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Ha ocHoBe cmaiikoBoro 6enka Bupyca SARS-CoV-2 npenckaszaH 0e10K, KOTOPbIii MOXET BBHI3BIBATH M-
MYHHBIII OTBeT. MeTOIOM MOJIEKYJIIDHOW TMHAMUKU TOATBEPXKIeHA CTAOMIBHOCTD OejlKa B pacTBOpe.
HMNMMyHOMOeTMpoBaHKe ITOKa3alo, 4YTO JaHHBIN 6€J10K BhI3bIBAET UMMYHHYIO PEAKIINIO U, COOTBETCTBEH-

HO, MOXKET CJIIY>KUTb ITPOTOTUITIOM BAaKIIMHBbI.
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BBEIAEHME

SARS-CoV-2 — 3T0 BUpYC, BHI3BIBAIOIINI 3a00-
nesanue COVID-19 [1-3], koTopoe MOXET UMETh
KpaliHe TsKeJible MOCAENCTBUS BILUIOTh 10 JIETAIbHO-
ro ucxonga [4]. SARS-CoV-2 oTHOCUTCS K TIOIPOIY
Sarbecovirus pona Betacoronavirus [ 5] u TipencrasisieT
coboit PHK-conepxamiuit 060JI094eUHbIN BUPYC, Te-
HOM KoToporo coctouT nmpuMmepHo u3 30000 Hyki1eo-
tuaoB [6]. B HacTogIee BpeMs pa3paboTaHO HECKOITb-
KO MPOIIeAIINX KIMHUYECKUE WUCTIBITAaHWS BaKIIMH, a
Takke OoJiee ABYXCOT IPOTOTMIIOB BakuuH [7—11].
Tem He MeHee BUpYC MOABEPKEH Pa3IMYHOrO poja
MyTallMsIM, MIO3TOMY pa3paboTaHHbIE paHee BaKIIv-
HbI MOT'YT ObITh HEA(M(HEKTUBHBI IPOTUB HOBBIX MY-
TaHTHBIX opM Bupyca. ONHUM U3 TaKUX TTIPUMEPOB
MOXET CJY>XMTb BapUaHT BUpyca IOJ Ha3BaHUEM
“OMUKpPOH”, KOTOPBII MOXET 3apaxkaTh paHee BakK-
LHUPOBAHHBIX JItoAei [12], 4To AenaaeT akTyajlbHOMI
3ajavy Mo co3gaHuio 3MHEKTUBHON BaKIIMHBI MPO-
TUB KakK BapuaHTa “OMUKPOH”, TaK U MPOTUB BO3-
MOXKHBIX ITOC/IeAYIOIINX MyTaHTHBIX opM SARS-CoV-2.

OnHoil U3 IJTaBHBIX UMMYHOT€HHBIX T€TEPMUHAT
SARS-CoV-2 sBisgercss Tak Ha3bIBaeMbI CITAiKO-
BBHIi O€JIOK — OCOOEHHOCTh KOpOHaBUpycoB [13].
JlaHHBIN OEJIOK SBISIETCS TpaHCMEMOpPaHHBIM M OT-
BeUYaeT 3a UHBA3UIO TEHETUYECKOro MaTepualia BUpy-
ca B kieTtky [13]. g maHHOro Oeika oImpencieHa
npocTpaHcTBeHHas: ctpykrtypa (PDB ID: 7WK3).
M3BecTHO, UTO TpaHCMEMOpaHHbIC OEJIKK OOBIYHO HE
pacTBOPUMBI B BOJIe I KpaiiHe CIIOXHEI IJIsl IOJTy4de-
Hus. ITosTomMy B maHHOM paboTe MpUMEHEH OCHO-

BaHHBIM Ha MeTOAaX UMMYHOMH(OPMaTUKN MOAXOM,
3aKJIIOYAIOIIUIACS B TOM, YTO BblaeJsieTcsl (PparMeHT
Oeska, coaepKalirii AMUTOMNbI U ¢ OOJIbIIIOK BEPOSIT-
HOCTbHIO pACTBOPUMBIN B BOJIE.

B HacTosimieit paborte BblAeIeH (pparMeHT criaii-
koBoro Oenmka SARS-CoV-2, KOTOpBIii HachIIeH
SMUTOIAMU U MOXKET MPUBOAUTh K UMMYHHOMY OT-
BeTy. Mertomom MoiekyiisipHoit muHamuku (M)
OlIEHEHa YCTOMYMBOCTb BbIJIEJIEHHOTO (DparMeHTa B
BOJIHO-C0JIeBOM pacTBope. C NMpuMeHeHUeM UMMY-
HOMOJIEIMPOBaHMS TOKa3aHO, 4YTO BbIAEJIEHHbIN
¢dparMeHT BbI3bIBAET UMMYHHBII OTBET.

MATEPHAJIBI 1 METO/1bI

Brinenen ¢pparmenT craiikoBoro 6einka SARS-CoV-2
JUTS1 JajibHEeHIIeit padboTel ¢ HUM. JIJIs TToydeHus
Moaeau ¢dparMeHTa HCIOJb30BaIU IIpOTpamMMy
PyMol [14].

Hns MI-MonenupoBaHUSI MCTIOJIb30BaIU TTaKeT
GROMACS [15] Bepcum 2020.3.

B xauectBe cuoBoro 1moJst BbeiopaH AMBER99SB-
ILDN [16], momenu Bogbl — TIP3P. Kpome Toro, B
cucteMy Obu1O mob6asieHo 0.15 M KCI. [Insa HeiiTpa-
JIN3alMM 3apsijia CUCTEMBbI ObLJIU JOOABIEHbI HEKOTO-
pble JTOTMOJHUTEIbHBIE MOHBl. MUHUMU3AIUIO SHEeP-
UM TPOBOJIWIIY C 11aroM 1 ¢c 10 MaKCUMaJIbHOM CU-
ael 1000.0 kIx/Moiib/HM. JlaBieHUue U TeMIiepaTypy
ypaBHoBeluBaiu 10 1 atm u 310 K myrem 3amycka
mopenupoBanusg B NVT- u NPT-ancam6ae (100 mc
KaXX/Ibli1) COOTBETCTBEHHO. [laBjieHrEe 1 TeMIepaTypy

955



956 MBAHOBCKMUM! u mp.

R, HM
199 ~ (a)

1.98

1.97

1.96

1.95

1.94

1.93 - "

0 20 40 60 80 100
Bpewms, He

R, HM

0.30F ©)

0.25

0.20

0.15

0.10

0.05F |

0 20 40 60 80 100
Bpewms, HC

(8)

0.6

0.4+

0.2} | | ol
N o A N
L uaft ok oA i
W Wt A
0 50 100 150 200 250
KonnyecTBO aMUHOKUCIOTHBIX OCTAaTKOB

Puc. 1. Paguyc rupauum (a) u CKO (6) CK®D aromoB (B)
¢dparmeHTa UMMYHOreHHOTO Geika Bupyca SARS-CoV-2.

CUCTEMbI KOHTPOJIMPOBAJIU C TOMOIIIBIO MOAU (UL -
poBaHHoro TepMocTtarta bepeHaceHna [17] u 6apocTara
IMapunaemno—Paxmana [18]. IlponyktnBHoe 100 HC

M/I-MopenpoBaHue TPOBOAVIIN B U30TEPMUICCKO-
M300aprIecKoM aHcaMOJIe C BpeMEeHHBIM I1aroM 2 ¢c.
Anroputm LINCS [19] ucnosnb3oBaiu s OTpaHU-
YEeHUS CBSI3EM C yJacTHEM aTOMOB Bomopona. Jdaib-
HOJICICTBYIOIINE BJIEKTPOCTATUUYSCKUE B3aMMOICii-
CTBUSI PACCUMTBHIBAIM C MWCIOJb30BAHUEM CXEMBbI
cymmuposaHus Particle-Mesh Ewald [20].

s mpeackazaHuss UMMYHHOTO OTBETa MCHOJb-
3oBayin npuwioxeHue C-IMMSIMM [21]. JlaHHbIH
cepBep — OJMH U3 CaMbIX TOYHBIX JIJISI TIpeacKa3aHus
MMMYHHOTO OTBETa U IPOTHO3MPOBAHUS a1alITUBHO-
ro ummMmyHuTeta. CepBep UCIOIb3yeT aJITOPUTMbI Ma-
IMHHOTO 0o0yueHus [22]. Hapsimy ¢ meTomamMu Mma-
IIIMHHOTO OOyYeHUs TIPUMEHSJIU TTOAXOMl, OCHOBAaH-
HBbIIi Ha MO3ULIMOHHOI BecoBoil MaTpuue (PSSM)
[23]. KonmndyecTBO mIaroB MOIEJIMPOBaHMS cepBepa
C-IMMSIMM [21] cocrasnsiio 1000.

PE3VIIBTATHI 1 X OBCYXIEHUWE

Ananm3 Tpaektopuii BertonHeH 11t 100 He. AHa-
JIM3UPOBAII cpenHeKkBaapaTnyHble oTkiIoHeHus1 (CKO),
paguyc MHEPLUU U CpeaHeKBagpaTudeckue GIIyKTy-
aiuun (CK®). CoorBeTcTBYOILIME TpaduKu IToKa3a-
Hbl Ha puc. 1. CKO nokasanbl Ha puc. 16. CKO cra-
omnusupyercs mexny 0.1 u 0.15 HM, 9TO C yyeToM
pa3Mepa MOACIUPYEMOIl CUCTEMBI TOBOPUT O €€ BhI-
COKOM cTabunbHOCTU. PrcyHOK la mokasbIBaeT, 4To
paguyc MHEePINU UMeeT TeHASHIINIO K YMEHbBIIIEHHUIO,
YTO CBUIETEJILCTBYET O KOMMAKTU3allMU Oejika BO
Bpemst MoaenupoBaHusi. CK® aromoB C-0o-mipoTo-
THUIIAa BaKIIMHEI TOKa3aHbI Ha puc. 1B. HanboJee 1mo-
JIBUKHBIC YYAaCTKM 0eJika OTHOCITCS K C-KOHIIEBOMY
YY4acTKy U IIOJIBMXKHOM TIETIIE.

C ucnosb3oBaHMEM UMMYHOMOJEIUPOBAHUS MO~
Ka3aHo, YTO CTOMKWI MEPBUYHBII U BTOPUYHBIN M-
MYHHBbII OTBET BbI3bIBAETCS MPOTOTUIIOM BaKIIMHBI.
HMmMMyHOMOAeIMpoBaHUe TPOBOAMIN ISl ABYX 103
aHTUTeHA, BBOAMMOIO C MPOMEXYTKOM B 25 NHEM.
BBeneHue aHTUTeHa MPUBOAUT K TTOBBILICHUIO YPOB-
HsI aKTUBHBIX B-KieTok (puc. 2a), miaa3sMeHHBIX B-
KieTok (puc. 20), T-knerok (puc. 2B), a TaKKe UM-
MYHODIOOYJTMHOB (puc. 2r). KpoMe Toro, mpoTOoTHUII
BaKILMHbI CTUMYJIUpPYeET XenrepHble T-kietku. [1pu
BO3JIEMCTBMM MPOTOTUIIA BAaKIIUHBI BbIPAOATHIBAIOT-
¢Sl TakzKe UHTep(pepoH raMMa, MHTepJaeHKUH-23, UH-
tepaciikuH-10, nHTepdepoH 6eTta U psia HUTOKMHOB
(puc. 2n). Takoe MOBBILLIEHNE, B TOM YHCIE, UMMY-
HOTJIO0YJIMHOB, IMTOKWUHOB, aHTUTEHIIPE3EHTUPYIO-
II1X, aKTUBHBIX B- 1 T-KieTok, yka3plBaeT Ha 3¢-
(eKTUBHOCTD MPEeACKa3aHHOTO MPOTOTUIIA BAKIIMHbI
npoTtuB BapuaHTa “OMukpon” SARS-CoV-2. Tem He
MeHee pa3paboTaHHbBIN MPOTOTUIT TPEOyeT IKCIEPU-
MEHTaJIbHOM MPOBEPKU, YTOOBI JOKa3aTh ero 3 deKk-
TUBHOCTb U OTCYTCTBHE TOKCHYECKOTO 3(pekTa.
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MPUMEHEHUWE KPUCTAJUIMYECKOMN CTPYKTYPBI CITAMKOBOTO BEJIKA
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Puc. 2. BpeMeHHBIe 3aBUCUMOCTH KJIETOK, MPEACTABISIOIINX UMMYHHBII OTBET OpraH13Ma 4yejloBeKa Ha BBeJleHUe aHTUTeHa:
nonyasuun B-kieTtok (a): /1 — oblliee 3HauyeHUe, 2 — HeaKTUBHMpOBaHHbIe B-kietku, 3 — B-kierku namstu, 4 — B-uzotun
1gG1, 5 — B-uzotum IgG2. Ocoboe BHUMaHME CIeayeT OOpaTUTh Ha TOIMYJISIIIMI0 KOMIIETEHTHBIX B-KkiteTok (2); ra3MeHHBIX
B-kiserok (0): 1 —1gM + 1gG, 2 —1gM, 3 —1gG1, 4 — 1gG2; nonynsitmu T-kierok (B): I — akTUBHBIE, 2 — annaruyeckue, 3 —
nokosimuecs, 4 — MoBTOpSIOLIMeCcs ; UMMYyHOII00ynnHoB (T): 1 —1gG2, 2 —1gM, 3 — 1gG1, 4 —1gG1 + 1gG2, 5 — 1gM + IgG,
6 — Ag; KOHIIEHTpALIMY LIUTOKMHOB (Bpe3Ka) U MHTepJIeiKUHOB (1): I — uHTepdepoH raMma, 2 — TpaHchOpMUpYIOLInii hak-

TOp pocra 6era, 3 — uHTepiaeiikuH-10, 4 — uHTepAeiiKuH-2.

3AKJIIOYEHHME

IlpencraBaeHHbIle pe3yJbTaThl MOATBEPKIAIOT
BO3MOXKHOCTB IPOMU3BOAUTH IENTUIHbBIC BAKLIMHBI U3
¢dparMeHTOB UMMYHOKOMIIETEHTHBIX OenKoB. [Toka-
3aHO, YTO BBIAENCHHbI (h)parMeHT UMMYHOT€HHOTO
oenka BapuaHTa “OmukpoH” SARS-CoV-2 crabm-
JIEH B BOIHO-COJIEBOM PacTBOpPE U CIIOCOOEH BBHI3bI-
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BaTh KJIETOYHBII OTBeT. Ha OCHOBe ITOJyd4eHHOrO
dparmeHTa OymeT MpoBeaeHa pa3padoTKa BaKIIMHBI
npotuB BapuaHTa “OMukpoH” SARS-CoV-2.

Pabota BeITOIHEHA TpY (DMHAHCOBOM ITOIIEPXKKE
MuHucTepCcTBa HayKU 1 BhICIIero oopa3oBaHust PO
B paMmkax DenepaibHOM HAyYHO-TEXHUYECKOM ITPO-
rpaMMBI Pa3BUTUSI CUHXPOTPOHHEIX Y1 HEMTPOHHBIX
WCCIIeIOBAaHWM M MCCIeI0BaTEIIbCKOM MH(PPACTPYK-
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WBAHOBCKHWM wu np.

Typsl Ha 2019—2027 rogsr (Cornamenue Ne 075-15-
2021-1355 (12 okta6ps 2021 r.)).
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