


OrnasneHue
BBEJIEHME

1. 5
1.1 PecnupaTopHO-CHHIIUTHAIBHBII BUPYC M METObI 00PLOBI C HUM
1.2 AntuTtena. MoHOK/IOHAJBHBIE aHTUTeNa. CIIOCOOBI UX MOJTYYeHHA
1.3 Coopxka no I'mbcony
1.4 ®akTop NMPOJOHTMPOBAHHOIO IeiCTBHSA NMpenapara
2. MaTtepuaJibl 1 METOABI HCCJIETOBAHMSA
2.1 CexBenupoBanue no Canrepy
2.2 Ugene
3. IlpakTHyeckas YacThb
4. Obcy:xaeHue pe3yJbTaTOB.
SAKJIIOYEHHUE
CIIMCOK JIMTEPATYPbI

10
11
11
13
15
17
17
18



BBEJIEHUE

Pecimparopro-cunnutuansubeiii Bupyc (PC-Bupyc) — 3TO OIMH W3 BHUIOB BHUPYCOB,
BBI3BIBAIOIINX BOCIAJICHUE HIDKHHUX JbIXaTeNbHBIX NMyTeld. OH SBIsSETCS OJHOW U3 OCHOBHBIX
IPUYUH OPOHXHMOIHUTA U THEBMOHUU Y J€TEeH 10 ABYX JeT. B3pocibie 1 MOKuible JIOIN TaKKe
MoryT 3apasutbesi PC-Bupycom, HO y HHX 3a0oieBaHUE NpOTEKaeT B Ooinee JETKOM Qopme.
WUndexuus, soi3BaHHas PC-BupycoMm, MOXET BBI3BIBATH CJIEAYIOUIME CHUMITOMBI: KaIllelb,
3aJI0)KEHHOCTh HOCA, JIMXOPAJKy, OBINIKY, XpHUIblL, yromieHue. Camble paclo3HaBacMble
KIIMHUYECKHE CHUHIPOMBI — OpPOHXHMONUT U MHEBMOHUSA. CTENeHb BBIPAKEHHOCTH CHMITOMOB
MOXeT ObIThb pa3HOW. B  HEKOTOphIX ciydasx HeoOXoauMa TOCHHUTANM3ALUsS U
nojAep>KuBaronas tepanus. JIroau, Haxoasiuecs: B TpyIne pucka, ety oT 8 1o 19 mecsies,
0COOEHHO YacTO MOJBEP>KEHBI OCIOKHEHHSIM NpH 3apakeHuH PC-BUpycoM, TakKHMM Kak OTHT,
CUHYCHUT, MHEBMOHUS, OpOHXHUT M OpoHXuonuT. Bupyc mnepenaércss BO3IYyIIHO-KanelbHbIM
nyTEM, a TAKXKE Yepe3 KOHTAKT C 3apaXEHHBIMU MOBEPXHOCTAMHU. Kpome MiaieHeB B rpynmne
pUCKa HAXOHAATCSA JI€TH C XPOHUYECKUMHU 3a00JIeBaHUSAMHU, TMALKUEHTHI C COIYTCTBYIOIIMMU
CepICYHO-JIETOUYHBIMU UJIM HEPBHO-MBIIICYHBIMU HAPYIICHUSIMHU.

Pacnipoctpanénnocts PCB y netelt, rocnuTaiu3upOBaHHBIX € M3-32 HHPEKIINH HUKHUX
JBIXaTENIbHBIX MyTE€H B pa3BUTBIX CTpaHaXx, cocTasisieT oT 18 no 23 mpouentos[l]. B nmepuon
Ce30HHOro moabéMa 3abosieBaeMocTd HHuUIUpyeTcss 10 30 MPOLIEHTOB HaceleHUs.
[Ipaktnueckn kaxasii pedéHok uHpummpyercs PCB na mepBom romy xwusuu [1]. ITocie
aHaliM3a JTaHHBIX, NoJy4eHHbIX B iepuoA ¢ 2009 o 2013 roa B paMkax HaJa30pa 3a TPUMIIOM U
OPBH BcemupHoil opranuzanueil 34paBooXpaHeHMsi Ha TeppuTopun 49 roponos Poccuu, u
JTAHHBIX KIMHUKO-Ta00paToOpHOro o0ciae0BaHUsI TOCIUTAIU3UPOBAHHBIX OONBHBIX C TSHKEION
OCTpOil pecrnupaTopHON WHGEKIUEeH, MOTy4eHHbIX B cucteme CHUTHalIbHOrO Haa3opa B 9
ropojax P®, Obul0 BBISICHEHO, YTO B IpyIIe aMOYyJIaTOPHBIX U TOCHUTAIM3UPOBAHHBIX AeTel
no aByx jer (10089 mammentoB) cpenu Bcex OPBU ¢ ycTaHOBIEHHOW 3THONOTHEH Ha JOJIO
PC-Bupyca undekuu npuxonuics 31 mporeHT ciaydaeB 3aboneBanus [1]. ¥V mereir 1o nByx
aet (4076 manueHToB), TOCIUTATM3UPOBAHHBIX C TSKEIONW OCTPOH pecpaTopHOi HH(pEKIueH,
PCB wun(exnus crasa camo 3HAUMMOW NPUYMHON rocnutanu3anuu. Takum obpazom, PC-
BUPYC SIBJISETCSI OCHOBHOH NPUYMHOM 3a007I€BA€MOCTH M TOCHUTAIU3ALMH JIeTe PaHHEro
BO3pacTa M3-3a MHQPEKUUN [bIXaTeNbHbIX MyTed Tspkénoro TeueHus. MIMeHHO sTa rpynmna
SIBJISIETCS LIETIEBOM ayJUTOPUEN UCCIICIOBAHUSL.

JHuarnoctuka PCB ocHOBbIBaeTCSl Ha KIMHUYECKUX CUMIITOMAX, HO TaKXKe MOKET ObITh
HNOATBEepXkeHa ¢ momolibio mpoBeaeHus [ILP, uMMyHOQIIyOpecleHTHOMY aHaau3y WU
ObicTpoMy aHTUTeHHOMY TecTy. Crenuduueckoro nedeHuss PC-pupyca Ha JaHHBIA MOMEHT
HeT. Tepanus PCB HanpaBieHa Ha ycTpaHEHHE CUMITOMOB. TeéM He MEHee CYHIECTBYET psf
MPOPUITAKTHIECKUX MEP.

AHanu3 Hay4dHBIX paboOT, TMO3BOJSET YTBEPXkKOATh, YTO B HACTOSIIMA MOMEHT
oTcyTcTByeT Oe3omacHas u 3¢ dextuBHas BakimHa npotuB PCB. Hawubonee neiicTBeHHBIM
CIOCOOOM OKa3aHMs IOMOIIM JETSIM PAHHETO BO3pacTa, BXOJSIIUM B IPYIIY PHCKA TSHKEIOTO
teuenuss PCB, nmpusHaetcs nmaccuBHasi UMMYHONPO(MUIAKTHKA C TIOMOIIBI0 MOHOKJIOHABHBIX
antuten. lIpeumyiecTBO MOHOKIOHAJIBHBIX AHTUTEN 3aKJII0YaeTcsi B HMX  BBICOKOM
cnenuUYHOCTH UMMYHOJIOTHUECKUX PEaKIUi: OHU PACIO3HAIOT TOJBKO OJWH AHTUTEH U
B3aMMOJEHCTBYIOT TONbKO ¢ HHMM. CylecTByeT [Ba Ipenapara, HCHOJB3YIOUIMXCS I
npodunaktuku PCB wuH@pexuuu, B OCHOBE KOTOPBIX JIEKUT MOHOKJIOHAJIBHOE AHTHUTEIO:
HUpceBUMa0 M maBuiu3ymad. HupceBumab mokaszan xopomryto 3¢(EKTHBHOCTh B TTaCCUBHOMN
UMMYHOIIPO(UIIAKTUKE, OJHAKO B HACTOSALIMA MOMEHT CYIIECTBYIOT MpOOJIEMBI C
JIOCTYITHOCTBIO 3TOTO mpemnapata B Poccun [2]. TlaBunmzymad [3] Takke CHHXKAET 4YaCTOTY
rocriutanu3anuii B cBs3u ¢ PCB. Tem He menee [1aBunu3zymad S5KOHOMUYECKH BBITOJIEH TOJIBKO
JUIST MJIQJCHIIEB C BBICOKMM PHUCKOM TOCHHUTAIW3allMM U B ClIy4a€ OTCYTCTBHMS JOCTyIa K
HepcuBumaOy. D10 CBSI3aHO ¢ HEMPOIOKUTEIBHON JUIMTENLHOCTRIO AeiicTBus [laBunuzymaba.
CymectByeT He0OXOIMMOCTh B coO3laHuu Oojee goctynmHoro B Poccum mnpemapara uist
MACCUBHOM MMMYHOIIPO(UIAKTUKH C TIPOJIOHTHPOBAHHBIM JCHCTBHEM.



[Ipobnema, pemraemas B paboTe, 3aki4YaeTcs B TOM, 4YTO JUIsi CHHTE3a
MOHOKJIOHAJILHOTO aHTHUTENa HEOOXOAWMO CO3/1aTh BEKTOp [4], B OCHOBE KOTOPOTO JICKHUT
MOCIIe0BATEIHHOCTh HYKJIEOTH/I0B Oenka. CoBpemeHHbIE METO/IBI CUHTE3a
NOJMHYKJICOTHIHBIX IIeredl o0najgaroT psAaoM  HelocTaTkoB. Hampumep, mnosiBisoTCs
MHOTOUYHCJICHHbIE OMIMOKH B OJIUTOHYKJIEOTHIAaX, KOTOpPbIE 3aT€M MNEPEHOCSTCs] B COOpaHHbIE
nocienoBarenbHOCTH.  OOBEKTHBHO  CYIIECTBYET  HEOOXOOUMOCTH  OTOOpaTh  KJIOHBI
(cunTe3upoBaHHble mnocnenosarenbHocTH JIHK) ¢ HanMeHbIMM KOMMYeCcTBOM OHIMOOK B
NOCJIE0BATENBHOCTH HYKJIEOTHIOB.

Lenpto 00cyX1aeMOro UCCIEIOBaHMS CTall aHajdu3 IOCJIEIOBATENbHOCTH Ienen
MOHOKJIOHAJILHOTO AaHTUTENa, B KOTOPHIX MEHBIIE BCEro OMIMOOK, a Takke pa3pabdoTka
NPEeUIOKEHUI WX HUCHOJNB30BaHUSA JJIs CO3JaHUS PEKOMOMHAHTHOTO MOHOKIJIOHAJIBHOTO
aHTHTENA.

'umore3a: B UCXOAHOM Marepuale Ui aHalii3a €cTh KJIOHBI 0e3 OIMOOK, KOTOphIe
MOYKHO MCIIONIb30BaTh JUIsl JajbHEWIIed paboThl MO CO3JaHMI0O MOHOKJIOHAJIHHOIO aHTHTENA
npotuB PC-Bupyca ¢ npoJoHTrMPOBaHHBIM JICUCTBUEM.

3ajaun ucciae0BaHUs:

1) wm3ydeHue TEOPETUUYECKUX OCHOB MPOOJIEMBI UCCIICIOBAHMS;

2) mombop MeTonoB OumomH(pOpMATHKHU Ui paboThl ¢ mocienoBaTenbHOCTsIME JTHK

MOHOKJIOHAJIbHOTO aHTUTENA.

3) aHanM3 KJIOHOB JUIS  BBISBJICHUS BO3MOXHBIX  OIIMOOK TpU  cOOpKe
MOCIe0BATENbHOCTEN, OTOOP KIIOHOB C MUHUMAIbHBIM KOJIMYECTBOM OIIMOOK.

s pemieHust 3afad B pabore ObUT MCMONb30BaH naker nporpamm Ugene. MIMeHHO B
HeM ObUI ITPOBEJICH aHaIU3 MOCJIEJ0BATEIbHOCTEN KIIOHOB.



1. TeopeTuyecKkue OCHOBbI HCCJIEIOBAHUSA
1.1 PecnupaTOpHO-CHHIIUTHAJILHBIA BUPYC U METO/IbI 00PHObI ¢ HUM

ONUIUMHUOIOTHSL.

PecnimpatopHo-cuniutuansueiii - Bupyc  (PCB)  mpencraBnser  co0oil  mmpoko
pacnpoCTpaHEHHBIN MMAaTOTEH, BHI3BIBAIOIIMM SMUIEMHH OCTPBIX PECIUPATOPHBIX 3a00JIeBaHMIA
o BCeMy MHUpPY. B yMEpeHHBIX KIMMATHYECKUX 30HAX WH(EKIHS YaIlle BCEro MPOSBISETCS B
XOJIOOHOE BpeMs roaa. B ceBepHOM MONyIIApUHM SNUAEMHHU IMPOUCXOAAT €XKEroJHO, B
OCHOBHOM OCEHBIO M 3UMOM, C TTMKOM 3a00JIeBAEMOCTH B (eBpaliec U MapTe, XOTsI OTICIbHBIE
ciydyan (PUKCUPYIOTCS B TeueHue Bcero roja. [IpoaomkuTensHOCTh AMUIEMUYECKOTo MoIbEMa
cocTaBisieT 3-5 MecslleB, a OCHOBHbIE NMYTH MEpeAaud BUpyca — BO3JAYIIHO-KANeIbHBIA U
KoHTakTHBIM  [5]. CorlacHO  JaHHBIM, B  pPa3BUThIX  CTpaHaX Cpeaud  JETEeH,
TOCMIUTATM3UPOBAHHBIX ¢ MHPEKIUSIMUA HIDKHUX JBIXaTENbHBIX MYTEH, pacmpocTpaHEHHOCTh
PCB coctasmnsier 18-33%. B nepuon cezonHoro noabéma 3adoneBaeMocT 10 30% HaceneHus
MOXeT ObITh HH(pULIpPOBaHO, pu 3ToM 70% nereil crankusaiotcs ¢ PCB B mepBsbIii Toj KU3HH,
a TIPaKTHYECKH KaXKIbli pEeOSHOK 3apakaeTcsi B TedeHHME MepBbIX ABYX Jer[1]. HaumbGomee
TsDKENOE TeueHne WHQGEKIMH HaONIoMaeTcs y TPYOHBIX JETei, YTO MPUBOJUT K MHKY
FOCIUTAIM3ALUNA Cpeln MIIAJICHIIEB B Bo3pacTe 2-5 mecdieB. Cpeau AeTed paHHEro BO3pacTa,
TOCMIUTATM3UPOBAHHBIX C PECIUPATOPHBIMU 3a00NieBaHUsMHU, BbI3BaHHBIMH PCB, cioyuan
Oponxuonura coctaBisioT 50-90%, nueBMonun — 5-40%, tpaxeodbponxura — 10-30%. PCB
OTIIMYAETCS BBICOKOW KOHTAarMO3HOCTBIO W 4YacTO CTAaHOBHUTCS MPUYMHONW MACIITaOHBIX
BCIIBINIEK B OTHAEJIEHUAX JUISI HOBOPOXKICHHBIX, JETCKHX KOJUIEKTUBAX, a TaKXe Cpeau
FOCIUTAIIM3UPOBAHHBIX B3pPOCJIBIX M B JOMax [MpecTapesblX. ONHAEMHOJIOTHUYECKOe
uccienoBanue, nposenéHHoe B Poccun B 2008-2009 ronax, BbISIBUIIO 3HAYUTEIBHOE BJIUSHUE
PCB nHa crpykrypy 3a0o0sieBaeMOCTH HH(EKIMAMU HWKHUX JBIXaTEIbHBIX IMyTeH y neTel
panHero Bo3pacta. B mepuom ¢ centsaops 2008 mo ampens 2009 roma B 11 kiImMHHYECKHX
[EHTpax CTpaHbl ObLIO oOcienoBano 519 meredt mmanmie 2 JeT, TOCIUTATH3UPOBAHHBIX C
MHGEKIUSIMHA HUKHUX JbixaTenbHbIX myTeil. PCB Obut BoisiBieH B 197 ciyuasx (38%, 95% JAU:
33,8-42,3). Hauano cezoHa nH(pekuu ObLI0 3a)MKCHPOBAHO B HOSIOpE, a MUK 3a00J1€BaeMOCTH
NpuIIENCs Ha MapT-anpenb, Koraa 62% rocnuTanu3upoBaHHBIX AeTell okazamuck PCB-
MOJIOKUTENBHBIMU. J[anbHelIIas OLEeHKa SMUIEMUOIOTMYECKOT0 U 3TUOJIOTHYECKOTO 3HAUCHUS
PCB, nposeaénnas denepanbubiM 1ieHTpoM 1o rpunmny 1 OPBU, noarsepania ero Beaylyro
pollb B CTPYKType 3aboieBaeMOCTH JeTCKOro HaceneHus Poccuu. [lns anamuza
WCITOJIH30BAJIUCh CTATUCTUYECKHE JaHHbIe, coOpanHble ¢ 2009 mo 2013 romel B pamkax
TpaAuIMOHHOTO Haa3opa 3a rpunnoM u OPBU mox srumoit Becemupnoii opranuzanuu
3npaBooxpaHeHus B 49 ropoaax P®, a Takxke JaHHBIE KIMHUKO-IA00pAaTOPHOTO 00CIeq0BaHUS
TOCHUTATIM3UPOBAHHBIX C TSHKENOHN ocTpoii pecriuparopHoit undekuerr (TOPU) B 9 roponax.
AHanu3 mokasai, 4To cpeu aMOyIaTOPHBIX U TOCHUTAIM3UPOBAHHBIX MMALIMEHTOB MEPBBIX ABYX
ner xusHu (10089 uyenmoex) Ha momo PCB mpuxommmock 31% Bcex cmyuaee OPBU ¢
YCTAaHOBJICHHOW  JTHojorued. Y  gmered wmuamme 2 ger (4076  manmeHTOB),
TOCHUTAIM3UPOBAHHBIX C TKENOW ocTpoil pecnuparopHoit uHpekuueit, PCB oxkazancs
Haubosee 3HAYUMOW NPUYMHONW TrocmuTanuM3anuu B TeueHue Bcero roga (39%). Takum
obpa3om, PCB sBnsieTcss OCHOBHOW NPUYMHON 3a007€BAEMOCTH WM TOCIHUTAIU3ALNN JIeTEH
paHHETOo BO3pacTa ¢ THKETBIMU HHPEKITUSIMU JIbIXaTeIbHBIX TyTeH [6] .

Bo30yaurens.

PecnimparopHO-CHHIIMTHATIEHBIN BUPYC Y€JOBEKAa MPUHAMICKUT K poAy Pneumovirus
cemeirictBa Paramyxoviridae. Bupuonsr PCB sBisitoTcss cepruecKuMu  4YacTHIIAMU
HEIPaBUIIbHON bopmbl, coJiepKalMu HECErMEHTUPOBAHHYIO OJIHOHUTHEBYIO
antucMmeicioByio «munyc» PHK. Jlecats renoB PCB koaupytot cuntes 11 6enxos: M2-1, M2-
2, L, N, M, SH, G, F, P u nByX peryiasTopHbIX HecTpyKTypHbIX OenkoB NSI um NS2, ne
BKIIIOUAIOIUXCS B COCTAaB B3pOCIOro BupHoHA. Kamcuna Bupyca mpencTaBiseTr coOod Tpu



rmukonporenna: F, G, SH, 6enox nmpucoenunenns G u Oenok cnusiHus F — KOJIMUYECTBEHHO
JOMUHUPYIOIIHE.

[Tarorenes.

Bupyc mnpoHuMKaeT B KJIETKH, OCYILECTBIISI CIMSHHUE CBOEH OOOJOYKM C MeMOpaHOH
kieTku. B aTom nporiecce G-0enok (yHKIIMOHUPYET KaK BUPYCHBIM PELETITOP, B TO BpeMs Kak
F-0Genok urpaer KitoueByIO pojib B MPUKPEIUICHUU BHPYCa K KIETKE U 00ECIICUYUBACT CIIHSIHHE
MeMOpaH Kak WH(UIMPOBAHHBIX, TaK W 3J0POBBIX KJIETOK. B pe3ynpTaTe 3TOr0o CiIusHUS
(bOpMUPYIOTCS MHOTOSIZICPHBIC TUTAHTCKUE KJIETKH, U3BECTHBIC KaK CHHIIMTUHU, KaK B YCIOBHSIX
KJIETOYHOW KYJBTYypbl (in Vitro), Tak W B DOIUTEIUU ABIXATENbHBIX myTed (in vivo). VY
OOJBIIMHCTBA HOBOPOXKJCHHBIX TMPUCYTCTBYIOT AHTHUTENA, IMEpPEeNaHHbIE OT MaTepH, OJHAKO
BPOJKJICHHBIN MTaCCUBHBIM UIMMYHUTET OBICTPO OcJiabeBaeT. Yke K 4-6 MecsiaM KU3HU aHTUTENIa
CTaHOBSTCS TPYAHOYJIOBUMBIMHU, YTO JI€TAET JAeTel 0coOeHHO ysa3BuMbIMU K PCB u mpuBoaut
yBenudeHuio 3abosieBaemoct. PCB He cmocoOcTByeT (hOpPMHUPOBAHHMIO CTOMKOTO 3aIIMTHOTO
UMMYHHOTO OTBETa, YTO OOBSCHSET BO3ZMOXHOCTh TMOBTOPHBIX MH(EKIUH. Y neTeil B Bo3pacrte
ot 5 1o 10 ner anturena k PCB o6HapyxuBatoTcs B 63-68% ciydyaeB, u aHaJIOTUYHAs 4YacTOTa
BBIABJICHUSI AHTHUTEN HAONMIOZAaeTcss My 3J0pOBBIX B3pocibiX (67%). Psn  yHuUKadbHBIX
XapaKTePUCTUK pecrupaTopHO-CHHIMTHAIBLHOTO BUpyca (PCB) mno3Bomser emy wu3berarhb
MMMYHHOTO OTBETa, pPa3MHOXAaTbCAd B KJIETKAX HMMMYHHOM CHCTEMBbl W TMPOSBIATH Kak
MMMYHOCYTIPECCUBHBIE, TAK 1 UMMYHOMOAYJIMPYIOIIME CBOMCTBA. DTO MPUBOAUT K MOBTOPHBIM
UH(OEKIHSIM U Pa3BUTUI0 UMMYHONIATOJIOTHIECKUX MTPOIIECCOB B OPraHU3ME.

B rpynny pucka pazButus Tsoxénod PCB uHpexnuu BXOOAT HENOHOIICHHBIC NIETH,
pOXIEHHBIE HA CpOKe 35 Helenb U paHee; JETH CO 3HAaUMMbIMU MIOPOKAaMHU Cep/illa B MEPBHIC JIBa
rojla WX >XU3HU; JIeTU ¢ OpPOHXOJETOYHOM MUCIUIA3HeH, TO eCTh C JIETOYHBIMU MpobiIemMami,
KOTOpPbIE pPAa3BUBAIOTCA C POXKACHUS B TMEpPBbIE JBa TOJa >KU3HU; JETH, HE JOCTHUTIIUE 3-
MECSTYHOT'0 BO3pacTa U 5 KI Beca K MOMEHTY HH(QHUIIUPOBAHUSI.

Pecriuparoprasi cHHIMTHANBHAS BUPYCHAas WHQEKIHS MOXKET MPOSBIATHCS B BHJE
OOCTpYKTUBHOTO OpOHXHUTA, OPOHXWOJHWTA WM ITHEBMOHHH, OCOOCHHO y JeTeld paHHETO
BO3pacTa ¢ HE3PETIOCThIO UM MATOJIOTHEeN KapAHO-pecnupaTopHoi cuctembl. HemoHoleHHbIE
JeTH, poauBIIHECs A0 35 Heelb recTalliy, BKIIOYas Te€X, KTO CTpajaeT OT OpOHXOJEroYHON
nucrnazun  (BJIJ[), a Takke ManMeHThl C TeMOJMHAMMYECKH 3HAYMMBIMU BPOXKJIECHHBIMU
nopokamu cepana (BIIC), oTHOCATCS K rpyIie MOBBIIEHHOTO pHUCKa Tspkenoro teuenus PCB
uH(pEKINHA. ITO MOXKET NOTPeOOBATh TOCIUTATH3AINH, JOMOIHUTEIILHON OKCUTCHALIUN H JTaXKe
UCKYCCTBEHHOW BEHTWISILMM JieTkuX. [lo maHHBIM 3apyOeKHBIX HCCIEAOBaHUMN, JIETaIbHOCTh
cpenu 3TOM rpymmbl coctaBiser oT 1% mo0 6% [1]. Takke B 30HY pucka NMOMaAarOT JETH, HE
JOCTUTIINE TPEXMECSIYHOTO BO3pacTa M BECOM MeHee 5 KI' Ha MOMEHT MHGUIMPOBaHUS, a
TakKe TAIUCHTHl C TSDKEIBIMA HEHPOMBINICYHBIMU  3a00JIEBAHUSMU U BBIPAKCHHON
UHTOKCcHKalueil. OTAromeHHas HacleACTBEHHOCTh M0 OpOHXMAbHOM acTME MOXKET CIYXKHUTh
JOTIOTHUTEIBFHBIM TIpepacioiararommM (HakTropoM. M3BecTHO, YTO PUCK TOCTTUTAIN3AINH U3-
3a Tspkenoro TedeHuss PCB mH(exknun B mepBble MIECTh MecsleB ku3Hu y nererd ¢ BJIJ]
BO3pacTaeT B 13 pa3 mo cpaBHEHHIO C JOHOUIEHHBIMH JE€ThMHU, HE UMEIOIIUMH PECITUPATOPHBIX
3aboneBanuii. Kpome Toro, rocmuranusanusi 3TUX ACTEH 4YacTo TpeOyeT peaHMMAaIliOHHBIX
MeponpusaThid. JleTanbHOCTh CpeAr HEIOHOIICHHBIX JI€TeH, TOCIUTATU3UPOBAHHBIX 110 TTOBOIY
PCB wuHpexknuu, 1o [JaHHBIM HEKOTOPBIX HCCIEAOBATENIe, COCTaBIseT Okojlo 5%. VY
HEJIOHOILIEHHBIX JAeTel, poauBuuxcs Ha 29-32 u 32-35 Henmensix recralMd U HE UMEIOIIUX
XPOHUUYECKUX 3a00J€BaHUN JIETKUX, 4YacToTa rocmutanm3anuu coctaBiaser 10,3% u 9,8%
COOTBETCTBEHHO. JleTH ¢ BpPOXICHHBIMH IOPOKaMHU CepAlla TaKXKE HaxoAsTCs B Tpymme
BbICOKOTO pucka pasutus Tsxkenoil PCB  wundexkuun. Tax, 33% nereit ¢ BIIC,
TOCMIUTATH3UPYEMBIX 10 ToBoAy PCB, TpeOyloT MHTEHCHUBHON Tepanuu, a JIETaIbHOCTh CPEIu
HUX Bapeupyerca oT 2,5% no 37%. B pa3zBuBaromumxcsa crpaHax pacnpocTpaneHHocTh PCB
nocturaet 70% Bcex MHPEKINI HIKHUX JBIXaTENbHBIX MyTeH y AeTel, a ypoBeHb CMEPTHOCTH
coctaBiseT 7% cpenu aereit 1o 2 ner. HepaBHue nccneqoBanus TaKxKe MOKa3alld, YTO TSHKEJI0e
teuenne PCB OpoHxuonuTa B MEpBBINA T0Jl )KU3HU 3HAYUTEIHHO YBEIMYUBACT PUCK PA3BUTHUS



OpOHXHMATBHOW OOCTPYKIIMH ¥ OPOHXUAJLHON acTMBI B OyayIieM, Kak y JeTel U MOJPOCTKOB,
TaK U Y B3pOCIIbIX.

CumnTombl. Y 370poBBIX JeTeidt U B3pocibix PCB nHbeknus daie Bcero nposBiaseTcs
KaK 3a00JIeBaHUE BEPXHUX JbIXaTENbHBIX ITyTECH, BKIIOYAs PUHUT, (APUHTUT U JIAPUHTUT.
beccumnTomHoe TedeHne A3TOM WH(MEKIMU BCTpeudaeTcs penko. MHKyOarmoHHBIA TEpHOT
COCTaBIISIET OT 3 110 5 JHEM, a obiee BpeMs O0JE3HU MOXKET BapbHPOBATHCS OT 5-7 mHel 1o 3
HeJllenb. Y HOBOPOXKACHHBIX U JeTer 10 roga PCB sBiseTcss OCHOBHON NMPUYMHON MOpaKeHUs
HIDKHUX JIBIXaTENbHBIX IMyTeH, W 3a0ojeBaHue OOBIYHO MPOTEKAeT B TKEION (opme, yTO
MOXXET TPHUBECTH K JertaabHoMy wucxony. K ocnoxuenusm PCB wundexknun oTHOCSTCS
TUTIOKCeMHsI, allHO® U  JbIXaTellbHas HEAOCTAaTOYHOCTh, YTO MOXET TOoTpeboBaTh
JOTIOTHUTEIbHOW OKCUI€HAllMM MM HCKYCCTBEHHOW BEHTWJISIIUU JIETKUX. DaKTopHl,
CIOCOOCTBYIOIIHME TSHKEJIOMY TEUEHUIO OPOHXHMOJNTA, BKIIOYAIOT HEJOHOIIEHHOCTh M BO3pacT
MJIaIIe 3 MeCsIIEB.

Jleuenne. K coxaneHuro, Ha CErOOHSIIHUN JeHb He pa3zpaboraHo 3(QeKTUBHBIX
METOJIOB JICUCHHS, BKIIIOUasl TIpernapartsl 1jist 3THoTponHo Tepanuu PCB undekuu. Jleuenue
Oponxuonura, BbI3BaHHOTO PCB, B OCHOBHOM CHMITOMATHYECKOE, H KOJIUYECTBO
BMEIIATENIbCTB, MPU3HAHHBIX 3()P(PEKTUBHBIMU C TOYKHU 3PEHHS JOKa3aTeNbHONH METUINHBI,
OCTaeTCsl OTPAHUYCHHBIM.

[Ipodpunaktuka. B mMupe HaAKOIJIEH OMNBIT pPa3padOTKH MPOPHIAKTHIECKUX MED,
HANPaBIIEHHBIX Ha TpenoTBpalieHue Tspkenoro teueHuss PCB uHdexkmum y nereit u3 rpymnmn
pucka. K nHamnboniee mpocTbIM M JIETKO OCYIIECTBUMBIM MEpaM OTHOCSTCS COONIOACHHE
TUTUEHUYECKUX HOPM B OBITY (MBIThE PYK, OTPAaHUYCHHE KOHTAKTOB B TIEPUO/ SITUACMHMA U T.]11.)
U CJIEJOBaHME CAHUTAPHO-3MUIEMUYECKUM MPaBUIaM B MEIULIUHCKUX YUpexaeHUsX. [lonbITku
co3nath Oe3omnacHylo U 3¢pdexkTuBHYy0 BakiuHy npotuB PCB moka He yBEHYalIHCh YCIIEXOM.
VYuursiBas oTCyTCTBUE 3(P(HEKTUBHON BAaKIMHBI U MOTEHIIMAIBHYIO CEPbE3HOCTh 3a00JIeBaHNU,
Hanbosee JCWCTBEHHON MeEpod JUIsi TOMOIIM JAETSM pPaHHEro BO3pacTa W3 TPYIIBI PHCKA
Tsokenoro  TedeHuss PCB  uH(exkuum cuuTaeTcs maccuBHas HMMMYHONpPO(DHIIaKTHKAa ¢
UCIOJIb30BAHUEM MOHOKJIOHAJIbHBIX aHTUTEN.

MOoOHOKJIOHANIbHBIE AaHTUTENA — 3TO AHTUTEINA, KOTOPhIE CUHTE3UPYIOTCS ¥ BBIICTSIOTCS
OIHUM KJIOHOM KJIETOK, BBIpA0ATHIBAIONIMX aHTHUTENa. Bce CBoOWCTBA MOHOKJIOHATBHBIX
aHTHUTeN (KJIacC UMMYHOTJIOOYJIMHOB, CTPYKTYypa MOJUIENTUAHBIX [eNeil 1 aKTUBHBIE LIEHTPHI)
UJEHTUYHBI, YTO TMO3BOJSET UM PACIO3HABaTh TOJIbKO OJMH AHTUTCH M B3aUMOJICMCTBOBATh
UCKIIIOYUTENIbHO €  HUM. OTO  3HAYUTENbHO  MOBBIIAET  CHEHU(PUYHOCTH  BCEX
MMMYHOJIOTHYECKUX PEAKIUH, B KOTOPHIX YYaCTBYIOT MOHOKJIOHAJIbHBIEC aHTUTENA.

st maccuBHOM mMmyHonpodmitaktukn PCB mHbexkun ncrnonp3yeTcss naauBu3ymad
— T'YMaHU3MpOBaHHOE MOHOKJIOHanbHOe aHTuTeno IgGl, BozneiicTByromee Ha snuron A
aHTureHa oOenka causHus F o0onouku Bupyca. Monekyna nanuBusymada cocTouT Ha 95% u3
YeIoOBEYECKUX U Ha 5% W3 MBIIIMHBIX aMHHOKHCIOTHBIX ToclieaoBarenbHocTedl. OH obOnamaer
BBIPOKCHHOW HEUTpaIM3yIOUed W WHTHOMPYIONMIeH aKTUBHOCTHIO MpoTHB mmTammoB PCB.
[TaccuBHass WMMyHHU3aMs C TIOMOIIBIO TOTOBBIX AHTHUTEN OOECIeurnBaeT OBICTPYIO
KOMIIEHCAIIMI0 MMMYHOJIOTHUYECKOM HEJOCTaTOYHOCTU OpraHM3Ma, He 3aTparuBas Mpu 3TOM
UMMYHHUTET peOeHka. Ha qanHblii MOMEHT nanuBu3ymMad npumensercs 6onee ueM B 60 cTpaHax
mupa. B Poccuiickoii @enepanun npemnapatr UMeeT perucTpauinontoe yapocropepenue No JICP
001053/10, Beigannoe 16.02.2010, u npenctaBieH B BUAe duoduiIn3ara JUisi IPUTOTOBICHUS
pactBopa Hjisi BHYTPUMBIIIEUHOTO BBeAeHHS BO (iakoHax mo 50 m 100 wmr. Ilpumenenue
nanuBU3ymMada Mo3BOJISIET CHU3UTH YaCTOTY FOCIIUTATU3AIUHN IO TIOBOAY UH(EKIIUU, COKPATUTH
UX MPOJOJIKUTENBHOCTh, YMEHBUIUTh BpEMsl KUCIOPOJIOTEpanuu, a TaKXKe MHPelOTBPAaTUTh
HEOOXOUMOCTh TIEpEeBOJa B OTACICHUE WHTEHCUBHOW TEpalud WU COKPATHTh BpEeMs
npeObiBanus B HeM. OJIHaKO BBICOKas CTOMMOCTh Kypca TepamnuH Ha CErOAHSIIHUN JeHb He
MO3BOJISIET OXBAaTUTh MMMYHHU3ALMEN BCEX MAIMEHTOB, JUJIi KOTOPBHIX MPUMEHEHHUE IMperapaTa
MOrjao Obl TpPUHECTH 3HAUMTENbHYIO TMONb3y. B  Hacrosimee Bpemsi pa3paOoTaHbI



T epeHIMpPOBaHHbIE KPUTEPUH JUIsl Ha3HAYEHUs JAHHOM Tepanuu NalMeHTaM pa3iMyHbIX
rpyn pucka no passuruio PCB nngexuum [1].

1.2 AaTurtesia. MOHOK/IOHAJIbHBIE aHTUTeA. CIIOCOOBI MX MOJTyYeHUSs

AHTHUTENA MPEICTaBISAIOT CO00M KpyIHBIE MOOYIsIpHbIE OETIKH, HaXOASIIMEecs B MIa3Me
KPOBH, KOTOpBIC TMPOMU3BOMATCSA IUIA3MATHUYECKUMH KIETKaMU HWMMYHHOU cucTeMbl. WX
OCHOBHasi (YHKIHUS 3aKJIIOYaeTcsi B HEUTpanu3alMi MMAaTOT€HHBIX KJIETOK, BKJIIOYAIOIINX
OakTepuu, rprObl, MHOTOKJIETOYHBIX MApa3UTOB, BUPYCOB, OCIKOBBIX TOKCHHOB U psifa APYTUX
BEIIIECTB.

Kaxnoe antuteno coctouT u3 napel Tsokéneix nenerd (Heavy) m aByx nerkux (Light).
Tsoxensle menu (Gopmupyrotrcss w3 BapuadenpHoro pgomena (Variable Heavy) um  Tpex
koHCTaHTHBIX JoMmeHOB (Constant Heavy 1, CH2, CH3). Jl€rkue nemu BKIIOYAIOT OJUH
BapuabenpHbIi (Variable Light) u ogun koncrantHbi (Constant Light) nomen. BapuabenbHplit
¥ KOHCTAHTHBIA JOMEH, COCIUHEHHBIC MUCYIb(UIHBIM MOCTUKOM, 00pasyroT Fab-¢dparment.
CailT cBs3bIBaHUS aHTHTEeHAa (OPMUPYETCS W3 BapUAOCIBHBIX JOMEHOB OJHOW TSDKEION W
ONHOW JNETrKOM 1enu. AHTUTEHHBIH Y4YacTOK, KOTOPBIH OOHApyKHWBAaeTCs AaHTUTEIIOM,
HA3bIBACTCS SMUTONOM, B TO BpeMs KaK YacThb aHTHUTEJA, B3aMMOJCICTBYIONIAsl C SMUTOIOM,
Ha3bIBAETCS MapaTonom [7].

Fab

Pucynox 1. Ctpoenne anturen (https://biomolecula.ru/articles/monoklonalnye-antitela)

Ha pucynke 1 mpencraBieH BUA «CBEpXy» Ha Maparol aHTUTENa, CEU(UIHOrO K
TpaHcMeMOpaHHOMY Oenky BHpyca HMMYyHoiedunmTa denoBeka. I[laparom cocTouT wu3
COOTBETCTBYIOIIIMX Y4acTKoB (complementarity-determining regions, CDR) BapuaGenbHbIX
nomeHoB. Kaxnprii BapuabenbHbI qoMeH Bkimodaer Tpu CDR-yuacTka juisl TsSDKEIOW Ienu
(CDRH1, CDRH2, CDRH3) u tpu nns nérkoit (CDRL1, CDRL2, CDRL3).

Kaxxnoe anTuTeno Moxxker ObITh MPOTEOJUTHUECKH PACUICINIEHO Ha Tpu (parMeHTa —
nBa ¢parmenta Fab u ¢parment Fc. Fab, cokpamienune ot ¢parmeHTa, CBS3BIBAIOLIETOCS C
AHTUTEHOM, BKJIIOYaeT BapualenbHble KOHIBI aHTUTena. @Oparment Fc, cokpamieHHo
0003HAYAOMINI KPUCTAUTH3YIOMHICS GparMeHT, onpeaenser Ouosnorudyeckue 3¢hdexTopHbIe
(GyHKIMU aHTHTENa, TaKUe KaK aHTHTEJIO03aBUCHUMas KjieTouHas nutorokcnyHocTh (ADCC) u
KoMIuieMeHT3aBucuMasi 1muToTokcndHocTh (CDC). Ilpu ADCC ¢parment Fc anTuTena
cBsa3piBaeTcsi ¢ peuentopamu Fc (FcyR) Ha moBepXHOCTH JEHKOLMTOB, YTO MPUBOAMUT K
daronnToly WIM JH3UCY KIETOK-MUIICHEW. B 1meHTpe KOHTpoJs 3a0oJjieBaHMI aHTUTENa
3aIyCKal0T KacKaJl Peakiuii KOMIUIEMEHTa Ha MMOBEPXHOCTH KIIETOK, YTO MPHUBOJIUT K THOEIH
KJIETOK. AHTHUTEJIa MOXHO pa3[eluTh Ha MATh M30TUIOB. Pa3neneHue mNPOBOAUTCS IO
OMOJIOTHYECKMM CBOWCTBAM aHTHUTEN, UX CTPYKTYpE M CIIOCOOHOCTH OOPOTHCS C AHTUTECHOM.
CpaBHeHuE NATH pa3IUYHbIX U30TUIIOB MpeACTaBieHo B Tabnuue 1. boiabmnHCcTBO aHTUTEN 1S
aHajmM3a OTHOCATCS K noakiaccy IgG, koTopselit genutcs Ha yetbipe uzotuna: IgGl, IgG2, IgG3
u [gG4 y yenoBeka.

Tabnuna 1. CpaBHeHue pa3HbIX BuAoB aHtuten ( https://biocommerce.ru/spravochnik-
po-tehnologiyam/antitela-reafinity-podrobno-ob-ih-ispolzovanii-v-protochnoy-tsitometrii/)



https://biocommerce.ru/spravochnik-po-tehnologiyam/antitela-reafinity-podrobno-ob-ih-ispolzovanii-v-protochnoy-tsitometrii/
https://biocommerce.ru/spravochnik-po-tehnologiyam/antitela-reafinity-podrobno-ob-ih-ispolzovanii-v-protochnoy-tsitometrii/

Maotun Cyéknacc CTpyKkTypa naBHan UMMYHHaA QYHKUMA Pacnpegenexue

IgA IgA1 u IgA2 MoHomep, aumep HeRTpanusaums BHEKNeTOUHanA XUAKOCTD
(MoHOMepHbIn IgA), cekpeumnn yepes
3NUTENMA KaK B Cryyae rpyaHoro
MonoKa (AMMepHbIn IgA)

IgD MoHomep QYHKUWA He ACHa B oCHOBHOM CBfi3aH C B-kneTkamu

IgE MoHomep AKTUBALMA TYUHbIX KNETOK Ty4Hble KNETKU Nof, NOBEPXHOCTAMMU
3NWUTENUA (8 UMEHHO, AbIXaTENbHbIX
I'\\‘.I'TEU‘!, XenyaouyHo-KuwWweyHoro
TPaKTa 1 KOXW)

1gG IgG 1-4 (B yenoseke) MoHomep HerTpanuaauma, oncoHu3aumsa, Mna3ama, BHEKNETOUYHER XUAKOCTD
AKTUBALMA CUCTEMDI
KOMMNEMEHTA, NOArOTOBKA K
LUMTOTOKCUYECKON d)yHKuMM NK:
KNeTok

IgM MeHTamep AKTUBaUMA CUCTEMDI Mna3ma, 3KCTpaBacKkynapHble
KOMMNeMeHTa npocTpaHcTea

[TonuknonaneHeie anTtuTena (pAbs) mpeacTaBisioT coOOW Pa3HOOOPA3HYIO CMeCh
aHTHUTE, BbIpabaThIBAEMbIX Pa3IMYHbIMHU KJIOHAMHU B-mum@ountoB. OHU B OCHOBHOM COCTOSIT
U3 pasnuYHBIX NoATUNOB IgG M crmoCOOHBI pacno3HaBaTh HECKOIBKO IMMUTONOB HA aHTHUTCHE.
ChIBOpOTKa C MOJUKIOHAIBHBIMA AaHTUTEIAMH MOXET ObITh MOJy4YeHa B TeueHue 4-8 Henmemnb
MOCJIE UHBEKIUU MHTEPECYIOLIEr0 aHTUTeHa MOJONBITHOMY >KHUBOTHOMY, 32 KOTOPOH cieayeT
Ha0JI0/IeHUE 32 UMMYHHBIM OTBETOM U COOP aHTUCBIBOPOTKH.

MoHoknoHanpHbIe anTuTena (MAb) BeipabaThIBatoTCsl OHUM KJIOHOM B-nmumdounTtos n
CIIOCOOHBI  CBSI3BIBATHCSA TOJIBKO C OMNPEIECICHHBIM SMUTONOM aHTureHa. OHHU  COCTOSIT
UCKITIOYUTENLHO U3 OJTHOTO MoATUIIAa. MOHOKIIOHABHBIE aHTUTENA, MTOJIYYeHHbBIE U3 THOPHIOM
[8], MOryT comepkaTh MPUMECH W3 JIBYX HMCTOYHUKOB: JIETKUX IIETIEH MMMYHOTJIOOYJIHWHOB,
MPOUCXOSAIINX OT MHUEIOMBI, U HMMYyHoOrnoOynuHoB kiacca G (IgG), u3BIEYEHHBIX U3
CBIBOPOTKH. OTH MPUMECH MOTYT CHIKATh CHEUM(PUUHOCTh AHTUTEN, 4YTO MPUBOAUT K
HENpeJCKa3yeMbIM pe3ysbraraM. Takum o0pa3oM, MOHOKJIOHAJIbHBIC aHTHUTENA, IMOTYYCHHBIE
W3 THOPHIIOM, YacTO 3arps3HeHbl Jierkumu uernsamu IgG m ummyHornoOynuHamu IgG w3
ChIBOpOTKH. OIHHM W3 pemeHUud MpoOIEeMBbl HEMPEICKA3yeMOCTH PE3yIbTaTOB SBISETCS
WCIIOJIb30BAaHUE AHTHUTEN C TIOMOIIBIO TEXHOJOTHHW PEKOMOWMHAHTHBIX aHTUTENn [9]. OHm
MPOSIBIISIIOT 0OJiee BBICOKYID YHCTOTY M COTJIACOBAHHOCTh MEXIY MapTUSIMH Onaromaps
CTaHJapTU3UPOBAHHBIM CHCTEMaM KJIETOYHBIX KYJIbTYpP M JOCTYIMHOCTH MOCIEA0BaTEIbHOCTEH
JIHK 1o cpaBHEHHIO C THOPUIOMHBIMU MOHOKIOHATBHBIMU aHTHTEIIAMH.

[Ipouecc co3maHus pPEKOMOMHAHTHBIX AHTUTEN BKIIOYAET HECKOJIBKO KITIOUEBBIX
ATaMoB:

1) ompeneneHue ™NOCIEAOBATEILHOCTH TI'E€HOB, OTBEUYAIOLIUX 33 KOJAMPOBAHHE
aHTUTEIT;

2) CHHTE3 3THUX I'€HOB U WX KIIOHUPOBAHUE B SKCIIPECCUOHHBIE BEKTOPHI;

3) okcmapeccusi GparMEeHTOB aHTUTEN B KJIIETKAX MIICKOMTUTAIONINX WM OaKTepHii;

4) OYHMCTKa M aHAJU3 MOJY4YEHHBIX MPOAYKTOB.

Jlis Tpou3BOACTBA PEKOMOWHAHTHBIX AHTUTENl YacTO TPUMEHSIOTCS CTaOWIbHBIC
KieTounble TuHUM, Takue kak CHO [11] u HEK293 [12]. ®parMeHTbl aHTUTEII, UCIIOJIb3YEMbIE
JUTSE pa3pabOTKU PEKOMOMHAHTHBIX aHTHUTEIN, MOTYT OBITh M3BJICUCHBI U3 YK€ CYIIECTBYIOIINX
MOHOKJIOHQJIbHBIX AaHTUTEN WJIM BBIOpaHbI M3 OHOJIMOTEK I'€HOB, KOTOpPbIE KOIUPYIOT CJerKa
M3MEHEHHBIE OCJIKU aHTUTEN, B 3aBUCHMOCTH OT UX CPOJICTBA K ICJICBHIM aHTHTCHAM.

MeTob1 ONTy4eHUs pEeKOMOMHAHTHBIX aHTUTEN, OCHOBaHHbIE Ha OMOINOTEeKaX, JeNATCs
Ha in vitro aucruieliHble TaTdOpMbl, Takue Kak ¢aroBelid u pubocoMmHBIM mucruiei [13], a



TaKkke Ha In VIVO JUCIUICHHBIC TUIaTGOpPMBI, BKIIIOYas OaKTEpHAIbHBIN, IPOXKEBOU U
MJICKOITUTAIOIINI JUCILIEN HA IIOBEPXHOCTH KJIIETOK.

®daroBplii TUCIJICH TPENCTaBIIET COOOW OMWH W3 HamOoJiee MOMYJISIPHBIX METOOB,
KOTOPBII BKJIFOUAET B ce0s HECKOIBKO KIIFOUEBBIX IIaroB.

1. Co3nanne 6mbMMOTEKH. DparMeHThl TEHOB, KOAUPYIOIINUE TSKEJIbIE W JETKUE IETH
aHTUTEN, KIOHHPYIOTCS B (aroBble BEKTOPbI, YTO MPHUBOAUT K (OPMHPOBAHUIO (HaroBoi
OMOINOTEKH, SKCIIOHUPYIOIIEH aHTUTENa C pa3HOOOPa3HBIMU CaliTaMH CBSI3bIBAHUS AaHTUTCHA.

2. OT60p ¢ UCHOIB30BAHMEM MIHHUHTA. DTOT MPOIIECC BKIIOYAET MHKYOAIMIo (aroBoi
OMOIMOTEKH C AHTUTCHOM-MUIIEHbIO, KOTOPBI MMMOOWIM30BaH Ha TBEPJOW MOBEPXHOCTH.
Hecssizannble (arum ypansitorcs, a cBsi3aHHbIe (Garu DJIIOUPYIOTCS W Pa3MHOXKAIOTCS B
6akrepusix E. coli.

3. KnonupoBanue u otbop. JIHK anTHTEN, MONyueHHBIE HA TPEIBIAYIIEM 3Tare,
KJIIOHUPYIOTCSI B BEKTOPBI SKCITPECCUH M dKCTIpeccupytores B E. coli.

4. CkpuHHMHT U ynyuiieHue aduHHOCTH: 17 MOBBIICHUS aQPUHHOCTH aHTUTENA B
BbIOpaHHbIE MOJIEKYJIbl BBOJATCA Pa3zHOOOpa3HbIE IMOCIEIOBATENLHOCTH C HCIOJIb30BAaHUEM
MeTOoI0B, Takux Kak [II[P ¢ BbICOKO# 4acTOTON OMMOOK WM CalT-HAMpaBICHHBIA MyTarcHes.
AHTHUTENa OIEHUBAIOTCS Ha MpEAMET YIYy4IIeHHOW appUHHOCTH, U U3 OTOOpAaHHBIX KJIOHOB
IIPOU3BOUTCS IKCIPECCHSI.

1.3 Coopka no I'ubcony

Coopka I'mbcona [14] mpencraBiser coO00N MHHOBAIIMOHHBIA METOJ] MOJIEKYJISIPHOTO
KJIOHUPOBAHMsI, KOTOPBIA IMO3BOJISIET OOBEOUHATH HecKonbko (parmentoB JIHK B pamxax
OJTHOW M30TEPMUUYECKOW peakiuu. JJIg yCHenrHoro BBITIOJIHEHHS ATOW peakiuu TpedyeTcs
BCEr0 HECKOJIBKO KOMIOHEHTOB M MHHHMMAJIbHbIC MAaHUIYISAIUH. J[aHHBIA METOJ criocoOeH
OJIHOBPEMEHHO KoMOuHHMpoBaTh 10 15 d¢parmentoB JIHK, ocHoBbIBasicb Ha ux
NOCJIEI0BATEIbHON HICHTUYHOCTH. J{J1s1 3TOro He0OX0AMMO, 4TOOBI (PParMeHTHI, JJTMHONW OKOJIO
20-40 map OCHOBaHW, TEPEKPHIBATUCH C COCCIHHUMH CETMEHTaMH. OTH (parMeHThl
CMEIIMBAIOTCS C KOKTEWJIeM M3 TpeX (epMeHTOB U ApPyrux Oy(depHBIX KOMIIOHEHTOB.
KiroueBbiMu (pepMeHTaMH B 3TOM TIporiecce sIBISIOTCS 3k30HYKiIea3a, JIHK-monmmmepaza u
JIHK-nuraza. Ox30HyKJI€a3a yaaaseT HYKJIEOTHAbl € S5'-KOHLA, HE MOJABIAS AKTUBHOCTh
MOJIMMEPAa3bl U TIO3BOJISAA PEAKIMH POXOAUTH B OJTHOM JTarle.

OOpasoBaBuivecs OJHOICTIOUYEYHbIE YYAaCTKM Ha COCEAHMX (parMeHTaXx MOTyT
cnapuBatbes. JIHK-mommmepasza 3amosiHsieTr mo0bie  TpoOemnbl, A00aBisAsi HEIOCTAIOIIUE
Hykieotuapl. JIHK-nurasa KoBaJleHTHO COEIMHSAET COCEJHUE CETMEHTHI, yCTpaHss
noBpexxaenust B JIHK. B pesynbrare oOpazyroTcsi paznuunble hparMeHThl, 00beIUHEHHBIE B
OJTHY MOJIEKYJy, YTO MO3BOJSET CO37aBaTh KaK JIMHEHHbIE, TaK W 3aMKHYTHIC KOJBICBBIC
CTPYKTYpBHI.

CymectByeT nBa nmoaxonaa k cobopke nmo ['mbcoHy: omHOATamHBIN U AByX3TanmHbli. O0a
METOJla MOTYT OBIThb peaJM30BaHbl B OJHOM pPEAKIUOHHOM cocyae. OTHO3TamHbIA METOJ
MO3BOJISIET OOBEAMHUTH 0 5 pa3IU4HBIX (PPAarMEeHTOB 3a OJMH HM30TEPMUYECKUN ITarl, Mpu
3ToM (dparMeHTsl U (pepMeHTHas cMech MHKYOupyroTcs npu Temneparype 50 °C B TeueHue
yaca.

Jlist 60o7ee CIOKHBIX KOHCTPYKIIHH, comepkamux 10 15 ¢parmenToB nnu GparMeHThI
mmnoi ot 100 mo 10 Kb, ncnone3yercst nByxartanubiii moaxon. OH TpeOyeT ABYX OTAEIbHBIX
J00aBIICHUI MacTep-CMECH: TepBasi peakius MpeaHa3HaueHa I SK30HYKJIea3HoH 00paboTKu
U OTXKUra, a BTOpas — Ul IOJMMEPAa3sHOW M jurazHou cragui. [Ipm 3TOM HCHOIB3YyIOTCS
pa3IUYHbIE TEMIIEpaTypbl HHKYOALHH.

Meton coopku JJHK 'mGcona oGmagaer MHOXKECTBOM MPEUMYIIECTB MO CPABHEHUIO C
TPAAUIIMOHHBIMA METOJaMu KJoHupoBaHus pexkomoOmHanTHOW JIHK, ocHoBaHHBIMEH Ha
pectpukiuu u nurupoanuu. Hampuwmep, nocne [P He TpeOyeTcs pecTpUKIIMOHHBINA aHAIH3
dparmenToB JIHK, X0Ts OCHOBHOI BEKTOp MOXKET OBITh MOJBEPTHYT TAaKOMY aHAIN3y HIH
cuHTe3upoBaH ¢ nmomoisio [1I[P. 3ToT MeTox Oonee 3KOHOMUYEH U OBICTP, TaK Kak TpeOyer



MEHbIIIe TanoB u peareHToB. [Ipu o0benuuennn nByx pparmentoB JJHK He ocTarorcs mpambl
OT PECTPHUKIMOHHBIX CAWTOB, XOTS 00JAacCTh MEXIy ABOWHBIMH IEMSIMH H CBOOOJHBIMHU
KOHIIAMH MOXET ObITh ToABepkeHa MytarusaM, korga JIHK-mommmepasza 3amommsier
npoMexXyTku. OJHOBPEMEHHO B OJHOW MPOOHPKE MOKHO OOBEIUHUTH 10 5 (hparMeHToB C
MOMOIIIBIO OJHOIIIArOBOM YHHMBEPCAIBHOW CMECH (PEPMEHTOB, a C IMOMOIIBIO JABYXATAITHOMN
peakuuu — g0 15 ¢parmeHToB. B ABYX3TamHOM TOIXOJE CHAayaia BBITOTHSIIOTCS
9K30HYyKJIea3Has oOpaboTka M OTkMr, a 3arem pgoOaBisroTcs JIHK-monmumepasza m nurasa.
Meton c6opku ['mOcoHa Takke MOXKET ObITh MCHOJB30BAH JJIS HAINPABICHHOTO MYyTareHesa,
MO3BOJISISI BHOCUThH TOYEUHbIE MyTallUH, TaKWe KaK BCTaBKH, JI€JCIIMHA U TOUYCUHbIC U3MEHEHUSI.

1.4 ®akTOp MPOJIOHTHPOBAHHOIO /IeHCTBHS Mpenapara

Antutena k ummyHornooynuny G (IgG), kKoTopble MOJAEPKUBAIOTCS Ha BTOPOM IIO
BenuuuHe ypoBHE (7-16 T/71) B CBIBOPOTKE KPOBH 4YeJIOBEKa (MOCE aabOyMHHA), SBISIOTCS
KITFOYEBBIMH (paKTOpaMU KaK BPOXKIACHHOTO, TaK M aJalTUBHOTO MMMyHHTeTa. Kpome Toro,
MarepuHckue IgG nepenaroTcs pa3BUBAIOIICCS UMMYHHOM CHCTEME IIJI0Aa, KOTOpasi ysa3BUMa
K 3apKEHUI0 PA3TUYHBIMHU YYKEPOJHBIMH MATOTCHAMH M WUMEET pelIaroliee 3HAYCHHUE IS
UMMYHHUTETa HOBOPOXIEHHBIX. IgG MOXeT BBINOJIHATH CBOU pa3JIMyHble BaKHEWUIINE
UMMYHOJIOTHYECKHE (PYHKIIMM Ha TEpeIHeM Kpae MMMYHHOW CHCTEMBI YEJIOBEKAa, COXPaHsII
IIPU 3TOM IOCTOSTHHBIM YPOBEHb B CHIBOPOTKE KPOBH OJiarojapsi €ro B3auMojeicTBuio ¢ Fc
HOBOpOXKAeHHBIX JneTeii penentop (hFcRn). FcRn, koTopelii OTHOCHTCS K OCHOBHOMY
cemerictBy | kiacca rucrocoBmectumoctu (MHC-I), mpencraBisier co0oi reTepoauMepHyO
CJIOXKHYIO MOJIEKYITY, COCTOSIIIYIO U3 O-IIenH U 2-MukporaoOynuHa. OH 3aIuiiaeT MOJIEKYIIbI
IgG ot karabonmu3ma M PEIUPKYIUPYET HUX TOCPEACTBOM ocoboro pH-3aBucHMOro
B3anmojeiicTus ¢ Fc—obmactero IgG [16].

Fc Silent mpencraBnsier coboit reHerwmdecku MoaudunmupoBaHHbii nomeH Fc, OnH
COJICPKUT KIIFOUEBBIE TOYEUYHBIC MYTAIMH, KOTOpPHIE TPEMATCTBYIOT CBsI3bIBaHUIO Fc-
peuentopoB  (FcyR, FcR), ycrpanss »sddexktopayro (YHKIUIO aHTHTEN0-3aBUCHUMOU
nuroTokcuuHoctu (ADCC).

Ha pucynke 2 npencrasieH ¢pparMeHT aHTHTEINA, B KOTOPBIN ObllIa BHECEHA MYTaIlUs.

FeyR binding - ADCC
FeRn binding - Half life Fc Domain FcRn binding - Half life

Wild type Fc Silent ™

lgG

N Py

Fc Domain

PucyHnox 2. Crpoenue aHTuTeNna c MyTanuen B Fc-pparmenTa
(https://absoluteantibody.com/our-technology/formats-we-have-made/fc-silent-antibodies/)

Takum o6Opazom, antutena Fc Silent mo3BonsioT wuccienoBaTensiM OJIOKUPOBATH
adpdexropHyto (yHkmuioo in vivo. In vivo aHTHTENna 00JaJAIOT IJUTEIBHBIM IEPUOIOM
MONyBBIBEIEHUST ©3 TuIa3Mbl  (t1/2), cBsi3aHHBIM C  Fc-moMeHOM, ¥ HE BBI3BIBAIOT
UTOTOKCUYECKUX UMMYHHBIX MEXaHH3MOB, CBSI3aHHBIX ¢ Fc-momMeHom aukoro tuna. Myrarumn
Fc Silent He BIMAIOT Ha Apyrue CBOWCTBA aHTUTEN, B TOM YHCIIE HAa UX COBMECTHUMOCTH CO
BTOPUYHBIMU aHTUTENaMU [ 15].


https://absoluteantibody.com/our-technology/formats-we-have-made/fc-silent-antibodies/

2. MaTtepuaJjibl M METOAbI HCCIAET0BAHMS

2.1 CexBennpoBanue no CaHrepy

CexBenupoBanue 1no CoHrepy — MeTOJl, KOTOPBI HCHONb3yeTcss B Ja0OpaTOpHOM
npakTuke s onpenenenus nocienosarenbHoctu JIHK. [lepBonadanbno @. Canrep u Asnax
Koyncon pa3zpabotanu Tak Ha3pIBaeMbIi «IUTIOC-MUHYC» MeTOJ cekBeHnpoBanus JJHK [18].

Pucynok 3 wmocTpupyeT HpPHHLMI METOJa, paccMaTpuBas €ro INpPUMEHEHUE K
HeOonpIIoN runoreruueckoil mocnenosatensHoctd B nenu  JHK. JIHK-mommmepasa 1
UCTONb3YyeTCsl JUIsl Y/UIMHEHMsI OJMIOHYKJIEOTHJA IpaiiMepa M KONMPOBAaHUS MAaTpHIbl B
NPUCYTCTBUH YETHIpEX Je30KcuprOo-Tpudocdaros, oguH U3 KOTopeix nomeueH 32P. B uneane
9TOT CHHTE3 JOJDKEH OBbITh HECUHXPOHHBIM U KaK MOXKHO 0oJjiee cilydailHbIM, 4TOOBI OJYyYHUTh
MaKCHMaJbHOE KOJIMYECTBO OJUTOHYKJIEOTHIOB Pa3HOM JUIMHBI, HaYMHAs ¢ Npaiimepa. 3aTem
ATy CMECh OYMIIAIOT Ha arapo3HOM KOJIOHKE IS yAaleHus u30biTKa TpudocdaroB n oOpasisl
00pabaThIBAOTCS PA3IMYHBIMU CIIOCOOAMU CIIEIYIOIIUM 00pazoMm:
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Pucynok 3. [IpuHuun MeToAa CEKBEHUPOBAHUS
(https://www.sciencedirect.com/science/article/pii/0022283675902132?via%3Dihub, crpanuma
442)

Munyc cucrema. B opurnnaneHoit pabore o “nunkux koHmnax”’ JIHK Osuto mokasano,
yro ecimu Obl JIHK-monmumepasa neiicTBoBasia B OoTCyTCTBHE OnHOro Tpudocdara, cUHTE3
npoTekana Obl TOYHO J0 TOTO MOMEHTa, KOTJa JOJKEH ObLI OBITh BKIIIOYEH HEAOCTAIOUIU
Tpudocdar, ¥ OHM HCIOJIB30BATU ITOT HPUHIUI AJI OMPEICNICHUs MOCIEA0BATEIHbHOCTEH
NyTeM aHajh3a OTHOCUTEIBHOIO KOJMYECTBAa KaXKJOTO0 HYKIEOTH]a, BKIIOYEHHOTO B
NPUCYTCTBUH PA3UYHBIX cMecel Tpudocdaron. OnucanHas 371ech CUCTEMa Minus UCIOIb3YET
AQHAJIOTUYHBINA TPUHIIMIIL.

CnyuaitHas cMech OJIMTOHYKJICOTHIOB, KOTOpas BCE elle THOPUIAN3YeTCS ¢ MaTpuleit
JHK npenapurensHo uHKyOupyror ¢ JHK-momumepaszoii 1 B mpucyrcTBHM — Tpex
ne3okcupubo3oTpudocdaToB. 3areM CHHTE3 MPOJOIKAETCS, HACKOIBKO 3TO BO3MOXKHO, B
KaKJI0H 11enu: TakuM o0pazom, eciii fAT® sBisieTcst HegocTarmuM TpudocdaTom (cuctema -
At), kaxnas 1enb OyneT 3aKaHYMBaThCS HA CBOEM 3°-KOHIIE B TO3WIIMH TEPE] OCTaTKOM A.



NukyOupyioT oTneiabHble 00pas3ibl, B KaKJOM U3 KOTOPBIX OTCYTCTBYET OJUH U3 YETBIPEX
TpudocharoB. 3areM YeThIpe MHKYOAIIMOHHBIE CMECH JEHATYPUPYIOT IJIS OTACICHUS BHOBB
CHUHTE3WPOBAHHBIX HUTEH OT MATPHIIbl, MMOJABEPraioT 3MeKTpodope3y B aKpHUIAMUIHOM Teje B
NPUCYTCTBUHM 8 M-MOYEBHHBI U TOTOBAT paanoaBTorpad. B aToii cucreme ¢ppakunoHrnpoBaHus
MOJIBUKHOCTD, 110 CYIIECTBY, MPOMOPIHOHATIbHA pa3Mepy, TaK YTO Pa3IMYHbIE CUHTE3UPYEMbIE
OJIUTOHYKJICOTUABI (KOTOPBIE UMEIOT OOIIHA 5’-KOHEeI) OyIyT PacloNOKEHB B COOTBETCTBHH C
pasmepoM. B mpeane kaxIblii OJMTOHYKJICOTHZ NOJIKEH OBITH OTIENEH OT CBOETO COCEna,
KOTOPBI COJAEPIKUT OJUH TaKOW OJMTOHYKIICOTHU] OOJbIIIE OCTaTKOB. ABTOrpad paarocuraana
U3 CUCTEMBI -A OyJeT coJepKaTh MOJIOCHl, COOTBETCTBYIONINE MO3UIUSAM NEpe]] OCTaTKaMU A B
CUHTE3UPOBAHHOM 1enouke. Takum o0pa3oM, OyayT ompeaesieHbl Mo3ulud As. AHAJTOTUYHBIM
00pa3oM MOXHO OIPEAETUTh B3aUMHOE pAaclOJOXKEHHEe IPYrMX OCTAaTKOB M, B HJealle,
nocienosarenbHocTh JIHK, cunrannyio ¢ paanoasTorpada.

OpHol 3TOM cUCTEMbI 0OBIYHO HEOCTATOYHO JJIsi YCTAaHOBJICHUS MOCIEA0BATEIHHOCTH,
MO3TOMY OOBIYHO HCIIONB3YETCs BTOPasi aHATIOTHYHASI CUCTEMAa B COYETAaHUU C HEH.

[Tmroc cucrema. B aToit cucteme ucnonb3yercs meroa Iurmysaa (Englund, 1971-1972),
KOTOPBII MOKa3all, 4To B MPUCYTCTBUU OJHOTO jae3okcupudorpudocdara JJHK-nmonumepasa u3
Escherichia coli, nadunupoBannoii 6akrepuodarom T4, paspymaer nyxienodeunyro JJHK-
nenouky. JIHK c ee 3’-xkoHma, HO JEHCTBHE SK30HYKJEa3bl IPEKPAIaeTCsl HAa OCTaTKax,
COOTBETCTBYIOIIMX OJHOMY MPUCYTCTBYIoLeMYy Tpudocdary. DTOT METOA HpUMEHSETCS K
CMECH CIy4YallHbIX OJMTOHYKJICOTHIOB, TOJXy4eHHOW Bbimie. OOpa3ubl HHKYOUPYIOT C
nosmmepazor T4 wu omuum Tpudocharom, a 3areM (PAKIHOHUPYIOT C ITOMOIIBIO
3NeKTpoope3a B aAKPUIIAMUIHOM Telie.

Takum o6pazom, B cucreme +A mpucyrcTByeT Tojbko TAT®, u Bce menmouku OymyT
3aKaHYMBAThCsl OcTarkamu. [lomoskeHuss ocTaTkoB OyAyT o00O3HAYeHBI IMOJIOCAaMH Ha
pamuoaBTorpade. OOBIYHO B TPOIYKTAX HMX KOJIMYECTBO HAa OJWH OCTAaTOK OOJIbIIE, YeM
COOTBETCTBYIOIIME MOJIOCH B CUCTEME -A, HO €CITM UMeeTcst 6ojiee 0JTHOTO MOCIIe0BATEILHOTO
OCTaTKa, pacCcTOSHUE MEXIy MojiocaMH B cucteMax -A M +A Oyner yka3bplBaTb KOJUYECTBO
TaKUX MOCIEAOBaTEIbHBIX OCTATKOB. B mpuMmepe, Mmoka3aHHOM Ha PHCYHKE 3, HAMMEHBIIUH
OJIMTOHYKJIEOTH 00pa3yeT Mojocy B MOJIOKEHUH - T, yKa3biBas Ha TO, UTO CIEAYIOLIUI OCTaTOK
nociie ero 3’-koHoM O0yaet Oyksa T. DTo moaTBepk1aeTcs HATMYHEM IOJIOCH B O3uliuu +T B
CIEAYIOUIEM MO BEIWYMHE OJuroHykieotune. Ilomocel B monoxkenusix +T u -A B 3TOM
IPOAYKTE MOKA3bIBAIOT, YTO €ro 3’-KoHel paBeH T, a cieqyromuil 3a HUM OCTaTOK paBeH A,
YTO ONpPEACNSIeT TUHYKICOTHAHYIO MOCIEA0BATEIbHOCTh T-A. AHAJIOTWYHO, CIEAYIOUIUNA MO
BEJIMUMHE OJUTOHYKICOTH T onpenenseT quHykineotun A-C u, Takum o0pa3oM, yCTaHABIUBACT
nocienoBarelbHOCTh T-A-C.

Crycrst mapy Jsiet CaHrep ¢ KoJUIeraMu MpeiokKuI elie OJUH CIIoco0 CeKBEHHPOBAHUS,
MOJIYYMBIITUN Ha3BaHHWE METOJAa «TEPMHUHATOPOB» WM MeToaa «oOpbiBa memw» [19]. Ortor
METOJ| SBJSIETCST 0oJiee TOYHBIM B CPaBHEHHH C METOJOM «IUIIOC-MUHYC». [IpuHIMI MeTona
3aKJIIOYACTCS B TOM, YTO HMHTHOMPYIOIIAs aKTUBHOCTH 2',3'-muae30KCUTUMUIUHTpH(OChaTa
(ddTTP) na JHK-nonumepasy I 3aBUCHT OT ee BKJIIOUEHHS B PACTYILYIO OJIUTOHYKJICOTHIHYIO
nenb BMecTo TUMUAMIOBON KUciIoThl (dT). ITockoneky ddT He comep uT 3'-rUAPOKCHIBHON
TPYNIbL, JalbHEHIIast MPOTSHKEHHOCTH e HEBO3MOXKHA, TaK YTO OOPHIB MIPOUCXOTUT UMEHHO
B TE€X ITOJOKEHHMIX, TAe JOJDKEH ObITh BKIoueH dT.

Ecnu npaiimep u mMatpuna uakyoupytorcs ¢ JJHK-nonumepasoii B nmpucyTcTBUN cMecH
ddTTP u dTTP dTTP, a Takxe Tpex Apyrux Ae30KCUPHOOHYKICo3uATpU(OCchHaTOB, TOITyIaeTCs
cMech (pparMeHTOB, BCe U3 KOTOPHIX UMEIOT oAnHakoBble 5' u ¢ octatkamu ddT Ha 3' KoHIax.
Korna sty cmech (pakuMOHUPYIOT € TOMOIIbIO 3iekTpodope3a Ha JAEHATYPUPYIOIIHUX
AKPWIAMHUJHBIX TeJSIX, PUCYHOK TIOJIOC TMOKa3biBaeT pachpeneneane dTs Bo BHOBB
cunresupoBanHoil JIHK. Ilpu wucnonb30BaHWMM aHAJOTHMYHBIX TEPMHUHATOPOB [JIs JPYTrUX
HYKJIICOTHJIOB B OTICIbHBIX WHKYOAIMsIX W IMapaJIe]IbHOM HAHECEHWHU OOpa3IoB Ha Telb
MOJTy4aeTCsl y30p U3 MOJI0C, IO KOTOPOMY MOKHO CUYUTBIBATH MOCIEA0BATEIHHOCTb.



MOo’XHO HCTOIB30BaTh /IBa THUIA KOHEUHBIX TpU(OochHATOB - TUIAE30KCUIIPOU3BOIHBIE U
apaOMHOHYKJIEO3UIbl. ApaObuHO3a MpeACTaBIsIeT co00i cTepeon3omMep pub03bl, B KOTOpOM 3'-
TUAPOKCUIIbHAS TpyIla OPUEHTHPOBAHA B TPAHC-NOJNOKEHUU IO OTHOUIEHHIO K 2'-
TUAPOKCWIBHOU IPYIIIIE.

ApaObuHO3WIBHBIC (ara) HYKJICOTHABI NEUCTBYIOT Kak mHruouTopsl JJHK-momumepassr I,
3ambikaomue 1enb Escherichia coli, ananormyno ddT, XoTs cuHTE3WpOBaHHBIC IICTIH,
okaHuuBaromuecs Ha 3'-AraC MOXXeT OBITh JOMOJTHUTENBHO pactmupeH HekoTopbimMu JIHK -
NOJMMEepa3aMH MIICKOMUTAIONIMX. [ moydeHus MoAXOoIIero Habopa Mmoyoc, U3 KOTOPIX
MOKET OBITh cuuTaHa OOMIMpHAs IOCJIENOBATEIbHOCTh, HEOOXOIMMO YTOOBI COOTHOILIEHUE
KoHIeBoro Tpudocdara k HopMmambHOMY TpudochaTy ObLIO TaKUM, YTOOBI MPOUCXOAUIIO
TOJIbKO YaCTHUYHOE BKJIIOUEHHE KOHIeBoro Tpudocdata. s AMAE30KCUIBHBIX MPOU3BOIHBIX
3TO COOTHOILIEHHE cocTaBisgeT okoso 100, a 1 apaObuHO3MIBHBIX TPOU3BOAHBIX - 0K0J10 5000.

ABTOMaTH3UpPOBaHHbIE MOANU(PUKALNN METO/la «TE€PMUHATOPOB» AKTHBHO MPUMEHSIOT
0 CHUX TOp B CHEHUATbHBIX NpuOOpax — cekBeHaTopax. OTKpPbITHE MHOTOYUCICHHBIX
(b1yopeceHTHBIX MOJIEKYJI TO3BOJIUIIO OTKA3aThCs OT UCIIOIb30BAHUS PAAMOAKTUBHON METKH U
C/IeNaJo0 BO3MOXXHBIM MPOBEACHUE pPEaKIMU B OAHOM mpoOupke. PeaknuoHHYIO cMech
pa3fensioT KanWUISIPHBIM 3JIEKTPOo(Ope30M, a BHICTPOMBILKECS B CHHTE3UPYEMYIO LEMOUKY
JAHK  MeueHble HYKJIEOTHIBl 3aT€M PETUCTPUPYIOT  JETEKTOpaMu  (IIyOopecLeHIUH,
MPEIOCTABIIsA BO3MOXKHOCTh CUUTHIBATH IOCIENOBATENbHOCTh BCero cexkBeHupyemoro JIHK-
¢dparmenra.

2.2 Ugene
Unipro UGENE — 510 wMynpTHIIIaTGOpPMEHHOE TIPOrpaMMHOE oOOecreueHne C
OTKPBITBIM HCXOAHBIM KOIAOM, OCHOBHAA ILCJIb KOTOPOTO — IIOMOYb 6I/IOJ'IOI‘aM YIpaBJIATb

JAHHBIMHU, aHamu3upoBaTh U BuzyammsupoBaTh ux. UGENE o0benussieT mmpoko
UCTIONIb3YEMbIE WHCTPYMEHTBI OMOMH(OPMATUKH B €IWHOM IOJIb30BATEIHLCKOM HHTEpderice
[20].

Habop WHCTpYMEHTOB MOAIEPKUBAET HECKOIBKO ()OPMATOB OMOJIOTUYECKUX JAHHBIX U
MO3BOJIIET TMOJNY4aTh JaHHblE M3 YAAIEHHBIX HCTOYHUKOB. OH MpenoCTaBiIsSeT MOAYIH
BU3yalIHM3alul  JJii  OHOJNIOTUYECKUX  OOBEKTOB, TaKMX KAk  aHHOTUPOBAHHBIE
MOCJICIOBATEILHOCTH T€HOMA, JaHHBIE COOPKH CEKBEHHpOBaHUsS HOBOTO mokosieHus (NGS),
MHO>KECTBEHHOE BBIPAaBHHBAHHE IIOCIIEOBATEILHOCTEH, (UIOTCHETUYECKUE JIEPEBBbS U
TpEXMEpHBIE CTPYKTYpbl. BOJBIIMHCTBO BCTPOEHHBIX AJITOPUTMOB ONTUMHU3UPOBAHBI JJIS
MaKCUMaJIbHOM MPOU3BOAUTENHHOCTH 3a CUET MCIHOJIb30BAHUS MHOTONOTOYHOCTH U
crenuanbHbIX HHCTpyKIui mporieccopa. UGENE Bxirogaer B ce0si BU3yaIbHYIO Cpemy Uist
CO3aHMSI MHOTOKPATHO HCIOJB3YEMBIX pa0OUYUX IMPOILECCOB, KOTOPHIE MOXHO 3aIlyCKaTh Ha
JIOKaJBHBIX pecypcax Wiu B cpefe BhicokonpousBoauTenbHbiXx Bbruanucienuin (HPC). UGENE
Hanucad Ha C++ ¢ ucnonb3oBanuneM (peitmBopka Qt [20].

Bcerpoennas cucrema miaruHOB U cTpykTypupoBaHHblH APl UGENE mno3Bossitor
pacmpATe HabOp HMHCTPYMEHTOB HOBbIMH (QyHKuusMH. B Hacrosimmee Bpems UGENE
MOJJCPKUBAET UTEHUE U 3amuch B Oosnee yem 20 momynspHBIX (GopmaTax OHMOIOTHUECKHX
nanHeix. Cpenu Hux FASTA, GenBank, Clustal, GFF u SAM/BAM [20]. On cnocobex
pabotaTh C JOKanbHBIMH (halilaMM M TONy4aTh JOCTYH K JaHHBIM U3  KIIIOUEBBIX
Ouoyornueckux oOmHjaiH-0a3 ganHbiX, Bkaouas NCBI GenBank, UniProt u PDB. [lus
VOpOILIEHUs yopaBieHuss Ouosornueckumu Habopamu gaHHbIX UGENE  wucmonssyer
KOHIICTIIUIO MpOeKTa — aOCTPAaKTHOM CTPYKTYpHhI, coaepkaiield nHpopmanuio o Qaiinax u
HACTpoiikax BH3yanu3aluud. [IpoeKT MOXKHO COXpaHUTb WU DSKCHOPTHPOBATh CO BCEMHU
JTaHHBIMA B yKa3aHHOE MECTO M BOCCTAHOBHUTH B It00oe Bpems. C MOMOIIBI0 BU3YaJIBHOTO
uHtepdeiica ¢ QyHkuuend «HaBeou U MIETKHW» MOXHO YIPaBISTh I'PyNIaMH 3JEMEHTOB B
IIPOEKTE.

HaGop WMHCTpYMEHTOB MO3BOJISIET BU3YAIM3WPOBATh OMOJOTUYECKHE OOBEKTHI, TaKUE
Kak aHHoTHpoBaHHBIe mocnenoBarenbHocTH JHK/PHK wu  GenkoB, MHOXeCTBEHHOE



BbIPAaBHUBAHMUE IIOCIIEOBATEIbHOCTEH, (DUIOTEHETUYECKUE JEepeBbs, XPOMaTOrPaMMbl,
MaKpOMOJIEKYJISIpHbIE  TpEXMEpHBbIE CTPYKTyphl u cOopku NGS. Bce KOMIIOHEHTHI
BU3YalIM3al[Mi HCIOJIB3YIOT OOIIME MPUHLHUIBI AJi1 o0ecrieueHus (YyHKIHMOHAIBbHOCTU IS
NOJIb30BaTeNe U TMO3BOJISIOT IKCIOPTHPOBATH WM300paKeHUS, MPUTOAHBIC JUIS ITYOJIUKAIUH.
BONbIIMHCTBO KOMITIOHEHTOB BHU3yaJIM3allMM [O3BOJIIIOT PEAAKTHPOBATH OHMOIOTHYECKUE
o0bekThl.  Hampumep, mporpaMma  OpocMOTpa  TOCIEJOBAaTEIBHOCTEH  TO3BOJISET
BU3YyaJIM3UPOBATh U PEAAKTHUPOBATH T€HOMBI B JIMHEHHOM M IUKIndeckoM pexxumax. UGENE
BKJIIOYAaeT B ceOs OonblIyt0o OMONIMOTEKY BBIYMCIMTEIBHBIX METOHOB. B Hacrosiee Bpems
6ubnauoreka cocTouT u3 6osee yeM 30 METO/I0B U MOCTOSTHHO MonofHseTcs. IHTerpupoBaHHbIE
WHCTPYMEHTHI U QJITOPUTMBI PEIIAIOT PA3IMYHBIC 33/1a4l B 001acTH OMOMH(OPMATHUKH, B TOM
YHClie MOUCK IA0JIOHOB, JIOKAIbHOE BBIPABHUBAHHE IOCIEI0BATEIBHOCTEH, TOUCK MOBTOPOB,
MHOKECTBEHHOE  BBIDABHUBAHUE IIOCJIEIOBATEIbHOCTEW, MHCTPYMEHTHl M CO3JaHUS
npodpuinert HMM, aHanu3 callToB pecTpUKIUHU, pa3padOTKy NpaliMepoB, BbIpaBHUBAHHUE
KOPOTKHUX IPOYTEHUN U MHOT'O€ IpYyTroe.

CymectByer aBa Tuna wuHcTpymeHToB UGENE: Te, KoTophle Hanpsamyo
unterpupoBanbl B npuinoxenne UGENE, u BHemHue uHCTpyMeHTHL. UTOOBI MCHOIB30BATH
BHEIIHUI MHCTPYMEHT, OH JOJDKEH OBITh JOCTYIEH B BUJAE JBOMYHOTO HCHOJHseMOro (aiina.
Bce HeoOxoaumMele 1BondHbIe (haiiipl MOKHO ckaudaTh ¢ BeO-caiita UGENE B Buae oraensHOro
nakera win B coctase nosnHoro nakera UGENE.

KitoueBbim npeumyniectBom UGENE sBnsiercs TO, 94TO BCE BCTPOEHHBIE aTOPUTMBI
aJanTUPOBAHbI I MCIOJIb30BaHUS BHyTpeHHed Mojnenu naHHblix UGENE. DT1o mo3Bossier
u30exarh PyYHOro mpeoOpa3oBaHUS JAaHHBIX MEXKIY BXOJHBIMH W BBIXOJHBIMH JTaHHBIMHU
WHCTPYMEHTOB.

B UGENE cymectByer cxema Juist 00paOOTKU JaHHBIX CEKBEHUpOBaHHs 1o CaHrepy.
Bxoanbie nmaHHbIE CXeMBI — 3TO HabOp (aljIoB C TMOCIETOBATEIBHOCTIMHU (pUIaMH) U HUX
XpomarorpamMmamu. B mporiecce paboThl cxeMa MPOU3BOIUT CIEAYIOIINE OTIEPALUU:

1) oOpe3aeT KOHIIBI pUIOB C HU3KUM KaueCTBOM CEKBEHHUPOBAHUS;

2) punbTpyeT MoJyYeHHbIE MOCIEI0BATEILHOCTH 110 MUHUMAJILHOU JITTMHE;

3) BeIpaBHUBAET 00pabOTaHHBIC PUJIBI HA pehEepEHCHYIO MTOCIIEI0BATEILHOCTS;

4) aBTOMAaTHYECKU ONPEAEINAET, HYKHO JHM 3aMEHHUTh IOCJIEI0BaTEIbHOCTh pUAA Ha
00paTHO-KOMIIJIEMEHTAPHYIO.

PesynbTaTom paboThl CXEMBI SBIISAETCS:

daiin ¢  MHOXKECTBEHHBIM  BBIDAaBHHUBAaHUEM,  COAEpXKAIIUM  pedepeHCHYIO
II0CJIE0BATENBHOCTD U BBIDOBHEHHBIE PUIBL;

daiin ¢ pedepeHCHOU TociieoBaTebHOCThI0 B hopmare GenBank, aHHOTHpOBaHHOM
peruoHamMu BBIPOBHEHHBIX PUJIOB.



3. IIpakTnyeckas 4acThb

Orarbl paboTHI.

[lepBbIM 3TamoM paboOTHl CTa0 KAapTHPOBAHHWE XPOMATOIpaMM Ha pedepeHCHYIo
MocJIeIoBaTeIbHOCTh. bblta mpenocrasnena nocienosarenbHocTh JJHK BekTopa (pedepencuas
IIOCJIEI0BATENBHOCTE), € KOTOpPOW cpaBHHMBanuch mnociaenoBatenbHocTd JIHK  kioHOB,
coOpaHHbIX 0 MeToy I'n6cona. C MomMoIpi0 MHCTPYMEHTA aHalIi3a TaHHbIX CEKBEHUPOBAHUS
no Conrepy B Ugene Obliia BRIPOBHEHA MOCIIEAOBATEIHHOCT MPSMO U 00paTHOM LIeNu KJIOHA
Ha peepeHCHYIO MOCIEA0BATEIbHOCTD.
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Pucynok 3. BbIpoBHEHHBIE TIOCIENOBATEIILHOCTH KJIOHOB Ha pedepeHCHYIO
MIOCJIEI0BATEIbHOCTD.

Ha pucynke 3 BugHbsl 007acTd, KOTOpbleé HEOOXOAMMO BbIpe3aTh (0003HAUYCHBI
OpaHXXeBbIMU  TMpoYepKaMu). OTU o00JacTH BO3HUKAIOT M3-3a TOrO, YTO JIJIMHA
MOCIIEIOBATEIPHOCTEH KIOHOB OOIbIe [UIMHBI pedepeHCHON mocienoBaTenbHOCTH. Jlanee
ONpENEINCh HEYUTAEMbIE YYacCTKM XPOMATOrpaMMbl. B mpenocTaBieHHBIX Ui aHaIM3a
XpoMaTorpaMMax OHU HaXOAWJIMCH B Ha4aje U B KOHIIE.
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Pucynox 4. Heunraemslii yaacTok xpomarorpadumu.

W3-3a m1yMOB Ipu IPOBEIEHUHM XpoMmarorpaguu MO3HUKAIOT 00JacTH, B KOTOPBIX HE
ynaércs TOYHO MIACHTU(GUIMPOBATH MUK, MPUHAMIEKAIIUN onpeaenéHHOMY HyKIeoTtuay. Ha
pUCYHKE 4 IpEeCTaBIEH HEUYWTAEMBbI y4acTOK XpOMaTorpaMMbl B KoHIEe puja. Heunraemele
YYaCTKH BBIPE3IIUCH.

JaneHelimmass paboTta 3akirodanach B IOHMCKE HECOCTHIKOBOK IOCIIEOBATEIHLHOCTH
KJIOHAa ¢ pedepeHCHON MocieqoBaTeabHOCThI0. M3-3a Hamuuus OIyMOB B HEKOTOPBIX MeECTax
XpoMaTorpaMMbl MOKHO 3aMCTHUTD HpO6JI€MHBI€ HYKJICOTUBI.
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Pucynox 5. IIpoGiieMHBIN HYKICOTHI.

Ha pucynke 5 BHIHO, YTO NporpamMma HE CMOIJIa ONPEIENINTh HYKJIEOTHJ Ha MECTe
ryaHrHa Ha pedepeHCHOW mocienoBaTenbHOCTH. bykBa R Ha XpomaTorpamme B KOHTEKCTE
nporpaMMbl UGENE o3HayaeT HETOYHOCTh B NPOYTEHUH, KOTOpYIO 3amMeHWIH Ha R. Oto
HYKJIEOTHbI, KOTOpPbIE MTPOrpaMMa He CMOTJIa UACHTU(GHUIMPOBATH U3-3a HAJTUUUS HECKOJIBKHUX
MIUKOB,  COOTBETCTBYIOIIMX  pPa3HbIM  HYKJIEOTHJAaM B TpsAMOW  WiIM  0oOpaTHOM
MOCJIEIOBATEIBHOCTH KJIOHA. B ciydae, mpeicTaBlI€HHOM Ha PHUCYHKE BCE € BHJIHO, 4TO
HanboJiee BHIPAKEHHBIM MHUKOM SIBJISIETCS MK T'YaHHWHA, TO3TOMY MOXKHO HCIPaBUTh OyKBY R
Ha G. [[ns Toro, 9ToOBI TOYHO MACHTU(PHUITMPOBATh HYKJICOTH I, aHATM3UPOBAIUCH 00€ 1ETH: U
npsiMasi, 1 oOpaTHasl.
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Pucynox 7. XpomarorpaMMbl IpsIMO ¥ OOpaTHOM TMOCJIEI0BATEILHOCTEH.



Ha pucynkax 6 u 7 BUIHO, 4TO B pa3HbIX YACTSAX XPOMATOrpaMMbl KadyeCTBO JIy4llIe
6o B mpsMo#, MuO0 B 0OpaTHOW mocleaoBaTeNbHOCTH. [IpM BO3HUKHOBEHUU COMHEHUH B
HYKJIEOTHI€ HE00X0JMMO aHAIM3UPOBATh MTUKU Ha 00€UX XpoMaTorpammax.

Taxkum 00pa3om, OBUIO MPOBEICHO PEaKTUPOBAHKHE BCEX MPOOIEMHBIX HYKJICOTHOB U
OblTa TOJlyueHa KOHCEHCYCHas mocienoBarelbHOCTh. KoHceHCycHas mocienoBaTeNbHOCTh
MPENICTaBIsIET COOOM Pe3ylbTaT MHOXKECTBEHHOTO BBIPAaBHHUBAHUS TIOCIEIOBATEIILHOCTEH, B
KOTOPBIX TOMOJIOTMYHBIE TOCIEAOBATEIIbBHOCTH CpaBHUBAKOTCA Apyr ¢ Japyrom. [lamee
KOHCEHCYCHasl MOCIIeJIOBATEIbHOCTh CPABHUBANACH C PeepEeHCHOM /sl BHISBICHHUS MYTaIlUi.
Bce myranuu moapoOHO OMUCHIBAIMCH M COCTABISUICA MOAPOOHBIM OTYET MPENOCTABIECHHBIX
JUTSL aHaJTn3a MoCle0BaTeIbHOCTEH KIIOHA. bbul mpou3BeA€H O0TOOpP MOCIeI0BaTENLHOCTEH HE
coAepKaIIuX MyTaIui.

4. O0cyxneHue pe3yjbTaToB.

B xone uccnenoBanus ObIIO MPOAHATH3UPOBAHO 4 BUA MMOCIEIOBATEILHOCTEH KIIOHOB:

(bIaHKHUpPOBAaHHAS TIOCIIEIOBATEILHOCT, HYKJICOTHUIOB JIETKOW IEMH C CUTHAIBHBIM
nentugom L1 (808 nt),

(hIaHKHpPOBaHHAS TIOCIIEIOBATEIFHOCTh HYKJICOTHJIOB TSDKEJION IENMH C CUTHAIBHBIM
nentugom H7 (1510 nt),

(bIaHKHpOBaHHAS TOCIEAOBATEIILHOCTh HYKIJICOTHIOB JIETKOW IEMH C CUTHAIBHBIM
nentuaom F10 (802 nt),

(bIaHKHpPOBAaHHAS TIOCIIECIOBATEIPHOCTh HYKJICOTHJIOB TSDKEJION IENMHU C CUTHAIBHBIM
nentuaom F10 (1513 nt).

B mocnenoBaTtenbHOCTAX TSOKENBIX Ieneld ObLII0 HaWeHO 2 KJIOHA, HE COACpIKaIluX
omMO0K ¢ curHanbHbiM nentugoM F10. He Obuio HaleHO HM OJHOIO KIIOHA Oe3 OIIMOOK B
MIOCJIENOBATEILHOCTIX TSKEION IIENH ¢ CUTHAIBHBIM nentugoM H7. B mocienoBaTenbHOTCIX
JIETKUX [EeNeld ¢ CHUrHajdbHbIM nentuaoM L1 Obuio HaiimeHo 5 knoHOB 0e3 ommOok. B
[I0CJIENOBATEIBHOCTIX JETKUX Ilelell ¢ CUrHajdbpHbIM IerntuaoM F10 Osur Haiinen 1 xioH Oe3
omm6Ook. [lomydeHHBIE pe3ynbTaThl B AabHEHIIEM WCIOIB30BAINCH JJIsl POU3BOJCTBA
MOHOKJIOHAJIBHOTO ~ QHTUTEJIa  MPOTUB  PECHUPATOPHO-CHHIUTUAIBHOTO  BHpyca €
IPOJIOHTUPOBAHHBIM JCWCTBUEM. bblla mpou3BeneHa TpaH3UEHTHas TpaHcekus [22]
KynbTyphl Kitletok CHO. JlanpHelmMu 3aja4aMy UCCEA0BAHMS CTATU MOAOOD ONTHUMATBHBIX
yCIOBUN A1 HapaOOTKM Oesika, OYMCTKA MPOAYKTA M OLIEHKAa HEHTpaln3yrolel criocoOOHOCTH
MOJYYEHHOT0 MOHOKJIOHAJIBHOTO aHTUTENA. bblla BBINTOTHEHA peakusi MUKPOHEUTpaInu3aluu
Ha KyJIbType KiIeTok Vero ¢ asyms mrammamu PCB: A2 (moxtun A) u 9320 (moxtun B). Bee
00pasibl MOHOKJIOHAJIBHBIX AHTHUTEN TMPOSBISIIM HEHTPAIHM3YIONIYIO CIIOCOOHOCTh Kak B
otHomenun PCB noaruma A, tak u PCB B.

3AKVIIOYEHUE

AHnanu3  cratucTuyeckod — WMHGOpPMALMKM  TOATBEPAWUJ, YTO  PECIHPATOPHO-
CHHIUTHAIBHBIA BUPYC SIBIAETCS OJHOM M3 OCHOBHBIX NMPHUYUH OPOHXMOJIUTA U IMHEBMOHUU Y
JIETeH 10 JBYX JIET.

BbisiBIIeHO, YTO B YCHOBHSIX OTCYTCTBHS 3((EKTUBHOW BaKUUHBI M IMOTEHIIMAIBLHOU
CephE3HOCTH 3a00JieBaHUs, HambOoJee NEeWCTBEHHOM MEpPOM Il MOMOIIM JETSIM W3 TPYIIIbI
pucka Tspkenoro teueHus PCB umH(ekmuu cuyuraercs MacCHMBHAs MMMYHONPO(HIAKTHKA C
HCIIOJIb30BAaHUEM MOHOKJIOHAJIBHBIX aHTUTeN. Ha mpakTuke NnpuMeHseTCsl MaJuBU3yMad —
ryMaHU3UpPOBAaHHOE MOHOKJIOHaNbHOE aHTuTeno IgGl, ogHako Kypc Tepanuu ¢ IpUMEHEHUEM
IpenapaTo BHA €r0 OCHOBE JIOPOTOCTOAIIMI U HE 00J1a/1aeT IPOJIOHTUPOBAHHBIM JICHCTBHEM.

[TonTBeprkeHO HATUYKE MTPOOIIEMBI CO3/IaHUSI HOBOTO TIperapaTa.

B wccnemoBaHMM  MCMONB30BAJNICS MaTepual, MPEJOCTABICHHBIM JabopaTopue
HWHCTUTYTa CUCTEMHOU 61/IO.HOI‘I/II/I 1 MEAUITUHBI.



JInst co3manust U BBISIBIICHHS KJIOHA C OTCYTCTBHEM OHIMOOK IpH COOpKE MPUMEHSINCH
MeToabl OMOMH(OPMATHKU ¥ OMOTEXHOJIOTUH: TOJyYeHHEe PEKOMOMHAHTHBIX aHTUTEN, cOOpKa
no I'mbcony, cekBeHupomanue 1o CoHerpy, pabora B OuomH(pOpMATHYECKON mporpamme
Ugene. lanee ¢ momoiubto nporpammsl Ugene ObUT Mpou3BeaEH O0TOOP KIOHOB, COJEpKAIIUX
HaMMEHbIIIee KOJIMYECTBO ONMIMOOK.

B xome nmanHOW pa®oThl MOATBEpAMJIACH THIIOTE3a: B HMCXOJHOM Marepuaine ObUTh
HalJIeHbl KJIOHBI, HE COJepKallue OmHMOOK, KOTOphIe OYIyT HCIIONB30BAaThCS B AajbHEHINICH
paboTe AJis MOTy4YeHUs] MOHOKJIOHAJILHOTO aHnTuTena npotus PCB.
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