxX B HI/MI M PAaCcCUUTHIBAETCS MaccoBas N0 bil B MKI/KT B HCCIETyeMbIX
npobax ¢ yuetoM ¢aktopa pazdaBieHHs MpoObI, paBHOTO 15. /{7 TpOBEpKH KadyecTBa BHITIOJTHCHHUS
H®DA aBTOMaTHUECKH paccunThIBatoTCs 3HaueHus1 KB (ko3 dunuent Bapuaimy Mex 1y napaiieabHbl-
MH pe3yJbTaTaMH U3MEPEHUI OJIHOM U TOH ke IpaJlyupOBOYHOMN MPOOBI UK MCCISIYEMOro 00pasia)
u untepcent 50 % (ICy,, Ha rpagyupoBOYHOM rpaduke 3TO KOHIEHTpanus bil B HI/MJ, COOTBETCTBY-
tomas B/B, = 50 %). IIpoBoanuTCs OLEHKA IPHEMJIEMOCTH PE3YNbTATOB M3MEPEHMH, MOIYYEHHBIX
B YCJIOBHSIX IOBTOPSIEMOCTH. 38 OKOHYATEIbHBIM PEe3yNbTaT IPUHUMAIOT OKPYTJICHHOE 10 TIEPBOrO Jecs-
TUYHOTO YHUCIIa CpeHee apuPMEeTHIeCKOe 3HAYCHHE JBYX N3MEPEHHUH MapasuieIbHbIX TPOO OMHOTO 00-
pasla ¢ y4eToM pacIiipeHHON HEONPEAEICHHOCTH, YCTAHOBICHHOM ISl pa3HBIX TPYII IPOTYKTOB.

Pa3paboTka u Baauaalus METOUKH BhIMOIHEeHUs u3Mepenuii (MBI) ¢ momoripio Habopa peareH-
ToB ITPOJIOCKPUH® VI®A-Banutpanus nposeaeHa Ha 6a3se MHCTHTYTa MACO-MOIOYHOM TIPOMBIII-
neHHOCTH. MeTposoruueckue xapakrepuctuku MBU onpenenenst B cootBeTcTBuu ¢ CTh NCO 5725-
3-2002, CTb UCO 5725-4-2002, TTOCT 34100.3, I'OCT 8.010 u MeTonu4ecKuMH PyKOBOACTBaMH [28,
29]. DkcniepuMeHTalbHbIE JAHHBIE OTYYald B IPOIEcce BHYTPUIA00paTOPHBIX UCIIBITAHUN C UCTIONb-
30BaHHEM MPOAYKTOB, pacIpee/IeHHBIX 10 7 TPyIaM B 3aBUCHMOCTH OT BHJIA MaTPHUIIBL: MSICO, B TOM
YHCcIie MTHLBI, MSICHBIE W MSICOCOACpIKAIINE MPOAYKTHI; CYOMPOAYKTHI, B TOM YHCJE NTUYBH, U TIPO-
IYKTHI UX TEepepadOTKH, cajo, B TOM YHCJe MIMUK; MUIIeBas MPOAYKIU aKBaKYJIbTYPHI )KHBOTHOTO
MPOUCXOKAECHUS (pbIOa, KPEBETKH); sSHA MITUIBI, CYXHe U KUAKUE SUYHBIC MPOAYKTHI; MEI; MOJIOKO.
[TockombKy CBIphE M MPOAYKIUS )KUBOTHOTO TIPOMCXOXKIACHHS C BBICOKUM COJIEp)KaHEM OaruTpaimHa
MPaKTUYECKH HE BCTPEYaeTcs, TO JJIsl aHAIM3a UCTIONb30BaINCh MPOOBl TPOIYKINH, HE COJepKAIIUe
AHTHONOTHK (0Opa3Isl), B KOTOPhIE BHOCHIIH T00aBKH OaruTpanmHa. OOpasisl Harpy»kanu bir 1o 3Ha-
YeHni MaccoBoi gonu aHTHOMOTHKA OT 9,0 no 405,0 MKI/Kr. UDA BBIMONHAIN CEpUHHBIM HAOOpOM
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pearentoB [TPOJIOCKPUH®UMA-BaruTpamun. JIns kaxmoro ob6pasia MPOBOAUIM YETHIPE CEpHH
WU3MEpPEHMNH, COCTOAIINX M3 JIBYX PE3yJIbTaTOB €JUHUYHBIX U3MEPEHHUI Ha KaKJIOM M3 TPEX yPOBHEM.
Kaxxnas cepus n3mepeHuil noxyyeHa npu coOITI0ICHUH YCIOBUH OBTOpsieMoCTH. Pa3Hble rpynmnbl aHa-
JIM30B IOJIYYEHbI IIPU BapbUPOBAHUU (PAKTOPOB «omeparopy», «Bpems». Ha ocHOBaHMHM NOTYUYCHHBIX
OKCIIEPUMEHTAIBHBIX JaHHBIX PACCUUTANIM TOKA3aTEIIH TOYHOCTH U HEONPEACICHHOCTH PE3yIIBTaTOB
HU3MEpPEHUH, TPOBEAEHHBIX B cOOTBeTCTBMU ¢ MBH.

Pe3yabraThl ucciaenoBannii u ux odcyxaenne. UmmyHnopearentol. B kauectBe 0a30BBIX UMMY-
HOpEareHTOB B JaHHOH paboTe pa3paboTaHbl, HCCIEAOBAaHbl U U3TOTOBIICHBI TP KOHbIorata bl ¢ 6en-
kamu KLH, Tr u I1X, a Takxe Kpoauubs aHTUCBIBOPOTKA K bl 1 ee nMMyHOroOynuHoBast Gppaxuus.

Kax HuskomonexynspHoe coequHeHue bii He crnocoOeH MHAYLUUPOBAaTh UMMYHHBIH OTKIUK NPH
BBEACHUU XUBOTHBIM. [lo3TOMY 17151 mosydeHus! crnenu(UIecKuX aHTUTEN TpeOyeTcs OCYLIEeCTBUTD
KOHBIOTHpOBaHWe bIl B kKaduecTBe ranTeHa ¢ BBICOKOMOJIEKYJISIPHBIM HOCHUTENEM ISl MPUAAHUS €MY
MMMYHOI'€HHBIX CBOMCTB. B nuTeparype onucanbl METOIMKH MPUCOSAUHEHU bIl yepe3 riayTapoBbii
anmpaeru] K Troko3okcnaase [20] m BCA [21], a Takke ¢ MCMOIB30BaHUEM BOJOPACTBOPUMOTO KapOo-
JUUMHUJA — K IMMMYHOTII00ynuHy Obika [19]. Kpome 3THX MMMYHOTEHOB JIJIsl TIOJYYEHUs] aHTUTEN
K BI[ UCroJIb30BaJICsl KOHBIOTAT aHTUOMOTHKA C aJIbOYMHUHOM ChIBOPOTKH 4esioBeka [18]. benkom-Hocu-
Tenem Ob11 BEIOGpan KLH, KoTOpHIil HMeeT MonekynsapHyio mMaccy oT 10° 10 107 Ia u conepxut 6015-
11oe KOJWYECTBO JOCTYIHBIX 11 MOAMU(PHUKALNUK OCTAaTKOB JIM3MHA M KapOOKCHIBHBIX rpymi. [Ipu
pH > 9 oObruHbBIE 17151 HEUTPATIBHOM CpeAbl arperaTsl OesiKa JUCCOLUUUPYIOT Ha CyObEAMHHULIBL, YTO YBe-
JUYMBACT aHTUTC€HHOCTh KOHBIOTUpOoBaHHOTO rantena [23]. Ilpu pabote ¢ 3TuM O€IKOM MBI YUUTHIBA-
JI1 HEKOTOPbIe 0COOEHHOCTHU NOAJEPKaHUs ero (JyHKLINOHAIBHOW aKTUBHOCTH B PACTBOPAX, 3 UMEHHO
MIPUCYTCTBHE BBICOKOM KOHIeHTparuu cojieit BIoTh 10 0,9 M mo NaCl u Takke HCKIIIOUeHHUE MPO-
Heayp 3aMOpakKMBaHUS—OTTaWBAHUS, MPUBOISIINX K MOTEPE PACTBOPHMOCTH M JakKe JEHATYpPaluH
ranTeH-0eIKOBBIX KoMIliekcoB. /s konbtorupoanus b ¢ KLH ucrmonb3oBann BogopacTBOPHUMBIH
kapbonuumua — EDC, pearupyromuii ¢ JOCTyITHBIMH KapOOKCHUIIBHBIMU TPyNIIaMU ¢ 00pa30BaHUEM
aKTHBHOTO HHTepMenuara B popme O-allnIMOUeBUHBI, KOTOPBIH 3aTeM B3aWMOJCHUCTBYET C IEPBUYHOM
NH,-rpynnoii u ¢popMupyer KecTKyI0 U IPOUYHYI0 aMUIHYIO CBA3b [23]. CMHTE3 KOHbIOraTa IIPOBO/IHU-
U B ofHy cranuio, BHoca EDC B cMech menTHIHOTO ranTteHa u 6enka-HocuTens. B mpensapuTenbHbIx
9KCIIEPUMEHTax ObLIO MOKA3aHO, YTO KapOOKCHIIbHBIC TPYIIIbI B COCTaBe bIl SBISAIOTCS MajJOaKTHB-
HBIMH U MPAKTHYECKH HE YYaCTBYIOT B 00pa30BaHUU MENTUIHBIX CBA3€H, a aKTUBHBIE NHTEPMEINATHI
B OCHOBHOM 00pasytorcs 3a cueT COOH-rpynn 6enka. B ouniennoM koHblorare Ha0I101aIn nosBie-
HUE XapaKTepHoro /yuis bt mormomenus npu 252 HM, YTO CBUJIETEIHCTBOBAJIO O KOBAJEHTHOM IIPHCOe-
nuHeHnu agTuonoruka kK KLH.

KonblorupoBaHHble aHTUTEHBI Ha OCHOBE bil B panee onyOnuKoBaHHBIX paboTax Mojydalu ¢ HC-
MOJIb30BaHHEM CBIBOPOTOYHOT0 anbOymuHa [20,19], xenaruna [20] wiu oBanbOymuna [20, 21], mpume-
HSIS TITyTapaibIeruanbiii meton [20, 21], unu ¢ nomorbio kapooauumuia [19]. Msr Beiopanu Tr (Mo-
nexyIsipHas Macca ~ 660 k/{a) 1151 KOHBIOTUPOBAHUS C TIEJIEBBIM aHTUTEHOM C TeM, YTOOBI HCKIIFOUUTH
B HenpsimoM MDA BO3MOKHBIE TOMEXH CO CTOPOHBI TOOOYHBIX AHTUTEI, BHIPAOOTaHHBIX K OCITKOBOMY
Hocutento KLH B cocraBe mMmyHoreHa. Jlydmum okasaics coco0 KOHBIOTHpoBaHHUS bIl, BKiIroUa-
tommii B3aumoneiicteue COOH-rpynn Oenka ¢ cynspo-NHS B npucyrcteun EDC u nocnenyronyto
peaknuo akTUBHBIX 3gupos ¢ NH,-rpynmamu b

[ockoneky I1X mpencrasnser coboli MTUKONPOTENH, OOTaThIil yIrieBOAaMHU, KOTOPhIE HE y4acTBY-
10T B (DEPMEHTHBIX PEaKIUIX, TO MOKHO MPUCOCHWHATH bIl UNMEHHO K onurocaxapumHoi gactu [1X
0e3 mpuunHeHHs yiepOa KaTaJIuTHUeCKOH akTHBHOCTH 11X M MoBpexIeHUsI aHTUTCHHOW CTPYKTYPBI
bt [19]. B namreli pabote BUIIMHAJIBHBIE THIPOKCUIIBI YTACBOAHBIX Tienieli [1X moaBeprain oKuCIeHHro,
o0pa3oBaBLIMECs abJETHIHbBIC IPYIIIBI KOHICHCUPOBAJIN C aMHUHOrpyIaMu bi 1 mony4usieecs oc-
HoBanue llIudda BoccTaHaBIMBAIIN 10 YCTOHYHMBOTO BTOPUYHOTO aMHHA. BMecTo quannsa, Kak B Ciry-
yasx MePBBIX ABYX KOHBIOTaTOB, sl 3 dexkTuBHoi ounctku bu-I1X npuMenmin ObICTpYIO resb-Xpo-
Matorpaduio noj JaBieHueM. PaccuntaHHOe N0 JaHHBIM CIIEKTPO(GOTOMETPUHN COJCPKAHNE OCTATKOB
bt cocraBmio 1,6 monb Ha 1 Mok epMeHTa.

B xoxe KOHTpons AMHAMUKH NMPONYLHUPOBAHMUSA aHTU-BII aHTUTEN U ONpeneseHnus] NX XapaKTepu-
CTHK B CHCTEMax HerpsaMoro 1 npsiMoro VA Oblia ycTaHOBIIEHA BHICOKAsI UMMYHOI'€HHOCTh KOHBIOTATa
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bu-KLH. AnTtutena x b B kposinubeil ceiBopoTke, pasbaBiennoit 6oiee yem B 10 000 pas, oOnaganu
CITOCOOHOCTRIO CBSI3BIBATHCS ¢ UMMOOMIIM30BaHHBIM Ha TBepmo dase bri-TT mimu ¢ sxuakodasaem br-11X.
[Ipu »TOM ynaneHHbIe OT BI-CBS3BIBAIOMIMX CAWTOB 3MUTONBI aHTUTEN MOTIH 3¢ ekTHBHO B3auMo-
JIECTBOBATH C aHTUBUIOBEIMU UMMYHOIJIOOYJIMHAMH B PACTBOPE HJIM HA TIOBEPXHOCTH TBEPAOH (a3bl.
AHaIOTUYHBIMU CBOMCTBaMH 00JaJalyd M YaCTUYHO OYWIICHHBIE aHTHTeNa K bIl B coctaBe MMMy-
HOTJIOOYJTMHOBOH (DpakiMu aHTHCHIBOPOTKHU. CBsi3bIBAaHHE OOOMX KOHBIOTMPOBAHHBIX AHTHUTECHOB
C aHTU-bI aHTUTENTaMH KOHKYPEHTHO WHTHOWPOBAIOCH CBOOOMHBIM bIl B nHamna3oHe KOHIICHTpAIIHA
0,4—14,0 aMoub/1, 9TO yKa3bIBajo Ha joctatouHblid st MDA b apduauTeT anTUTEN. YIOBIETBOPSI-
touteit TpeboBanusiM MDA okazanack u cienupUIHOCT aHTHCHIBOPOTKH. Ee OTHOCHTENBHOE CPOACTBO
K HEKOTOPBIM TIOJIMIICTITH/IHBIM aHTHOMOTHKAM, CTPYKTYPBl KOTOPBIX TaK e Kak W y bIl BKirouaroT
MUKJINYECKYI0 U TUHEHHYI0 9acTu, coctaBuiio (%): bt — 100, Zn-bir — 100, Heomurnun < 0,02, momu-
mukcud B < 0,01, xoauctun < 0,01.

Cucrema Henpsimoro UMA. [ 1aBHEIMU 3JIEMEHTAMHA HMMYHOXHUMHUYECKON KOHCTPYKIITHH dTOU Te-
TepodasHoii cucteMbl ObLTH KOHBIoraT bu-Tr, agcopOoupoBaHHbIil Ha BHYTPEHHEW MOBEPXHOCTH JIYHOK
MHKPOIJIAHIIeTa, PACTBOPEHHBIN bl 1 ”MMyHOTIIO0yIMHOBasT PpaKIusi aHTHUCHIBOPOTKH K bI B KU -
Koi aze Ha mepBoit cranuu DA, TBeprodas3asiii OmHapHBIA KoMIUIeke Tr-br ¢ anTu-br antutenom
KpOJIMKA W KUJAKO(pa3HBIi KOMIIOHEHT B BHJE aHTHUKPOJIMYbEI0 UMMYHOII00ynnHa, MeueHHoro 11X,
Ha BTOPOM dTarie aHajgu3a. KoirnyecTBO METKH B UTOTOBOM TPOWHOM KOMIIJIEKCE HAXOAUTCS B TIPOIIOP-
LIMOHAJIBHOM 3aBUCUMOCTH OT KOHIIEHTpanuu b B cucteMe m m3MepsieTcsi I0 HHTEHCUBHOCTH OKpa-
LIMBaHMUS pacTBOpa MPOAYKTOM NMEPOKCHAA3HON peakuu. TepMUH «HEempsiMoi» OTpa)kaeT TOT (akT,
4yT0 B IDA 3TON KOHCTPYKIMH MEPBUYHBIN UMMYHHBIA KOMIUIEKC METUTCS (DEPMEHTOM HE HaIPSMYIO
B XOJIe peaKkllMM aHTUTEeH—aHTHUTEN0, a Ha JIOTIOJIHUTENbHON CTaJANH aHajiu3a. B nurepaTtype onucaHo
MIPUMEHEHNE TECT-CUCTEM JaHHOM KOHCTPYKIIMH Il KOJMUYECTBEHHOIO onpeaeneHus bi nnn Zn-bi,
AKCTPAarUPOBAHHBIX U3 PA3HOOOPA3HOTO MPOAOBOILCTBEHHOTO CHIPhs [20] m kopmoB [21].

B namewm uccrneoBaHuM TS MOBBIIEHUS YYBCTBUTENBHOCTH cucTeMbl HempsaMmoro MDA k koH-
LeHTpaIuu b, BHECEHHOTO B )XUAKYIO (pa3y, BAppUPOBAINCH KOIWYECTBA UMMOOUIN30BAHHOTO KOHB-
torata bu-Tr un pactBopennoro anturena K bu. OnTumanbHbIE COOTHOMIEHUS 3TUX HMMYHOPEareHTOB
ObUIM JOCTUTHYTHI IPU aICOPOLIMN KOHBIOTUPOBAHHOTO BIl M3 pacTBopa ¢ KOHLEHTpauuer 1 MKr/mi
U cofiepkaHuM aHTU-bil uMMyHormoOynnHa B xuakon ¢asze 0,3 MKr/Mi. B TaHHBIX yCIOBHSAX Ha Tpa-
JIyHUPOBOYHOM KPUBOH (pHc. 2) KOHIEHTpalus bIl, BeI3bIBaIONIass MHTHOMPOBAHHUE CBSA3bIBAHUS UMMY-
HOpEareHTOB U yMEHbIIEHHE KonopumeTpudeckoro curnana Ha 50 % (ICs), onuska x 10 Hr/mi, a HUX-
Hee myaTto HaumHaeTcs ¢ KoHneHTpanuu b 100 ar/mi. Tlocnenuss Bemwmumaa cooTBeTcTBYeT MY
11 b1t B MoJ1oKe.

Takue XapakTEPUCTHUKH KOHKYPEHTHOTO

B/Bq, % CBSA3BIBAHMS HMHTAKTHOIO U KOHBIOIMPOBAH-

10003 HOT'O aHTUTCHOB XapaKTEPHBI ISl BRICOKOA(-

_\- (puHHBIX aHTHUTEN. MI3BECTHO, YTO UMEHHO paB-

80,0 N HOBECHasi KOHCTaHTa KOMILIEKCOOOpa30BaHUs

AHTUTEH—AHTHUTENIO OMpEeNsieT KOHLEHTpa-

60,0 IMOHHBIE JTUANA30HBl B KOHKYPEHTHBIX WM-

\_ MYHOAQHAJIUTHYECKUX CHCTEMax, B YaCTHOCTH

\ B UDA u B UXA [30, 31]. CnenoBarenbHO, UM-

40,0 MYHOpEareHThl, UCCICAOBAHHbIE B HEMPSMOM

DA, moxxno npumMeHuTh B XA 1 nmony4uTh

200 pabouuii aHATMTHYECKUN JHaNa30H, aHAJO-

’ N TUYHBIA NpuBeeHHOMY Ha puc. 2. [lpeanpu-

'\§\ib HSATBIE HAMH HWMMOOWMJIM3aIHs KOHBIOTaTa

0,0 bu-Tr Ha HUTPOLEIIIONIO3HON TECT-TIOJIOCKE
0,1 1,0 10,0 100,0 1.000,0

1 aIcopOIHs aHTH-bIl IMMYHOTIIOOYTHHOBOI
(bpaKI_II/II/I Ha KOJIJIOMOHBIX 30JIOTBIX HaHOYa-
Puc. 2. KanuGpoBounslii rpaduk Henpsimoro UMA Ganurpannna  cThlax B cucteMe XA o00ecneymniim BbICO-

Fig. 2. Calibration curve of bacitracin indirect ELISA KO9YyBCTBUTCIIbHYIO HHCTPYMCHTAJIBHYIO J€-

KoHueHTpauusa 6auutpaumHa, Hr/mn
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TeKUHIo b1l B JaHHOM iMana3zoHe ¥ BO3MOKHOCT BU3YaIbHOTO OOHAPY KeHHS B MOJIOKE KOHLeHTpaui b,
coorBercTByromux MJ1Y [22].

Cucrema npsimoro UMA. ba3oBbIMU KOMIIOHEHTAMH 3TOM CUCTEMBI SIBJISIJIUCH KPOJIUYbU aHTUTE-
ma k b, onocpenoBaHHO UMMOOMITN30BaHHBIE HA BHYTPEHHEH MOBEPXHOCTH JIYHOK MHUKPOILJIAHIIETa
yepe3 aJicopOMpPOBAaHHBIN aHTHUKPOJIUYHH UMMYHOTTIOOYJINH, a TaK)Ke pACTBOPEHHBIN BIl M KOHBIOTAT
bu-IT1X B sxunkoii dase. [lonyueHHBIH TPOHHON KOMILIEKC (POPMHPYETCSI B OJJHY CTAUIO, KOJTHYECTBO
MEPOKCUIA3HOTO (DparMeHTa B HEM 3aBUCUT OT KOHIIEHTPAIIMM BHECEHHOTO B cucTeMy bir u 00ycioB-
JUBACT MHTCHCHMBHOCTH OKPAIIMBAHMS PACTBOpa MPOAYKTOM (EPMEHTATHBHOW peakiuu. TepMuH
«psMoil» o3HavaeT, yTo B UMDA 3TOl KOHCTPYKIIMU KOMIJIEKC aHTUTENA C ONPEIEIISIEMbIM aHTUT€HOM
METHUTCS (PEPMEHTOM HAIPSIMYIO B XOJIe OJHOH peakuuu. B nureparype UMeloTcsl CBEICHHS O TpuMe-
HEHUHU TecT-cucteMm mnpsimoro MDA niist konuuecTBeHHOro onpenenenus: bip B kopmax [18] u B miasz-
Me KpPOBH KMBOTHBIX [19]. BaxkHOH OTIIMYUTENBHON XapaKTEePUCTHKON pa3padoTaHHOH HAMU CUCTEMBI
SBJISIETCS OTIOCPEIOBaHHASI MMMOOMITH3AIHs KPOIMYbUX aHTHUTEN K bIT yepe3 aHTHBUIOBBIE TTOIUKIIO-
HaJbHBIC aHTHUTENa OBUBL. [IpH TakOM MMMYHOXMMHUYECKOM CIIOCOOC MMMOOMIHM3ALUU «aBTOMAaTH-
YECKW» MPOUCXOIUT BBIACTICHNE MMMYHOTTIOOyTMHA U3 aHTUCHIBOPOTKH K bl u ero cnenmduueckoe
CBSI3BIBAHHME C TBEPJOH MOBEPXHOCTHIO, HYHKIMOHATM3UPOBAHHON BTOPHYHBIMHU aHTUTenaMu. Kpome
TOTO, COXpaHseTcsd HATUBHAs KOH(OpMAIKs MEPBUYHBIX aHTUTEN U 00ecrednBaeTCsl MPOCTPAHCTBEH-
Hasl TOCTYMHOCTh UX aHTUTCHCBS3BIBAIOIIUX CAWTOB HE TOJBKO AJs MaJIOM MOJIEKYJbl bi, HO U 1ist
BBICOKOMOJIEKYJISIPHOI'O KOHBbroraTa bu-I11X.

[Ipu onTHMaIbHOM COOTHOIIEHWH KOJIMYECTBa MMMOOMIIM30BAHHBIX aHTHU-bII aHTUTEN U conepiKa-
HUSI KOHBIOTHPOBAHHOTO ¢ (pepMeHTOM BIl B skuaKON (pa3e MmoyueHa IpalyipoBOYHasl KpuBasi, pabo-
YU AUana3oH KOTOpOi (IC50 = 2,5 HI/MJI) TTIO3BOJISIET N3MEPATh KOHIEHTPAIMK bIl MEeHbIITNe, paBHbIC
u Oosbine M1V, mociie SKCTpakiuy aHTUOMOTHKA U3 00pasia J00ro KOHTPOJIMPYEMOro MPOIyKTa
(puc. 3).

OmnpeneneHsl TakyKe HEKOTOPbIE JOMOJTHUTEIbHbBIE XapaKTePUCTUKH KadecTBa mpsimoro MOA ¢ uc-
N0JIb30BaHHEM Oy()epHBIX PACTBOPOB C TOYHBIMH KOHLeHTpauusaMu bu. Cpennss Ollys, ans rpamyupo-
BOYHOI'O pacTBopa, Hecoxepxkaero by (B, ceasbiBanue bu-IIX B 0TCyTCTBHE KOHKYPEHTHOTO HHIHU-
outopa), coctaBuia 2,0 ONTHYSCKUX SIUHUIL. PacdueT MUHHMAaILHOW JOCTOBEPHO OMPEISIIEMON KOH-
uentpauuu bi B Oydepnom pactope man 3Hadenue 0,3 ur/miu. KB ans rpangyupoBouHoli mpoObl u3
cepenuHbl padoyero AMama3oHa B yCIOBHSIX HM3MEHSIOMIETOCS (akTopa OrmepaTop—BpeMs, OKa3aics
paBHbIM 7,1 %.

Hanee ontumusupoBaHHas cuctema npsimoro MDA Oblna nuccnenoBaHa HaMH B KauecTBE MPOTO-
THIIa TOTOBOT'O KIMMYHO(EpPMEHTHOTO Habopa
JUIS IPAKTUYECKOTO UCIONb30BaHus. BaxHel-  ByBy, %

LIMM T€CTOM Ha MPUTOJHOCTh UMMYHOAHAJIU-  100,0
THYECKOW CHUCTEMBI K TPAKTUYECKOMY TMIpH-
MEHEHMUIO SIBJISIETCSA UCIBITAHUE HA OTKPBITHE a
BHECEHHOW J00aBKM ONpenessieMoro aHTH- 80.0 N\
Ir€Ha B TOT WJIM MHOU UCCIELYEMBbII MaTPUKC ‘\
C pacyeToM CTENEHU u3BleYeHus R, . Pe3ynb- 60,0

TaThl BBIIIOJTHEHHOIO TECTA C UCIOJIb30BAHUEM \
pa3IUYHBIX MTPOAYKTOB IMTOKa3aHkI B Ta0M. 1.

13 Tabin. 1 BUAHO, YTO CTENEHD U3BJICUECHUS
b U3 pa3HbIX MaTpUKCOB BapbUpPYyeTCS OT N
84,1 no 114,4 %, 4TO CremyeT CYMTATh XOPO- 20,0 N
ITUM pe3ynbTaToM TecTa [26, 27, 29]. N

Ha 6a3e Tect-cuctemsl mpsimoro MDA co-
30aH UMMYyHO(EpMeHTHBII Habop pacdaco-
BAHHBIX, YNAaKOBAHHBIX M MAapKHUPOBAHHBIX
peareHToB, TOTOBBIM K TOJTOBPEMEHHOMY XpPa-
HEHHIO, TPAHCIIOPTHPOBAHUIO U MTPUMEHCHHIO Puc.3. TunuuHelii rpagyupoBounslii rpaduk npsmoro HOA
B IIPAaKTUKE ITPOM3BOJICTBEHHBIX, UCIILITATC/Ib- Fig. 3. Calibration curve of bacitracin direct ELISA

7

40,0

0,0
0,1 1,0 10,0 100,0

KoHueHTpauus 6aumTpauumHa, Hr/mn
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HBIX ¥ KOHTPOJBHBIX NabopaTopuil. Habop BkimroyaeT 3 rinaBHBIX peareHTa (MUKPOIUIAHIIETHBIH HM-
MYHOCOPOCHT, TPaJyHpOBOUHBIC PACTBOPBI, KOHBIOTAT) U 6 MIIM 7 BCIIOMOTaTeIbHBIX KOMITOHEHTOB (Oy-
(hep st pazdaBnenus, 2 6ydepa s SKCTPAKINK, MOIOIIHIA Oydep, cyOcTpaT U XpOMOTEH HITH UX CMECh,
cron-pearent). TopapHas Gopma HaGopa momyumna HanMmenoBanue «Tect-cucrema ITPOJIOCKPUH®
HNODA-Barnutpammsy, BKIIOYaAONee TOBAPHBIN 3HAK pa3paboTUnKa W U3rOTOBUTENA — MHCTHTYTa OHO-
opranunueckoit xumuu HAH Benapycu.

Ta6nuua l. Pesyabrarsl onpeaeienusi npsiMbiM UPA cTeneHn u3BjiedeHus: 6aluTpanuHa

Table 1. Bacitracin recovery ratio obtained by direct ELISA

Howmep o6pasia Tpoaykt R, %
1 Dapmr queTHyecKuit (Ky puHBII) 98,7
2 ®Dapr roBsHKU 106,9
3 due MuHTaS 112,0
4 Oune ckymOpun 106,0
5 Men uBeTouHBIH Nel 113,7
6 Men uBeTOUHBIH No2 114,4
7 Slitno xypunoe Cl 84,1
8 SIM4HBIN OPOLIOK 88,0

ToToBBIN HAOOP peareHTOB MPOIIE)T METPOJIOTUYSCKUE UCTIBITAHKS B XO/I€ pa3pabOTKU U MOCIIEay-
IOIEH BaIUAAIMU METOAUKH BBINOIHEHUS U3MEPEHUN MaccoBOM 101 bl B pa3nuyHbIX BUAAX MPO-
JIyKTOB KHBOTHOT'O TIPOUCXOXkKIeHUs. Pa3paboTka BKIIOUaia mpoOOMoAroTOBKY (IKCTPAKIIUsS U pa3Be-
nenwue), mporenypy MDA, kommbproTepHYIO 00paboTKy pe3ynbratoB UDA, sxciepuMeHTaTbHbIE HCCIe-
JIOBAHUSI I PACYETHI METPOJIOTHUECKIX MTOKA3aTEICH.

B cootBeTcTBUY C TpeOOBaHHUAMU JICHCTBYIONINX CTAHIAPTOB OIMPENIEICHBI BEPOSTHOCTHBIC TPaHU-
LBl IOTPEIIHOCTH U3MEPEHUH € YUETOM BCEX CTAJMU U3MEPUTENBHOTO MIPOLECCa, & TAKKE CUCTEMATU-
YECKHUX U CIIy4YalHbIX NOTPELIHOCTEN U3MEPEHUN MAacCOBOM J10JIM b1l B 2)KMBOTHOBOUECKOW MPOAYKIUH
C UCIONB30BaHHEM MMMyHOdepMenTHoro HaGopa ITPOJOCKPUH®UMA-Baunrpanuna. OCHOBHbIE
pe3yNbTaThl IPUBEACHBI B Ta0II. 2.

Ta6nauma 2. Merpoaornyeckne XapaKTepUCTHKH MeTOAMKHU BbINIOTHEHHsI H3MePeHMii cofiep:KaHusl OalUTpalHa
B MPOAYKIMH ;KHBOTHOBOACTBA Ha6opoM pearentos IPOJJOCKPUH® UMPA-Banutpannn

Table 2. Metrological characteristics of the method for measuring bacitracin content in products
of animal origin by PRODOSCREEN® IFA-Bacitracin reagent kit

N OTHOCHTETbHAS
JlnanasoH u3MepeHuii OTHOCUTENBHOE OTHOCHTEIBHOE CTaHIaPTHOE A beH A HEOMPE
Bua nponykiuu MaccoBOii gonu CTaHIapPTHOE OTKJIOHEHHUE | OTKJIOHCHHE IPOMEKY TOYHOH p Z[CJ'ICpHHOCTB U o/p
GanuTpairHa, MKI/KT | [OBTOPSIEMOCTH, G, , % MPEIU3UOHHOCTH, O % > 70
UTp P ro /0 pen 1(10), ’° K=2.P=95%
Msico, B TOM YHCJI€ ITHIIBI, MSICHEIC
6,1 7,4 16

U MsICOCOJIepIKALUE TPOAYKTHI

CyOnpoayKTsl, B TOM YHCIIE IITH-
YbH, U IPOLYKTHI UX MEPEepabOTKH; 7,8 8,3 18
caJjo, B TOM YHUCJIE ITUK

Mouoxo ot 9,0 10 405,0 6,8 7,6 18
ITumeBas MpoayKIKs aKBAKYJIb- BKJIFOYHUTEIIBHO
TYPBI )KUBOTHOT'O TPOUCXOXKACHUS 6,2 7,7 16

(pb16a, KPEeBETKH)

Siina nTuibl, cyXue U JKUJIKue
SIMYHBIC TTPOJYKThI

Men 59 8,0 18

6,7 8,0 16




Becnii HansissnansHait akaaamii HaByk bemapyci. Cepsist ximigabsix HaByk. 2020. T. 56, Ne 3. C. 318-332 329

Ha Gaze MuctuTyTa MSCO-MOJIOYHOM MPOMBIIUICHHOCTH MPOBEAEHA BaluAalnus pa3padoTaHHON
MBHMU. TlonTBepkaeHbl Mpeaes KOTHUYECTBEHHOrO ONpenesieHusl OaluTpalia BO BCEX BUAX MAaTPHIL
Ha ypoBHe 9,0 MKI/KT, nuanazoH npumeHenuss MBU ot 9,0 mo 405 MKI/KT, ycTaHOBIJIEHA IpUEMIIeMas
HOBTOPSIEMOCTh U BHYTpUIaOOpaTOpHash BOCIIPOM3BOIMMOCTH PE3YJIbTATOB HM3MEPEHUI, paccuuTaHa
CTENEHb U3BJECUCHUs bl U3 NpoayKIuu >KMBOTHOIO IIPOMCXOXKICHUS Il HOATBEP)KICHUS IIPaBUIIb-
HocTH MeTona. llomyueHHbIe pe3ynbTaThl MOKa3aJid, YTO BHIOPAHHBIM METO/ aHaliM3a MOXKET MpHMe-
HSTHCSl UCTBITATELHBIMH JIA0OPATOPHSIMU MIPH TPOBEJCHUH CKPUHUHTOBBIX HCCIICIOBAHUN CO/IEpIKa-
HUs OallMTpalMHa B MUIIEBBIX TPOAYKTaX M MPOJOBOJIECTBEHHOM ChIPhE JKUBOTHOT'O TPOUCXOKICHHUS
metonom DA ¢ ucnonb3oBanuem Habopa pearentos [IPOJIOCKPUH® UDA-Bauurpanus.

3akiiouenue. Tpems pazHeiMH crioco0amu cuHTe3npoBanbl Konbtoratsl by ¢ KLH, Tr u [1X. Tlo-
JUKJIOHAJIbHBIC aHTHTENa K bl BeIpaboTaHbl y KPOJIMKOB IyTEM BBEICHUS KMBOTHBIM bI1, mpucoenu-
HerHoro k KLH, B kauecTBe 3ppekTHBHOr0 MMMYHOreHa. DTH BbICOKOCHEIN(UIHBIC aHTUTENA 00a-
JlaJId CIIOCOOHOCTBIO CBSI3BIBATHCS U3 pacTBopa ¢ KoHbloraroMm bu-Th, ¢pusndecku aacopOoupoBaHHBIM
B JIYHKaX IOJINCTHPOIHFHOTO0 MHUKPOIUIAHIIETA, WJIM TOCIe HMMYHOXHUMHYECKOH MMMOOMIN3AlNN Ha
TBepaoi ¢ase B3aumoneiicTBoBaTh ¢ bi-I1X B pacrBope. HaiineHo, uto 00e peakiui aHTUTEN ¢ KOHb-
IOTMPOBAHHBIMU aHTUT'CHAMHU KOHKYPEHTHO MHTHOMpPYIoTCcsi Bil, BHECEHHBIM B pacTBOP B HAHOMOJISIP-
HBIX KOHLEHTpalusx. Ha ocHOBe MOJy4eHHBIX M OXapaKTepH30BaHHBIX UMMYHOPEAreHTOB CO3/IaHBbI
ONTHUMU3UPOBAHHBIE cUcTeMbl Hempsimoro u npsimoro M®A. TlepBast cuctema mociyKuia MOZAEIbIO
B TIapaJUIeIbHOM pa3paboTke TecT-cucteMbl st XA b B Mornoke, a Bropast Oosiee mpocTas U 4yBCTBU-
TeNbHas B JaHHOW paboTe TpaHCPOPMUPOBaHA B TOTOBBI HUMMYHO(epMeHTHBIN Habop «TecT-cucrema
[TPOJIOCKPUH® VMA-Banutpanis» Uisi KOTHYECTBEHHOTO ONpeieieHns Bl B Po10BOIbCTBEHHOM
CBIPbE U IIPOAYKTAX KUBOTHOBOACTBA. Pa3paboTaHa, METPOJIOrMUECKH aTTECTOBAHA U NIPOLIA BaJIUIa-
IIUI0 B NCIIBITATEIHLHON JIA0OPATOPHH METO/INKA, KOTOpas yCTaHABIMBACT JINAINIa30H U3MEPEHHUH COMep-
skanus b ot 9,0 1o 405,0 MKI/KT ¢ Hajuiexaled MpaBUJIbHOCTHIO U TOYHOCTBIO B PACIIMPEHHOM Iie-
peuHe MPOAOBOILCTBEHHOTO CHIPhS U MPOAYKTaX €ro nepepadboTKH, BKIIOYAIONIEM 14 HAMMEHOBaHHH.
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