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OueHVBaMU BIussHUE PeHOMEeHAa MHOXKECTBEHHOTO OTILIOBCTBA HAa MPUOOPETEHHBIN UMMYHUTET Y IETCHBI-
ureit cupuiickoro xomsika. CpaBHMBAIU KOHTPOJIBHYIO TPYITITY (OIMHOYHOE OTLIOBCTBO) 1 OTIBITHYIO (MHO-
>KECTBEHHOE OTLIOBCTBO). TUI OTLOBCTBA ompeaesuiu o 10 MUKpocaTeUsTMTHBIM JIokycaMm. B Bo3pacte
33 mHeli meTeHbIlIell MMMYHU3UPOBAIM T-3aBUCUMBIM aHTUTEHOM (TeMoumnaHuH ¢uccypemibl, KLH) n
u3Mepsuin ypoBeHb crieurduueckux anturen (aHtu-KLH IgG) ¢ unTepBanom B 5 nHeit. He 6bu10 BhIsIBIIC-
HO IOCTOBEPHBIX paznuuuii B kKoHueHTpauu aHtTu-KLH IgG B chIBOpOTKE KPOBM IE€TEHBIIICH U3 BHIBOJ -
KOB C MHOXXECTBEHHBIM OTLIOBCTBOM U BBIBOJIKOB, MTOJTYYEHHBIX OT OHOTO caMila. Takum o6pa3oM, Halllu
pe3yabTaThl HE TIOATBEPXKIAIOT TUIIOTE3y O TOM, YTO MHOXECTBEHHOE OTLIOBCTBO YCUJIMBAET UMMYHUTET

JNETEHBILIEN CUPUICKOTO XOMSIKa.

Kntoueguie cnrosa: rymopanbHblii uUMMYHHBIN oTBeT, KLH, MHOXeCTBEHHOE OTLIOBCTBO, CUPUMCKUIT XOMSIK

(Mesocricetus auratus)
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ITpoMuckynTeT — OCHOBHOI1 TUN OpayHOI CTpa-
TeTUU JISI MHOTUX MJIEKOMUTAIOIINX, B TOM 4YuUCJIe
JUU1s1 GOJIBILIMHCTBA IrpbI3yHOB (IpomoB, Ocamuyk, 2015;
I'pomos, 2017). Cuuraercsi, 4TO camMKa, UMesI BO3-
MOXHOCTb CIapuBaThCs C HECKOJIBKMMMU TMapTHepa-
MU, TTOBBIIIAET CBOI pernpoayKTuBHBIN ycrex (Keil,
Sachser, 1998; Birkhead, 2000; Jennions, Petrie, 2000;
Stockley, 2003; Parker, Tang-Martinez, 2005; Fir-
man, Simmons, 2008). YcrenrHocTs OMI0a0TBOpE-
HUS YBEJIMUMBAETCS 3a CUET CHUXKEHUSI TeHeTuue-
CKOIl HECOBMECTMMOCTH Mexay mapTHepamu (Zeh,
Zeh, 2001, 2006; Tregenza, Wedell, 2002). Hampu-
Mep, Ha JyroBblx cobaukax I'aHHucoHa (Cynomys
gunnisoni) IOKa3aHO, YTO BEPOSITHOCTh O€peMEeHHO-
CTU U POIOB HaMNpsIMy1O 3aBUCUT OT KOJIMYECTBA MO-
JoBbIX TapTtHepoB Mmatepu (Hoogland, 1998). Tak,
BEPOSITHOCTH pomoB cocTaBisia 100% miist caMmok,
CHApUBIIUXCSI ¢ TpeMsl UM Oojiee caMllaMu, a JJIst
CaMOK, CITapUBIIMXCSI TOJIBKO C OMHUM WU IABYMSI
napTHepaM, — TOJbKo 92%. CrnapuBaHHe C He-
CKOJIbBKMMU CaMllaMU, TaKUM OOpa3oM, MOBBIIIAET

BEPOSITHOCTb HACTYTIJIEHUSI O€peMEHHOCTH U YCIell -
HbIX pofoB. Kpome Toro, pasMep BbIBOJKA TAKXKE 3a-
BUCUT OT KOJMYECTBa MOJOBBIX MapTHEPOB CaMKMU-
martepu (Hoogland, 1998; Parker, Tang-Martinez, 2005).
V OypbIx cymMyuaThIX Mblllieii (Antechinus stuartii) Tak-
2Ke OBbLIO MTOKa3aHo, YTO J0JISI CaMOK C JIeTEHbIIIaAMU
OblJ1a TOCTOBEPHO BbIIIE CPeaUd CaMOK, CliapuBalo-
muxcs ¢ HeckonbkuMu camuamMu (Fisher et al., 2006).
ITpoBeneHO HECKOJbKO UCCIIeTOBaHUI, B KOTOPBIX
HEIMOCPEACTBEHHO TMPOBEPSUIM BJIMUSHUE MHOXe-
CTBEHHOTO CllapuBaHUs CaMOK Ha MoToMcTBo. Ilpu
9TOM ObLIM MOJIY4YeHbI JaHHBIE, CBUAETEIbCTBYIOLIINE
O TOM, YTO CHapvBaHUE C HECKOJbKUMM caMllaMu
COCOOCTBOBAJIO YJTYUIIIEHUIO Ka4YeCTBAa IOTOMCTBA: Y
JKeJITBIX HABO3HBIX MyX (Scathophaga stercoraria) Obl-
Jla OTMedYeHa Jydylllas BbDKMBAeMOCTh IMOTOMCTBa
(Tregenza et al., 2003); y nykoBbIX Kieleit (Rhizogly-
phus robini) moOBBIIATIACH TUIOJOBUTOCTb ao4vepeit
(Kozielska et al., 2004).

Yacrto ciencTtBueM crrfapyuBaHusd CaMOK C HE-
CKOJIBKMMU caMllaMU ABJISAETCA MHOXKECTBECHHOE OT-
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OLEHKA BJIIMAHUA MHOXECTBEHHOI'O OTLIOBCTBA

LIOBCTBO — IMPUCYTCTBUE B OMHOM BBIBOIKE JETEHBI-
meifi or pasHbix camuoB. IIpeumyniecTBa MHOXKe-
CTBEHHOTI'O OTLIOBCTBA €Ille¢ HE OO0 KOHIA U3YYCHHI.
OpHakKo mpearojiaraeTcs, 4Yro, oiarogaps eMy, CHU-
2KaloTCsl ypOBEHb MHOPUAMHIA B ITOITYIsILusx (Stock-
ley et al., 1993; Yasui, 2001; Foerster et al., 2003; Was-
er, De Woody, 2006; Dugdale et al., 2007; Bergeron
et al., 2011; Batova et al., 2021) u yactoTa MH(paAHTU-
muma (Wolff, Macdonald, 2004; Klemme, Ylonen,
2010; Huchard et al., 2012).

Kpome Toro, ectb maHHBIE, YTO MHOXKECTBEHHOE
OTLIOBCTBO BJIMSIET M Ha KayeCcTBO IMOTOMCTBa. Tak,
HaInpuMmep, y cBepukoB Gryllus firmus MHOXECTBEH-
HOE OTLIOBCTBO NPUBOIUIIO K O60Jiee OBICTPOMY POCTY
amMmopuoHoB (Weigensberg et al., 1998). ¥ Oypbix cym-
YyaTbIX MBIIIEH MOKa3aHO, YTO KOJUYECTBO JIETEHbI-
Ieil, JOXMBIIUX OO Tepexona Ha CaMOCTOSITEIbHOE
NMUTaHue, ObLJIO B TPY pa3a BhIIIE B BEIBOIKAX, MOJIY-
YeHHBIX OT HecKoJIbKMX oTHoB (Fisher et al., 2006).

Mcxons u3 BelllIeCKa3aHHOIO, MOXHO MPEaIonao-
XUTb, YTO MHOXECTBEHHOE OTLIOBCTBO MOXKET MOJIO-
XUTENbHO BJIUATh, HAIIPUMEDP, HA UMMYHHBII CTaTyC
OEeTEeHBIIICH.

Ilenp paboTHl — OLIEHUTH BIUSIHUME (hEeHOMEeHa
MHOXECTBEHHOI'O OTIIOBCTBAa Ha IIPHMOOpPETEHHBIN
WUMMYHUTET y J€TeHbIIIEeH CupUiicKoro xoMmsika (Me-
socricetus auratus).

Bri60op naHHOrO 00bEeKTa B KAY€CTBE MOAEIbHOTO
0OYCJIOBJICH TEM, YTO IJIs HETO XapaKTepHa IIPOMMC-
KyuTeTHasi cuctema crnapuBaHus (Murphy, 1977),
pa3HBIMU FeHETUYECKUMU METOJIaMU JTIoKa3aH (pakT
BO3MOXHOCTH MHOXECTBEHHOI'O OTLIOBCTBA B BbI-
Bonkax (Huck et al., 1985; Krajnak et al., 1994,
Fritzsche et al., 2006), a Takke ogo0paHkbI ITpaiime-
pBl ISI MUKPOCATE/UIMTHHIX ITOCIEAOBATEIbHOCTEM
(Neumann et al., 2005). KpomMe Tor0, ¥ CMpUIICKOTO
XOMSIKa O4YeHb KOpOTKast 6epeMeHHOCTh (16 mHeit)
(Clemens, Witcher, 1985; Lisk, 1985), uyto ymo6HO
JIJIST OBICTPOIO MOJYyYeHMS BRIBOIKOB 1 TaJdbHEHIIIEro
ux aHanuza. Takke Hy>KHO OTMETUTb, UYTO OCHOBHAasI
MUPOBas JabopaTopHas MOIYJISILUS ITOTydYeHa BCETO
OT OITHOTO BBIBOJIKA, IIPMBE3EHHOIO B J1a00OPAaTOPUIO
B 1930 romy (Murphy, 1985).

MATEPHAJIBI U METO/1bI
DKcnepuMeHTAIbHbIE JKUBOTHbIE

Jng mpoBedeHUS SKCIEPUMEHTa ObLIO B3SITO
64 neTeHblllIa CUPUIICKOTO XOMSKa BO3PacToM 33 IHs,
MOJTy4eHHBIX OT 16 camok 1 8 cam1IOB (JtabopaTopHast
kosioHuss UT1DD PAH). )KuBoTHbIX copepxKaaud Ha
Hayuno-skcniepumMenTanpHoi 0ase “YepHorosiaoBka”
HIIBD PAH (Poccust, MockoBckast o6i., HoruH-
CKUii p-H, I. YepHOrojoBKa) B WHIWBUIYATbHBIX
KJIeTKax pa3MepoM 42 X 26 X 14 ¢cM Ipu eCTECTBEH-
HOM CBETOBOM U TeMIepaTypHOM pexume. 2KUBOT-
HbIe TIOJTyJald KOpM U Boay 6e3 orpaHndyeHuii. Pa-
LIMOH BKJIIOYAJI: 3¢pPHOCMECh U3 CEMSIH TOACOTHEU-
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HUKA U OBCa, KOMOMKOPM, SIOJIOKH, MOPKOBb, CBEKITY,
TBOPOT, BapeHOe KypuHoe s1ii1o (1 pa3 B Helemo).

Cxema ccaKuBaHU

st moiydeHUsI 3KCHEepUMEHTAIbHBIX IeTeHBI-
e crnapuBaHue 24 B3pOCHBIX 0COOEU MTPOBOININ
B BeCEHHe-JIeTHUM mepuon (Mali—asryct 2020 r.) —
rnepuon HauboJjiee MTHTEHCUBHOTO pa3MHOXKEHUS 3TOTO
Buna (Lisk, 1985). C aToi1 11e1610 ObLIM C(HDOPMUPOBA-
HbI JIBEe TPYMIIbI: OIbITHASI TPyMIla JJIsl MOJyYeHUs
IIOTOMCTBA C MOTEHIINAJIbHBIM MHOXECTBEHHBIM OT-
IIOBCTBOM M KOHTPOJIbHAS TPYyIIIa IJis MOJTy4eHUS
IMOTOMCTBA OT OJTHOTO OTIIA.

g mosiydeHUsT TTIOTOMCTBA C IMOTEHIMATbLHBIM
MHOXX€ECTBEHHBIM OTLIOBCTBOM B HEMUTPAJIBLHYIO KJIET-
Ky BBICAXMBaJIM CHadayla CaMKy, a 3aTeM K Heil 1o
odepeny MOACAXMBAIM Tpex caMioB. Ha cnapuBa-
HUE C KaXIbIM CaMIIOM oTBoAuIoCch 10 MuH. Yenen-
HBIM CUMTAJIOCh CITApUBaHUE, KOTOPOE 3aKaH4YMBa-
JINCh KOUTYCOM U BKJTIOYAJIO HE MEHEE 5 CaloK.

B kayecTBe KOHTPOJST MCIIOJNB30BAIN BBIBOIKM,
MOJTydeHHBIE OT OMHOTO camiia. s 3Toro B Heli-
TPAIBHYIO KJIETKY BbICAXXHBAJIM CAMKY 1 OTHOTO CaM-
na Ha 10—15 MuH 4TOOKI 3aUKCHUpPOBaTh MO MEHb-
e Mepe 5 calok.

ITocne 3aBeplIeHNUsT CIApUBAHUI XXUBOTHBIX pac-
CaxXKMBaJIM MO CBOUM KiieTkaM. Eciu B TeueHue 16 mHeit
(cpok 6epemennocT) (Clemens, Witcher, 1985; Lisk,
1985) ponoB He MPOUCXOAUTIO, CAMKY BHOBb CITapu-
BaJIu.

3a BpeMsi paboThl OBLIIO MOJY4EHO 8 BHIBOIKOB
(N = 64), n3 Hux 43 geTeHbIllIa U3 IISTH BHIBOAKOB
ObLIY MOJIyYeHbI TP MHOXECTBEHHOM ClIapUBaHUU.

MatepuanaoM JJisi TPOBEACHUSI MOJIEKYJISIPHO-Te-
HETUYECKOTo aHajin3a MOCIYyXKUJIu 00pa3ibl KPOBHU,
KOTOPYIO Opasi Y 3KCITEpUMEHTATbHBIX XMBOTHBIX
n3 noabsa3pidyHOM BeHbI (Heimann et al., 2009). ITo-
JIydeHHbIe 00pa3libl ObUIM 3aMOPOXKEHbI B MUKPO-
neHTpudyxHbIX npodupkax (Eppendorf; kat. Ne 0030
120.086) n xpanunuck npu —18°C 1o MOMEHTa IIpo-
BelCHUS aHAJIN30B.

Hpone,uelme MOJIEKYJIAPHO-TCHETHYECCKOIo aHa/In3a

Toransnyio JIHK Boimensnu ¢ nmcnoiab3oBaHUEM
Habopa peareHToB Diatom™ DNA Prep 200 (OOO
“JlabopaTopus M3oren”, MockBa, Poccust) 1mo uH-
CTPYKUMU TipousBoautess. IlosydeHHbIe pacTBOPHI
JAHK xpanunu npu temneparype —20°C mo npoBe-
neHus aHanuza. Ilociaenymolyo mocraHoBKy I1IIP
OCYIIECTBJISUIX HAa OCHOBe cmecu Mag Mix 2025
(3A0 “/Iuanatr”, Mocksa, Poccust). I1paiiMepbl ObI-
Jiu cuHTesupoBaHbl B HITK “Cunrton” (Mocksa).

OnpeneneHre ajensHoro cocrasa 10 mukpoca-
TEeJUIMTHBIX JJ0KycoB (Mau2/4, Maul2/13, Maul4/15,
Mau3/4, Mau6/4) (Neumann et al., 2005) 6110 IIpO-
BEICHO JIJIST BCEX B3POCJIBIX XKUBOTHBIX (1 = 24) U 1151
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MKOBA u np.

Tab6muna 1. Tun oTOBCTBa U pa3Mepsl MOJyYeHHBIX BBIBOIKOB CUPUIICKOTO XoMsiKa (Mesocricetus auratus)

BriBonok | /laTta poxxkneHus BeiBoaka | Pasmep BeiBonka | KonmyecTBo oTiIOB MHoXecTBEHHOE OTLIOBCTBO

A3-1 09.04.2020 11 1 Her
A3-2 08.06.2020 7 1 Her

Bl 13.06.2020 1 Her

F1 15.06.2020 7 3 bru10 moaTBEpKAEHO FeHETUYECKU

J3 16.06.2020 8 3 Bbruto moaTBepKOeHO TEHETUIECKI

F3 21.06.2020 12 3 Bbu10 MOATBEPXKIEHO FeHETUYECKU
A3-3 10.08.2020 7 3 bbu1o moaTBEpKAEHO FeHETUYECKU

J1 14.08.2020 9 3 He 6bu10 MOATBEPXKAEHO TEHETUYECKU

JIeTeHBIIICH, MOJYYeHHBIX OT CIIapUBaHUSI C He-
CKOJILKMMU caMliaMu (n = 43).

CoctaB mnonyyeHHbIX IIL[P-mpomykToB ormpene-
JISUIM METOIOM KaIWUIIPHOIO 3JIeKTpodope3a Ha
3500 Genetic Analyzer (Applied Biosystems, US) u
“HAHO®OP — 05” B npuCyTCTBUM Pa3MEPHOTO CTaH-
nmapra GeneScan 500 LIZ Size Standard (Applied Bio-
systems). /1151 pacimnpoBKY CUTHAIA UCITOIb30BaIN
nporpammy GeneMapper v. 4 (Applied Biosystems).
AJJebHBIN COCTAaB yCTaHABJIMBAJIM IIYyTEM COOTHE-
CEHMS MOJYYEHHBIX 3HAYEHUI IMH (DParMeHTOB C
pa3MepHBIMU KJIacCaMU, COOTBETCTBYIOIIMMU OXKM-
JJacMOMY MOTHBY JOKyca (IBa HYKJIEOTHAA BO BCEX
cltydasx).

AnnenwsHBI coctaB JIHK xaxxmoro s meteHbImmein
CpaBHUBaJIM C TEHOTUIIOM CaMKU-MaTepU C OIpee-
JICHWEM aJjijiejieit, KOTOpble MOTJIU OBbITh MOJYyYEHBI OT
Hee 1 OIHOTO (He 6oJiee ABYX JOMOIHUTEIbHBIX ajljIe-
JICH Ha JIOKYC B BLIBOAKE) UJIM HECKOJIBbKUX IMTOTCHIIM -
aJIbHBIX OTIIOB.

ITo uToram MoJIeKyJISIpHO-TEHETUYSCKOTO aHAIM -
3a OBIJIO BEISIBJICHO 4 BBIBOIKA C ITOATBEPKICHHBIM
MHOXECTBEHHBIM OTIIOBCTBOM (Tab. 1). s oqHOTO
BBIBOJIKA C JEBSITHIO ACTEHBIIIAMU MHOXECTBEHHOE
OTIIOBCTBO He TTOATBEPAMIIOCH, XOTSI caMKa Oblla cca-
JKeHa C TpeMsI caMIIaMU 10 OITMCAHHOM BEIIIIE CXeMe.

I/IMMyHHSal.II/Iﬂ IKCIIEPUMEHTAJIbHBIX 2KHBOTHBIX
H OLICHKA IryMOpPaJIbHOI0O MMMYHHUTETA

[J1s1 OlleHKHW TYMOPaJIbHOTO MMMYHHOIO OTBeTa
JIETeHBIIICH B Bo3pacTe 28 mHel OoTcaxkuBaJil OT Ma-
Tepu U Ha 33-1i IeHb XKM3HU UMMYHU3MpoBaiu T-3a-
BUCUMBIM aHTUTEHOM — T'eéMOLIMaHUHOM (uccype-
Jbl (KLH, Sigma, CIIIA, kat. Homep H7017). KLH
SIBJISIETCSI CUJIbHBIM MMMYHOTE€HOM U IIWMPOKO HC-
MOJIb3YETCS B UMMYHOTOKCUKOJIOTMUYECKUX UCCIIEN0-
BaHUSX Uil OLIEHKW TYMOPaJibHOIO MMMYHUTETA
(Yellon et al., 1999; Drazen et al., 2000, 2001; Demas,
2002; Tian et al., 2018). AHTUTeH BBOOWIN SKCIIEPHU-
MEHTaJIbHBIM >KMUBOTHBIM MOAKOXHO (B 00J1aCTh XOJI-
ku) B no3e 150 mxr KLH, pa3BeaeHHoro B 0.1 M1 cTe-
pwisHOTO (uspactBopa (0.9%-i1 BomHBIIT pacTBOp
NacCl). Bcero mis onpenesieHUs ypOBHS crieunuae-

ckux aHTuten (aHtTu-KLH IgG) 6b110 mpoaHanusu-
poBaHo 384 o6pa3sia CLIBOPOTKU KPOBHU OT 64 nere-
HblIel. B3siTe KpoBU y 9KCHEPUMEHTAIBHBIX X1~
BOTHBIX [JisI JAHHOTO aHajiu3a MNPOMU3BOAWIM U3
petpo-opbouTtanbHoro cuHyca (Silverman, 2012) Ha
5-, 10-, 15-, 20- u 25-i1 neHb Mocie UMMYHU3ALIH.
OTpUuLIaTeIbHBIM  KOHTPOJIEM CJIYKWJIM 0Opasiibl
KpOBU JIETEHBINIEH, B3SATHIC Ilepen MMMYyHU3aluei
(30-i1 nenb xkn3Hn). O0BEM B3ITOM KPOBU HE ITPEBbI-
mran 0.15 mit. ¥Yposens antu-KLH IgG onpenensiiau ¢
IIOMOIIBIO Pa3pabOTaHHON HAMM TECT-CUCTEMBI Ha
OCHOBE TBepIoda3HOro UMMYHO(pEPMEHTHOIO aHa-
Jiuza (HerpsiIMoii HEKOHKYPEHTHBII METOMT), KOTopast
paHee ObLIa YCIICLIHO alipoOMpoBaHa I IIpeacTa-
Buteneil n/cem Cricetinae (Ky3nemona, 2019). B ka-
YeCcTBE TMOJOXUTEILHOTO KOHTPOJSI UCHOJb30BaIn
IMyJIMPOBAHHYIO CHIBOPOTKY KPOBHM OT TPYMIIBI CHU-
PUMCKUX XOMSIKOB (n = 6), MOABEPTIINXCS M-
TeJbHO (B TeueHUe Mecsa) umMmyHusauuu KLH B
COUYETAaHMU C ATbIOBAaHTAMU. DTY CHIBOPOTKY IIpeaBa-
PUTEIBHO TIPOTECTUPOBAIY C TIOMOIIBIO TOM Ke TeCT-
CUCTEeMbl Ha HaJIM4Me BBICOKUX YPOBHEl crierudu-
yeckux aHturell (Kysneuona, 2019). YpoBeHb UM-
MYHHOTO OTBeTa KaxKaoro obpasiia BBIUMCIISUIM KaK
MPOLIEHTHOE COOTHOIIEHUE ONTUYECKON TUIOTHOCTHU
JTaHHOTO OOpa3la K ONTUYECKOM IJIOTHOCTHU I10JI0-
KUTETbHOTO KOHTPOJIS.

CratucTyeckasi 00pad0oTKa JaHHBIX

Hexotoprie ocobu (n = 14 u3 64) He pa3BUBaIN
WUMMYHHBII OTBET K 25-My AHIO TOCJie UMMYyHM3a-
1IMU; TAKWUX XKMUBOTHBIX CYUTAJIM HE OTBEUYABIIMMU Ha
WMMYHU3AIMI0; TeX 0CO0EM, KOTOpPhIE pa3BUIN M-
MYHHBI# OTBET K 25-MY IHIO U paHee, CUUTaIU OTBe-
YyaBIIMMU Ha UMMYyHM3anuio. C moMouibio Tecta Ko-
XpaHa JJ1s1 TOBTOPHBIX U3MEPEHUI Mbl CDABHUJIU I -
HaMUKY COOTHOIIIEHUsI OcoOeii, OTBEYaBIIUMX U HeE
OTBEYABIIMX HA UMMYHMU3ALUIO, B 3aBUCUMOCTU OT
JTHS TIOCTIE UMMYHU3alIW.

3aTeM Oblla MNpoaHAIU3UMpPOBaHA BEPOSITHOCTH
pa3BUTHS UMMYHHOTO OTBeTa (OTBEUYaJIM/HE OTBeva-
JIN) y BCeX JeTeHblIlei (n = 64) B 3aBUCUMOCTU OT
THUIIA OTLIOBCTBA (MHOXECTBEHHOE/SIMHUYHOE), TI0-
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25 neHb

20 neHb

Bpewmsi ¢ MOMEHTa UMMYHM3allUU

Puc. 1. CooTHotIeHrEe KOTUIeCcTBA 0CO0€Ei, pa3BUBIIIMX UMMYHHBIN OTBET (TEMHBIE CTOJIOMKM ), 1 0COOEl, HE MMEIOIIINX CIIe-
IUGUIECKUX aHTUTEN (CTOJIOUKM CO IITPUXOBKOIT), B 3aBUCUMOCTH OT BPEMEHM, TIPOIICSAIIETo CO THSI MMMYHU3AIINH.

Jla IETeHBIIIE M pa3Mepa BBIBOAKA C IIOMOIIBIO
MeToma O00OOIIEHHBIX JUHEMHBIX MOAeIeld 11 Ou-
HOMHJAJIBHOTO pacipeneaeHUs CO CBI3YIOIICH JTOTUT-
¢ynkuueit (Generalized linear models, GLZ) —
mozaenb 1. 3HaumMocTh 3P(PEeKTOB OlICHUBAaNIach Ha
OCHOBE CTaTUCTUKU Banbna.

Hasee ¢ TTOMOIIBIO TUCIIEPCUOHHOTO aHAJIN3a JIJIsI
MOBTOPHBIX M3MEPEHUI MPOaHAIM3NPOBAIN BIIMSI-
HUE TaKnX (haKTOPOB, KaK IOJI, TUTI OTIIOBCTBA M pa3-
Mep BBIBOJIKA, Ha Pa3BUTHE MMMYHHOTO OTBETa OT
MSTOTO K 25-My OHIO (MOJIETh CHJIBI MMMYHHOTO OT-
BeTa). B »TOT aHaiu3 ObLIM BKJIIOYEHBI TOJIbKO T€
ocobu (oTBeyaBlliMe Ha MMMYHM3alMIO), KOTOpPHIE
BbIpaboTaiu cnenuduieckrne aHTUTea Mo KpaiHei
Mepe K 25-My gHIo mociie nmmyHu3auuu (n = 50).
st TIocieAyIolIero monapHoOro CpaBHEHMST pa3HbIX
JIHEW ¢ MOMEHTa MMMYHM3allM1 Mbl UCMOJb30BaIN
tecT Trroku (Tukey’s test).

Pe3ynbTaThl TECTOB BO BCEX Cydasix CUUTAIN JO-
CTOBEPHBIMU, €CJIU YPOBEHb 3HAUMMOCTHU ObLII CTPOTO
menbire 0.05. CrtaTucTuyecKuii aHaaIn3 JTaHHBIX ITPO-
BOIMIU B IIporpamMme Statistica 12.0 (StatsSoft, Inc.).

PE3VJIBTATDbI

AHanu3 KOHIEHTpalui crieunu@uieckux aHTUTEN
(antu-KLH IgG) B otBeT Ha ctumyisiiuio T-3aBu-
cumbIiM aHTureHom (KLH) y neTeHblleil n3 BHIBOI-
KOB C pa3HbIM THITOM OTIIOBCTBa MoKa3zai, 4to 24%
neTteHsbleit (N = 8, msITh CaMOK M TPY caMIia) U3 BbI-
BOIKOB C MHOXKECTBEHHBIM OTLIOBCTBOM U 25% (N = 6,
TPUM CaMKH U TPU caMIila) U3 BbIBOAKOB C ETMHUYHBIM
OTLIOBCTBOM OBbLJIM HECTIOCOOHBI Pa3BUTh UMMYHHBbI I
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OTBET BIUIOTH IO 25-TO AHS MOCHE WMMYHHU3aIUU
(MM TIPaKTUYECKM K OBYXMECSIYHOMY BO3pPACTY).
ITpu 3TOM He OBLI0 BEIBOAKOB, COCTOSIIIIMX TOJIBKO U3
He OTBEYAIOIINX Ha UMMYHU3ALINIO OCOOEIA.

Honst oco6eit, umeromux antu-KLH IgG, yBenu-
ypBajach ¢ TedeHreM BpeMeHu (Q = 61.8, p < 0.0001),
P 5TOM HanboJiee OBICTPBII POCT JOJU TAKHUX OCO-
Oeit obu1 10 10-TO IHSA ¢ MOMEHTA BBEASHUSA aHTUTE-
Ha; 3aTeM 1X JI0JISI pocjia He3HAYMTEIbHO (puc. 1).

BepositHOCTB pa3BuTHsI UMMYHHOTO OTBeTa (Taol. 2,
Monenb 1 u 2) y neTeHblIlei He 3aBucesia OT TUMa OT-
LIOBCTBA, T10J1a ICTEHbIIICH U pa3Mepa BbIBOAKA.

Hwu onuH u3 hakTopoB (110J1, TUIT OTIIOBCTBA, pa3-
Mep BbIBOJIKA) TaKXKe He oKazal JOCTOBEPHOTO BJIMSI-
HUS Ha CUJIy UMMYHHOTO OTBETa; B3aMMOJEHCTBUE
3¢ dekToB pakTopoB “Moa” U “OTHOBCTBO” TaKxXkKe
ObLIIO HEOCTOBEPHBIM (TabJ1. 2, MOnENb 2).

YV Bcex AeTeHbIlIeil, OTBeUaBIIMX HA UMMYHU3a-
nuio, ypoBenb aHTu-KLH IgG moctoBepHO yBenu-
YUBAJICS B 3aBUCUMOCTHU OT BPEMEHU, MPOLIEAIIETO C
MOMEHTa UMMYHU3auuu (Tada. 2, monenb 2). KoH-
HeHTpalus crneuuduyeckux aHTUTEN B MEPBble THU
rnocjie MMMYHHU3alMKU OblIa MUHUMAJIbHOM, 3aTeM
K 15-My gHIO HaGIIOIATOCH PE3KOE YBEJINUCHUE: ME-
IWaHHBIA YpOBEHb aHTUTEN Bo3poc B 62 pasa (TecT
Teioxku, p < 0.0001) (puc. 2). ITocne 15-ro aHs pocT
KOHILIEHTPALIMKU aHTUTEN 3aMeIsiics. Mexay Tociie-
JloBaTeJIbHbIMU uU3MepeHusIMu Ha 15-it u 20-i aHu,
a takxke Ha 20-it u 25-11 THU pa3nudust ObBLIM HMXKE
nopora noctoBepHocTu (Tect Trioku, p = 0.3), a
Mexay 15-M u 25-M JHSIMU pa3Indusl OKa3aluch 10-
croBepHbIMU (TecT Thioku, p < 0.001) (puc. 2).
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Tab6muna 2. BoustHue I10J1a, pasMeEpa BbIBOAKaA 1 TUITIA OTHOBCTBA Ha I/IMMyHHI)IfI OTBET Y JNEeTeHbILIeH CI/IpI/IﬁCKOl"O XOMAKa

(Mesocricetus auratus)

dakrop

1. Mopenb BepOSITHOCTHU
UMMYHHOTO oTBeTa (N = 64)

2. Moznenb cuibl
nMMyHHOTO oTBeTa (N = 50)

Intercept

Ilon

Tun oTuoBCcTBa
[Tox X oTHOBCTBO
Pasmep BbIBOIKA

HCHL I10CJIE UMMYHU3allUN

x?=4.4,B=-292+1.39,p=0.04
¥>=0.74,B=—0.27 +0.32, p= 0.4

x> =0.007, B=0.027 £0.32,p=0.9
x>=0.12,B=—0.11+0.32, p=0.8
x?>=1.6,B=0.19%0.15,p=0.2

dakTop He aHATU3UPYETCS B TaHHOM MOIEIN

F=15.8, p =0.0003

F=02,p=0.7
F=0.005,p=0.9
F=02,p=0.6
F=16,p=0.2

F=178, p=0.00001

OBCYXIEHHNE

ITo pe3ynbraTaM HaIIUX MCCIEIOBAHUN HE OBLIO
BBISIBJIEHO TOCTOBEPHBIX Pa3IMUNii B KOHIIEHTPAIIUU
antu-KLH IgG B cCHIBOpOTKEe KpOBU AeTEHBIIIEI 13
BBIBOJIKOB C MHOXECTBEHHBIM OTLIOBCTBOM W ONU-
HOYHBIM OTLIOBCTBOM. J[pyrmuMu ciioBaMu, B Hallleid
paboTe Mbl HE MOJTYYWUJIU TTOATBEPXKACHUS BbIIBUHY-
TOU TUMNOTE3€ O BIUSIHUM MHOXECTBEHHOTO OTLIOB-
CTBa HAa UMMYHHBIU CTaTyC NEeTEHBIIIEA.

IMonoxuTenbHOE BIMSTHHE MHOXECTBEHHOTO OT-
LIOBCTBA Ha Ka4eCTBO MOTOMCTBA OTMEUEHO MHOTH-
MU aBTOpaMHM Y MpPeACTaBUTENCH CaMbIX pPa3HBIX
IpyIn ot wieHucroHorux (Simmons, 2005) go mno-
3BoHOYHEIX (Madsen et al., 1992; Olsson et al., 1994;

Hoogland, 1998; Garant et al., 2005; Fisher et al.,
2006). OmHaKO IO CUX ITOP He A0 KOHIIA TTOHSTHBI Me-
XaHU3MBbI 3TOTO sBjeHUsS. [loneBble MccieqoBaHUS
Ha TTO3BOHOYHEIX IPEAIIoJIaraioT, a J1abopaTopHEIe
SKCIEPUMEHTBI Ha 0€CIO3BOHOYHBLIX MOATBEPKIA-
IOT, YTO JaXXe MPU OTCYTCTBHUM OTLIOBCKOI 3a00ThI
MOJIUAHAPUSI U MHOXECTBEHHOE OTLIOBCTBO, KaK €€
WUTOT, MOTYT MOBBICUTh BbIKMBAEMOCTb JIETEHBIIICHA
(Tregenza, Wedell, 1998; Madsen et al., 1992). bruio
OTMEYEHO, YTO ITOTOMCTBO, TMOJIyYeHHOE MPU MHO-
>KECTBEHHOM OTLIOBCTBE, YaCTO MMEET DoJiee HU3KYIO
IOBEHWJIbHYIO cMepTHOCTh (Madsen et al., 1992).
ITo3zxe »TO OBLIO MOATBEPKIEHO B J1aOOPaTOPHBIX
YCIOBUSIX — BBIKMBAEMOCTh MOJIOIHSIKA HAIPSIMYIO
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Puc. 2. U3meHeHue ypoBHS crielinUUSeCKUX aHTHUTEN Y ICTEHBIIIEH U3 BIBOJAKOB C pa3HbIM TUIIOM OTLIOBCTBA B 3aBUCUMOCTH
OT BPEMEHH, MPOIIEIIETO CO THS UMMYHU3AINU. [JaHHbIe TIPEICTAaBIICHBI B BUIE MEIUAaHbl U MHTEPKBAPTUILHOTO pa3Maxa.
PasznbiMu OykBaMu 0003HAUEHBI 1OCTOBEPHbIE pasnuus Mexay aHsmu (p < 0.01).
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OLEHKA BJIIMAHUA MHOXECTBEHHOI'O OTLIOBCTBA

cBsa3aHa ¢ moymaHapueit (Tregenza, Wedell, 1998;
Simmons, 2005).

Bnaromapsi MHOXeCTBEHHOMY OTIIOBCTBY M, KakK
CJIeICTBUE, TEHETUYECKOMY pa3zHOOOpa3Uio MOTOM-
ctBa (Batova et al., 2021), BBIBOIKM ITOJIy4arOTCs pa3-
HokadecTBeHHBIMU (Williams, 1975; Hamilton, Zuk,
1982; Seger, Hamilton, 1988; Clayton, 1991). Bto
CIIOCOOCTBYET, B YaCTHOCTU, OOJIbILIEH YCTOWYMBO-
CTU ITOTOMCTBA K 3a00JIEBAaHUSIM U Mapa3uTaM.

Kpowme Toro, ycraHOBJI€HO, UTO MpPHY ClIApUBaHUU
CaMOK C HECKOJIbKMMU TTapTHEPaMU KayeCTBO ITOTOM-
CTBAa TIOBBIIIAETCS 32 CYET BHYTPUMATOUHOM KOHKY-
peHuun cnepmarozounoB (Parker, 1984; Madsen
etal., 1992; Birkhead et al., 1993; Keller, Reeve,
1995). Takke mokaszaHO, YTO MPU MHOXECTBEHHOM
clapvBaHUU MaTEPUHCKUI BKJIal CAMKW B MOTOM-
ctBO yBeauuuBaeTcs (Simmons, 2005). U atu adh-
(eKTbl MOTYT OOBSICHUTD 00JIee BLICOKYIO BbIXKMBae-
MOCTb JE€TEHBIIIEH.

OnmHako Mo-TIpexXHeMY ObLIIO HESICHO, BIUSET JIU
MHOXECTBEHHOE OTLIOBCTBO Ha MMMYHHBIN CTaTyC
JIETeHBIIIEN U €ClIM 1a, TO KakK.

Hanpumep, y NTeHIIOB ApEeBECHOI aMepUKAHCKOI
nactouku ( Tachycineta bicolor) He ObUIO OOHAPYXKEHO
BJIMSIHUSI KOJIWYECTBA MPOMU3BOAUTENICH HA MMMYH-
HBI OTBET WIX POCT NTSHLIOB. B BEIBOIKax ¢ MHOXKE-
CTBEHHBLIM OTLIOBCTBOM MMMYHHBIII OTBET ITEHIIOB
JIOCTOBEPHO HE OTJINYAJICS OT UMMYHHOTO OTBETa X
MOJIyCUOCOB, MOJYYEHHBIX OT OgHOro orua. OaHaKo
aBTOpbl TOBOPSIT O TEHICHLMWM IOJOXUTEIHLHOIO
BJIMSIHUSI MHOXKECTBEHHOTO OTILIOBCTBA HAa MMMYH-
HEI1 oTBeT NTeH1oB (Dunn et al., 2009). B To e Bpe-
MsI B 9KCIIEpMMeEHTaX Ha JJabopaTOPHBIX MbIIIIaX aHA-
JIOTUYHOM TeHAEHIIUY BBISIBUTH He yaanochk. He Obl10
MMOKa3aHO JOCTOBEPHEBIX PAa3JIMYMIA B yCTOMYMBOCTH K
CcaJIbMOHEJIJIe3HON MH(EKIN MEXIYy BBEIBOOKAMHU C
MHOXECTBEHHBIM Y €IMHUYHBIM TUIIOM OTIIOBCTBA
(Thonhauser et al., 2016). ITocnenHss cuTyalus He-
CKOJILKO HAaITOMMHAET MOJydeHHbIe HaMU JaHHEIE 00
OTCYTCTBUU PA3JIMUMIl B UMMYHHOM OTBETE y JAETe-
HbILIEH CUPUIICKOTO XOMSKAa B aHAJIOTUYHOM CUTY-
alun.

Kpome Toro, Ha HalllM pe3yiabTaTbhl, BEPOSTHO,
MOXET BJIUSITh MHOPETHOCTD MOMYJISILIUM CUPUICKO-
ro xomsika. Tak, B 9KCIepUMEHTE Mbl HE MOTYYUIU
JOCTOBEPHBIX PA3JIMUYUA MEXIYy I'PyNMNoi ¢ OOMHOY-
HBbIM U MHOXECTBEHHBIM OTLIOBCTBOM, KPOME TOTO,
YeTBEPTh XUBOTHBIX B KaXXJAOH TpyIire He cMOoTja
pa3BUTb UMMYHHBI OTBET K ABYXMECSUHOMY BO3-
pacty. B nurepaType BCTpedaroTcsl TaHHbIE O BIIUSI-
HUU WHOPUIMHTA Ha pa3IMYHbIE XapaKTepPUCTUKU
(MIPOIOKUTEBHOCTD XKU3HU O0COOM, PEMPOTYKTUB-
HbIi ycriex U T.11.) (CTpenbloB u ap., 2022) 1 B T.4. Ha
WUMMYHHBI oTBeT. Hanpumep, ObJIO OTMEUYEHO, UYTO
WUMMYHHBI OTBET J1a0OpaTOPHBIX MBbIIIENH JUHUU
C57BL/6 (pa3BuBaroIIeii CHIIbHBIC UMMYHHBIEC peaK-
1IM1) ObLJT BCE paBHO HUXKE UMMYHHOTO OTBETa MbIIIEH
(Mus musculus), OTIOBJIEHHBIX B Ipupoje. B yactHo-
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CTH, Y TUKUX MBIIIIEH ObLIM 00J1e€ BEICOKHE KOHIIEH-
Tpauuu 1 6ojiee aKTUBHBIE OTBETHl AHTUTEH-CIEIH-
duueckux IgG, a Takke 6oJiee BBICOKME KOHIIEHTPA-
unn oomiero koymmuectsa IgG 1 IgE mmo cpaBHeHMIO C
MBbIIIIAMU, BBIBEAEHHBIMU B JlabopaTopuu (Abolins
et al., 2011).

B TeueHue XX1u3HM UMMYHHAasI CCTeMa XKUBOTHBIX
MOJABEPracTCs CJIOXHBIM  MOP(MOJIOTUYSCKUM U
(GYHKIIMOHATBHBIM M3MEHEeHUsIM. [ jabopartop-
HBIX TPBI3YHOB (MBIIIN, KPBICHI) OBLIIO IT0KAa3aHO, YTO
K MOMEHTY OTheMa JAeTeHBIIIe oT MaTepu (21-i1 neHb
KU3HU) OHU CTAHOBSTCS CIIOCOOHBIMHM pPa3BEPTHI-
BaTthb T-3aBUCHMBIII UIMMYHHBII OTBET Ha BBEICHNE
aHTUTeHa (PUTPOLUTHI OapaHa), HECMOTPSI Ha CO-
XPaHSIOIIYIOCS HE3PEJIOCTh CBOE UMMYHHOM CUCTE-
MBI B TeU€HHE MIePBOTO Mecsna Xu3Hu. OmHako ypo-
BeHb crielin(UUIECKUX aHTUTEJI B 3TOM BO3pacTe Bce
ellle HU30K MO CPABHEHUIO CO B3POCBIMU OCOOSIMU
(Holsapple et al., 2003; Dietert, Holsapple, 2007;
Burns-Naas et al., 2008). bputo oTMeueHO TakkKe, YTO
Yy 71a00paTOPHBIX IPHI3YHOB MaKCUMalbHbIE YPOBHU
criequ(pUISCKUX aHTUTEI B OTBET Ha CTUMYJISIINIO
T-3aBUCUMBIM aHTUT€HOM HOCTUTAIOTCSI TOJBKO K
42—49-my nHSIM XU3HU (T.€. K TTOJJOBOMY CO3peBa-
Huio) (Holsapple et al., 2003; Dietert, Holsapple,
2007; Burns-Naas et al., 2008; Kuper et al., 2016). s
KpbICc TMHMM BucTtap ObUIO ITOKa3aHO, YTO U Y CaMIIOB,
'y CaMOK a0bCcomoTHOE KonmdecTBoO T- u B-mMdornm-
TOB, T-XenmepoB, HUTOTOKCUYECKUX T-TMMOOIINTOB
(T.€. OCHOBHBIX 3B€HbEB, YYaCTBYIOIINX B pa3BePThI-
BaHUM T'YMOPaJIbHOTO UMMYHHOTO OTBETA) ITOBBIIIIA-
Jioch ¢ Bo3pactoM (CuMoHoBa U ap., 2014). OnHako B
OTJIMYHUE OT JIaOOPATOPHBIX KPBIC 1 MBIIIIEiT Y CaMOK
CUPUICKOrO XOMSIKa CPOK OepeMEeHHOCTH 0oJiee KO-
POTKMIA, a IETEHBIILN JOCTUTAIOT MOJOBOM 3pEJIOCTU
ye B Bo3pacte ogHoro Mecsia (Lisk, 1985). Bonee
paHHee NOCTVKEHME IIOJIOBOI 3PEJIOCTH Yy CUPUIA-
CKOTO XOMSIKa 10 CPaBHEHUIO C APYTUMU JabopaTop-
HBIMU TPBI3YHAMU CBUICTEILCTBYET 1 O OoJjiee ObICT-
POM MX pa3BUTHUM, YTO TAKXKE MOXKET OKa3bIBAaTh BJIM-
sSTHUE Ha TEeMIIbl CO3peBaHUSI UMMYHHOM CHCTEMBI.
OIHako, HECMOTpPS Ha 3TO, OTACIbHbIC ASTCHBIIIN B
HallleM MCCJIETOBAaHUM TaK Y HE CMOIVIA BBIpaboOTaTh
crienupuueckux antutea K KLH. HecrmocobHocTh
Pa3BUTH TMOJHOLIEHHbBIIA UMMYHHBIM OTBET Ha TaKOM
CWIbHBIMA MMMYyHOreH Kak KLLH MoxkeT yka3bpIiBaTh Ha
HE3pEJIOCTh UMMYHHOI CUCTEMbI 3THX JETEHBILIEH,
KOTOpasl, B CBOIO OYepeib, MOXET OBITh CBsI3aHa C 60-
Jiee MeOJICHHBIMM TEeMIIaMM pPOCTa M Pa3BUTHUS I10
cpaBHEeHUIO ¢ cubcamu. st moaTBepKIEeHUS 3TOrO
MIPEAIIONIOXEHNSI TPeOYIOTCS JaJIbHEHUIIINE MUCCASI0-
BaHUs1, BKJIIOYAIOIIME OLIEHKY TEMIIOB pOCTa U pa3-
BUTHSI AETEHbIIIEH B BhIBOJAKAX, a TAKXKE OIpeaesie-
HUE IPYTMX UMMYHHBIX HIapaMeTpPOB (B T.4. UMMYHO-
¢eHoTUIIMpOBaHUE JMM(POIUTOB) M MOBTOPHYIO
nuMMyHu3aluo. KpoMme Toro, CHU:XKeHM€ UMMYHHOTO
OTBeTa MOXET HabJIIoaaThCs U3-3a UHOpuanHra. Kak
yKa3aHO BHIIIE, J1a00OpaTOPHbIE CUPUIMNCKIE XOMSKH
nHOpenHsl (Murphy, 1985).
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KocBeHHoe mnonTrBepxiaeHue IOJOXKUTETbHOTO
BJIMSIHUSI MHOXKECTBEHHOIO OTLIOBCTBA Ha MMMYH-
HBI CTaTyC NETEHBINIE ObLIIO MOJIydYeHO B paboTe
CoboneBoii ¢ coaBTopamu (Soboleva et al., 2021) Ha
noMairHei komke (Felis catus). IlokazaHo, 4TO y KO-
TST U3 BBIBOJKOB C MHOXECTBEHHBIM OTIIOBCTBOM B
TEPBBIC THU TTOCJIE POXIEHUS KOJTUIECTBO JIEUKOLIN-
TOB U J0J151 HEUTPO(DUIIOB ObLIU BbIIIE, YEM B BHIBOJI-
Kax, Iae OTLIOM OBLI TOJbKO OAMH KOT. TakuMm oOpa-
30M, MOXHO MPEAINOJI0XNUTh, YTO U B HAIIIEM CITydae
BJIMSIHUE MHOXECTBEHHOIO OTLIOBCTBA HAa MMMYH-
HBI CTaTyC NETEHBIIIEN NMEET MOJIOXKUTETbHBIN 3(h-
dexT 1160 Ha OYEeHb pAaHHUX CTAAUSIX PA3BUTHS, TIPU
UX HEIOCPEICTBEHHOU CBSI3U C Marephblo, JMOO Ha
OoJiee TIO3HUX 3TaNax pa3BUTHSI.
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EVALUATION OF THE INFLUENCE OF MULTIPLE PATERNITY
ON THE IMMUNE STATUS OF SYRIAN HAMSTER (MESOCRICETUS
AURATUS, CRICETIDAE, RODENTIA) YOUNG
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The effect of multiple paternity on the development of the humoral immune response in Syrian hamster pups
was studied. The paternity type was found to be determined by 10 microsatellite markers. Pups were immu-
nized with T-dependent antigens (fissurella hemocyanin, KLLH) at 33 days of age, with the level of specific
antibodies (anti-KLH IgG) measured in blood samples at 5, 10, 20 and 25 days after immunization. As much
as 24% pups from multiple paternity litters and 25% from single paternity litters were revealed to develop no
immune response. At the same time, in all pups that responded to immunization, the level of anti-KLH IgG
significantly increased over time, starting with the 5th day after immunization. However, there were signifi-
cant differences in the concentration of anti-KLLH IgG in the blood serum of pups derived neither from litters
with multiple paternity nor litters obtained from one male. Therefore, our results fail to support the hypoth-
esis that multiple paternity enhances the immunity of Syrian hamster pups.

Keywords: humoral immune response, acquired immunity, KLH, multiple paternity, Mesocricetus auratus
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