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BBEAEHHUE

AxTtyanbHOCTh. IMMyHHBIE OMOTUOTEKH SBIISIOTCS BaXKHBIM PECYPCOM ISl MOJIyYEHUs
HOBBIX MOJICKYJI, HAIleIEHHBIX Ha OMOJIOTMYECKHE MUIICHU, B TOM YHCIE JIsl CO3TAHMSI HOBBIX
JIEKapCTBEHHBIX IpemnapaToB. bubinuoreka HaHOTeN, NOJy4YyeHHass M3 aKyJIbUX OEJIKOB
npencraBisier u3 ceds Habop kHK, kaxmas u3 KOTOPBIX KOIUPYET MOCIEIOBATEIHHOCTH
HAaHOTEIa —  AHTUTCH-CBS3BIBAIONICTO  JIOMEHa, oOnagaromiero  adp@uHHOCTBIO K
OTIpe/IcIECHHOMY aHTUTeHY. bonbiioe pasHooOpasue reHoB, MPEICTABICHHBIX B OMOIHMOTEKAX,
JielaeT BO3MOXXHBIM BBIOOp HAHOTEN, 00JadaronIuX HauOombiei ahGuHHOCTHIO K MOJICKYJIIe-
MUIICHH, YTO YBETUIHUBAET 3 (HEKTHBHOCTH OOPHOBI C MATOTEHOM.

Jlannass paboTa TOCBsIIEHA aHANMM3y OWOIMOTEKHM HAHOTEN, MOJYYCeHHOW B XOIe
UMMYHH3AIUN perenTop cBs3bBalomuM goMeHOM SARS-CoV-2 Omicron BA.2, koTopsrit
oTHocHuTcsl Kk obonoyeunbiM PHK-conmepikammm BuUpycaM W HECET Ha MOBEPXHOCTH KIIETKH
0CcOOBIi  S-0€70K, HCIMONB3YIONMUICS BUPYCOM JUISI MPHUKPEIUICHUS K KJICTKAM-MHIICHSM,
MMEIOIIMM PEIENTOPhl aHTHOTeH3nHMpeBpamiatomero ¢pepmenta I tuma (AIID2) [1]. JJanubii
BapHaHT BUPYCA XapaKTEPU3YETCsI BBICOKUM YHCIIOM MYTAIIHH 110 CPaBHEHUIO ¢ 0oJiee paHHUMH
mrammamMud  SARS-CoV-2, uto o0ycnaBiuBaeT €ro KOHTarno3HOCTh W MATOTEHHOCTH [2].
[TossBnenne HOBbIX BapuaHToB BHpyca SARS-CoV-2, Ttakmx kak Omicron BA.2,
o0ycraBmuBaeT HEOOXOIMMOCTh pPa3pabOTKUM HOBBIX METOJOB JUArHOCTUKH U JICUCHUS,
KoTopble Oynyr neiictBoBaTh d3ddextuBHo [2]. HccnemoBanme OUOIMOTEK HAHOTEI,
cnerupuyapix K SARS-CoV-2 Omicron BA.2 MOXeT MMETh 3HAYUTENLHOE BIHMSHHUE Ha
Oynymre pa3pabOTKH B 00JIACTH BaKIIUH U TEPaIHil.

[Tpobnema uccnenoBanus. /s Toro yToOb! MPOBECTH CKPUHUHT C IOMOIIBIO (ParoBoro
UCIUIES OnOIMOTEKM  HEOOXOIUMO IMOATOTOBUTH k/JIHK  mms  ximoHupoBaHms
MOCIIE0OBATENBHOCTEN B (harMubl. DTO B CBOIO ouepeqh TpeOyeT BBHISBICHHE KOHCTAHTHBIX
Y4acTKOB cpeAu OOJbIIOTO 4YHCla KIOHOB M TMOAOOp COOTBETCTBYIOUIMX MpaiiMepoB.
BrlsiBneHHEe TakWX YYacTKOB TIPOBOAUTCS HA OCHOBE OHMOMH(POPMATHYECKOTO aHaIu3a
OMOJIMOTEK MOCIIE CEKBEHUPOBAHUS.

Jlnis pemieHus ykazaHHOW mpoOiIemMbl OblIa MOCTABJICHA IEJIb MCCIEIOBAHUS: TPOBECTH
aHaJIU3 TIOCJIEOBATEIbHOCTEH U TMONY4YUTh HWHGOPMALMI0O O KOHCTAaHTHBIX Y4YacTKax
ouomorexku kJIHK.

Jlis nocTrKEeHMs TaHHOM LeH ObLTH TIOCTaBJICHBI CIIEAYIONINE 3a]auH:

1) mpoBecTH MMMYHHU3AIUIO Komauybux aky’n Juist nomydenuss MPHK u3 numdonnTtos ¢
JNAIbHEUIIUM OCYILECTBICHHEM OOpaTHOM TPaHCKPUIILIMA W CEKBEHUPOBAHUS
nocieaoBarenbHocTer kJIHK

2) mpoBecTH OMOMHGOPMATHUECKYIO 00paOOTKYy CHKBEHCOB, MOJIYYCHHBIX B PE3YJIbTATE
CEKBEHHUPOBAHUS

3) TPaKTUYECKH BBIABUTH KOHCTAHTHBIC ydacTku Onommorexku kJHK

4) mnpoecTH MoaAOOp MpaiiMepoB O KOHCTAHTHBIM Y4acTKaM OMOIHOTEKH

['mmore3a: BO3MOXXHO BBISIBUTH KOHCTaHTHBIC Yy4acTku OubOmmmorekn KJ/IHK,
MOJTyYEHHOW B pe3yNbTaTe MMMYHHU3AIMH aKyl, KOTopas Ioclie moabopa mpaiimMepoB OyneT
UCIIONIb30BAThCS ISl  YCIEIIHOTO KJIOHUPOBAaHMS TMOCHeAOoBaTelbHOCTE B GarMuasl M
JATBHEUIIETO MPOBEACHUS CKPUHUHTA C TTIOMOIIBIO ()aroBOTO JUCIIIIES, €CITH:

1) noyuuth KIHK u3 numdbonutaproii Gppakium KpoBH KOIIaYbMX aKydl;
2) npoBectu RACE-cekBeHnpoBaHMe NOIYYEHHBIX ITocaeaoBarenbHocTedt K IHK;
3) [IPOAHAIM3UPOBATh TOJYyYEHHBIE IMOCIEAOBATEILHOCTH C HUCIHOJIb30BaHUEM

ouonndopmaruueckoit nmporpammsl UGENE u 6a3s1 nanubsix GenBank.



1. TEOPETHYECKHME OCHOBbI UCCJIEJOBAHMUSA

1. 1. HanoreJsa, X cTpyKTYpa, cpaBHenne ¢ anturenamu; IgNAR 1 VNAR

Hanorena mpencraBisioT coOOi  aHTHreHCBS3bIBAIOLIUME (PparMeHTHl  AHTHUTEI,
COCTOSIIIIME TOJIBKO M3 TsDKENbIX 1enei [3]. Mcropust OTKpBITUS JAHHBIX MOJIEKYJ Hadaiaach B
1993 rony, xornma rpymma OeIbrHMCKUX YUYEHBIX OOHApYKHJIa B KPOBH >KHBOTHBIX CEMEHUCTBa
BepOmronoBeix (Camelidae), moMuMo OOBIYHBIX UMMYHOTJIOOYJIMHOB, YHUKAJIbHbIE aHTHTENA,
KOTOpBIE CHUJIBHO OTJIMYAJINCh IO CTPOCHHMIO M pa3Mepy OT HMMYHOTJIOOYJIWHOB IPYTHX
MJICKOTIUTAIONINX: B MX COCTaBe OBUIM OOHApY»XEHBI TOJBKO KOHCTaHTHbIE ydacTku CH2 u
CH3, BapuaGenpHbIi noMeH Tspkenor nenu (VH), mapHupHas o07acTh, COCIMHSIONMIAS
BapraleIbHBIA TOMEH U BTOpOH KoHCTaHTHBIH ydacTok (CH2) [4]. B coctaB BapmabenbsHOTO
nomeHa BxoasT kapkacHble obnmactu (FR1, FR2, FR3, FR4), runepBapuaOenbHble y4acTKH,
pacnioznaromue antured (CDRI1, CDR2, CDR3), B To BpeMs kak oObruHble anTHTena (IgG)
ABIIAIOTCS TE€TEPOAMMEPAMHU U UMEIOT B CBOEM COCTaBe, MOMHMMO ABYX Tskenbix nered (VH),
nse serkue uenu (VL) , anTturencesspiBatontnii ¢parment (Fab), Taxxe Fc-¢parmenr,
COCTOSAIMNNA W3 KOHCTaHTHBIX AoMeHOB C2 um Cl, OGmaromaps KOTOPOMY OCYIIECTBIISICTCS
CBSI3bIBAHME MOJIEKYJIBl HMMMYHOTJ00yianHa ¢ Fc-penentopoM Ha MOBEPXHOCTH KIIETKH-
s dexropa (HarmpuMep, Ha TOBEPXHOCTH (paroluTa Wik TYIHOU KIJIETKH) WM Ha TTOBEPXHOCTH
OETIKOB CHCTEMBI KOMJIEMEHTa [5]. AHTUTE€HCBS3BIBAIOIUI (parMEHT B CBOEM COCTaBE MMEET
KOHCTaHTHBIH gomeH Jjerkor 1enu (CL), koHcTaHTHBIA nomeH Tspkenor 1enu  (Cl),
BapuabenbHbIi 1oMeH jerkoit nenu (VL) u BapuaGenbHblii foMeH Tsoxenon nernu (VH).

Hanortena ob6mamaroT CpaBHUTEIBHO HU3KOH MOJEKYJsipHOW Maccoi (mo 15 kJla, mo
cpaBHeHHIO ¢ Maccoi B 150-170 x/la, xapakTepHOW Al aHTUTEN), YTO OOECIEUMBAET HX
ObICTpOE MPOHUKHOBEHHE B TKAHU U KOPOTKUI MEpHOJ] Moypacaja B KPOBH 3a CUET JIETKOTO
POXOXKICHUS MMOYeYHOro GuibTpa [6]. s HaHOTEN XapaKTepHa BHICOKAs PacTBOPUMOCTH U
CTAOWIIBHOCTH 3a cueT nucynbhuaHoi cesa3u Mexay CDR1 u CDR3 u yeThipex ruipoGuibHBIX
aMHHOKUCIOTHBIX octaTkoB B FR2 [7]. CDR3 B coctaBe HaHOTena o0pa3yeT MpOTSHKEHHBIN
MeTJIEBOM y4acTOK, 00Jaqaromuid BRICOKOH ahUHHOCTHIO K HEOOIBIITMM CKPBITHIM SITATONAM
HAa TIOBEPXHOCTH AaHTUTCHOB [7]. V3-3a BBHINICTIEPEUNCICHHBIX XapaKTEPUCTUK JTAHHBIE
MOJIEKYJbl 00JIafjaloT OOJIBIIUM TOTEHIMAJOM TPH HUCHOJB30BaHMUM HX B KauyecTBE
WHCTPYMEHTOB B TAKUX 00JIACTAX OMOTEXHOJIOTUH, KaK TUATHOCTHKA W TEPAITHsl.

[TomuMmo cemericTBa BepOmto1oBbIX, HaHOTENA OBUTH TaKke OOHAPYKEHBI B OpraHU3ME
XpsmeBbix pbi0. OHU ObUIM Ha3BaHBl HWMMYHOTJIOOYJIMHAMH C HOBBIM aHTUTE€HOBBIM
peuentopom, uiau IgNAR. JlaHHbIE MOJIEKYJBI CYIIECTBYIOT B BHJAE IMMEPOB HIACHTUYHBIX
TSDKEINBIX IIeTiel, MeXIy KOHCTaHTHbIMH noMeHamu C3 u C4 HaxoIWUTCs MIapHUpPHAS 00JIacTh
[8]. Kaxxmass memb cocTtouT W3 mATH KOHCTaHTHBIX nomeHoB (C1,C2,C3,C4,C5) m omHOrO
BapuabenpHOro nomeHa [8]. VNAR sBisercss ofHOMOMEHHBIM aHTUTEIOM, OOHAPYKEHHBIM B
BapuabenpbHOM nomeHe IgNAR, B €ro aHTHUTEHCBS3BIBAIONIEM ydYacTKe HMeeTcs 8 [B-Tsokei
BMecTo 10, kak B BapuaOeNbHBIX JOMEHAX UMMYHOTJIOOYTHHOB MJICKOMHTAONINX, YTO JCAeT
€ro caMoil MaJICHbKOW cpeau OOHapY)KCHHBIX Ha JAaHHBIH MOMEHT MOJICKYJ (parMeHTOB
AHTHUTEI ¢ MOJIEKYJIApHOU Maccoil okomo 12 x/la [8,9]. ¥V monekynsl VNAR otcycrByer CDR2,
npu 3TOM oHa oOnamaer MMHHBIM ¢GparmeHToM CDR3, KoTOphIN 0O0JErdyaeT aHTHUTCHHOE
pacrno3HaBaHHUE U JOCTYII K pa3IMYHbIM 3IHUTONAM [7].
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Pucynok 1. Ctpykrypsl anturen (https://www.mdpi.com/2073-4409/10/5/1140)
A - crpykTtypa antHrena IgG, cocTosinero u3 IBYX TSDKENBIX W ABYX JIETKMX Ierned. B-
CTPYKTypa aHTUTEJa KUBOTHBIX cemelicTBa BepOmromoseie. C - cTpykTypa Monekynsl IgNAR akym,
KOTOpasi COCTOMT TOJIbKO M3 TSDKEJBIX IIeTell ¢ MAThI0 KOHCTAaHTHBIMH JOMEHAaMH, aJlbTepHATHBHAS
tbopma monexynsl [gNAR, noaBeprunascst CriaiicHHry, COACPKUT TPH KOHCTAHTHBIX JoMeHa (C5, C4,
C1). Bapuatenbnsiii jomen IgNAR (VNAR) Brimouaer vetsipe rurepBapuadenpubix nemm: CDRI,

CDR3, HV2 u HV4
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1.2. bubanorexkn HaHOTEJI

Ot60p HAHOTEN C )KEMAEMBIMUA CBOWCTBAMHU U CIEIIM(PHIHOCTHIO MOKHO TIPOU3BOUTH C
MOMOIIBIO co37aHusi OmOmmMoTek HaHoTed. CylecTByeT HECKOJbKO THUIIOB OWOIMOTEK B
3aBUCHUMOCTH OT METOJa HUX KOHCTPYUPOBAHUS U TIPOUCXOXKJEHHUS: HATypajbHbIE U
cuHTeTnueckue. HaTypanbHble OHOIMOTEKM HAHOTEN TMOAPA3NEISIOTCS HAa HUMMYHHBIE U
HAWBHBIC, OHU KOHCTpYHpYyIOTCs Ha ocHoBe MPHK, xoTOpyio BBIIENSIOT U3 mepudepruueckoit
KpPOBH, CEJIE3€HKH WJIX KOCTHOTO Mo3ra [10].

1) UmmyHHBIE OMOTHOTEKN

Jlanubie  OMONMMOTEKHM KOHCTpyupyrorcss Ha ocHoBe MPHK mepudepuueckux
TUMQOIMTOB >KUBOTHBIX WM JIOACH, HWMMYHU3HPOBAHHBIX MPEICTABISIIONINM HHTEPEC
antureHom [11]. Ilocne mnpoBemeHHWs MMMYHHM3AIlMd W3 KPOBH TMOJydaloT ¢paknuio B-
TUMGOIMTOB B aMIUTMPUIIMPYIOT colepskamiiecs B Hux nocnenoBarenbHoctd kJJHK nu MPHK,
KOTOpbIE KOIUPYIOT BapuaOenbHbie aoMeHbl Tsokenbix 1enedt (VHH) [11]. Tlocue
amruuKanuu nocnegoBatensHocTeil Meromom I[P mpom3BoauTCS WX JIUTHPOBAaHUE B
BEKTOp U TpaHchopMmanust [Uisi OCYIIECTBIEHUS JKCIpEecCHH, OOBIYHO JUIS Ipolecca
Tparcopmarmu ucronb3ytot kinetku E.coli [11].

2) HauBHBIC OMOIMOTEKH

Jlis co3maHusi NaHHOTO BHJA OMOJIMOTEK HCMoONb3yeTcs IuMdoruTapHas (Gpakius
HEMMMYHU3UPOBAHHBIX KUBOTHBIX [12]. Takoi MeToa MO3BOISET MOJYUYUTh IIUPOKUNA CHEKTP
pa3IMYHBIX HAaHOTEI, 00JIAAAIOMUX CHEIU(PUIHOCTHIO KO MHOXKECTBY aHTHIeHOB [ 12].

3) CunTeTnveckue OMOINOTEKH

Ot OMONMOTEKH CO3MAI0TCS C TPUMEHEHHWEM MYyTareHesa IIyTeM BCTpauBaHUS
HCKYCCTBEHHO cHHTe3upoBaHHbIX Moisiekyn JIHK B mocnegoBarenbHOCTH, KOAWPYIOIIUE
BapuabenpHbie AoMeHbl [13]. C momomto BerpamBanus JHK mpousBomutTcss m3MeHeHue
BapuaOEIbHBIX yYaCTKOB, UYTO YBEIIMYMBACT PAa3HOOOpa3ue OMOIMOTEKM 32 CUET YBEITHUYCHHS
MOBBIIICHUS KOJIMYECTBA BapraOenbHBIX y4acTKOB. CHHTETHYECKHE OUOIMOTEKH IO3BOJISIFOT
paboTaTh € TOKCHMYHBIMH WJIM HEHMMMYHOT€HHBIMH MOJIEKYIaMHU (HE BBI3bIBAIOIIUMHU
MMMYHHBII OTBET U3-32 MAJIOM MOJIEKYJIIpHON Macchl) [13].

st o dexTruBHOM pabOThl ¢ OMOIMOTEKaMHU MCIIOJIB3YIOTCS JUCIUICHHBIC TEXHOJIOTHH,
KOTOpBIE TpeOyrTcs st 0TOOpa BBICOKOCTICIIM(PUYHBIX MOJEKYN K HY)KHOMY aHTUTCHY H3
MHO’KECTBa MOCIIEe10BaTEILHOCTEH.

1.3. IncnyieifHbIe TEXHOJIOTMH

s apdexruBHOrO ordopa Hambosee apduunbix mosnekyn VNAR, cBs3bIBaromumxcs ¢
LEJIEeBbIMU  AQHTUT€HAMH, UCIOJb3YIOTCS JAMCIUICHHBbIE TeXHONOruu. OHU  O3BOJISIIOT
OCYIIECTBIISATh CKPUHUHT OOJBIIUX OUOTUOTEK MOJEKYN, M3 KOTOPHIX MOXHO BBIICIUTH
MOJIEKYJIBI C JKEJIa€MbIMHU XapaKTEpUCTUKaMH U cBorcTBamu [11]. 3a mocneanue necsTuieTus
ObUTH pa3paboTaHbl pa3IMYHBIE METOABI B CBS3M C OBICTPBIM Pa3BUTHEM MOJIEKYISIPHON
OMOJIOTUM M TPOTEOMHUKH. Pa3zBuTHE ATHX AUCUMIUIMH M CBSI3aHHBIX C HHUMHU METOJIOB
MO3BOJIUJIO  CO3JaTh OWONMOTEKHM aHTUTEN, TOJUMNENTHIOB ¥ HYKIEHHOBBIX KHCJIOT,
OTIIMYAIOIIMECS IIMPOKUM pazHooOpaszueM. Meronpl OTOOpakeHUST B COYETAaHUHM C
OnOMMOTEeKaMH TMPEAOCTABIIIA BO3MOXKHOCTH JIJISl BBIIEICHHS CIEIU(DUUECKUX MOJEKYT C
BBICOKOH 3(pPeKTUBHOCTHIO AEHCTBUSI. DT METObI OTOOPAKEHUS B OCHOBHOM JIENISITCS Ha JBE
KaTeropuy: METOJbI Ha OCHOBE KJIETOK U OECKIETOYHBIC METOJbl. YHHUBEPCATbHBINA MPUHITUI
JUCIUIEHHBIX TEXHOJOTMM 3aKo4yaeTcs B TOM, YTO OHHM CO3JalOT CBSI3b MeXAy (HEeHOTHIIOM
(oToOpaskaeMoil CBSI3BIBAIOIICH MOJICKYJIOW) M T€HOTUIIOM (COOTBETCTBYIOIICH T€HETHUECKOM
nHpopMaIen, KOIUPYIOEeH 3Ty CBSI3BIBAIONIYIO MOJIEKYy) [14].



B display library
incubation with I~ 3 amplification of
(immobilized) antigen enriched phage
R\ JaVATATA
&) O
pVIlpIX ) WAVAVAV
pVill Al )
B ® &
pill (VAR coinfection with
pvI Panning helperphage
2-5 cycles of e‘{m 2
scFv enrichment of antigen- \\{;‘.‘L{;‘_
specific phage C
removal of unspecific
) phage by washing
phagemid A A microtiterplate
l“%‘. !‘é’g"“ ) ] production of scFvs  characterization
\%J | i},‘ elution of antigen- -
b specific phage and 383838
reinfection of E. coli - 1
~
f,\“ I \
\ \ |/
\?/ \.{;}/
i

Pucynok 3. A - uzoOpaxenue Oakrtepuodara. PVIL, pIX, pVIIL, plll, pVI - Genxkwu,
obpasytomume karmcua ¢ara. B - meron ¢aroBoro gucrutes. Co3ganHas OuOnmoTexa
UHKYOHpYyeTCS ¢ HWMMOOWIM30BAHHBIM AHTUTEHOM, 3aTe€M MPOUCXOJUT OTMBIBKA (haros,
HECYIIUX Hecrenu(puueckne K aHTUTCHY JIMTaHbI, U JJFOIUS aHTUTCH-CICIIU(PUIHBIX (aros.
Jnis  oOoramieHuss OWUONMOTEKH MPOMCXOMUT 3apKEHUE KIETOK KHUIIEYHOH MaJouku
OTOOpaHHBIMH daramu. (https://www.degruyter.com/document/doi/10.1515/hsz-2020-
0377/html)

@DaroBelid AUCIUICH SBISIETCS BEAYIEH TEXHOJIOTUEH NS MOTYYCHHS] PEKOMOMHAHTHBIX
MOJIEKYJI, KOTOpbIE MOTYT HAMTH KaK TeparneBTHYECKOe IPUMEHEHHUE, TaK U CIYKUTh 00BEKTOM
JUIsT u3ydeHus. V3HadanbHO B OCHOBY MPHHIMIA PadoThl (HaroBoro IUCIUIES JIETJIO
JKCTIpEecCCUpOBaHrEe (pParMEeHTOB 3HJIOHYKIea3bl pecTpukimu EcoRI Ha moBepxHOCTH Karcuaa
HUTYaTOro Oakrepuodara M13 Hapsny ¢ Apyrumu Oenkamu, BXOASIIMMH B COCTaB BUPYCHOMH
06omoukwu [15]. [lns 3TOro OBUTO MPOM3BEACHO BCTPAWBAaHKME I'€HOB, KOAUPYIOMUX (hparMeHThI
9HJIOHYKJIEa3, B TeHOM OakTepro(dara B €IMHYI0 paMKy CUMTBhIBaHUS ¢ OenkoMm g3P obGomouku
O6aktepuodara M13, ¢ MOMOIIBIO 3TOTO CTAJI0 BO3MOXKHBIM OTOOpa)K€HUE HIKCIIOHUPOBAHHOTO
Ha TIOBEPXHOCTH (hara MOJIUIENTHIA Yepe3 BCTPauBaHUE COOTBECTBYIOIIETO I'eHa B BUPYCHYIO
YacTUIly, YTO TO3BOJSET OTOMpPATh pa3IUyYHbIE BapUAHTBl OEIKOB MO OTOOpa)KaloIUMCS C
MOMOIIbIO (haroBOTo Karcuaa cBoicTeam [15].

daroBplii IUCIIIEH TO3BOJISET MPOBOAUTH aHAIM3 MHOXKECTBAa (DaroB, HeCyImx
pa3IUYHBIE BapHAHTHI OEITKOB Ha IMOBEPXHOCTH, OJHOBPEMEHHO, OONBIION Myn (aroBbix
4acTHII T03BOJIsIET A (PEKTUBHO OTOMPATh 00pa3Ilhl, HanboIee crenupUIHBIC 0 OTHOIICHUIO K
HY)KHOMY aHTHTEHY. DTO TPOUCXOAWT B XOJ€ dTana OWOMIHHUHTA-TIpouenypsl ah(GUHHOTO
oOoramieHusi, KOTopas IO3BOJIIET OTOMpaTh (aroBble YacTULIBI C MOCIEAOBATEIbHOCTSIMH,
o0JaamuMu CpOACTOM K ompeneseHHol mumieHu [16]. CHavana mpoBOAUTCS MHKYOAIMu
dbarMugHBIX dYacTHI] OWOIMOTEKM C HMMMOOWUIIM30BAaHHBIM aHTUTEHOM, (aru, Hecylme
MOJIEKYJIBI, CTIOCOOHBIE CBSI3BIBATHCS C MUIIICHBIO, 33JCPKUBAIOTCS HA IIOBEPXHOCTH, a (haroBhIe
YaCTHUIIbI, HE CBSI3aBIIMECS C aHTUTEHOM, oTMbIBatoTCs [15]. Tlocne sToro ceszaBmmecs daru
AITIOUPYIOTCS, UMH 3apakKalOT KIETKU OaKTEpHii-X0351eB, B KOTOPHIX MPOUCXOAUT YBEIHMUCHUE
KOJM4ecTBa BUPYCHBIX yacTull [17]. Takum oOpa3om momaydaroT 0oJjiee KpymHYHO (aroByro
O6u0IMOTEKY, KOTOpasi COJEPKHUT MEHBIIIEE KOIUYECTBO Hecneupuueckux Moekyi. IloBropss
IIUKJIBl OWOINPHHMHTA (CKPUHUHTA), SJIONMM W aMIUIM(PUKAIMA HECKOJIBKO pa3, YAaeTcs
IPOBECTU CENIEKLHUIO (HaroB, HECYIIMX MOJIEKYJIbI C BBICOKOH adduHHOCTBIO K MumieHd. M3
OTOOpaHHBIX BUPYCHBIX dYactuil u3BiekarT JIHK, ¢ momompio MeTroma CEeKBEHUPOBAHUS



OTIPEEIAIOT HYKJICOTUIHBIEC MOCIEA0BATEIHHOCTH LENEBbIX MOJEKYJ, KOTOPbIe KIOHUPYIOTCS
B OaKTepHaIbHBIC UM UHBIE BEKTOPHI JJIS MOIYYEHUS M HapaOOTKU OeIKOBBIX MoJeKy [17].

CKpUHUHT MOJIEKYJI BO3MOKHO OCYILECTBJISATH C MOMOIIBI0 TEXHOJOTUU PUOOCOMHOTO
mucres. Pubocomuniii aucruteir (Ribosome Display) — 3T0 TeXHOJOTHS CENEKIUH OEIKOB,
KOTOpasi TMO3BOJISIET MAECHTU(UIUPOBATH U BBIICIATH OCJNKH C KEJIaeMbIMH CBONCTBAMHU M3
OrpoMHBIX OubmnoTek. PubGocomublii naucruieii He TpeOyeT TNpPOBENEHUS KIETOYHOU
TpanchopMaIui, 4YTO 3HAYMUTEIHLHO YCKOPSET TMPOIECC W TO03BOJsSET paboTaTh c¢ Oojee
IIMPOKUM CIIEKTPOM OCJIKOB, BKJIIOYash TOKCHYHbIE W HecTaOminbHble [18]. PubGocomubIit
JUCIIIIEN TI03BOJIsIET paboTaTh ¢ o4eHb OonbimMu OubauoTexkamu (1m0 10713 BapuaHTOB), YTO
MOBBIINIAET BEPOSATHOCTh OOHAPYKEHHsI 0C000 CHEIU(PHUUHBIX MOJEKYT C JKEeJIaeMbIMU
cBorictBamu [19]. DTtoT MeTonm ocHOBaH Ha (usnmueckoi cBsa3u mexay MPHK, pubGocomoii u
CHUHTE3MPYEMBIM TOJIMMIENTHIOM, YTO MO3BOJIET MPOBOJIUTH CEJIEKLHIO HEIOCPEICTBEHHO Ha
ypoBae MPHK [14]. Texnomorust nucruies 3aKiar09aeTcsl B TPAHCISAIMU in Vitro, MPH 3TOM
IpPEOTBPALIAEeTCs BBIXOJ BHOBb CHHTE3MpPOBAaHHOrO Oenka M koaupymomeil ero MPHK wu3
pubocomsl [20].

[ToctaHoBKa pOOCOMHOTO IUCIUIES BKIIOYACT CIICIYIOIIUE TAIbI.

1. Cozmanme  Oubmmotrexkn  mocnenoBarenbHocTedt  MPHK,  xommpyrommx
pa3HooOpa3Hble BapuaHThl IieneBoro Oenka. bubmmoreky MPHK TpancmupyroT in vitro
(manpumep, Ha ocHoBe au3ara E. coli) B momunentuy [20]. OGpa3yeTcsi KOMIUIEKC, COCTOSIIIHI
U3 CUHTE3UpOBaHHBIX OenkoB, pudocomsl 1 MPHK, B koropom MPHK cBsizana ¢ pubocomoit, a
pubocoma yAepKHBAaeT HOBOCHHTE3UPOBAHHBIM Moiunentus. B HOpMambHBIX yCIOBHSIX
TPAHCIIALMOHHBIM KOMIUIEKC CYIIECTBYET KOPOTKOE BpeMs, BHICBOOOKICHHE MOJIMIENITHAA U
MPHK ob6ecnieunBaercst dakropamu BbicBoOOXKIeHUs (RF) m daxropamm penupkymsiun
pudocom (RRF) [21]. RF1 u RF2 otHocaTcs k (akTopam BBICBOOOXKIIEHUS TIEPBOTO Kjacca,
RF3 otHOcuTCs K (hakTOpaM BBICBOOOXKIACHHS BTOPOTO Kiacca, paboTa maHHOTO ¢akTopa
oOecrieunBaeT oTAeNeHUE (DAKTOpOB TmepBOoro kiacca oT pubocombl. Ilpu mnpoBeaeHun
pubocomuoro mucries ucrnoib3yercs MPHK, He comepikamas B cBoeM cOCTaBe CTOI-KOJIOH,
YTO TapaHTUPYET OTCYTCTBHE BBICBOOOXKACHHUS CHHTE3UPOBAHHOTO TOJMIENTHAA U
kogupytomer ero MPHK w3 puGocomsr [18]. JlaHHBIA KOMIUIEKC MOXET JOMOJHHUTEIBHO
CTaOMIIN3UPOBATHCS OXJIAKICHUEM pacTBopa U JnobaBieHueM noHoB Mg2+ [20]. Cuuraercs,
YTO BBICOKOE COJIEP)KaHME MOHOB MarHusi «KOHJEHCUpyeT» pubdbocomy, cBssbiBasichk ¢ pPHK u
3aTpyaHss guccouuanuio nentuauia-TPHK [20].

2. [IpoBenenne OwomdHHMHTA. [lOMydeHHBI KOMIUIEKC HHKYOHUpYyeTCsS C
UMMOOUITM30BaHHBIM TMOBEPXHOCTHO-CBSI3aHHBIM JUranaoM [14]. Komriekcsl, comepskaiiue
HanOoiee crienuGpUIHbIC K TUTaHAaM MEeNTHIbl, *MMOOHINU3YyIOTCS [14].

3. Omronust U oboramienue. HecBsi3aHHbIE KOMIUIEKCHI CMBIBAIOTCSI, & KOMILJICKCHI,
cnenupuYecKy CBA3aBIIMECS C JIUTAHJIOM, JIIOUPYIOTCS ¢ TTOMOIIBIO XEJIaTUPYIOLIUX areHTOB,
BBICOKMX KOHIEHTpAIM{ COJIeH MM MOOMJIBHBIX JIMTAHIOB, KOTOPbIE 00pa3yIOT KOMILJIEKC CO
cBs3bIBatoNIel yacThio Oenka u no3Bossitor MPHK muccomuupoats [20]. M3Bneuennas MPHK
nojBepraercsi 00paTHOM TPAHCKPUIIIUKM M amIuTudukanuu ¢ nomouisio [P, uro mo3somiser
COXpPaHWTb TEHOTUIl JJIs CIEIYIOIIEr0 LMKJIAa CeNeKIUU WIA JUIS KIOHUPOBAaHUS U
CeKBeHUpoBaHus [22].

Jliis oTOopa MOJEKYJT MOXKET TaKKe MOXKET HCIIOJIb30BAThCsl TEXHOJIOTUS IPOAOKEBOTO
JMCIIIes, KOTOpasi 10 CBOEMY IMPHUHLMIY CXO0XKa C METoAoM ¢aroBoro aucruies. B ocHose
JPOACGKEBOTO JAMCILIES JIEKHUT TeHETHUECKas WHKEHEepHUsl KIETOK IPOXOKEH, B OCHOBHOM TaKHX
BUJIOB, KaK Saccharomyces cerevisiae, Pichia pastoris [23]. B reHOM KJIETOK BCTpamuBaeTCs
reHeTUYeCcKass KOHCTPYKIUS, KOAUPYIOIIasl IeeBOM OelOoK, KOTOPBI COEAMHEH C SKOPHBIM
O6enkoM. B kauecTBe SIKOPHBIX OEIKOB HCHOJIB3YIOTCS OCNKM KJIETOYHOW CTEHKU IPOXIKEH,
takue kak Aga2p, Flolp, Cwp2p umm Sedlp [23]. SAxopHblii 6e0k 00ecreunBaeT CBSI3bIBAHNE
ciuToro Oeika € KJIETOYHOM CTEHKOW, TMpeNCTaBiisis IeJeBOi OeloK Ha KJIETOYHOU
noBepxHOCTHU. LleneBoii 0ok, MPeACTaBICHHBIA Ha MIOBEPXHOCTH JPOXKKEBON KIETKH, MOXKET
B3aMMOJICHCTBOBATh C JIMTAHIaMH, HMMOOWIM30BAHHBIMU Ha TBEPAOW TOJUIOKKE WU



HaxoasAmuMHucs B pactBope. OToOpaHHBIE KJIETKH KYJIbTUBHPYIOTCS, M MPOIECC MOXKET OBITh
MOBTOPEH JIJIs1 00OTallleHus KJIIOHOB C JKeJlaeMbIMU CBoMcTBamu [ 18].

1.4. MeToxa ceKBeHMPOBaHHS

CexBeHUpOBaHME— 3TO IMPOLIECC ONPEAETIECHUs TOYHOIO MOpAJKAa HYKJIEOTHIOB B
monekyne JJHK wmmum PHK [24]. C nomomipio JaHHOTO METO/a MPOUCXOAMUT paciinppoBKa
TEeHETUYECKUX KOHCTPYKIUH, YTO OTKPBIBAET IIMPOKUN CHEKTP NPUMEHEHUH B MEAULMHE U
omorexnonoruu  [24].  CymectByer  OONbIIOE  YUCIO  CIOCOOOB  OMpeaencHUs
IIOCJIEI0BATENBHOCTE MOJIEKYJl HYKJIEMHOBBIX KHCJIOT, OJHAKO MbI paccCMOTPUM [Ba
cienyrommx merona: NGS (Next Generation Sequencing) u RACE (Rapid amplification of
cDNA ends).

NGS-cexBennponanue (Next Generation Sequencing)

C noMoIIbI0 JAHHOTO METO/1a BO3MOXKHO OJJHOBPEMEHHOE IIPOBEICHUE CEKBEHUPOBAHUS
6onboro konuyectsa Mosekyn JJHK unu PHK. BimoTs 10 MHJUTMOHOB NOCIIEIOBATEIbHOCTEH
MOTYT 00pabaThIBaThCsl MapalIEIbHO, YTO CHIKAET BPEMS U CTOMMOCTH, KOTOPBIE TPEOYIOTCS
JUIsl CEKBEHUPOBAHUS TPAHCKPUIITOMOB [25].

RACE-cexkBenupoBanue (Rapid amplification of cDNA ends)

Meton, ucronb3yeMblil 1715 onpeaeaeHus NoaHbIx nocnenosarensHocred MPHK ¢
MTOMOIIBIO U3BECTHBIX 5’ WM 3’ KOHIIOB 11Ny HYyKJIenHOBOM KuciaoThl. RACE ObiBaeT n1ByX
ocHOBHEIX THIOB: 5'-RACE u 3'-RACE, B 3aBUCHMOCTH OT TOTO, II0CJICAOBATEIIFHOCTh KAKOT'0O
KOHIIa HEOOXO0IMMO Hcclie1oBaTh [26] (Tabmuma 1)

Tabnuma 1 - CpaBHEHHE METOI0B CEKBEHUPOBAHUS

Xapakrepuctuka | RACE-cekBeHHpoBaHUE NGS-cexkBeHpoBaHue

ens Onpenenenue [TapamnensHoe CEKBEHUPOBAHUE
MOCJIeIOBAaTEILHOCTH 5° uian 3 | OONBIIOTO0  KOJIMYECTBA  MOJIEKYJ
xoHoB PHK JHK nmn PHK

O0BeM TaHHBIX OrpaHuYeHHBbIH, MoryT CEeKBEHHPOBATHCA MUJIITMOHBI
CEKBEHUPYIOTCS  KOHKPETHBIE | IOCJIEN0BATEIbHOCTEN
koHnsl PHK

IIpumeHeHue N3yuenue HeTpaHcaupyeMslx | MerareHoMHOE CEKBEHHUPOBAHUE,
obnacTeil mocaen0BaTeIbHOCTH | T€HOMHOE CEKBEHHUPOBAHHUE,
PHK, nony4yenune uHpOpManuy | CEKBEHUPOBAHUE PETYIATOPHBIX U
o koHax MPHK Konupyromux moJiekysa PHK

OOBexT IIpumenserca nnsa nonydenus | Illupokuit  cnexkrp  npUMEHEHUH,

MTOJIHOM
MOCJIeI0BATEbHOCTH
tpankcpunta PHK

JUIMHBI

HCIIONB3YETCSl ISl CEKBEHUPOBAHU
Kak nociaenoBarenbHocTell [JHK, Tak
n mocinenoBarensHOCTE PHK

1.5. buoundgopmaTuvyeckue MeTOabI

B mocnennue roapl TEXHOJOTHMHM CEKBEHUPOBAHMS CTAd BaKHBIM HWHCTPYMEHTOM B
MOJICKYJIApHON  Owonoruu W OwomHpopMaruke. BakHO  00yacThi0  TIPUMEHEHUS
CEKBEHHPOBAHUS SBIIETCS aHanu3 OuOinoTek mocnenoBarenbHocTel VNAR (variable New
Antigen Receptor), KOTOpble TPEACTABISIIOT COO0OW yHHKadbHBIE (parMeHThI aHTHUTEN,
NOJyYCHHBIE W3 OpraHM3Ma XpSIIEBBIX pPHIO. DTH MOJEKYIbl XapaKTEPU3YIOTCS BBICOKON
Cenu(PUIHOCTRIO M CTAOMIBHOCTBIO, YTO JENAeT WX MEPCIEKTUBHBIMU Il UCTIONBH30BAHUS B
cepe OMOMETUITUHBL.

C yderom OonbIIOTO 00BEMa IAHHBIX, MOJYYAEMBIX B PE3YJIbTaTe CEKBEHUPOBAHHSI
nocienoBarenbHocTeld VNAR, BasKHBIM 3TaIloM sIBIsieTCs UX OnonHpopmarndeckas o0padoTka.
OmHMM ©3 MOIIHBIX WHCTPYMEHTOB /IS aHaIM3a W BH3YyaIHM3allUd JIaHHBIX SIBISETCS
nporpamma Unipro UGENE. UGENE (Universal Genomics Nucleotide Edition) — »3T0
MHOTO(YHKITMOHAIbHAS OmomH(pOpMaTHUecKasi MporpaMMa, MpeIHa3HAYeHHas I aHalnu3a



JAHHBIX TEHOMHKHA W TPOTECOMHKH, KOTOpas IMTHUPOKO MPUMEHSETCS B Pa3IMYHBIX 00JIACTAX
6uonoruu [27]. UGENE mnpenocraBisieT MUPOKUNA CHEKTP MHCTPYMEHTOB ISl BU3YaJU3aIUH,
aHHOTUPOBaHMS, COOPKH, BbIpaBHUBaHWMS M aHanu3a mnocienosarenbHocterd JIHK, PHK u
OenKkoB, a Takke s padoThl ¢ JAaHHBIMH M3 Pa3HBIX HCTOYHUKOB, BKIIOYAash T€HOMHBIE
MOCJIE0BATEIbHOCTH M MeTareHoMHble naHHbie [28]. OcHoBHble mnpeumyiiectBa UGENE
3aKJTFOYAIOTCST B €r0 TMOHSATHOM HWHTepdeiice, MOAIEpKKEe pa3iIudHbIX (HOPMATOB MAHHBIX,
Biroyasi FASTA, FASTQ, SAM/BAM u GFF [27], uto mo3BojsieT padoTaTh ¢ pa3IMuYHBIMU
OMOJOTUYECKUMH JaHHBIMHU. JlaHHas mporpamMma IMO3BOJISIET TOJIB30BaTENIM 3(PGEKTUBHO
o0OpabaTeiBaTh 0OJIBIIIME OOBEMBI TAHHBIX, YTO OCOOCHHO aKTyaJIbHO IJIsl aHaju3a OMOIMOTEK
VNAR, KOTOpbIE XapaKTepU3ylTCs CIOKHOCThIO B 00pa0OTKe M3-3a BHICOKOTO pa3sHOOOpa3us
MOCJIEIOBATEILHOCTEH, UTO BBI3BIBAET ONPE/IEIICHHBIC TPYITHOCTH Y UCCIIEIOBATEIICH.

1.6. IloaroroBka n koHcTPpYKUM VNAR 0ubuoTex st gucniest

Jns co3maHus UMMYHHBIX OHOIMOTEK TpeOyeTcsi NMpoBeJeHHE HMMYHH3AIMU aKysl
WHTEPECYIOIIMM aHTUTEHOM, B OTBET Ha KOTOPHIH WMMYHHOM CHCTEMOW OyayT
BelpabateiBaThcsi VHH-anTutena. [Ipu mpoBeneHMH WMMYHHU3AIMM BaKHO YOETUTHCS, YTO
BbIOpaHHBIH AHTUT€H HE SBISETCS TOKCHYHBIM JUIS aKyJ. YCHEIHOCTh MPOBEACHHOMN
MMMYHHU3AIUd MO>XHO MPOBEPUTH TUTPOM AHTHUTEN MPOTHUB AHTUTEHA B CHIBOPOTKE KPOBU C
noMmouipto ELISA-meroma [17]. Ha ycnemHyio MMMyHHU3alMIO YKa3bIBA€T BBICOKUW THUTP
aatuten. J{ns momydenus VNAR mpousBogutcs 3a60p B-nmumdboruTtoB u3 nepudepuueckoit
KpoBu akyn. Ilmasmy kpoBu uentpudyrupyror mias Beienenus mosiekyn PHK, kortopeie
NOJBEPraloTcs OOpaTHOM TPAHCKPHUIILIMU C HMCIOJIb30BAaHUEM MpaiiMepoB, CHEHU(PUUHBIX IS
nocienoBareabHOCTH VNAR, n oOpaTtHoit Tpanckpuntassl [29]. C momompio metona TP
POU3BOMUTCS aMIUTM(UKAIMA IOCIeI0BaTeIbHOCTeH BapualOenbHbIX JoMeHOB VNAR.
[Tponykter TP moaBepratoTcst smekTpodope3y B arapo3HOM Trejie UIsd pasfeicHus Ha
¢parmentel. C  momompio  JIHK-nmura3el  momydeHHble  ()parMeHTBI  MOABEPTaOTCS
aurdpoBanuio.  Jlamee  MOpPOAYKTH  JIMTUPOBAHUS  OUMIIAIOTCS  OT  (PEPMEHTOB U
TpaHC(HOPMHUPYIOTCS B KOMIIETEHTHBIE KIICTKH JUUIsl CO3aHUsI OUOINOTEKH.

2. MaTepuaJjbl 1 METOAbI UCCICAOBAHUS

MarepuanoM Ui CO3JaHMsT MMMYHHOH OHONIMOTEKM SBJsIach JHUMGpOLMTApHAs
dpakius, Moxy4eHHas U3 KpOBU UMMYHU3UPOBAHHOTO KUBOTHOTO.

Jlanee mpencTaBUM METOJbl U TEXHOJOTUH, MPUMEHSEMbIE JIs PELICHUS KOHKPETHBIX
3ajad.

1) [nga mnomydyeHMsl MOCIENOBATENbHOCTEW HykieoTuaoB B Mojekyinax MPHK,
BBIZICJICHHBIX U3 KPOBU MMMYHU3HPOBAaHHBIX KMBOTHBIX, UCIIOJb30Banack TexHojaorusd RACE-
CEKBEHHPOBAHHUSA, BBIOOP AHHOTO MeTo/a ObUI OO0YCIIOBJIEH HAIWYHEM IOCIIENOBATEIbHOCTU
JIMIIb OJIHOTO KOHIIAa HAHOTENA, KOTOpas HaYMHAJIaCh C KOHCTAHTHOTO JIOMEHA.

CymectBytoT pazsbie ciocoObl mpoBeaeHuss RACE-cexkBenupoBanus:

5'-RACE:

[To3zBomsier mosyunth mnocnepoBarenbHocTh 5°  koHnma MPHK, Bkmowas 5°-
HeTpaHcupyemyro oonacts. Ha matpunie MPHK cuntesupyercs koqupyromas JJHK (xIHK) B
XO0JIe peakIu 00paTHOM TPAHCKPHIILINH, JUIsl 3TOTO UCTIONB3YIOTCS Crienu(puiecKue mpaiMepsl,
KOMIUIEMEHTapHbIe n3BecTHOM nocnenoBarenbHocT MPHK. [lanee ncxonnas MPHK-maTpuna
yaansercs c IIOMOIIBIO PHKa3s1 H. ®epmeHT TepMHUHAIbHAS
nesokcunykineoruaunTpancdepaza (TdT) modasmser momu(A)-xBoct k 3° konmy xIHK [30].
Ammumnpukanus k/JHK ¢ momomisio metona TP mpoucxonut ¢ ucnoib3oBanuemM onuro-dT
npaiiMepa u crenupuIecKoro npaiMepa, KOMINIEMEHTAPHOTO U3BECTHOM MOCIIEI0BATEILHOCTH
B MPHK [30]. [ns omnpeneneHus NOCIENOBATEIBHOCTH S5’  KOHIA MPOU3BOJIUTCS
cekBeHupoBanue mpoaykra I[IIIP. J[ns momydeHus CUKBEHCOB B paboTe OBLT HCIOJIB30BaH
JTAHHBIN BUJ] CEKBEHUPOBAHUS.

3’-RACE:



Ucnonb3yerca mis ompeaeneHus mnociuenoBatenbHoctd 3’ koHuna MPHK, Bkirowas
nonu(A)-xBoct u  3'-Herpanciupyemyio ob6macts (3'-UTR). C mnomompto oxuro-dT
aJlanTepHOro TMpaiiMepa M OOpaTHOW TpaHKpPHUNTa3bl Npoucxoaut cuHte3 menu kJIHK.
AnantepHblii npaiimep coaepkuT noau(T)-ydacTok i cBsA3bIBaHUA € MOJIH(A)-XBOCTOM
MPHK. [lna nposenenus [P ¢ ucnons3oBanuem k/IHK B kauecTBe MaTpullbl UCHOIB3YIOTCA
CIeNyIOLMEe MpaiMepsl: MpalMep, KOMILUIEMEHTApHBIM aJalTepHOM IMOCIEAOBATEIBHOCTH, U
npaiimMep, KOMIUIEMEHTapHBIM u3BeCTHOM mocienoBarenbHoctd B MPHK. Takum oGpazom
BO3MOXHO rnpoBezienne amuipukanuu 3’ konua k/IHK. {anee npoxaykr TP cexBenupyercs
C LENbI0 onpeaeeHus nociueaoBarenbHoct 3’ kona MPHK.

2) Hns paboTel ¢ OOJBIIMM YHUCIOM TOCIEIOBATEIBHOCTEH, IMONYYCHHBIX B XOJIE
CEeKBEHUPOBaHUs, ObLTa MpoBecHa nX OnonHpopMaTuueckas oopadboTka B mporpamme Unipro
UGENE.

1. Uactpyment BLAST

BLAST (Basic Local Alignment Search Tool) mo3Bossier HaXOUTh Y4aCTKH CXOJICTBA
MEXIy TMOCIEAOBATEIbHOCTAMU IIyTE€M CpaBHEHHsS 3aJaHHBIX [OCIEA0BaTEIbHOCTEN
HYKJICOTHJIOB WJIH OEJIKOB C TIOCTIEIOBATEIHPHOCTIMH, HAXOASIIUMUCS B 06a3ax qaHHbIX [31].

2. Uactpyment UGENE Genome Aligner

JIaHHBI WHCTPYMEHT TO3BOJISICT BBIPABHUBATH (COMOCTABISITh HYKJICOTHIHBIC WU
AMUHOKHUCJIOTHBIE TOCJEI0BATEIbHOCTH ISl JOCTHXKEHUS MAaKCUMAJIBHOIO CXOJCTBA MEXIY
apyr npyrom) nocienosarenbHoctd JJHK pasnuunoil anuHbl Ha pedepeHCHYIO (3TaTOHHYIO)
MOCJIE0BATEILHOCTh C HACTPAauBAEMOM 4YaCTOTOM HecoBMaieHui [32].

3. Uuctpyment CAP3

C momolpl0 JAaHHOTO HMHCTPYMEHTa BO3MOXKHA cOOpKa MociefoBareiabHoCcTel 0e3
UCTIOJIb30BaHus pedepeHcHoro renoma. Ha ocHoBe (pparMeHTOB, MONTYyYEHHBIX B pe3ysbTare
CEKBEHHUPOBAHMSI, CO3/Ia€TCsl OTIENbHAasl MOCIeI0BaTeIbHOCTh. B JaHHOM HCCIIeIOBaHUHM 3TO
OBLIIO HEOOXOUMO IS OCYIIECTBICHUS JajbHEHIIero morcka pedepenca, Hanbouee cX0Kero
C TIOJIy4Y€HHBIM HaMU KOHCEHCYcoM [33].

4. Nactpyment Trim and Map Sanger Reads

JlaHHBIMT HMHCTPYMEHT TO3BOJISIET CYUTHIBATH HAOOPBHI  TMOCIIEIOBATEIHLHOCTEH,
MOJIyYEHHBIX B PE3yJIbTaTe CEKBCHHUPOBAHUS, 00pE3aTh KOHIIBI MPOUYTEHUI U OCYIIECTBIATh UX
KapTUpoBaHWE Ha pedepeHcHy0 TmocienoBarenbHocTh [34]. B manHoil pabote 3TOT
WHCTPYMEHT ObUI TNPUMEHEH I OCYIIECTBICHUS MHOXXECTBEHHOTO BBIPABHHBAHUS
MOCJIEIOBATEILHOCTEH M KApTUPOBAHKS OMOINOTEK.

KaptupoBanue- 3T0 mpouecc, B XOJ€ KOTOPOrO OIPEAEseTCs] COOTBETCTBUE
HYKJICOTUJIHBIX TOCJIEAOBATEIBHOCTEM YacTAM JTaJIOHHOro reHoma [35]. C nomoliibio
KapTUPOBAHUS MUMEIOUIUECS MMPOUYTECHUS CTABATCS B COOTBETCTBUE OIMPEACIICHHBIM YYacTKaM B
reaome [35].

5. MHoecTBeHHOE BbIpaBHMBaHME ¢ ucnoiaszoBanueM MUSCLE

C mnomouipl0 JAaHHOTO HMHCTPYMEHTAa MPOUCXOAUT MHOXKECTBEHHOE BBbIPAaBHHUBAHUE
OOJBIIOTO YHCTIa MOCIEeIOBATEILHOCTEH MeX Iy co00ii Oe3 ncnonp3oBanus pedepenca [36].



3. IIpakTHYeckas 4acTh

3.1 OTanel uccjaer10BaHuA

1. Jns  co3manms  OubmmoTeku TmocnemoBatenbHOCTe VNAR — mpoBoamiack
UMMyHU3amuss  komadbux akynl RBD-gmomenom  SARS-CoV-2  Omicron. IlIporecc
UMMYHHM3AIIMM TPOXOAWI B 4 payHIa B IEHTpPe OKeaHorpaduu U MOPCKOW OMOIOTUN
«MockBapuym». Ilocne mnpoBeneHHOW WMMYHHU3AIlMd ©3 KPOBH aKyjd OblIa TOJTydeHa
muMmdorurapHas Qpakuus, U3 KOTOpod Bbiienuian ToTansHyto PHK. PabGotbl ¢ KpoBbIO
MPOU3BOIMIINCE crienuanuctamMu PocnorpeOHang3opa B 1a00paTOpuy MHCTUTYTa CHCTEMHOMN
O6uonoruu u MeauuuHel PocnorpeOHan3opa. B xozxe npoBeneHus oOpaTHOM TPAHCKPHIILIUHU C
nomoInbio Habopa Mint kit mo mporokony Mint [37] u3 PHK 6s1na cunatesuporana k/IHK.

2. Ha cuntesupoBannoit k/IHK Obutn  BbIOpaHbl  y4yacTKH, N0 KOTOPBIM
npoBoauiock RACE-cekBenupoBanue c¢ koHTanTtHoro aomeHa CHI1 monexyn IgNAR [38]
crienuanucTaMu  OMOTEXHOJIOTHYeCKOl Kommanuu «EBporen», Takum oOpa3om Obuin
onpezeseHsl noJiHbie nociaeaoBareabHoctd MPHK [39].

3. [Monyuennsie mocnenoBatenbHOCTH KJHK ObTM 3arpykeHbl B MPOTpaMMy
UGENE s npoBeneHusi 17100aTpHOTO BBIPaBHUBAHUS C MOMOIIBI0 COOpKHM TpodTeHuil de
novo. B pesynbrare MHOXXECTBEHHOTO BBIPAaBHHBAHUSA ObLT MOJy4Y€H MPOOHBIH KOHCEHCYC.
[TonydeHHBIIT KOHCEHCYC Jajee aHaJlu3upOoBajd C HCIOJNB30BAHMEM 0a3bl  JTaHHBIX
HYKJICOTHJIHBIX  TIOCTIeOBaTeNbHOCTE  HarmoHambHOrO  mEeHTpa  OHOTEXHOJOTHYECKON
unpopmanuu (NCBI, CIIHA) ¢ nomomsio unctpymenta BLAST B mporpamme UGENE. B
pe3yapTaTe aHanu3a Obul HaiineH HaumOonee BaymaHbld pedepeHc VNAR Chiloscyllium
punctatum isolate 1-1-0-1-3-0 vNAR mRNA, partial cds [40].

Uepes Workflow Designer 8 UGENE Obu1 cKOHCTpyHMpOBaH IyTh, MO KOTOPOMY
MOCIIE0BATEIPHOCTH IKCIIOPTUPOBAIUCEH, Aaliee MTPOBOAMIOCH MHOKECTBEHHOE BHIDABHUBAHUE
6e3 ucnonp3oBaHus pedepenca ¢ momonisto MUSCLE. Jlanee Obu10 mpoBeeHO KapTUPOBAHUE
NOJy4eHHOW OuOIMOoTeKH Ha pedepeHCHYI0 IMOCIeI0BaTeIbHOCTh, HAWICHHYIO paHee C
noMouipto uHCTpymMeHTa BLAST. Ha ocHoBe pgaHHBIX, pAacClOJOKEHHBIX Ha caiTe
HammonansHoro ueHTpa OuorexHomormdeckoir wHopmarmu (NCBI, CIIIA) [41] Obumn
onpenenensl mojoxkenus ydactkoB CDRI1, FR1, FR3, CDR3, FR4 Hna pedepencHoi
MOCJIEIOBATEIBHOCTH.

Chiloscyllium punctatum isolate 1-1-0-1-3-0 vNAR mRNA, partial cds

GenBank: MT701729.1
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C mnomomplo HaaeHHelx mnonoxkenmd CDRI1, FR1, FR3, CDR3, FR4 0nuio
MPOU3BEICHO KapTUPOBaHWE OWOIMOTEKH, TMIOJYYCHHOH B  XOAE€ MHOXECTBEHHOTO
BBIPABHUBAHMSI.



[To aHHOTHpPOBAaHHBIM Yy BBIOpaHHOTO pedepeHca BapuabeTbHBIM ydacTKaMm, Haubosee
CXOXHUX C yJacTKaMH B OMOJIMOTEKE, KOTOpBIC SBIISIOTCS HAdajloOM BapuadENbHOTO JOMEHA,
Obuta mpou3BeleHa oOOpe3ka OMOTMOTEKWM I YJAJICHHS KOHCTAaHTHBIX JIOMEHOB W3
MOCIIEOBATEIHPHOCTEH BBUAY TOTO, YTO OHM HE OBUTM BAXKHBI JUISI MOWCKA KOHCTAHTHBIX
yuacTkoB. Jlajgee OBLIO IPOBEICHO ITOBTOPHOE TJI00ATHHOE BBIPABHHBAHHE ITOJYUCHHBIX
OMONMMOTEeK C TIeNbl0 MHHHMH3AI[MM  BO3HUKHOBEHHUS OIIMOOK BBIPABHUBAHUS IO
BapraleIbHOMY JIOMeHY. B Xoji¢ BeIpaBHUBaHUS OBLIM BBISBJICHBI HaHOOJIeE Pa3THYaIONIUCCs
MEXIy co0OW TOCIenoBaTeNbHOCTU. [laHHBIE MOCIENOBATENILHOCTH OBLIH pa3eeHbl Ha
MTOATPYIIIIBI, UCXOS M3 UX HYKJICOTHIHOTO COCTaBA.
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Pucynok 6.

CBepxy npencTaBlIeHbl CHUMKHU JKPaHa, ClelaHHble IpU paboTe B paHee YINOMSHYTOU
nporpamme UGENE. [Ipon3Boanaock MHOKECTBEHHOE BbIPABHUBAHUE M1OCIIEI0BATEILHOCTEN €
ucnons3oBanneM MUSCLE, B pesynapTaTe 4Yero ObUIM BBIACICHBI JBE MOATPYNIBI Ha
OCHOBAaHMHU HanOoJIee Pa3InYAIOIINXCs MEXKIY COOOH Y4acTKOB

4. [Tocne xaptupoBanus ctanu u3BecTHbl Mecta HaxoxjaeHus FR1, FR3 u FR4 -
KOHCTaHTHBIX y4acTKOB OubOmuorekn VNAR, KOTOphIe HMCMONB30BAINCH JIJISI MOCIEAYIOLIETO
nombopa mpaiimepoB. C mnomombio BLAST Obutd  ompeneneHbl  aMUHOKHUCIOTHBIC
nocnenoBarenbHocTH  yyactkoB FR1, FR3 wu FR4, kotopele CONOCTaBISUINCh C
AMUHOKHUCIIOTHBIMHU TIOCTICIOBATEIILHOCTSIMU Halllel OMOIHOTEKH.

AMWHOKHCIIOTHAS IIOCJIEOBATEIBHOCTD FR1 B onobImnorexe:
IEQTPRTATKEAGESLTINCV



AMWHOKHCIIOTHAS IIOCJIEOBATEIBHOCTD FR3 B onobInorexe:
SYEKGAGTVLTETVNSGSKSFSLRINDLTVEDGGTYRCGVC
AmMuHOKHCI0THAS nociienoBarenbHOCTh FR4 B onbianorexke: YYEGSGTTLTV

C nmoMomIpI0 HalIEHHBIX MTOCIIEI0BATEILHOCTEN OBLIIN TI0I00paHbI TPAMEPHI:

5'- AGA-AGG-CTG-TAT-GCC-AGG - 3' - mpaitmep CHI1revPCR

5'- GCC-TGG-TTA-CCA-AAT-GTC-TTC-ACT - 3' - mpaiimep Leader 1F

5'- GCC-TGG-TTA-CCA-AAT-GTC-TTC-ACW - 3' - BeipoxieHHBIH npaiimep Leader
1F, KOTOpBI TpeACTaBIsET COOOM CMECh OJMTOHYKJICOTHIOB, KOIUPYIOIIMX OJMHAKOBYIO
AMUHOKHCIIOTHYIO II0CIENOBATENbHOCTb. JIaHHBIM IpaliMep COCTOMT M3 JBYX, HUMEIOIIHUX
UJCHTUYHYIO HYKJIEOTHUHYIO IOCJIEI0BATEIbHOCTD, 32 UCKIKOYEHUEM IOCIEIHEH MO3HUIHMHU B
MOCJIEIOBATEILHOCTH, KOTOpasi COOTBECTBYET Kak AaJCHUHOBOMY, TaK M THUMHJIUHOBOMY
HykseoTHay. HecMoTpsi Ha BBICOKYIO KOHCEPBATHBHOCTh KOHCTAHTHBIX Y4aCTKOB OHOIMOTEKH,
OHM MOTYT OTJMYATHCS APYr OT JIpyra Ha OJIMH WM HECKOJbKO HYKJICOTHUJIOB B Pa3IUUYHBIX
MO3UIHUAX, YTO OOBSACHSIET HEOOXOIUMOCThb CO3/IaHUs BBIPOXKICHHOIO IMpaiiMepa, KOTOPbIi
OyzeT KOMIIJIEMEHTapeH OJJHOBPEMEHHO HECKOJIBKUM IOCIIEA0BATEILHOCTSIM.

OO0cy:xaeHne pe3y1bTaTOB

B pesynbprate wmccnemoBaHuUs, BKIIIOYAIONIET0 OMOMH(GOPMATHYECKYIO padoTy, ObLI
IOpoBeleH aHanu3 OMOJIMOTEKHM CHUKBEHCOB, TONXy4eHHBIX B pesynbrate 5’-RACE
cekBeHupoBaHus. C HCTOIb30BaHUEM OMOMH(DOPMATHIECKUX HHCTPYMEHTOB 00pabOTKH CTaln
M3BECTHbIE HYKJICOTHUJIHBIE IOCJIEIOBATEILHOCTH KOHCTAaHTHBIX FR-yuacTkoB, Ha oOcCHOBe
KOTOPBIX ObUIM MO00paHbl MpaiMepsl AJi1 KIIOHUPOBAHUS MOJEKYN B (JarMU[Ibl, B TOM YHCIIE
ObUT HaiiJleH BBIPOXKJCHHBIN MpaliMep, KOTOPBINA MpeACTaBIsIeT co00i cMech IBYX MpailMepos,
pa3IMyarommuxcsi OAHOM HYKJICOTHIHOW TMO3MIMENH B KOHIE moclienoBareabHOCTUH. Co3nanue
TaKoro IMpaiiMepa MO3BOJIUT COXPAHHUTh T'€HETUYECKOe pa3HOOoOpa3ne OMOIMOTEKH HAHOTEN 3a
CUeT ero crneuu(UuUHOCTH OJHOBPEMEHHO K HECKOJBKMM Ppa3HBIM IOCJIEI0BATEIbHOCTSIM.
JlanbHelei 3aqadell UCCIEIOBAaHUS SIBIISETCS TOCTAHOBKA ()aroBOTO AMCILIES, B PE3YJbTATE
YEero CTaHeT BO3MOXKEH OTOOp Hambosiee crenu@UUHBIX HAHOTEN, 00JaTaroNIMX HauOOJIbIIeH
adpGUHHOCTRIO K TpeOyeMOMYy aHTUTeHY. OJTO IMO3BOJIMT BBIIBHTH HAHOTENA, KOTOpHIC B
OyayleM MOTyT ObITh HCIIOJIb30BAHBI MCCIIEIOBATENSIMU B KadeCTBE OCHOBBI JJISi CO3JaHUS
3 PEKTUBHBIX BaKLIMH.



3AKJIIOYEHHUE

[IpoBeneHue uccienoBanuii B o0nactu OMOIMOTEK HaHOTEN, cnenuduuHbix kK SARS-
CoV-2 Omicron, MOKET UMETh 3HAUUTENBHOE BIMSHUE Ha Oyayliue pa3pabdoTKud B oOiIacTu
BaKIIMH W TEpanWii, TaKk Kak OWOJIMOTEKHM TIO3BOJSAIOT BBHIOMPATh W3 MHOXECTBA
MPEJCTABICHHBIX B HUX MOJIGKYJT Te€, KOTOpble OyayT oOnagath HaumOoliee HYKHBIMU
CBOMCTBaMHM, 3a CcYeT uyero Oymer obecrieunBarhbesl ux 3¢ dekTuBHas Oopbba ¢ aHTUTreHOM. B
XO0Jle UCCIIeJIOBaHMSI Oblla BBISIBJICHA IMOCIEIOBATEILHOCTh MPUMEHEHHS METOAOB U
TEXHOJIOTHH, a TaK)Ke MOATBEPK/IeHA BbIIBUHYTAs! THUIIOTE3a: BOBMOXKHO BBIIBUTH KOHCTAHTHbBIE
yuacTku oubumnotexku k/IHK, monyueHHO# B pe3yibTare MMMYHHM3alUU aKysl, KOTOpas MOCie
nonbopa  mpaiimMepoB  OygeT — MCHONB30BAaThCA S YCIELIHOTO  KJIOHHUPOBAHUS
MOCIIEA0BATEHHOCTEN B ()arMU/IbI U TPOBEICHUS (ParoBOTO TUCILIES.

B paGore wucnomnp3zoBamuce ciuenytomme — Mmetoabl:  RACE-cexkBeHupoBanue,
UHCTpYMeHTHl OnonHdopmaruueckoit mporpaMmmel UGENE, Takue kak cOopka mpoureHuil de
novo, BBIPAaBHUBAHME TMOCIEAOBATEIbHOCTEH, OCYIIECTBICHWE TIOUCKAa C  TIOMOIIbIO
unctpymenta BLAST, UGENE Workflow Designer.

PabGora Bkmowama B cebs OuomHpoOpMaTHUEecKyr0o 0O0pabOTKy Oo0mbIIoro odbeMa
JNaHHbIX, TodaydyeHHbIX B pe3yabtare  RACE-cekBenupoBanua  k/IHK,  ananus
1ocJIe0BaTeNbHOCTE Tpou3Boawics B OuomHopmaruueckoit mnporpamme UGENE ¢
UCIIOJIb30BaHMEM 0a3bl JaHHBIX HaluoHanbHOrO HEeHTpa OMOTEXHOJIOTHYecKOoN MHGbOopMaun
(NCBI, CIIA). [lns manpHeHHX MaHUNYJISAIUN ¢ monydeHHon ombnmmorekoi k/IHK, mncxomns
U3 MOCJIEA0BATEeIbHOCTEH HAaWJEHHBIX KOHCTAHTHBIX YYaCTKOB OMOIMOTEKH, OBLIN TOI00paHbI
npaimepsl. JJaHHBI METOJ B NEPCIIEKTUBE MOXKET UCIIOJIb30BaThCs JJIA CO3JAaHUs IIperapara
npotuB SARS-CoV-2 mmpoxoro aeicTBus Ha muHUI0 Omicron.
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