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Pe3tome

BeepeHue. Hoposupycel (HB) sBnatoTca 0QHOM M3 OCHOBHbBIX NMPUYMH OCTPOro racTpoaHTeputa. B HacTosiwee
BpeMsi OTCYTCTBYET NMLEH3MPOBaHHasA BaKLuHa NPOTMB HOPOBUPYCHON MHdeKUMK. Pa3pabaTbiBaeMble BaKLMHbI
OCHOBaHbl Ha kancugHom 6enke VP 1, cnocobHom k hopmmpoBaHuio BUpyconogobHbIX YacTuL.

Llenbto HacToswen paboTbl CTana XxapakTepucTnka MMMYHOTreHHbIX CBOWCTB pekombuHaHTHoro VP1 HB v oueHka
nepekpecTHON peakTUBHOCTY aHTUTEN NPOTUB HEro C PasnuyHbIMU reHoBapuaHTamu HB.

MaTepuanbl u meToabl. B ChIBOPOTKE KPOBM XUBOTHBIX, UMMYHU3NPOBaHHbIX MOSly4EHHbIM aBTOPaMn pekoMou-
HaHTHbIM 6enkoM VP1, ¢ NOMOLLbI0 UMMYHOEPMEHTHOIO aHanu3a onpegensiny TUTPbl U aBUAHOCTb CYMMapHbIX
aHTuTen n aututen knacca M (IgM) npotus VP1 HB. CnocoBHOCTb NomnyyYeHHbIX aHTUTEN B3anMOL4EeNCTBOBaTb
¢ HB pasHbix reHOTUMNoB OLEeHMBarnm ¢ NOMOLLbI0 UMMYHOINEKTPOHHOW MUKPOCKOMUW.

Pe3ynbratbl. PekoMGuHaHTHbIN 6enok VP1 nHoyumpoBan obpa3oBaHue y XMBOTHbBIX aHTUTEN B BbICOKUX TUTPaXx.
CymmapHble aHTuTena npotne VP1 umenu BbICOKYIO aBUaHOCTb, gocTuratowwyo 100%, 4To npegnonaraeTt Hanu-
yYne y HUX BUPYCHEWTpanuaytoLen akTMBHOCTU. AHTUTena knacca IgM obnaganu Hu3kon aBmgHoCTb0. MeTogom
MMMYHO3MEKTPOHHOW MUKPOCKOMUIUM NoKasaHo, 4to IgG-anTutena npotme VP 1 reHoTuna Gll.4 B3aumogencTeytot
¢ HB reHotuna GII.7 n GII.17.

3akntoyeHue. [ony4eHHbI PeKOMOUHAHTHBIN 6EMOoK MHAYLIMPYET BblPaXKEHHbI UMMYHHbIA OTBET C hOpMUPOBa-
HMEM BbICOKOABUAHbIX MOMMKIOHASbHBLIX NEPEKPEeCTHO-pearnpyrowmnx aHTUTen, YTo No3BoNseT paccMaTpusaTh
€ro Kak aHTUreHHbI KOMMOHEHT NPOTOTUNa KaHAMAATHOW BakLMHbI NpoTns HB Yyenoseka.

KnroueBble crnoBa: Hoposupyc, pekombuHaHmHbIl VP1 Hoposupyca, aHmumena npomus VP1 Hoposupyca; eak-
UuHa
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OTnyeckoe yTBepxaeHue. ABTOPbl NOATBEPXAAIOT COOMoAeHNe UHCTUTYLMOHASBHBIX WU HAUWOHanbHbIX CTaH-
[apToB MO MCNOb30BaHMIO NabopaTopHbIX XXUBOTHbLIX B cooTBeTcTBMM ¢ Consensus Author Guideline for Ani-
mal Use (IAVES, 23.07.2010). NpoTokon nccnegoBaHnsi ogobpeH pelueHnemM JlokanbHOro aTM4eckoro KommreTa
HHUW3M um. akaa. U.H. BnoxuHoi (Ne 4 ot 25.11.2021).

®duHaHcupoBaHue. ABTOPbI 3asIBMSIOT 06 OTCYTCTBUM BHELLUHErO (OMHAHCUPOBaHWS MPY NPOBEAEHUM UCCEQ0BAHMSI.
KOHCan/IKT UHTepecoB. ABTOpr AEKNapupyrT OTCYTCTBUE ABHbIX U NOTEHUMAlbHbIX KOHdJJ'II/IKTOB MWHTEepecoB, CBA3aH-
HbIX C MyGnvKauueit HacTosILLel cTaTby.
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Abstract

Introduction. Norovirus (NoV) is one of the main causes of acute gastroenteritis. Currently, there is no vaccine to
prevent norovirus infection. Vaccines under development are based on the capsid protein VP1, which is capable
of forming virus-like particles.

The aim of the work was to analyze the immunogenic properties of the recombinant VP1 protein of NoV GlI.4.
Materials and methods. In the blood serum of animals immunized with the recombinant VP1 protein obtained
by the authors, titers and avidity of total antibodies and IgM antibodies against NoV VP1 were determined using
enzyme immunoassay. The ability of the obtained antibodies to interact with NoV of different genotypes was
assessed using immunoelectron microscopy.

Results. The recombinant VP1 protein induced high titer antibody production in animals. Total antibodies against
VP1 had a high avidity, reaching 100%, which suggests that they have viral neutralizing activity. IgM antibodies had
low avidity. Immunoelectron microscopy showed that IgG antibodies against VP1 protein of genotype Gll.4 interact
with wild-type NoV of genotype GII.7 and GlI.17.

Conclusion. The obtained recombinant protein induces a sufficiently strong immune response with the formation
of high avidity polyclonal cross-reacting antibodies, which allows us to consider it as an antigen component of a

NoV vaccine candidate.
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BBenenue

Hoposupycel (HB) sBistoTcst BTOpoii M0 3HAYUMOCTH
MIPUYUHOW OCTPOTO TACTPOIHTEPHUTA, YCTYMAas TOIBKO
poTtaBupycy. B crpanax, rae mpoBOIUTCS MaccoBasi Bak-
[IMHAITIS TIPOTHUB POTAaBUPYCHOW MH(GEKINHN, HAOIIoaaeT-
csa yBenuuenue nonu HB B 3THONOrMYeckoil cTpyKType
OCTPBIX KHIICYHBIX UH(EKINH Ha (OHE CHIDKeHHs 3a00-
JICBAEMOCTH POTABUPYCHBIM TaCTPOIHTEPUTOM. B pe3yinb-
TaTe HOPOBUPYCHas WHQEKIUS MOCTEINEHHO 3aHUMAET
JUANUpPYIONY0 no3unuio [1]. Bupyc obnamaeT BbICOKOM
KOHTAarno3HOCTHIO, HH(HUIHpYIOMmAs J03a COCTaBII-
et 18-2800 Bupycubix yactur [2]. Exeromno B mupe pe-
ructpupyercs okoso 700 MiH ciyyaeB HHQUIIUPOBAHUS
HB u 6omee 200 TBIC. CMEPTENBHBIX HCXOMOB. JIUTICH3H-
POBaHHOH BaKIWHBI TSI TPOPMIAKTUKA HOPOBUPYCHON

MHQEKIMK 10 HACTOSIIEr0 BPEMEHH HE CYIIECTBYIOT
HU B OIHOHM cTpaHe mupa [3]. BcemupHas opranusanus
3/paBOOXpaHeHus BKJItounia B 2024 1. HOPOBUPYCHYIO
WH(QEKINIO B CIIICOK MPUOPUTETHBIX HH(DEKIIHA, TPOTHB
KOTOpBIX HeoOXoauMa B Ommkaiiiiee BpeMs pa3paboTka
BaKIMHBI [4].

HB ortHOcuTCs K Tpynme 6e30005109€YHBIX BHPYCOB,
Bxomsamux B cemeiictBo Caliciviridae, pox Norovirus.
I'enom BHpyca mpencraBisieT coOOil OAHOIETIOYECHHYIO
PHK no3utuBHOW HOJSPHOCTH, KOTOpasi KOAUPYET He-
crpykrypHble Oenku (ORF1), oCHOBHOM CTPyKTYpHBIi
oemok VP1 (ORF2) m muHOpHBIH Oenok karcumga VP2
(ORF3). Karcun Bupyca nmeeT MKOCadIpHIECKYI0 CHM-
MeTputo B cocTouT u3 180 komuit 6enka VP1, kotopsie
JIOTIOJTHSIOTCS ONHOW WM JABYMSI KONHUSMHU MHHOPHOTO
6enxa VP2 [5].
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Brigeneno 10 renorpynn HB 1 HeckonbKko necsSTKOB
T€HOTHUIIOB, Pa3NWYAIONINXCA MO0 aMHHOKHCIOTHBIM MO-
cienoBaTenbHOCTAM Oenka VP1. JIiis yenoBeka maroreH-
HbI npeactaButenu 5 renorpynn (GI, GII, GIV, GVIII
n GIX). Haubonee pacmpocTpaHEHHBIM U KIMHUYECCKU
3HaunMbIM siBiieTcs HB renoruma GII.4, orBeTcTBEH-
HBII B MUpE B nocleanue Tpu aecsatuierus 3a 70—-80%
BCIIBIIIIEK HOPOBUPYCHOM MH(peKIHu [6].

VP1 HB cnocobeH 00pa3oBeIBaTh BUPYCONOJOOHbIE
gactunpel (BnY), Mopdonornueckn He OTIHYAIOIINAECS
OT TPUPOHOTO BHPYCa, HO HE COAEpIKaIlne HyKIEHHO-
BYIO KHCJIOTY. DTO ITO3BOJIAET UCIONb30BaTh Takue B
B KayecTBe O€30IacHBIX KOMIIOHEHTOB BakIMHBL. VP1
cocTouT u3 AByX nAomeHoB — S u P. Jlomen S (oT anm.
shell — oGomouka) oTBewaeT 3a caMOCOOPKY Karcuia
1 PacIoJIOKEeH BHYTPH BUPYCHOM yactuilpl. Jlomen P (ot
aHr. protruding — BBICTYAIONINN) PACIIOJIOKEH Ha TO-
BEPXHOCTH, AOMOJHUTEIHHO CTAaOUIM3UPYET CTPYKTYPY
BHPHOHA U NIPEJICTaBJIeH AByMs cyOpomenamu — P1 u P2,
KOTOpBIE HECYT aHTUTEHHBIE CAWTHI, M OTBEYACT 32 CBSI3BI-
BaHUE BHPYCa CO CTPYKTypaMH OpraHHU3Ma XO3sIMHA (aH-
TUreHBI Tpynn kpoBu 4enoBeka HBGA). Hapsiny ¢ no:-
HopasMmepHbIM VP1, cocraBisioniyie ero JOMEHbl TaKkxke
crocoOHbI 00pa3oBsIBaTh BrY pasHoro pasmepa [7-9].

PazpabarbiBaeTcsi HECKOJIBKO BapHAaHTOB BaKLWH IS
MpOQIIAKTHKA HOPOBUPYCHOW WH(EKINN dYeloBeKa.
BonpmmHCTBO U3 HUX OCHOBAHEI HA UCTIONB30BaHuU VP 1
1 00pa3yeMbIX 3THM OenkoMm wiu ero P-momenom BmY,
KOTOpBIE MOBBINIAIOT UMMYHHBIHN oTBeT HA VP1 [10]. On-
HaKoO B IOHUMaHUU €CTECTBEHHOIro UMMyHHTeTa K HB ue-
JIOBEKa OCTAETCsl MHOTO MPOOEJIOB, YTO 3aTPYyIHSET paz-
pabotky BakiuH. CroCOOHOCTH BBI3BIBATH UMMYHHTET
K HIMPOKOMY CHEKTPY YacTO LUPKYITHPYIOUIUX T'€HOTHU-
OB M 3aIUIIaTh OT OyAYIIUX MMOSBIISIOIIUXCS IITAMMOB
onpexaenseT dGEeKTUBHOCTh BaKIUHBL. B TO ke Bpems
OCTaeTcsl MAJIOU3yYCHHON BO3MOKHOCTH TIEPEKPECTHOTO
MMMYHHTETA K PA3IMYHBIM F€HOTPYIIIIaM WX T€HOTUIIaM
BHYTpHU ofHOM reHorpynns! HB [11].

Panee namu Opu1 onmyueH pexomObunanTHei VP1 HB
redotuna GIL.4, nupkynaupyroiero Ha Tepputopuu Llen-
TpansHO# gactu Poccuu. Ilokazano, uto oH Gopmupyer
BnY, u kpaTko onucansl ero cBoicTra [12].

Heasro HacTosmiel pabOTHI CTajla XapaKTEPHUCTHKA
MMMYHOT€HHBIX CBOMCTB pekomOnHantHoro VP1 HB
M OIICHKA MEepPEeKpeCcTHOW peakTUBHOCTH aHTHTEN (AT)
MIPOTHUB HETO C pa3IUYHbIMU reHoBapuanTamu HB.

MaTepMan bl 1 ME€TOABbI

DKCIPECCHIo, OYUCTKY U PEHATypaIfio peKOMONHAHT-
Horo VP1 HB renoruna GII.4 ocymecTBisuin COracHo
ONUCaHHBIM paHee Metoaam [12]. s umMMyHHM3anuu
WCTIONB30BAIM caMOK MbImeid auann BALB/c Bo3pac-
ToM 8 Henl v Maccor 16—18 1. JKuBOTHBIX conepxanu B yc-
JIOBUSIX BHUBapHsi B COOTBETCTBUU C MEKIOCYAapCTBEH-
HbiMu ctangapramu 'OCT 33216-2014 u I'OCT 33215-
2014. brnomarepuai Ui UCCIIEIOBaHUS Opany y MbIIIei
¢ coOnoeHneM MPUHIMIIOB T'YMaHHOCTH, U3JI0KEHHBIX
B nupekTnBax EBpomelickoro coobmectsa (86/609/EC).
HccnenoBanuss TPOBOAMIM COTIACHO OHMO3THYECKHUM
U 3TUYECKUM TMPUHIUIAM, YCTAaHOBICHHBIM XeIbCHHK-
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CKOH AeKmapanue (mpuHsaTa B MioHe 1964 1. 1 mepecMo-
TpeHa B okTsi0pe 2013 1).

ABTOpBI  TOATBEPXKAAIOT  COONIOJIGHUE  WHCTHU-
TYUIMOHANBHBIX W HAIlMOHAJNBHBIX  CTaHIApTOB
M0 WCIIOJIb30BAHUIO JIAOOPATOPHBIX JKUBOTHBIX B COOT-
BercTBuu ¢ Consensus Author Guideline for Animal Use
(TAVES, 23.07.2010). [IpoTokoi HcceaoBaHus 0100peH
pewenuem JlokanabHOro atndeckoro komurera HHAMOM
uM. akaj. M.H. broxunoit (Ne 4 ot 25.11.2021).

JKuBoTHBIC OBUTH pa3zeneHsl Ha 3 rpymmsl mo 10 oco-
Oeif: 1-a rpymma momydana BHyTpuOptommHHO 0,5 M
(usnonornyeckoro pacteopa; 2-a rpynma — 10 MKr
VPI1 B 0,5 M1 ¢usnonornyeckoro pactsopa; 3-s rpyr-
nma — 10 mxr VP1 B 0,5 M1 ¢pusnonorngeckoro pactsopa
¢ nobasnenrem 100 MKr rHapooKucH amtoMuHHS. Ku-
BOTHBIX IMMYHHU3UPOBAJIH JBKIBI C HHTEPBAJIOM 2 He/l.
Uepe3 3 Hex mociie BTOPOH HMMMYHH3AIMH 3a0Hpann
KpOBb U TIOJIy4alid CHIBOPOTKY kpoBu. Onpenencaue AT
k VP1 HB B crIBOpOTKE KpOBM HMMYHU3UPOBAaHHBIX
MBIIIEH TPOBOIMIIN C TTOMOIIBIO TBEPAO(PA3ZHOTO HMMY-
HoepMeHTHOTrO aHanu3a. VP1 copOupoBanu B JIyHKH
TUTAHIIETOB B KOHIICHTpAIy 1 MKT/MJ B TedeHue 18 4
npu temneparype 4 °C. IlnaHieTsl TpuXabl OTMBbIBA-
nu B (ocdarHo-coneBom Oydepe, comepxamem 0,1%
TeuH-20 (PCB-T). 1 MKII CHIBOPOTKH KPOBH Pa3BOIIITH
OCB-T, conepxammum 10% 0cBETIIEHHOTO JIM3aTa KIETOK
Escherichia coli Rosetta 2 (DE3) ¢ marom 2 ¥ BHOCHIA
B JIYHKH IUIAHIIETOB B 00beMe 100 MKII ¢ moceayromeit
uHKyOauei B reuenne 1 1 ipu 37 °C. 3arem JIyHKH I1aH-
meToB orMbiBaau ®CB-T u BHocwiu no 100 Mk pac-
TBOpa KOHBIOTHPOBAHHBIX C TIEPOKCHAA30i KOPHSA XpeHa
kponmngpux AT mpoTHB cymMMapHOW (pakiiyi UMMYHO-
mmobynuHoB Mbel (MMTEK, Poccus) winm npoTus um-
myHornoOyinHOB kitacca M (IgM) (Elabscience, Kurait),
uakyoupoBamu 1 ¥ mpu 37 °C u ormeiBanmu OCB-T. Pe-
aKIMIO BU3yaan3upoBanu fodasnenreM 100 Mk pacTBo-
pa 0,04% rerpamermnbeH3uanna, comepxkariero 0,002
nepekucu Bopopoaa npu pH 5,0. Ocrapnsanu 1uiaHier
Ha 10 MuH B TeMHOM MecTe. Bo Bce JayHKu mo0aBisiin
no 50 mxn IN H,SO, u u3Mepsnn OnTUYECKYIO IUIOT-
HocTh (OIl) B IBYXBONHOBOM peXuMe, MPHU OCHOBHOM
JutnHe BOJHBI 450 HM M npu pedepeHCHON UIMHE BOJ-
HBI 620 HM B MHKpoOIUIaHIeTHoM pugaepe Infinite M200
Pro (TECAN, ABctpust) ¢ mporpaMMHBIM 0OecriedyeHreM
Magellan 7.2 (TECAN, Agctpus). B xauectBe oTpuma-
TEJIbHOIO KOHTPOJISL HCHONB30BaJIM CHIBOPOTKY KPOBU
MBIIIEH, TOTy9aBIINX BHYTPUOPIOMINHHO (HU3NO0IOTHIE-
ckuil pactBop B 00beme 0,5 miu. Bee TecTsl BBIMOTHSIN
B TpeX MOBTOpaXx. 3a MOJOKUTENbHYIO pEeaklUio IpUHU-
manu 3HaueHue OII, npebllarolee cpeaHee 3HaueHHe
OTPHUIIATEIHHOTO KOHTPOIISl, YMHOKCHHOE Ha 3.

Juns onpenenenus aBugHOCTH AT 00pasipl CBIBOPOTKH
KPOBH TECTHPOBAJIH B TyONsIX HMMMYHO(QEPMEHTHBIM Me-
TOJIOM C OTIIMCAHHBIMHE HIDKE Mofudukamusvu. [lepen no-
0aBJIeHHEM KOHBIOTATa B ONHY U3 JABYX JIYHOK KaXKJOTO
n3 o6pasnoB BHocwiH 100 Mt pactBopa 8M MOUEBUHBI
B @OCb-T, unkyObupoBasn B TedeHHE 3 MHH, OTMbIBA-
JM 5 pa3 ¥ IPOBOJWIN aHAJIMU3, KaK ONUCAHO BbllIe. MH-
JIeKC aBUAHOCTH PACCUMTHIBAIN KaK OTHOIIEHHE BEJH-
yusbl OIl B myHkax ¢ 8M moueBnHOlN K BenuunHe Ol
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B JIyHKax 0€3 MOYEBHHBI, IOJTYYEHHBIX JUIS OJJHOM CHIBO-
POTKHM KPOBH, BRIP&KEHHOE B IIPOLICHTAX.

JU1g nmpoBeneHNsT UMMYHOBIIEKTPOHHOW MUKPOCKOIINH
nonydanu AT mopckux cBuHok k VP1 HB. IlonkoxxHo
MMMYHHU3UPOBAIIN MOPCKYIO CBHHKY IBa)KIBl C HHTEp-
BamoM 2 Hen. Beommmm mo 500 MKr peKoMOMHAaHTHO-
ro VP1 HB B cMecu ¢ 5 MI TUAPOOKUCH aJTIOMHUHUA.
UYepes 21 cyT mocne MOBTOPHOW MMMYHU3aLUU NPOU3-
BOJMIIN 3200p KPOBH U BBLICJISIN CYMMapHYIO (hpakLuio
MMMYHODIIOOYJIMHOB ITyTeM BbIcanuBaHus 33% cynbda-
TOM aMMOHHS C MOCIETYIONINM THATU30M OCaaKa Ipo-
TUB IUCTHILIUPOBAHHOHN BOnbI; 50 MKI BeIACIHCHHBIX AT
copOupoBaiu B TedeHne 60 MUH Ha MeTHbIE CETOUKH JIJIS
ANEKTPOHHOW MHUKpOCKOHH (OM), TOKPHITHIE TTAPIOIH-
eBoil moaoxKoi. CeTOYKH OTMBIBANU JUCTUILIMPOBAH-
HOW BOJOW W TOMEIANM Ha Kaluli KONpOo(HIBTPaToB,
conepxxamux HB renorunos GII.4, GII.7, GII.17, GI.3
nnu echovirus 30 B kadecTBe OTPUIATEIIEHOTO KOHTPOJIS.
Wukyouposanu B TedeHue 60 muH npu 37 °C, okparu-
BaJll BOJHEIM pactBopoM 2% ypanmianerara (pH 4,5)
Y aHAJIM3UPOBAIM HA HAJIMYWE BUPYCHBIX YaCTHUI[ C IO-
morsio Mukpockora HT7700 (Hitachi, Slnonus). B pa-
00Te HMCIOIB30BANH XPAHSAIINECS B HCCIIEAOBATEIECKOM
xoyutekmu Hmxeropoackoro HUMOM um. akagemuka
W.H. BroxuHo# KOHPOQMIETPATHl C MOATBEPKICHHBIM
METOJAMH 3JEKTPOHHON MUKPOCKOIHMH M MOJIMMEPAZHON
LIEITHOW peakuy ¢ 00paTHOM TPAHCKPUIIIIUCH HATHIUEM
BUPYCOB.

Craructrdeckas 00paboTKa TaHHBIX BRIITOJIHEHA C T10-
MOIIBIO MporpaMMHoro obecrnedenus Prism (GraphPad
Software) u Microsoft Excel. Paznuaus cuuranu cratu-
CTHUYECKH JOCTOBEpHBIMHU IIpu p < 0,05.

2500
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Tutpbl AT / Antibody titers
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0
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Puc. 1. Tutps! IgM-antuten y Mpliield, UIMMyHH3UPOBaHHBIX
pexoMOuHaHTHEIM VP1 B oTCyTCTBHE (@) ¥ B IPUCYTCTBUH ()
THPOOKHCH aJIIOMUHUSI.

* — CTaTUCTHYECKH 3HAYMMBbIe pa3ianuust (p < 0,05).

Fig. 1. IgM antibody titers in mice immunized with recombinant
VP1 protein in the absence (a) and presence (b) of aluminium
hydroxide.

* — statistically significant differences (p < 0.05).
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Pesyabrartsl

Y Bcex UMMYHU3HPOBAaHHBIX HBOTHBIX B CHIBOPOT-
ke kpoBu mpucytctBoBa AT mporuB Oenka VP1 HB
B Pa3HBIX TUTpax. Y MbIIIEH, KOTOPHIM BBOAWIH (pr3n-
onoruueckuit pacteop, AT nporu VP1 He oO6HapyxuBa-
suck. Tutpsl IgM Ha 21-e cyTku nocie ABYKpaTHOM UM-
MYHHU3aI[MHM MBIIIeH pexkoMOMHAaHTHEIM VP1 xonebannce
or 1:256 no 1 :1024. Cpenuuii apupMETHISCKHI THUTP
cocraBui 1 : 474 (puc. 1). Y MpImei, IMMyHU3UPOBaH-
HbIX VP1 B cMecH ¢ r’uApOOKHUCHIO antoMHUHUSA, TUTP AT
ObL B 2 pa3a BhIIIIE, OJHAKO pa3Inyusl He ObLIH CTAaTHCTH-
YEeCKH 3HAYNMBI.

Eme Oonee Bbeicokue Tutpel AT Opumn momyde-
Hbl MPH aHaIM3e MX cymMmapHou (pakiuu. Kak Bum-
HO W3 pHC. 2, cpemHuil THTp cymMmapHbBIX AT cocra-
Bui 1 : 1869. Ilpu 3TOM B OTIENBHBIX 00pa3nax 3HAYECHUST
tutpa pocturanud 1 : 8000. MmMmyHM3a1Ms >KMBOTHBIX
PEKOMOMHAHTHBIM OEIKOM C JTOOaBICHHEM aJIbIOBAaHTA
eme Oomnee noeimana TUTpel AT. B aTom ciydae oHE KO-
nebanuch y )KUBOTHBIX OT 1 : 512 1o 1 : 32 768. Cpennnii
apudmernyeckuit Tutp cocrapmi 1 : 13158, Xapakrepu-
3yIOIMe HANPSHKEHHOCTH MOMY/SIMOHHOTO UMMYHHUTETa
CpeIHHE TEeOMETPUUYECKHUE TUTPHI COCTABUIM COOTBET-
ctBeHHO 1 : 1024 u 1 : 9410.

brima mpoBeneHa oneHkKa CHenn(UYIHOCTH KaK CyM-
MapHbix AT mpotuB pekomOuHanTtHOro VP1, Tak u AT
kyacca IgM. B koHkypeHTHOM peakuun, korna AT mpo-
tuB VP1 npemnkyOupoBanu ¢ pekomMOWHaHTHBIM VP1
B IOBBIIIAIONINXCSA KOHICHTPALMUAX, OBUIO IOKa3aHo,
gyr0 MbIMHEIE AT HEeHTpann3yroTcs peKoMOMHAHTHBIM
6emxom Ha 95% mpu KOHIEHTpaIMK OejKa, PEBHIIIA0-

250007

20000+

15000+

10000-]

Tutpbl AT / Antibody titers

5000+

0

(a/a) (6/b)

Puc. 2. TuTpel CyMMapHBIX aHTHTEIN Y MBIILIEH, IMMYHU3UPOBAH-
HBIX pekoMOUHAHTHBEIM VP1 B oTcyTCTBUE (@) M B IPUCYTCTBHH (6)
THAPOOKHCH ATIOMUHUSL.

* — CTaTUCTUYECKH 3HaYuMBble pazanyus (p < 0,05).

Fig. 2. Titers of total antibodies in mice immunized with recombi-
nant VP1 protein in the absence (&) and presence (b) of aluminium
hydroxide.

* — statistically significant differences (p < 0.05).
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Puc. 3. Hefirpanuzanus pekoMOMHaHTHBIM VP1 MBIIIMHBIX CyM-
mapubix antuten (AT) u AT kmacca IgM.

1 — cymmapnsie AT nocne uMMyHH3anuH 6e3 aJbI0BaHTa; 2 — TO K€ C aJbIo-
BaHTOM; 3 — IgM-AT nocie UMMyHHU3aLUK 0€3 abI0BaHTa; 4 — TO e C a/lb-
I0BaHTOM; 5 — cymMapHble AT HeHMMMyHU3HPOBaHHBIX Mblmel; 6 — [gM-AT

HEUMMYHU3HPOBAHHBIX MBILIEH.

Fig. 3. Neutralization of mouse total antibodies (AB) and IgM AB
by recombinant VP1 protein.

1 — total AB after immunization without adjuvant; 2 — same with adjuvant;
3 — IgM AB after immunization without adjuvant; 4 — same with adjuvant; 5 —
total AB of unimmunized mice; 6 — IgM-AB of unimmunized mice.

mieit 4,5 x 107* mr/ma (puc. 3). Kpupbie HeTpaauzanuu
cymmapHbix AT n IgM, HapaOoTaHHBIX MBIIIaMH TTOCIE
MMMYHH3AIUH B OTCYTCTBUE U B IPUCYTCTBUH UCIIONH30-
BaHHOTO aJbIOBAHTA, IPEICTABICHBI HA PHC. 3.-

IIpu onpenenennn aBunHoctu AT npotus VP1 nokasa-
HO, uTo cymMMapHble AT npotuB VP1, noiyuenHsle nocie
MMMYHU3AIlMA MbIeld Oe3 aaploBaHTa, UMEIH HHIEKC
aBUAHOCTH, paBHBIA 55,22%. IlpumeHeHue aablOBaH-
Ta NPUBOAWJIO K NOBBIIIEHHIO MHAEKca aBuAgHOCTH AT
1o 83,99%. bmuskuii k 100% WHIEKC aBHIHOCTH CBHJIE-
TEJBCTBYET O BBICOKOW BEPOSITHOCTH TPOMYKIMH YKHUBOT-
HeIMU BHpycHenTpanmsytommx AT. IgM-AT nporus VP1
HMEJIM HAMHOTO MEHBIINI UHJIEKC aBUTHOCTH, COCTaBUB-
i 9,08% y mbiiel, MMMyHH3HpoBaHHbBIX VP1 ¢ agbro-
BaHTOM. MHAekc aBuaHocTu IgM AT mocie uMMyHH3auu
pexkoMbuHaHTHEIM VP1 6e3 agproBanTa coctaBmi 8,11%.

B03MOXHOCTh NEpEKPECTHBIX B3aUMOJEHCTBUN CBhI-
BopoTouHblXx AT npotuB VP1 ¢ HB pa3Hbix reHoTHIIOB
M3ydajy ¢ IOMOIIBI0 TBepA0(pa3HOH HMMYHOAIEKTPOH-
HOM MUKpockonuu. Vcronb3oBaiu BUPYCHI, BbIIEJICH-
Hble U3 (hekanuii OONBHBIX HOPOBHPYCHBIM TacCTPOdH-
TEPUTOM U SHTEPOBUPYCHBIM MEHWHTHTOM, COOpaHHbBIE
Ha Tepputopun Poccuiickoit ®enepaunn. CeTouku amus
OM cencubunuszuposanu AT npotuB VP1 HB renotuna
GIL.4 u TectupoBanu Ha B3aumozeicTeue ¢ HB npyrux
FeHOTUIIOB. OM moka3aja HaJM4ue BUPYCHBIX YaCTHUIL
nuametpoM 40—50 HM TpW HAaHECEHUW KOMPOQHUILTpa-
TOB, coaepxkamux HB renorunos GII.4, GII.7, GII.17,
HO He GI.3, HA CeTOYKH, TOKPHITHIE HMMYHOTIIOOYITNHA-
MH (puc. 5). B kauecTBe KOHTPOJIS CIIEM(PUYHOCTH CBSI-
3BIBAHMS WCIOJIB30BAIN KOMPOPMIBTPAT, COAepKAIINN
Echovirus 30, B koTopoMm ¢ HCHONB30BaHHEM CETOYEK,
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Puc. 4. CpaBHeHUe HHAEKCOB aBUJHOCTH cyMMapHbIX AT (1 — um-

MyHu3anus Toneko VP1, 2 — VP1 coBmecTHO ¢ anbroBanToM) 1 AT

kiacca IgM (3 — ummyHu3anus roiasko VP1, 4 — VP1 coBmecTHO ¢©
aJbIOBAHTOM ).

Fig. 4. Comparison of avidity indices of total antibodies (1 — im-

munization with VP1 alone, 2 — VP1 together with adjuvant) and

IgM class antibodies (3 — immunization with VP1 alone, 4 — VP1
together with adjuvant).

MOKPBITEIX UMMYyHOTTOOyiHamMu npotuB VP1 HB, Bu-
PYCHBIX dacTul] oOHapyxeHo He Obuto. [lomyueHnsnle
PE3YABTATHl YKA3BIBAIOT HAa CBSA3BIBAHUE CHIBOPOTOYHBIX
nonukiaoHanbHbIX 1gG mporuB VP1 renorunma GII.4
¢ HB renorunos GII.7, GII.17, Ho He ¢ HB remorumna
GI.3, r.e. HB renorpynmst GI.

O06cy:xneHue

benok VP1 HB conepxut psig aHTHUTEHHBIX JETEp-
MUHAHT (3MUTOIOB), KOTOPBIE ONPEAEIAIOT €r0 UMMY-
HOTeHHBIE cBoiicTBa. JlomeH S oOpa3oBaH N-KOHIIEBBI-
MU ocTarkaMu oT 1 mo 225 ammuHOKucHOTEL. OcTaTku
oT 50 10 225 cBopauMBaroTCs B 8-1[EMIOYEUHYIO0 aHTHUIIA-
paIenbHYI0 PB-CTPYKTYpY, XapaKTepHYIO IS KarCu-
HBIX OENKOB MHOTHX BHUpycoB. [lonumentugHas memns,
HayuHaromascs oT 225-i aMHUHOKHUCIOTHI, 00pa3yeT
cyomomenst P1 u P2. C moMotmibio MOHOKIOHANBEHEIX AT
B N-koH1eBoit wactu nomeHa S VP1 HB renorpymmsr 11
oOHapyXeH A0CTaTOYHO KOHCEPBATUBHBINA Y4aCTOK, I10-
CTpOeHHbIN U3 60 aMUHOKUCIIOT U colepxauuit B-kie-
TOYHBIC aHTUTCHHBIE nerepmMuHaHThl [13, 14]. Takxke
OBUIO OMUCAHO M OXapaKTepPH30BaHO HECKOIBKO Iepe-
KpECTHO-peakTUBHbIX AT, HalleICHHBIX Ha KOHCEpBa-
THBHYI0 oOmacth gomeHa P [15-20]. Cpeau HUX 00-
HapyxeHbl AT, pearupyronye Kak ¢ JUHEHHBIMH, Tak
1 KOH(GOpMannoHHBIME 31HToaMu [ 16]. ITokazaHo, uTo
K YaCTH BBISBICHHBIX SMUTOMOB MOTYT 00Pa30BBIBATh-
cs Hetpanuzyromue AT, yTo BaXHO AN pealu3aluu
aHTUBHpYCHOro B-knerounoro orsera [21, 22]. Unen-
TUQUIUPOBAHO 5 aHTUTEHHBIX YYaCTKOB, IIOCTPOSHHBIX
13 BapraOeNbHBIX B-KJIETOUHBIX SMHUTOIOB U JIOKAINA30-
BaHHBIX B CTpyKType P2 cyOmomena Ha ero BHemIHe# mo-
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Puc. 5. DnexrponHbIe MUKpO(dOTOrpadi HOPOBUPYCHBIX YaCTHII, B3aUMOJIEHCTBYIONHUX ¢ aHTUTENaMu mpotuB VP 1 HopoBupyca.

a —uopoupyc (HB) renoruna GII1.4; 6 — HB renoruna GII.17; 6 — HB renotuna GII.7; e — G1.3; 0 — Echovirus 30.
Fig. 5. Electron micrographs of norovirus particles interacting with antibodies against norovirus VP1 protein.
a — norovirus (NoV) genotype GII.4; b — NoV genotype GII.17. ¢ — NoV genotype GIL.7; d — GI.3; e — Echovirus 30.

BepxHocTH [23]. OTa obnacts P2 cybmomeHa xapakre-
pU3yeTcsi BBICOKOM 4acTOTON MyTallMi, 4TO, BEPOSITHO,
SIBIISICTCS] PE3yIABTaTOM CEIIEKTHBHOTO JABICHUS CO CTO-
POHBI UMMYHUTETA X03SIMHA U COAEPKUT SMUTOINBI, UH-
Iymupyomnme odpa3osanne HelTpamusytommx AT [24].

B Hamux #ccienoBaHUSAX ¢ NPUMEHCHHEM aHAIH-
3a in silico B cocrase VP1 HB renoruna GII.4 Syd-
ney [P16], nupkynupytomero Ha Tepputopun Poccun
Y BOCTIIPOU3BEICHHOIO HAMH B BUJI€ PEKOMOMHAHTHOTO
Oenka, UACHTHQUIIMPOBAH PAJl BO3MOXKHBIX T-KileTou-
HBIX 3MHTOIOB, Npe3eHTUpyeMbIX Mosekyiaamu HLA 1
n II xnaccos, T.e. CIOCOOHBIX aKTHBHPOBATh KaK LIH-
TOTOKCHMYeCKUI oTBeT T-kieTok, Tak u T-xenmepHbIi
OTBET. MojenmpoBanme CTPYKTYPHI ¥ €€ aHAJINU3 ITO3BO-
aunu oOHApYKUTh Takxke 2 JUHEeWHBIX U 47 koHdop-
MaIMoOHHBIX B-kietounsix snutonos VP1 npu orcyt-
CTBHH €T0 aJulepreHHoctH [25].

Hanuume ykazaHHBIX 3TUTONOB obecrneuuBaeT (op-
MHUpOBaHUe B-KieTOYHOTO OTBET, KOTOpoe M OBbLIO 3a-
perUCTpUpOBaHO B HamieM wuccienoBannu. Cymmap-
vele AT, BelpabaTbiBaeMble B BBICOKHX THUTPaxX B OTBET
Ha MMMYHHU3AIMIO pekoMOWMHaHTHBIM VP1, obnamamu
BBICOKOM aBHJIHOCTBIO, YTO C BBICOKOW BEPOSTHOCTHIO
MIpEeAnoNaraeT HUX BHPYCHEHUTPaTU3YIOLUINE CBOHCTBA.

o/e

Hcnonp3oBanne aabploBaHTa MPHONMKAIO —HHJIEKC
apunHOoCTH K 100%. 3amMeTuM, 9TO BBICOKAs MMMYHO-
TeHHOCTh OOyCJIOBIIEHa Takxke crnocodoHocteio VP1
¢opmupoBare BrU, 4TO mpomeMOHCTPHPOBAHO HaMH
panee [12]. OxumaeMbpIMHA OKa3adUCh MEHEE BBICOKHE
M0 CPaBHEHUIO C CyMMapHBIMH AT TUTPHI U aBUTHOCTH
IgM AT, oOpasyromuxcs Mpyu UMMYHHU3AIHA KUBOTHBIX
pexombuHanTHEIM VP1. BeposTHo, 3T0 cBA3aHO C OT-
HOCHUTEJIBHO KOPOTKUMHU CPOKAMH HMMYHU3AIHH >KU-
BOTHBIX U, KaK CJIE€ACTBUE, HEAOCTATOUHOM 3peroCThIO
BBIPa0OTAaHHOTO MMMYHHOTO OTBETA.

Jns uccnenoBaHusl NEPEKPECTHBIX B3aUMOCHCTBHIA
AT mporu VP1 HB B 0CHOBHOM HCIIONB3YIOTCS CyppO-
raTHbIC MOJICIIH, OCHOBaHHBIC Ha B3ammomercTBuu AT
¢ B4, chopmupoBannsiMu VP1 pasueix resorunos HB.
B HemaBHUX HccllefoBaHUAX OBIJIO MOKAa3aHO, YTO MOHO-
KioHanpHBIe [gM ObUTH crIOCOOHBI CBs3bIBaTh B4, ot-
Hocamuecsa k reHorpynnam GI (GI.1, GI1.2, GI1.3) u GII
(GIL.3, GIlL4, GIL.6, GII.13 wmu GII.17). [IepekpecTHas
PEaKTUBHOCTh MOHOKJIOHANBHBIX IgA perucrpupoBanach
TONBKO MEXIy TeHOTHIaMHu BHYTpu reHorpymmsl GII
MomnoxnoHanbHbIe [gG o0naganmy mepeKpecTHOW peak-
TUBHOCTBIO ¢ BrY, nonxyyennsiMu u3 VP1 pa3HbIX reHo-
tunoB GII u ognoro renotuna GI.3 [26, 27].
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Hamu a5 nccnenoBanus nepekpecTHOM peakTUBHOCTH
AT mporuB VP1 GIL.4 Obi1 mpuMeHEH OpWUTHWHAIBHBIN
MOAXO, OCHOBaHHBIM Ha HCIOIB30BAHUM AJISI UMYHHO-
ANEKTPOHHOW MHKPOCKOIINH, BBIJIEIIEHHBIX OT OOJBHBIX
HOPOBHPYCHBIM TacTpO3HTepUTOM. [lomyueHHbIE pe3ynb-
TaThl MOATBEP)KIAIOT TIEPEKPECTHYIO peakTUBHOCTH 1gG
AT mporus VP1 GII.4 ¢ apyrumu reHotunamu. OgHaKO
OCTAeTCsI HESICHOM MX HEUTPAU3Y0Ilasi aKTUBHOCTb. Pa-
Hee TP UCCIIeI0OBaHNM UMMYHHOTO OTBETa HA UMMYHH-
sanuto B4 HB 0110 moka3zaHo, 9T0 B CBIBOPOTKE KPOBU
9eJIoBeKa MPHUCYTCTBYIOT KaK MePEeKPEeCTHO PEaKTHBHEIE,
HO He Heifrpanusyroniue AT, Tak u 0ojee y3K0o peakTHB-
Hble HelTpanuzytone AT [28].

3akJ/IloueHue

Takum 00pa3oMm, NONYyYeHHBIH HaMH pPeKOMOWHAHT-
Herii VP1, o6pasyromuiit B n uaayupytommii BeIpa-
JKEHHBI MMMYHHBIN OTBET ¢ (POPMHUPOBAHHUEM BBICOKO-
ABUJTHBIX MTOJUKIOHATIBHBIX IEPEKPECTHO-PEATUPYIOIINX
AT, MOXHO pacCMaTpHUBaTh KAK aHTUTCHHBII KOMIOHEHT
MPOTOTHIA KaHAUIATHOW BakUuHEI npoTuB HB uenoBeka
HauboJee pacrnpocTpaHeHHoM reHorpymbl GII.
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