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OIIMCAHUE U30BPETEHUA
2420-576381EA/042

OYHUCTKA OT BUPYCOB ITIOCPEACTBOM BBIJAEPKKH ITPH HU3KOM

3HAYEHHUH PH

ITEPEKPECTHA CCBIJIKA HA POACTBEHHVYIO 3A5BKY

Hacrosimas 3asBka 3asBis€T INpHOPUTET corynacHo 3asBke Ha mnarteHT CIITA Ne
63/023,154, nomanHo# 11 mas 2020 r., KoTOpas BKJIOYEHA B JAHHBIA JOKYMEHT B TOJHOM
00beMe MOCPENCTBOM CChLIKH.

Hacrosimmee n3zoOpereHne B LEIOM OTHOCHUTCS K Crnoco0aM WHAKTHBALUU BUPYCHBIX
yacTul B oOpasie Oeika C HCIOJNb30BAHHUEM CTaJAMM BBIACPKKH TPH HU3KOM 3HaueHuu pH.
CratucTuueckuii Au3aliH SKCIEPUMEHTA, BKIIFOYAKOIIMA HECKONBKO (DaKTOPOB, HCIOJIB3YeTCS
ISl OLEHKU M XapaKTEepUCTHUKU BIUSHUS 3Tama yAepkaHus Huszkoro pH Ha wnHakTHBaumio
BUpYCA.

YPOBEHb TEXHUKHU

buonorndyecknue MpOAYKTHI  IMOIBEPKEHBI KOHTAMHUHALMHM  (KaK  SHIOTE€HHBIMH
KOHTAMHUHAHTAaMH, TaK M aJBCHTUBHbIMH (MOCTYMAKOIIMMH W3 BHEUIHUX HCTOYHUKOB)
KOHTaMUHaHTaMH) OakrepusiMu, rpubamu u Bupycamu. OUHCTKa OT BHPYCOB, HaIpPHMEp
MHAKTHBALIUSl BHPYCOB, SIBJSIETCS BaJKHBIM 3TAINlOM IPH NMPOU3BOACTBE OModapmaneBTHUECKUX
NPOAYKTOB, IMOJYYEHHBIX C MHCIOJb30BAHMEM KJIETOUHBIX JMHUI MiekonuTaroummx. OpraHsl
BcemupHoii oxpaHbl 370pOBbsi TPeOYIOT OLIEHKM OUYHUCTKH OT BHPYCOB JUI IPOU3BONCTBA
OMONOrNYeCKUX MpenapaToB WM OHOTEXHOJOIMYECKHX IIPernaparoB, IOCKOJIbKY BHpPYCHas
KOHTAMHHALIU MOXKET YBEJIMUYMBATBCA BO BpPEMsS POCTAa KyJbTYpPbl KJIETOK MIIEKONUTAFOIIMX.
D¢ dexTuBHBIE HCCIETOBAHUS OYMCTKH OT BHUPYCOB SIBJISIOTCS BaXXHOW YacThIO BaJMUIALUU
npoLecca, KOTopasi Takke BakHa il obecrieueHus OGe3omacHOCTH JiekapcTB. KoHTamuHaums
BUPYCAMH MOXXET IOBJHSTH HA CbIpbE, MPOLECCHl KYJIBTUBHUPOBAHUS KJIETOK, OHOpEaKTop H
MOCJIEAYIOIINE MTPOLIECChI OUHCTKH.

BupycHble BanupalnMOHHBIE WCCIENOBAHMS NpeJHa3HA4YeHbl I JOKYMEHTUPOBAHMS
BBIOpPAHHBIX Pa0OYMX YCJIOBHH B OTHOLICHWH Ka4eCTBA MPOAYKTA JJisi OOeCrieueHHst BUPYCHOM
0e30macHOCTH. DKCIEPUMEHTANIbHBIN TU3aliH MCCISJOBAHUN 10 OYUCTKE OT BUPYCOB BKJIFOUAET
XapaKTEPUCTUKY MPOU3BOIACTBEHHOI'O MPOLECCa ISl BBISBICHUS Ba)KHBIX (DAaKTOPOB PA3BUTHH,
9YTOOBI YIIYUIINTh TIOHUMAHHE YCIOBHI 00padOTKH U 00OCHOBATh BBHIOOP HAMXYAIIUX YCIOBUH.
IIpoueccel MHaKTMBALMM WM YAAJ€HUsT BHPYCOB BKJIKOYAKOT Bo3jaelicteue Ha pH,
TepMooOpaboTKy, BO3JIEHCTBHE pacTBOpUTENIEM/ IETEPTEHTOM, (buUIBTpaLNIO Wi
xpomarorpaduro. MexaHn3M WHAKTHBALIMK BUPYCa MPU MHKyOauuu npu HU3KoM pH BkiIrodaer
XUMHYECKYI0 peakuur0 Ha OcHOBe pH, BbI3BIBAIOIIYI0 HEOOPAaTUMYI JI€HATYPALHIO
MOBEPXHOCTHBIX INIMKONMPOTENHOB WJIH Pa3pyLISHUE JIUITUAHON 000I0UKH BUpYCa.

VYcnoBus pH AJanTHUPOBAHHBIC K MPOU3BOACTBEHHBIM npoueccam

2
OnodapMaieBTUIECKHX MNPOAYKTOB, MOTYT OKa3aTbCsi HEI(P(PEKTUBHBIMU Ui HHAKTHUBALIUH
BupycoB. Opnako pH, HeoOXomuMblli Ayl WHAKTHUBALMKM BHUPYCA, MOXKET 3HAYUTEIBHO

OTJIMYaTbCsA OT OHAIIa30HOB pH, HUCIOJIB3YEMBIX B JAPYyTHUX NPOU3ZBOACTBECHHBIX YCJIOBUSAX.



ITpumenenne nakyOaruu npu HU3KoM pH nust 3 pexTHBHON MHAKTUBALMU BUPYCOB B 00pa3Iax
Oenmka SBJSIETCSl CIOKHOW 3ajmadedl Al MPOM3BOACTBA OMO(papMaLeBTHUECKUX IMPOAYKTOB,
IIOCKOJIbKY Bo3felicTBue Huskoro pH Ha OnodapmaneBruydeckue NMPOAYKTHI MOXKET M3MEHUTh
Ka4eCcTBO WJIHM CTa0MIbHOCTh OenkoB. Crenyer NpUHMMATb BO BHHMAHHUE, UYTO CYLIECTBYET
noTpeOHOCTh B Croco0ax, HCIONB3YEeMBIX MJIsI OLEHKH W XapaKTePUCTHKH BIIUSHUS OTara
yaep:kaHusi Hu3koro pH Ha MHAKTHUBAIMIO BHpyCa MPU MPOH3BOACTBE OHMO(papMaLeBTHYECKHUX
NPOAYKTOB. OTH  METOABl  JOJDKHBI  obecneunBaTth  5()(GEKTUBHbIA M HAJEXKHBIHA
SKCIIEPUMEHTAJIbHBIN U3aiiH, 4TOObI TapaHTUPOBATh MHAKTHBALIMIO BHpyca Ui pa3paboTKu
MPOM3BOJICTBEHHOTO MPOLECCa, TAKOTO KaK MPOLECC OYHCTKH.

CYHIHOCTD U3OBPETEHUA

B naHHO# 3asBKe MpPEIIOKEHBI CHOCOOBI OYHCTKH OT BHPYCOB C HCIIOJIb30BAHUEM
BBIIEP)KKH TP HHU3KOM pH, OCHOBaHHBIE HAa CTaTHCTUYECKOM JIU3aiiHE SKCIEPUMEHTOB,
BKJIFOYAIOIIIEM HECKOJIbKO (PaKTOPOB IJIsI OLEHKU U XapaKTEPUCTUKU BIMSHUS CTaUN BBIICPIKKH
npu HU3koM pH Ha wHakTuBaumioo Bupyca. CTaTUCTHYECKH CIITAHUPOBAHHBIA SKCIIEPHMEHT
WCIIONIB3YETCsl i1 OLICHKU BJIMSIHUSI Ha MHAKTUBALMIO BHpyca 3HadyeHUW pH, ycnoBuil HOHHOU
CHJIBI, M30THUNA OeNKa, TeMIlepaTyphl, KUCIOTHOTO THUTPAHTA, pacueTa BPEMEHU BBEACHUS U
¢unbTpaunMu TOCNE BBEACHHA. JTH METOABl MOXHO HCIONb30BaTh JJsI MPOTHO3HPOBAHUS
3¢ (}eKTUBHONW OYMCTKH, KOrZla CTagui0 BHUPYCHOH HWHAKTHBALMM NPOBOAST B JHAIa30HE
npumepHo pH 3,60-3,90, Hampumep, myTeM MaHUIYJIUPOBAHMS WOHHOW CHJIONH MCXOJHOTO
MaTtepuana ¢ Hu3kum pH.

JlanHOoe m300peTeHrne oOecTeunBaeT Croco0 OYUCTKHU MeNTHAa WIH Oellka, TaKoro Kak
aHTUTENO, M3 00pasla, COAEpKaIlero OAHY WM HECKOJBbKO IMpPUMECEH, BKJIOYas BUPYCHBIE
4acTUIlbl. B HEKOTOPBIX THIOBBIX BapUAHTAX PeajM3ally Criocod MO JAHHOH 3asBKe BKIIOYAET:
KOPPEKTUPOBKY YCJIOBHI MOHHOMW CHiibl oOpasua, koppexktuposky pH obpasua no kucnoro pH u
NocJeayollee noanaepxkanue oodpaslua B YCJIOBUSIX MOHHOH Cujbl M ypoBHS pH mo MeHblueit
Mepe OKOJIO 15 MUHYT AJIi HHAKTUBALIMM HEKOTOPOTO KOJMYECTBA BUPYCHBIX YACTHUII, IPH 3TOM
o0pasen; COOepKUT OJHY WJIM HECKOJBbKO NMPHUMECEH, BKIIFOYasi BUPYCHbIE YacTUIBL B omHOM
acreKkTe, KOJIMYECTBO WHAKTUBHPOBAHHBIX BHPYCHBIX YaCTHUI[ COCTaBJIICT 1O MEHbIIEH Mepe
okoJio 3 LRF (norapudpmudeckuii ko3pPpuuueHT yMEHbIIEHHs ) U1 HCIIOIb30BaHUS CIIOco0a 1o
Hacrosiel 3asBke. B OOHOM acrekTe, KOJUYECTBO HMHAKTUBHUPOBAHHBIX BHPYCHBIX HYaCTHUI]
cocraBiisieT Mo MeHblneit mepe okono 4 LRF nns ucnonme3oBanusi criocoba Mo HACTOSIIEH
3asiBKE.

B omHom acmekte pH ofpa3ua B crocobe Mo HAcTOsIIEeH 3asBKe MEHbIE WU PaBEeH
okonio pH 3,90. B onnom acnekre pH oOpasua Haxoautcs B nuanasoHe ot okono pH 3,60 mo
okonio pH 3,90. B apyrom acnekre pH oOpasiua Haxomutcs B Auamna3one ot okoio pH 3,65 mo
okouo pH 3,80. B npyrom acniekte nentuz win 60K B 00pasiie MpeAcTaBIsseT COO0M aHTUTENO,
npoxyuupyemoe B KieTke-xo3siuHe. Eine B omHOM acmekTe, oOpasen B croco0e 1Mo HacTOosLIeH
3asiBKE BBIIEP)KUBAIOT MPHU YCIOBUAX HOHHON cuibl U pH oOpasiia B TeueHne o MeHbluell Mepe
okoJ10 30 MUHYT Uil MHAKTUBALMK KOJIMYECTBA BUPYCHBIX YacTHIl. B onHOM acnekre, oOpasern B

crioco0e Mo HacTosIel 3asBKe BBIACPKUBAIOT NPHU YCIOBHMAX MOHHOH cuibl U pH obpasua B



TEUEHUE OT OKOJIO 15 MHHYT A0 OKOjo 30 MUHYT 1Ji1 MHAKTUBALMU KOJIMYECTBA BUPYCHBIX
YaCTHLI.

B omHOM acmekte cmoco0 mO HAcTOsIEH 3asBKE JOMOJIHUTEIBHO BKJIIOYAET
ONTUMU3ALMIO HMHAKTUBALIMM KOJWYECTBA BHUPYCHBIX 4YacTULl IMyTeM mposeneHus D-
ONTUMAJBPHOIO IUJIaHA JKcIepuMeHTa. B apyrom acmekte D-onTumanbHbl — Ou3aiiH
SKCIEePHMEHTa OLEHMBAET Cieayouire (akTopbl coctosHue pH o0pasua M KOHIEHTpALHIO
conu, nobaBneHHOW k oOpasuy. B ogHom acmekre D-onTumanbHblil AM3aliH SKCIEPUMEHTA
JOTIOJTHUTEIBHO OLICHUBAET CleAyromue (GakTopbl: THUI MENTHAA WK OelKa, TeMmrepaTrypy
o0pasua, KUCJIOTHBIN TUTPAHT JJIsl PeryJupoBaHusi coctosiHusi pH oOpasia, pacuer BpeMeHH
BBEJICHUS JIJIs1 BBEIEHHsI BUPYCHBIX YaCTHUL[ B IPOOY MIJIN HaJTM4Ke (PUIIbTPAIIFH MOCTIEe BBEICHHUS

B omHoMm acmekte, oOpasenr B crnocobe MO HACTOSINEH 3asiBKe MPEACTABISIET COOOM
3MOeHT XxpomaTorpaduu ¢ 6enkoMm A. B apyrom acrnekre, HOHHYIO CHily oOpasua peryJupyrT
no0aBJieHUEM XJIOpHA HATPHsl, TPU 3TOM KOHLEHTpAaUUs XJIOPUAA HATPHS HAXOOUTCS B
nuamnasoHe ot okojio 1 MM 1o okonol100 MM, ot okoso 1 MM 1o okoso 500 MM, okosio 25 MM,
okonio 50 MM, okono 72 MM, okono 82 MM, okono 100 MM, okono 125 MM, okono 150 MM,
okojio 175 MM umm okono 200 MM. B onnom acniekte pH obpasua peryimpyroT ¢ MOMOIIBIO
docdopnoii kucnorsl wim rmuuHa HCL. B apyrom acnekre, mentun win 6eJIok B oOpasie 1o
crnioco0y mpezncrasisier codoi anTHTeNo, nMeromee nzotun IgG1 nmm nmeromee msorun IgG4. B
OHOM acCIieKTe MeNnTHA WIM OeNoK NpeAcTaBisieT cOoOOH MOHOKJIOHAJbHOE AHTHTENO WIIH
oucnieruueckoe aHTUTENO. B emne onHOM acriekTe, MeNnTHA UM OeJOK MPEACTaBisieT coOoi
aHTuTeNno, (parmMeHT aHTHTeNa, Fab-yuacTok aHTHTENa, KOHBIOraT AaHTHUTENO-JIEKaPCTBEHHOE
CPEACTBO, CHHUTHI Oenok, OenKOBBINH (papMaleBTUYECKHH MPOAYKT WIM JIEKApCTBEHHOE
CPEACTBO.

JanHoe wu3oOpereHne oOecmeyuBaeT CHOCOO TIONyYEHUs Mperapara, COAEpIKallero
NPEACTABISIIOINI HHTepec OeNIOK M YMEHBLIEHHOE KOJIWYECTBO HH(EKIIMOHHBIX BHUPYCHBIX
yacTul, u3 obOpasua, CoAep:Kalmero NPeACTABISIOINNA HHTepec OeNoK M HH(PEKLHUOHHYIO
BUPYCHYIO YacTUIly. B HEKOTOPBIX TUIIOBBIX BAapUAHTAX peaNn3aluu U300peTeHHs, Crocod
NOJIyYEHHUS] TIperapara, COAep Kallero MNPEeNCTaBIBIOIUI HHTepec OENIOK U YMEHbIICHHOE
KOJINYECTBO MH(EKIIMOHHBIX BUPYCHBIX YaCTHL, U3 00pasla, COAEPIKAIero MPeICTaBIISIOLINI
uHTepec O0eNoK U MH(EKUHOHHYI0 BUPYCHYIO YACTHIy, BKJFOYAET BO3JeiicTBUe Ha oOpaser pH,
npu 3HadeHu pH okoso 3,60 u ycnoBre HOHHON CHITBI OOABIIEHHEM COJIU C KOHIIGHTpaLUei 10
okojo 100 MM; u moppmepkaHue obOpasua B ycinoBusax pH W HMOHHOW CuUIBI B TeUeHUE
COOTBETCTBYIOLLIEIO  IepHUoja BPEMEHH I TOJyYeHMs] [pernapara, COAep Kallero
UHTEPECYIOInii OEIOK M YMEHBLICHHOE KOJINYECTBO HH(EKLIMOHHBIX BUPYCHBIX YaCTHLI.

B onHOM acriekTe, KOHLEHTpaIUsl HHTEPECYIOIIero Oenka B oOpasiie COCTAaBISIET MEHee
okoJio 25 /.

B ogHOM acnekTe, COOTBETCTBYIOLIEE KOJINYECTBO BPEMEHH COCTABIIAET OKOJIO 15 MUHYT,
OKO0J10 20 MUHYT, OKOJIO 25 MUHYT UJIH OKOJIO 30 MUHYT.

B omgHOM acmekre, cnoco0 CHMXXKAET KOJUYECTBO MH(EKLIHMOHHBIX BUPYCHBIX YaCTHUI] U3

obpasua Ha okono 3 LRF (norapupmuueckuii kospduuuent ymenbienus). B npyrom acnexre



Croco0 CHMKAET KOJMYECTBO MH(PEKIIMOHHBIX BUPYCHBIX YacTUI] U3 oOpa3ia Ha okono 4 LRF.

B omnom acnexte, pH oOpasua Oonbme okoso 3,70. B apyrom acmekre, pH obOpasua
6onpire okono 3,80. B eme onnom acnekte, pH oOpasna 6ombiue okoso pH 3,90. B eme ogHom
acnekte, pH obpasua Gonbine okono pH 4,0.

B onnom acnexre, pH o6pasua Haxonutcs B auanasoHe ot okono pH 3,60 no oxono pH
4,0. B npyrom acnekre, pH obpasia Haxoxurcs B quanazone ot okosno pH 3,70 mo okono pH
4,0. B eme onqHoM acriekte, pH oOpasia Haxoaurcst B quanasone ot okoso pH 3,80 no okono pH
4,0.

ITpumepbl HICTOYHUKOB «00pasiia» MOTryT BKJIOYATh ahGUHHYIO XpoMaTorpaduio, TaKyr
Kak smoar Oenka A; obOpasery MoXeT OBITh MOJNY4YeH M3 MPOTOYHOH (Ppakuuu MeTonom
MOHOOOMEHHOW Xpomarorpaduu; €ro TakkKe MOXKHO TOJYYUTh M3 TMOJOCKH HOHOOOMEHHOM
KOJIOHKH - CYIIECTBYIOT JPYIHM€ HMCTOYHMKH B IPOLECCe OUMUCTKH, XOPOIIO HW3BECTHBIE
CHEeLHUAINCTaM B JAHHOH OONacTH, M3 KOTOPBIX MOXHO IMOJNY4YHTh oOpaseu. B omHOM acmekrte
JaHHOTO M300peTeHus:, obpasel mpencrasisier coOOH 3MOeHT XpoMaTorpaduu ¢ OeKoM A.

B onHOM acriekTe, HOHHYIO CHITy oOpasia peryJupyroT 100aBIeHHEM XJIOpHOA HATPHS,
IPU 3TOM KOHILIEHTPALUS XJIOPUIA HATPUS HAXOMUTCS B AMANA30HE OT okoio | MM 1o okouo
200 MmM.

B onHOM acriekTe, 3HaUeHNE HOHHON CUJIBI PETYIHPYIOT C MMOMOIIBIO XJIOPHIA HATPUS C
KOHIeHTpanuel 6onee okoyo S0 MM. B npyrom acniekte qaHHOTO M300pETeHHsI, KOHIICHTPALIHSI
npesblimaer okosno 100 MM.

B onnom acnekre, pH oOpasua perynmupyroor ¢ noMombio (HochOpHOM KHUCIOTHI WIIH
rimuuHa HCL

OTH W [pyrue acmnekThl u300peTeHust OyAyT Jydlle OLEHEHbl M MOHSTHI IpU
PacCCMOTPEHMH BMECT€ CO CIEOYIOUIMM OIHMCAHWEM M IPHIaraéMbIMH TIpadU4eCKUMHU
Mmarepuasamu. Crenyroliee ONMCaHUe, XOTs U yKa3blBaeT HA pa3jIMYHble BAPUAHTBI peau3aliuu
U UX MHOTOYHCIICHHbIE KOHKPETHBIC NETalld, MPHUBEJEHO B KA4eCTBE WJUIFOCTPALMH, a HE
orpanuueHusi. MHoOrHe 3aMeHbl, Moar(UKanyu, 100aBICHUS U MePEerpyIITHPOBKH MOTYT OBbITh
BBINOJIHEHBI B Mpeienax oobema n300peTeHusl.

KPATKOE OITUCAHUE ' PAOUYECKHUX MATEPHUAJIOB

@dur. 1A AEMOHCTPHPYET METOJ PEryJIMpOBKa-BBEACHUE-TIOBTOPHAS DPETYyJIHPOBKA, B
KOTOpOM 00pa3iibl JOBOAST/TUTPYIOT 10 LeneBoro pH, 3areM BHOCAT BUPYCHBIH pacTBOp IMPH
okono pH 7,2 ¢ mocnenyroomuM NMOBTOPHBIM peryiupoBanuemM pH obpasnos no uenesoro pH
nepen BBIIECPKKOM IIPU SKEJIaeMOH TeMmIepaType, AJid OCTaJbHOM d4acTu 3HadeHuss pH
NOJAEPKUBAIOT COMIACHO MPUMEPHOMY BapHaHTy peaim3anuu nzodpereHus. OTcuer BpeMeHH
HAYMHAETCS BO BPEMsI BBEICHMUSI.

@dur. 1B neMOHCTpUPYET METOX BBEACHUS-PETYJIMPOBAHUS, TPH KOTOPOM 0Opa3mbl
CHavaJsia BBOJAT K UCXOIHOMY PacTBOPY BHUPYCA, a 3aTEM PETyJIUPYIOT/TUTPYIOT 110 neiesoro pH
B COOTBETCTBUH C TPUMEPHBIM BapHAaHTOM peanu3auun m3oOperenus. OTcuer BpeMeHH
HAYMHAETCS CO BPEMEHH NOCTIDKeHUs nenesoro pH obpaszom.

@dur. 2A HEeMOHCTPUPYET MATPULY TOUYEUHBIX I'paMKOB U MHOTOMEpHBIE KOPPEISLUN



nu3aitna D-onTumanpHOH Momenu Ui HMCCIENOBAHUS BIUSHHUS HECKOJNBKHX (DaKTOPOB,
CBS3aHHBIX CO CTaAuel NMoanep>KaHust HU3Koro pH ma MHakTUBaLUU BUPYCa B COOTBETCTBUU C
NPUMEPHBIM BapUAHTOM peaN3alui H300peTeH s

@dur. 2B neMoOHCTpupyeTr HeWTpajbHble KOHTPOJH, KOTOpbIe OBLIM BBIOJHEHBI AJIS
KQKAOTO COCTOSIHUSI COJM MOHOKJIOHAJIBHOIO aHTuresna. Llenapro 3TOro KOHTPOJS SIBISETC
obecrieueHne TOro, YTO HW3MEPEHHAs BUPYCHAsl aKTUBHOCTb ObLIa Pe3yJbTATOM XMMHUYECKOH
WHAKTUBAUUMU Mpu HU3KOM pH B COOTBETCTBUM C NPUMEPHBIM BAPUAHTOM peATU3ALMU
nu300peTeHusl.

Qur. 3A neMOHCTpUpPYeT KUHEeTHKY HHakTuBauuu X-MulLV npu nenesom pH 3,65,
COrJIaCHO MPUMEPHOMY BapHuaHTy peanusauuu nzoOperenus. Kpusbie LRF mpu uenesom pH
3,65 ObLIH MOJYYeHbI MyTEM MOCTPOCHUs rpaduka 3aBucUMocTH 3HaueHnit LRF ot BpeMeHHbIX
TOUEK COTJIACHO C MPUMEPHBIM BAPHAHTOM peajH3aiyi H300peTEeHUs.

Qur. 3B pemoHcTpupyeT KuHeTHMKYy wuHaktuBauuu X-MulLV mpu nenesom pH
3,73.cornacHO MpUMEPHOMY BapuaHTy peanusauuu n3ooperenus Kpuseie LRF npu nenesom pH
3,73 ObUIH NOJYYEHbI MyTEM MOCTPOCHHUs rpaduka 3aBucuMocTH 3HaueHni LRF ot BpeMeHHbIX
TOUYEK COTJIACHO C MPUMEPHBIM BAPHAHTOM peasT3alii H300PETEHUs.

@ur. 3C peMmoHCTpupyeT KuUHETHKY uHakTuBauuu X-MuLV mpu unenesom pH
3,80.cormacHo mpuMepHOMY BapuaHTy peanusauuu m3ooperenus Kpuseie LRF npu nenesom pH
3,80 ObuIH MOJYyYeHBbI MyTeM MOCTpoeHUs rpaduka 3aBucumoctr 3HaueHuil LRF oT BpeMeHHbIX
TOUYEK COTJIACHO C MPUMEPHBIM BAPHAHTOM PeaN3aiy H300peTeHusI.

@dur. 4A nemoHcTpupyer KuHeTuky uHakTuBaumu X-MuLV mpu O MM NaCl npu
pasnuyHbIX ycnoBusax nenesoro pH, manpumep npu oxosno pH 3,65, pH 3,73 umm pH 3,80,
COIJIACHO C MNpUMepHbIM BapuaHToM peanusauud. Kpusele LRF Obutn monmydensl nytem
nocrpoenus rpagpuka 3HaueHnii LRF B 3aBUCHMMOCTH OT BpEMEHHBIX TOYEK MJISI PA3IHYHBIX
ycJ0oBul 11eneBoro pH B COOTBETCTBUU C IPUMEPHBIM BAPUAHTOM PEATU3ALIUH.

@ur. 4B nemoHcTpupyeT KuHeTWKY uHakTuBauuu X-MuLV mpu 50 MM NaCl npu
pasnuuHbIx ycnoBusx uenesoro pH, manpumep npu oxosno pH 3,65, pH 3,73 umm pH 3,80,
COJIACHO C MPUMEPHBIM BapuaHTOM peanusanuu u3odperenus. Kpusbie LRF Obutu mosyueHs
nyTeM mnocTtpoeHus: rpaduka 3HaueHwidi LRF B 3aBHCUMOCTH OT BPEMEHHBIX TOYEK IS
pa3IUYHBIX YCI0BUH LeneBoro pH cornacHo ¢ NpuMepHBIM BAPUAHTOM PEATU3aLUH.

@ur. 4C pnemoHCTpHpYeT KHHETHKY mHakTuBaumu X-MuLV mpu 100 MM NaCl npu
pasnuyHbIX 3HaudeHusX Lenesoro pH, manpumep npu oxono pH 3,65, pH 3,73 unu pH 3,80,
COTJIACHO C TNpHUMepHBbIM BapuaHToM peanmnzauuu. Kpuebie LRF Obumn monydeHsl myTem
noctpoerns rpaduka 3HaueHuil LRF B 3aBHCHMOCTH OT BPEMEHHBIX TOYEK Ui Pa3IMYHBIX
3HaYeHHH 1eneBoro pH cornacHo ¢ mpuMepHBIM BAPUAHTOM pPeaTU3aLii H300pETEeHNUS.

@ur. 4D neMoOHCTpUpYeT NPOTHO3UPYEMbIH mpodaiisep, BKIOYAIOMUN HU3MEPEeHUs
napamMeTpoB Ul OLEHKH paboumx ycnoBuH, comepxamux okoso 25 MM NaCl mpu oxono pH
3,70-3,75, cornacHo ¢ MPUMEPHBIM BAPUAHTOM peasln3aliuil H300pETeHNs.

@ur. 4E pemMoHCTpHpYeT MNPOrHO3UPYyeMbIii mnpodalinep, BKIOYAOIUN H3MEPEHUs

napamMeTpoB Ul OLEHKH paboumx ycnoBui, copepxauux okosno 50 MM NaCl mpu oxono pH



3,70-3,75, cornacHo ¢ MPUMEPHBIM BAPUAHTOM peasln3aliui N300peTeHus.

@ur. 4F neMOHCTPUpPYET MPOTHO3UPYEMbIH Mpodaiinep, BKIIOUYAIOLIMA H3MEPEeHHUs
napamMeTpoB Ul OLEHKH paboumx ycnosui, copepxauux okosno 80 MM NaCl mpu oxono pH
3,70-3,75, cormacHO ¢ TPUMEPHbIM BapUAHTOM OCyllecTBieHus. BenumuunHa >ddexra
¢unpTpanMu TOCNE BBENEHHs OblJa MUHMMAQJIbHOH W HE Yy4YUTbIBajJach B 0OIIeM
IpOrHO3UpyroLIeM npodaiinepe.

@ur. SA nemoHcTpupyeT (pakTHUECKHe 3HAYEHUS 10 CPABHEHUIO C MPOTHO3UPYEMBIMHU
MHOTOMEPHBIMH MOJeNsIMU JIuHeNHHOH perpeccuu ansd LRF ans 15-MUHYTHBIX BpEMEHHBIX TOYEK
COTJIACHO MPUMEPHOMY BAPHAHTY peai3aliy U300peTeHHs.

@ur. 5B nemoHcTpUpyeT (aKTUYECKUE 3HAYEHHS 10 CPABHEHUIO C MPOTHO3HPYEMBIMHU
MHOTOMEPHBIMH MOJeNnsIMU JuHeNHHON perpeccun A LRF nnsa 30-MUHYTHBIX BpEMEHHBIX TOYEK
COrJIaCHO MPUMEPHOMY BAPHUAHTY PeATU3ALUH.

dur. 6 AEMOHCTPHPYET NPOTHOMPYIOLIHMHA mnpodalinep, KOTOpbIH ObUT CO3MaH s
ontumHu3aMu Moxenu st noctiwkerns oonee 4 LRF mocne 15- n 30-MHHYTHBIX BpEMEHHBIX
TOYEK COTJIACHO TPUMEPHOMY BapHaHTy peanm3anuu. lIporHosumpyromuii mpodaiiiep
NpeACTaBsUT MHAKTHBAIMKD X-MuLV kak (yHKIHIO 3HAUYMMBIX (PAKTOPOB, OLIEHEHHBIX B D-
ontumainbHOM DOE coriacHo npuMepHOMY BapHaHTy pean3alii H300peTeHus.

@ur. 7 AEMOHCTPHPYET NPOTHO3UpPyeMble Mpodaiieprl, BKIOUAKOIIHE B ceds
IPOTHO3HBIE MOKA3aTEIH MapaMeTPOB JUIsI HEKOTOPBIX CYLIECTBYIOIIUX pabO4MX YCIOBUH INPH
okono pH 3,70-3,75 nnsa BbLIEpKKH NpU HU3KOM pH corjmacHO NpuUMEpHOMY BapHaHTY
peanmuzaunu u3o0OpereHus. Benuuumna ad¢dekra GuiabTpauu  MOCiHe BBEOCHHS  ObLia
MUHHMMAJIbHON U HE YUUTHIBAJIACh B OOLIEM NTPOrHO3UPYIOIIEM npodaiinepe.

@ur. 8 neMOHCTPUpPYET NPOrHO3UpPYeMble mnpodaiineppl, BKIOYAOMKME B cels
IPOTHO3HBIE MOKA3aTENIN APAMETPOB JJIs1 H3MEHEHHBIX pOOOYHX yCIoBHHA npu okoso pH 3,65-
3,70 nna BeIOEpKKHM INpU HU3KOM pH corjacHo npuMepHOMY BapHaHTy pealu3aluu
u3o0pereHus. Benuuuna sddexta (uabTpalu MOCIe BBEAEHHs] Oblla MUHHUMAJbHOH U He
YUUTBIBAJIACh B OOIIEM MPOTHO3HUPYIOLIEM mpodaiinepe.

@ur. 9 nemoHCTpUpYyeET pasmep 3¢dekra s OLeHUBaeMbIX (akTopos, Bkirouas NaCl,
pH, KUCIOTHBIIA THTPAHT, TeMnepaTypy, THI Oenka (MAb, MOHOKJIOHAJIBHOE aHTHUTEJNO), pacueT
BpeMeHH BBeleHHs U ux komOuHaiuu, a takxke X-MuLV LRF uepes 30 MuHYT ajisi THUIIOB
6enxos, Bimoyas IgG1l u IgG2, Ha OCHOBE PETPOCHIEKTUBHBIX JAHHBIX COTJIACHO MPUMEPHOMY
BapHUAHTY pean3alui H300pETeHHUS.

@ur. 10 nemoHCTpHpPYET pazmep dddekTa s oneHnBaeMbIx pakTopos, Brmouas NaCl,
pH, KUCIOTHBIA THTPAHT, TeMnepaTypy, TUI Oenka (MAb, MOHOKJIOHAJIbHOE aHTHUTENO), pacueT
BpEMEHU BBEACHUS W uX KoMOmHaumu, a Takke LRF perpoBupyca misi pasiudHbIX
TEMIIEPATyPHBbIX YCJIOBUNM Ha OCHOBE PETPOCIHEKTUBHBIX IMPOMBIIIJIEHHBIX JAHHBIX COIJIACHO
NPUMEPHOMY BapHAHTY pPeau3alu H300PETEeHUs.

@ur. 11 nemoHCcTpHpYeT pa3mep >ddekTa 1y oneHnBaeMbIx pakTopos, Bkmouas NaCl,
pH, KuCIOTHBINA TUTpAHT, TeMneparypy, THI Oenka (MAb, MOHOKIIOHAJIBHOE aHTHUTENO), pacueT

BPEMCHH BBCACHUA U UX KOM6I/IHaI_II/II/I, a TaKXXC BpEMs IJIAd BBGI[eHI/IH/KOppeKTI/IpOBKI/I A1 ABYX



CIIOCOOOB COTJIACHO MPUMEPHOMY BAPUAHTY PeaU3aLIH.

NHOJAPOBHOE OITMCAHUE CYIHHOCTHU U30BPETEHUA

OuncTka OT BHPYCOB BaXKHa Ui NPOU3BOACTBA OHMO(AapMALEBTUYECKHX IPOAYKTOB,
ocobeHHO st OuodapMaleBTUYECKUX MPOAYKTOB, KOTOPBIE MPOM3BOAATCS C UCIIOJIb30BAHHEM
KJIETOYHBIX JIMHUN MJIEKONMTAIOLINX, TAKMX KaK KJIETKH sSM4HUKa kuraiickoro xomsika (CHO).
ITpu paspaboTke mporecca OYUCTKH BaXKHO OOECIeYNUTh OYHMCTKY OT BUPYCOB. THUIUUHBINA
paboumii mporecc ATt U3y4eHUs] OYUCTKH OT BUPYCOB B IIPOM3BOACTBEHHOM IIPOLIECCE BKIFOYAET
nobaBjieHHe BUpyCa B 00Opasell, 3amycK mporecca B MaciITaOMPOBAHHOM JKCIIEPUMEHTE, YTOOBI
UMHUTHUPOBATh KPYIMHOMACIITAOHBIH STaml, U JOKYMEHTHPOBAHME BO3MOXHOCTH OYHCTKU OT
Bupyca. I[Ipolecchl WHAKTHUBALMK WM YAAJIEHHs BUPYCOB BKIIFOYAIOT BoO3xelcTBHe Ha pH,
TepMooOpaboTKy, BO3JIEHCTBUE pacTBOpUTENIEM/ IETEPTEHTOM, (bUIBTPALIUIO Wi
xpomarorpaduro. OneHka OYHCTKH OT BHPYyCa TOJKHA BKJIFOYATH JEMOHCTPALHMIO YOAJICHUS
OTPENEIEHHOrO0 MOJEIBHOTO BHPYCA JJISI PETPOBUPYCONOAOOHBIX HYACTHL, MPUCYIIUX T'€HOMY
KJIETOK stmuHKKa kutaiickoro xomsiuka (CHO) (Anderson et al., Endogenous origin of defective
retrovirus-like particles from a recombinant Chinese hamster ovary cell line, Virology 181(1):
305-311, 1991). PerpoBupyc mnpexacrasiser coboit obonoueunsrii PHK-Bupyc, koTopbrii
Pa3MHOXKAETCsI B KJIETKE-XO35IMHE C UCIIOJIb30BaHHEM (hepMeHTa OOpaTHON TPAHCKPUITA3bI IS
nonyuenust JIHK wu3 csoero PHK-renoma. Ilonyuennas JHK 3arem BkiIHO4aercss B FeHOM
XO3siMHA s perumkanun. KceHoTpomHslil BHpyC MbIIMHOrO Jjeikosa (X-MuLV) moxxHO
UCTIONB30BaTh B KAdyeCTBE MOJAEIBHOIO BHUpPYCa Uil OLIGHKM BHUPYCHOH HHAKTHUBALUH
bapmareBTHIECKIX OEJKOB KJIETOYHOIO MPOUCXOXKAEHHs, monyueHHbIX u3 kierok CHO. Bupyc
MbIlIUHOTO Jeiiko3a (MulLV) mnpencrasisier coOoil peTpoOBUPYC M HMEET IOJIOKHTEIbHYIO
oxgHouenovyeuHyro cMmeicioByro PHK, koropas permmuupyercs ¢ NOMOIIbIO 0OpaTHON
Tpanckpunuuu. MuLV MoeT BeI3bIBATh JIEHKO3 Y MHOKYJIMPOBAHHBIX MbILIEH.

VYMeHblIeHHe KOJIUYeCTBAa BUPYCOB UJIM BUPYCHAsl OUMCTKA OTHOCUTCS K Pa3HHULIE MEXKAY
OOIIMM KOJIMYECTBOM BUPYCOB B MCXOTHOM OOpasiie ¥ KOHEYHOM 00pasiie MOCJie BbIMOTHEHHS
OTNpPENEeIeHHOr0 JTana Mpolecca, TAaKoro kak mporecc xpomartorpaduu. CnocoOHOCTH K
YMEHBLICHUIO KOJIMYECTBA BUPYCOB MOXKET OBITh OIpenesieHa Kak JIorapupMUIeCKOe 3HAYCHHE
ymenblienuss (LRV) unmu norapudmuueckuit (logig) xospdumuent ymenvmenus (LRF) mns
srana npouecca. KospuumeHT yMeHbIIEHUs] pacCUUTHIBAETCS HAa OCHOBE OOIIEeil BUPYCHOH
HArpy3KH A0 NMPUMEHEHHUS 3Tana OYMCTKHA M OOILIero KOJIMYeCTBAa BUpPYCa IMOCIE MPHUMEHEHHs
JTama OYUCTKH. BanumanuoHHBIE MCCIENOBAHUS HA BHUPYChl MOTYT OBITh NPOBEICHBI IS
JTOKYMEHTAJIBHOTO MOATBEPKACHUS] OYMCTKH OT U3BECTHBIX BUPYCOB, CBSI3AHHBIX C MMPOAYKTOM, U
1T OLIEHKH 3PP EKTUBHOCTH MPOLIECCA MO OYUCTKE OT MOTEHIHAIBHBIX TOCTOPOHHUX BHPYCHBIX
KOHTAaMUHALUN MyTeM OMpENeNIeHHsI COCOOHOCTH MpOLEcca K OYUCTKE OT HecTelH(pHUECKUX
MOJIENIbHBIX BHPYCOB.

Hacrosimas 3asBka npeacrapisier COOOH CTATUCTHYECKH CIITIAHUPOBAHHBIN SKCIIEPUMEHT,
KOTOPBIF MOKHO HCIIOJNB30BATh U OLIEHKH M XapaKTepUCTHKH 3P (EKTOB 3Tara NOAAEpKaHHs
HU3Koro pH ayis MHAKTHBAIMM BHUpPYyCa, BKJIOYAs OLIEHKY HECKOJBKUX (PAaKTOPOB, TAKUX Kak

m3otun Oenka, cocrostaue pH, Temmeparypa, KMCIOTHBIH THTPAHT, COCTOSTHHE WOHHOM CHIIBIL,



pacde€Tr BpPEMEHU BBCACHUA WA (I)I/IJ'IpraLII/ISI IIOCJIE BBCACHHA. OtH METOABI MOXKHO

UCTIONBb30BaTh U NPOTHO3UPOBaHUS 3(PQPEKTHBHON OYMCTKM , KOTAa CTagui0 BHPYCHOU

>
WHAKTUBALUU NPOBOAAT B auana3oHe pH okono 3,60-3,90, nyreM MaHUIyJIMpOBAaHUS MOHHON
CHJIOM 3a CYeT YyBEeJHUYeHHUs] MPOBOAMMOCTH MCXOAHOro Marepuana ¢ HuskuMm pH. Mopennu,
CO3aHHBbIE B PE3yJbTATe JKCIEPUMEHTOB, MOKHO HCIOJNb30BaTh MAJii IPOrHO3UPOBAHMS
BUPYCHOM OYMCTKH, Takux kak X-MuLV, B nuanasone ycnoBuii mpouecca B pa3HbIX BPEMEHHbBIX
TOYKAaxX, TAKMX Kak 4depe3 Okoyio 15 MuHyT u depe3 okono 30 MUHYT. B HEKOTOpPBIX THIOBBIX
BapHUAHTAX pealu3aluu H300peTeHus, B IOMOJHEHHe K BJUSHHIO Ha 3HaYeHus pH mpwu
WHAKTUBALUU BHPYCa, MOBBIIMIEHHE MPOBOJUMOCTH HCXOAHOIO PacTBOPa MOXKET YBEIUYHTh
WHaKTHBaLMIO Bupyca. Hampumep, yBenuuenue koHueHtpauuu xjgopuna Harpus (NaCl) moxer
OBITh KJFOYEBBIM KOMIIOHEHTOM, BJIMSIOIIUM HAa KHHETUKY WHAKTHBALUU BHpycCa JUIs
OOCTH)KEHUsT Oonblieldl WHAKTUBALMM BHPyca. B OFHOM acmekTe, HAcTosImas 3asiBKa
o0ecrieynBaeT MPEUMYIIECTBA HAAECKHOW U 3(P(PEeKTUBHOH WHAKTHBALMK BUPYCOB, TaKHE Kak
6onee uem okono 4 LRF nmnst muaktuBammm X-MuLV, uto MoxeT OBITH JOCTHTHYTO 32 CUET
yYBEJIMYEHUs] NIOHHOM CHJIbI HA4aJIbHOTO HU3K0ro pH.

B cooteerctBun ¢ ICH QS5A (R1) (OueHka BupyCHOW O€30MacHOCTH MPOAYKTOB
OMOTEXHOJIOTUH, TMONYYEHHbIX W3 KJIETOYHBIX JIMHUH YEJOBEYECKOTO WJIHM JKUBOTHOTO
NPOMCXOXKEHUSI. MexnyHapoaHas KOH(PEpEeHIHs 110 rapMOHM3AINN TEXHHYECKUX TPeOOBaHUI
K PErHCTpaLMU JIEKAPCTBEHHBIX CPENCTB ISl uejoBeka. Tekymast Bepcusi 4, 23 ceHTssOpst 1999
r.), TMOCIEAYIOIINE IMPOLECChl OYUCTKH OMO(papMalleBTHUECKUX MPOAYKTOB pa3padaThIBAIOTCS
1y obecriedyeHusl yAaJeHus W/ WHAKTUBALMM SHAOT€HHBIX WM NMOCTOPOHHHUX BHPYCHBIX
3arpsi3HUTeNned. TunuyHble MOCneAyrolue MNPOLECChl OYUCTKH MOTYT BKJIIOYATh HECKOJIbKO
5TANOB OYUCTKUA OT OPTOTOHAJIBHBIX BHUPYCOB, B TOM 4YHCJE OAMUH CHELHUANbHBIA 3Tal [AJs
MHAKTUBaLMU 00oNo4YeyHbIX BUPycoB. MHkyOanms npu HHM3KOM 3HadeHun pH Mmoxer ObITh
UCIIONIB30BAaHA Ul HMHAKTHBALMK BHpyca B 00ONOUYKe, Hampumep, sl HeoOpaTuMoin
nenatypauuu karcuna (Brorson et al., Bracketed generic inactivation of rodent retroviruses by
low pH treatment for monoclonal antibodies and recombinant proteins, Biotechnol Bioeng 82(3):
321-329, 2003). ®unbrpanus mpeAcTaBiseT COOOHM yaalieHHe Ha OCHOBE pa3Mepa, KOTOpOoe
MOJKHO HCIIOJIb30BaTh JUUIsl YIAJICHUSI BUPYCOB Kak ¢ 000J04KOH, Tak u 6e3 obonouku ((Lute et
al., Phage passage after extended processing in small-virus-retentive filters, Biotechnol Appl
Biochem 47(Pt 3): 141-151, 2007). Craguu xpomaTtorpaduu MOTYT OBITh MCIOJB30BAHBI JJIS
OYUCTKH OHMOJIOTMYECKUX MPOAYKTOB C IOTCHIMAIIOM CHIDKEHHSI KOJWYECTBA BHPYCOB LIS
OYHCTKHA OT BUPYCOB, TaKUX KaK IMOJib3oBaHHe xpomartorpaduu ¢ Oenxkom A (Bach et al,
Clearance of the rodent retrovirus, XMuLV, by protein A chromatography, Biotechnol Bioeng
112(4): 743750, 2015) wnu annonoodMeHnHoi xpomarorpaduu (Strauss et al., Anion exchange
chromatography provides a robust, predictable process to ensure viral safety of biotechnology
products, Biotechnol Bioeng 102(1): 168-175, 2009a).

WnakTuBanust BUpycoB mpu Hu3koM pH OOBIMHO BBINONHSETCS MOCKE 3Tama 3axBaTa
Oenka A 1 MHAKTUBALMM BHPYCOB BO BPEMs OYUCTKH OMO(papMaLeBTHUECKUX IMPOAYKTOB,

TaKMX KaK MOHOKJIOHAJbHbIE aHTHTeNa. [IPOmyKT, SJIOMPOBAaHHBIN MpuU Xpomarorpaduu ¢



OenxoMm A, 0ObIMHO UMeeT HU3KkuH pH, KOTOPBIH JOMOTHUTENBHO MOAKHUCISIIOT U BBIIEPKUBAIOT
He MeHee 30 MUHYT AJi1 MHAKTUBAaLUU BUpyca. MexaHn3M MHAKTUBALMU BUpPYyCa 3aKIHYaeTcs,
npex/ie BCero, B XMMUYECKOH peakiiy, OCHOBaHHOW Ha pH, KOTOpast BbI3bIBa€T HEOOPATUMYIO
J€HATYPaLMI0 TOBEPXHOCTHBIX TJIMKOIIPOTEHHOB WM Pa3pylleHue JUMUAHON 000J0YKH BUpYCa
(Brorson et al., supra). Ilo 3aBepuiennu nopaep:kanus pH mnpoaykT HeHTpanus3yrT H
HAMPaBJISIOT HA JaNbHEHIy0 nepepadboTky. bpiio 3amedeno, uro cragus Hu3koro pH HagesxHO
nponyuupyer 4 LRF kpymubix obonoueunbix BupycoB (Miesegaes et al., Analysis of viral
clearance unit operations for monoclonal antibodies. Biotech Bioeng. 2019; 106:238-246).
IIpenpinyiiye uccneqoBaHUs IMOKA3bIBAIOT, YTO HOHHASA CHJIA MOXET BIHUSTb Ha KHUHETHKY
nHakTuBalMu X-MuLV. VYcnoBusi skcriepuMeHTa ¢ TMOBBIIEHHOW WOHHOW CHUJION, Takue Kak
Oonee BBICOKHE KOHIeHTpauuu Oydepa wumu Oojiee BBICOKHME KOHIEHTpAlUH Oejka MpH
TUTPOBAHHUHU CJIA0OH KUCIIOTBI, MOTYT KOppearpoBath ¢ bosee Beicoknmu LRV npu pH 3,7 u 3,8.
(Chinniah et al., Characterization of operating parameters for XMuLV inactivation by low pH
treatment, Biotechnol Prog, 2016. Jan-Feb; 32.(1), 89-97, doi: 10.1002/btpr.2183. Epub 2015
Nov 5).

beun mpoBeneHsl MCCIENOBAaHUs, YTOObI NMOHUMATh KIUPEHC BUpycCa MO YAEPIKAHUIO
Huszkoro pH. DTy uccrnenoBaHus MOATBEPXKIAOT XUMMUYECKYHO peakLMio Ha ocHoBe pH, Ha
KoTopyro BiustOoT pH, Bpemst u Temneparypa (Brorson et al.). ITockonbKy cTaaust MHAKTHBALUN
ABIIsIeTCS HaexkHOH, Brorson et al. pazpaboranu «oOuuii KIMpeHC B KBaAPATHBIX CKOOKax», B
KOTOPOM MHAKTUBaLUs NpU HU3kOM pH BbeinonHsiercs B 3HadeHusax pH nmxe unu pasaom pH 3,8
U [IpU TeMIeparype Bblle uiu paBHOH 14 °C B TedeHne kak MUHUMYM 30 MUHYT BBIAEPKKU JJIsI
MOCTOSIHHOTO JIOCTIMDKEHHsT OOJNbIIero miu paBHOro knmpenca 4,6 logjp X-MuLV. ASTM
(AmMepukaHckoe OOLIECTBO IO HCHBITAHUAM W MaTepHajaM) JOMOJHHUTENIbHO COKPATHIIO
pabouyro obmactb mpu Hu3KoM ypoBHe pH no ypoBHs Hmxke wim pasHoro pH 3,6 u
TeMIiepatypsbl Bbilie win paBHO# 15 °C nnst noctukenus 3HaueHust LRF Boime unu pasHoro 5,0
B cootrBerctBuu ¢ ASTM E2888-12 (ASTM. E2888-12: Standard Practice for Process for
Inactivation of Rodent Retrovirus by pH. West Conshohocken, PA: ASTM International; 2012.
http://www.astm.org). Kpome Toro, cormacio ASTM E2888-12 Bpems Bbliep:KKU paBHO WU
npesbiaet 30 MUHYT.

Co BpemMeHeM PYKOBOICTBO OBLIO MEPECMOTPEHO, YToObl CHU3UTH pH comeprkanHust aust
noctkeHus 6onee Beicokux LRF. UToOb! mpeTeHnoBaTh Ha OOMIMIA TOMYCK, IPEAYyCMOTPEHHBIN
ASTM E2888-12, uarepecyromuii 0€10K JOKEH COOTBETCTBOBATh 001eMy mabioHy, KOTOPBIH
onpenaenseT NOKyMeHT. J((eKTuBHAS MHAKTHBAIUS BHPYCa MOKET OBITh OCOOEHHO CJIOKHOM
3amaded 1us1 OmodapManeBTHUECKHUX MPOAYKTOB, TAKMX KAaK MOHOKIJIOHAJbHBIE AHTHUTENA,
MOCKOJIbKY BO3/I€HCTBHE Ha Ok HU3KOro pH MOKeT M3MEHUTh KaueCTBO WJIH CTAOMIIBHOCTB
OenxoB. OprasHbel 31paBOOXPAaHEHHUs OXHIAIOT, 4YTO yaepkanue Hu3koro pH Oyzmer
MOJTBEPKJEHO B HAUXYJLINX YCJIOBHUSIX. JTO YKa3bIBA€T HA TO, UTO MHAKTUBALUs PETPOBHUpYCa
orpenensercss B 3HaueHUsAX pH, mpesbimaromux (pakTUUECKUH MPOU3BOACTBEHHBIN TUAMA30H.
VYnanenue Bupyca MOXET OBITh HApyIIEHO, €CNIH CTaausl WHAKTHBALUU IPOBOIUTCA 3a

npeaciiaMm 5TUxX AUAIra3OHOB.
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B HEKOTOpBIX THUMOBBIX BapHAHTAX pealu3ali H300peTeHHs, B HACTOSIIEH 3asiBKe
MPENCTABJIEH CTATUCTUYECKU CIIAHUPOBAHHBIA 3KCIIEPUMEHT, HAIpUMEp IUIAH SKCIEPUMEHTA,
BKJIFOUAIOLNI KOHTPOJUPYEMbIE U HEKOHTPOJIUpPYEMble (PaKTOPBI, CBA3aHHBIE CO CTaauei
WHAKTHBALMU Tpu HuskoM pH, nna onpeneneHust BnusHUS THNa Oenka, coctostHus pH,
TEeMIepaTypbl, KUCJIOTHOrO THUTpaHTa, conepskaHuss NaCl, pacuera BpeMeHU BBENEHHUS WU
¢uipTpannu mocne BBEAEHMS NPU MHAKTHBALMK BHPYCa B PAa3HbIX BPEMEHHBIX TOUKax. B
HEKOTOPBbIX AaCHeKTaX HacTosas 3asiBKa O0ecrneunBaeT OSKCIePUMEHTAIbHbIE (aKTOPbl U
YCJIOBUSL JUIsl OTpenesieHus] padouuxX YCJIOBUM sl HameKHOW U 3()QPEKTUBHOW OYMCTKH OT
BUpycOB. B Hekoropeix acmekrax X-MuLV BbiOpaH B KauyecTBe MOZAETH 3HIOTEHHOT'O
000JI04eUHOTr0 BUpyCa. B HEKOTOPBIX acmeKTax ABa TUIIA MOHOKJIOHAJIBHBIX aHTUTENI, TAKHX KaK
IgGl wunu 1gG4, noxseprarOT TECTUPOBAHMUIO PA3JIMUYHBIX IApaMETPOB, Takux Kak pH,
TeMIepaTypa, KUCIOTHBIH TUTPAHT, HOHHAS CHJIA, PacyeT BPEMEHH BBEACHUS WIN (UIIbTPALIUS
MIOCJI€ BBEACHUS.

IInan skcnepumeHnTa, HAIpUMeEp IUIaH SKCepUMeHTOB uin DoOE, Hacrosmen 3asBku 11
MHOTOMEPHOTO aHaJnW3a BKIKOYAaeT B ce0s XapakTepUCTHKH WHAKTHBALIMM BUpPyCa IPH
ynepxkannn Huskoro pH. DoE mnpencraBnsier coboii mpoueaypy HCCIENOBaHUs, KOTOpas
IOIYCKAeT CHUCTEMATHYEeCKHE HM3MEHEHHS HECKOJbKHX (DaKTOpOB MPOTEKaHWsl Mpolecca B
KOHTEKCTe OJHOrO IjaHa skcnepuMenTta. Pesynbpratel DOE MOXXHO MCIONB30BaTh ISl CO31aHUS
MaTEeMaTUYeCKUX MOJAENeH HccilenyemMoro mnpouecca. lIpumeHss naHHbIE MaTeMaTUYECKHE
MOJENIA, MOKHO OIpENeNuTb HCTHUHHBIM ONTHUMyM wucciaenyemoro mnpouecca. Ilpumenenue
pesyabratoB DOE BKkiFOHaeT ycTpaHeHHE HeCYIIeCTBEHHBIX (PaKTOPOB NPOTEKAHHs IMPOLECCa,
OTpeieNieHne KPUTHUYECKHX (DAaKTOPOB NMPOTEKaHUs Ipolecca Ui AAJbHEHIIero M3y4deHHs |
nporHo3upoBaHuss  d¢p¢pexkTuBHOCTH Hcciaenyemoro mpouecca. DoE  BeimonmHsiercs B
CHCTEMAaTHYECKOM JIOTMYECKOM IIOTOKE, BKJIIOYAs MOCTAHOBKY IieJiel, BBIOOP NepeMEHHbBIX
(daxTopoB 1 MoneNel, Co31aHue TUIAHOB KCIIEPUMEHTA ISl IIOAAEPIKKU Mozenel, cOop AaHHBIX
Ha OCHOBE IUIAHOB, BBINIOJHEHUE aHAJIN3A, TPOBEPKY MOAENEH C MOMOLIBK) KOHTPOJIBHBIX TOUYEK
U OoT4eT O pesyibratax. Pesynbrarel DoE M monyueHHBIE MOJENH MOTYT OBITh MCIOJIB30BAHBI
IJIs1 TIOATBEP)KACHMsS], OTKJIOHEHHUS] WIM HW3MEHEHUs CYILIECTBYIOLIEr0 NMOHUMAHMsS MEXaHHU3Ma
yAEpKaHUst HU3KOro pH ayis 04uCTKH OT BUPYCOB.

B HEKOTOPBIX THUIOBBIX BAPHAHTAX PEATH3ALNH, JaHHAS 3asBKa MPEIOCTABIIET CIOCO0
OYHCTKH aHTUTeNa u3 00pas3la, COAepIKalero OAHY MJIM HECKOJBbKO MPHMECEH, BKIFOYast
NOTEHIMAJIbHO MH(EKIMOHHbIE BHPYCHBIE YACTHIBI, MPHYEM CIOCO0 MO HACTOAILIEH 3asiBKe
BKJIFOYAET. PEryJHPOBAHHE COCTOSHUS WOHHOW Cuibl oOpasla, noseneHue coctostHus pH
oOpasua no kucioro 3HadeHus: pH, u nocaenyromiee noanepxanue oopasua B yCIOBHIX HOHHOU
cunel 1 pH B TeyeHne Mo MeHbIIEH Mepe OKONO 15 MUHYT 1J1 MHAKTUBALMM HEKOTOPOIO
KOJINYECTBA BUPYCHBIX YacTUL. B 0HOM acrnekre, BO3MOKHOCTh CIIOCO0a O HACTOSIIIEH 3asBKe
WHAKTUBUPOBATh KOJIUYECTBO BUPYCHBIX YaCTHLl COCTABJIAECT MO MeHblIel Mepe okono 3 LRF. B
OJTHOM acCIeKTe, BO3MOXHOCTh CHOCOOa MO HACTOSLIEH 3asBKe MHAKTHBHUPOBATH KOJIUYECTBO
BUPYCHBIX YaCTHULl COCTABJsIET MO MeHbLIen Mepe okono 4 LRF. B npyrom acnekre nentun uiu

Oenok B oOpasie npencrasisieT coOOH aHTHUTENO, MPOAYLUPYEMOE B KIIETKe-X03sinHe. B onHOM
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acTieKTe, aHTHUTEJO TPENCTaBiIsAeT COOO0M MOHOKJIOHAJNPHOE AHTUTENO MK Oucnenupuyeckoe
aHTUTENI0. B OMHOM acrekte, aHTUTENIO B CIoco0e MO HACTOSIIEH 3asiBKE MPEACTaBIsIET COOOM
3JIFOEHT XpoMaTtorpaduu ¢ 6enkom A.

B omnom acnekte pH oOpasua B crocobe Mo HacTosed 3asBKe MEHbINE WUJIN PaBEeH
okojio pH 3,90. B onnom acnekte pH oOpasiia Haxogutcs B quamnasoHe ot okosio pH 3,60 mo
okojio pH 3,90. B onnom acniekte pH oOpasiia Haxoaurcs B auamnasoHe ot okojo pH 3,65 mo
okono pH 3,80. B HexoTOpeIX acmekTax, 3HaueHne pH B CTaTUCTUYECKH CIUIAHUPOBAHHOM
SKCIIEPUMEHTE IO HACTOALIEH 3asBKEe HAXOAUTCS B nuamna3oHe or okoyio pH 3,65 no okono pH
3,80, Takux kak okojyio pH 3,65, okono pH 3,73 unu okoso pH 3,80, uTo paBHO miu OOJIbIIe, YeM
nuanazoH pH mpomsBoacTBeHHbIX mpoueccoB. Juanazon pH ot 3,65 no 3,80 Gombuie, uem
nuana3zoH pH, npennoskenHbii ASTM E2888-12, u BbIXOAWT 3a €ro Ipenesnbl, HarpuMmep,
menbine win pased pH 3,6. U3BecTHo, uTo Oonee Hu3kue 3HaueHus: pH MoryT BeI3BIBaTH OOJIEE
ObicTpyr0 HMHakTHUBaLMIO Bupyca (Brorson et al.). B HekoTOphIX acrekrax, Temmeparypa B
CTaTUCTUYECKH CIIJITAHUPOBAHHOM SKCIIEPUMEHTE IO HACTOsIIEH 3asBKe HAXOAUTCS B AUANa30OHe
ot okosio 15°C mo okomno 20°C, takmx kak okojo 15°C wumm okono 20°C, 4TO HaXOOHUTCS Ha
HIDKHEM TIOpPOTe MJIM HIDKE TEMITepaTyp MPOHM3BOIACTBEHHBIX MporeccoB. M3BecTHO, uTo Oonee
BBICOKAsI TEMITEPATypa MOXKET BbI3bIBATh OoJiee OBICTPYIO0 HHAKTHBAIMIO BUpyca (Brorson et al.).
TemnepatypHblii quanaszod ot okojo 15°C no oxono 20°C HaxoauTcs B Ipefenax guarna3oHa
temneparyp, mnpemiokeHHoro ASTM E2888-12, nanmpumep, Oonpme wau paseH 15°C. B
HEKOTOPBIX aCMEKTax KUCJIOTHBIM TUTPAHT B CTATUCTUUYECKU CIIJIAHMPOBAHHOM 3KCIEPUMEHTE IO
HacTosIIIel 3asBKe MpeacTasisieT codoit okono 0,25 M pochoproit kucnorel uinu okono 0,25 M
rmuimHa HCl. B Hekortopeix acnekrax, comepxanue NaCl, no0aBnsgeMoro k HCXOIHOMY
MaTepuajy B CTATUCTUYECKU CIUIAHUPOBAHHOM SKCIIEPUMEHTE 110 HACTOSLIEeH 3asiBKE, HAXOAUTCS
B JIMAra3oHe KOHLeHTpauui ot 0kojo 0 MM 10 okozo 100 MM.

B HeKkoTOpBIX acrekTax, CHocod IO HACTOAIeH 3asiBKE IOMOJHUTENBHO BKIIFOYAET
ONTUMU3ALMIO MHAKTHBALIMM HEKOTOPOrO KOJUYECTBA BHUPYCHBIX YacTHIl IMyTeM 3amycka D-
Optimal DoE nns oueHku pasaudHbIXx (PaKTOPOB, BKJIOYast cocrosinue pH obpasia,
NPOBOJUMOCTh OOpasLia, THIT MenTuaa Wik Oenka, Temneparypy oOpasua, KUCIOTHBIH TUTPAHT
IUI KOPPEeKTUPOBKU ypoBHS pH oOpasia, BpeMsi BBEIEHUS BHPYCHBIX YaCTHUL[ B OOpasel Hiu
Haimune (UIBTPALIMU TIOC]E BBENCHUS. B HEKOTOPBIX acleKTax, CHHXPOHU3ALMs BPEMEHH
BBEJEHUS] B CTaTHCTUYECKU CIJIAHUPOBAHHOM OKCIEPHMEHTE [0 HaCTosLleH 3asiBKe
npeAcTaBisieT coOOH MeTON PperyiIupoBKa-BBEIACHHS-TIOBTOPHAS PETYJUPOBKA MM METON
BBEJIEHUE-PErYIUPOBKAa. MeToa  peryiupoBKa-BBEEHUS-NIOBTOPHAs PEryJlMpOBKa MOXKET
o0ecreunTh MOCTOSTHHBIN JKeJlaeMblii [rana3oH pH B TeueHre Bcero BpeMeHH BbIIEPIKKH. MeTox
BBE/ICHUE-PETYJIMPOBKA MOXKET MPENCTABIATE COOOH ayTeHTUYHBIE IPOU3BOICTBEHHBIE YCIOBHS,
IPU KOTOPBIX TMPOMEXYTOUHBIH MPOAYKT, COAEPIKALIMI SHIOTEHHBIE PETPOBHPYCONMOAOOHBIE
yacTulpl, noxkucisiercss or HadansHoro pH . CormacHo cmocoly peryampoBKa-BCILIECK-
TOBTOPHAsI PEryJupOBKa, Kak Moka3aHo Ha ¢ur. 1A, oOpas3ipl peryJiupyrT/TUTPYIOT OO
uesnesoro pH, a 3arem BBOASAT BUPYCHBIN UCXONHBIN MaTepual, umeromuii pH okono 7,2. Otcuer

BpeMeHHU yaepxkaHus pH HaumHancs BO BpeMs BBeneHus. B cBa3um ¢ HaOmomeHHeM 3a
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nosbimeHneM pH mocne noGaenenuss mramma Bupyca pH o0pas3noB cHOBa IOBOAMIIM IO
uenesoro pH nepen BhIACPKKON NMPU KEIA€MOM TEMIEpPaType B TEYEHHE OCTABLIEHCS 4acTH
ynepxxanust pH. CormacHo cnocoOy BBeneHHe-peryJlupoBKa, Kak MNMoka3aHo Ha ¢ur. 1B, B
o0Opa3upl CHadana BBOIAT HCXOIHBIM pacTBOP BHUpPYCa, a 3aTe€M pEryJIUPYIOT/TUTPYIOT [0
uenesoro pH. Ilpu noctuxkenun nenesoro pH HaumHaercs orcuer BpemeHu yaepskaHus pH, u
oOpaszer; MHKyOUpyeTCsl MpH JKenaeMoil Temmneparype. B HEKOTOpBIX acrmekTax CTaTUCTHYECKU
CIUTAHUPOBAHHOTO 3KCIEPUMEHTa B COOTBETCTBMM C HACTOSLIEH 3asBKOH, yAep>KaHUE IpH
HHU3KOM 3HaueHnn pH MOXeT MmpoBOIUTHCS C (QrIbTpaliel mocje BBEACHUs Wiu 0e3 Hee ¢
UCTIONIb30BaHUEM (DUIIBTPA, TAKOTO Kak GibTp pazmepom okojio 0,2 MxM. PuibTpauus mocie
BBEJICHUSI TPEACTABISIET COOOHM AyTEHTHUYHYIO MPOU3BOACTBEHHYIO ONEPALMIO, MPH KOTOPOH
NPOMEKYTOYHBIA TPONYKT, COHAEpKAIIUH SHIOTEHHbIE PETPOBHPYCOMONOOHBIE YaCTHUIIBI,
bunbTpyercs s moxpnepxkaHus crepwibHOCTH. Crtanus (UIBTPALMM MOXKET TPUBECTH K
MOHOJIUCIIEPCHOMY BUPYCY, KOTOPBIN MOXET YAAJIUTh arperatsl BUPycCa.

B HEKOTOPBIX TUMOBBIX BAPHAHTAX PEATH3ALNU H300PETEHHs], TPOBOANMOCTb UCXOIHOTO
MaTepuana OKa3blBAeT CUJIbHOE BJIMSIHUE HAa KUHETHKY MHAKTUBALMM BUPyCa MPH Pa3IUYHBIX
3HaueHusX wnenaesoro pH. B HEKOTOPBIX THMOBBIX BapHUaHTAaX peaNTU3alUd H300peTeHHs,
HACTOsillee NMPUIIOKEHHUE MPEAOCTABIIAECT MOAEIH AJIsl IPOrHO3UPOBAHUS SJIMMHUHALIMYA BUpPYyCa B
pa3sIMYHBIX YCJIOBUSX Ipouecca. B HEKOTOPBIX acmekTax, B AOMNOJHeHWe K BiausHu0 pH Ha
WHAKTUBALWIO BUPYCa, MOBBILIEHUE HOHHON CUJIbI WJIM IPOBOAUMOCTH, TAKOE KaK KOHLIEHTPALIUS
NaCl, moxeT ObITh KJIFOUEBBIM KOMIIOHEHTOM, BIIFSIIOIIUM Ha KWHETHKY MHAKTUBALMK BUpyca. B
OJTHOM acriekTe, 3HaueHue pH sBisieTcst BaxHbIM (PaKTOPOM, KOT/Ia BBOAMMBII MaTepral UMeeT
HU3KYI0 MOHHYIO cuiy. Hanpumep, nnaktusauusa X-MulLV moxer 3aBucets OoT 3HaueHuil pH
IPU HU3KOW MOHHOM cuie. B HEKOTOpBIX acmekTax, KOrja HOHHAs CUJa YBEJIUYUBAETCs,
BiausiHMe 3HaueHud pH Ha uHakTuBauuro Bupyca yMmeHbwaercs. Hampumep, X-MuLV mosxer
ObITb OBICTPO HMHAKTHBUPOBAH IIPU BCEX LENEBBIX 3HaueHWsx pH, korma uoHHas cua
yBEINYUBAETCA. B HEKOTOPBIX acmekTax, Korjaa npucyrcersyer okoiao S0 MM unu okono 100 MM
NaCl, nonnas u >QdexTrBHAS >IUMHUHALMS BUpyCa, Takas Kak HHakTUBanus X-MuLV,
HaOJIIO1a€TCsT BO BPEMEHHBIX TOYKAaxX Ha OKojo 30 MUHyTax Ajisl melieBbIX 3HaueHud pH mpu
okono pH 3,65, npu pH oxono 3,73 u oxono pH 3,80. Jlna 3nauennii pH oxono pH 3,65 u pH
3,73 nonHast nHakTUBaus X-MuLV Habmonanace depe3 15 muHyT. B 0m1HOM acriekre, MOHHYIO
crty obpasla peryJIupyrT JOoOaBJICHHEM XJIOpHIA HATPHs, NMPH 3TOM KOHLEHTPALHs XJIOPUAA
HATpUsl HAXOAUTCS B Auanas3oHe oT okojo 1 MM no okono 100 MM, ot okono 1 MM 10 okoJo
500 MM, okono 50 MM unu okosno 100 MM.

Huszkwii yposenr pH mnpu mpousBoactBe OnmodapmaneBTHUECKHUX MPOAYKTOB MOXKET
OKa3aTb CYINECTBEHHOE BJIMSHHE HA KAa4eCTBO M CTAOMJIBHOCTh OENKOB, TaKHX Kak
MOHOKJIOHAJIbHBIE aHTHUTeNa. Mopenun no HaCTOALIEH 3asBKE MOXKHO HCIOJIb30BaTh IS
NPOTrHO3UPOBaHUs 3((HEKTUBHOW OUMCTKH, KOTAAa BHPYCHAS WHAKTUBALMSA OCYLIECTBISIETCS B
nuanasone pH or 3,60 nmo pH 3,90 myreM MaHUNyaupoOBaHUs NPOBOJAUMOCTBIO HCXOAHOTO
MaTepuana ¢ Hu3kuM pH. B HEKOTOpBIX acnekrax, HacTOsIAsl 3asBKa IMPENyCMaTPUBAET, YTO

yBeJIMUEHUEe MPOBOAUMOCTH 3a cyer nobasnenus NaCl k HCXOOHOMY MaTepHany MOKET
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obecrieunth OBICTPYI0 W 3((EKTUBHYIO WHAKTHBALMIO BUPYCa MPHU PA3IUYHBIX LEJIEBBIX
3HaueHnsx pH. B onHoMm acnekte, oOpasen B crioco0e 1Mo HACTOsIIIEH 3asBKe BBIIEPKUBAIOT MPU
yCJIOBUSIX MOHHOHM cwibl U pH obOpasma B TeueHue 1o MeHbined Mepe okojo 30 MHUHYT st
MHAKTHBALMM KOJIMYECTBA BHPYCHBIX HacTHL. B onmHOM acmekte, oOpasem B crocodbe 1o
HACTOsIIEH 3asBKE BBIAEPIKUBAIOT MPHU YCIOBUSX MOHHOHW cuibl 1 pH obpas3ma B TeueHune OT
OK0JIO 15 MUHYT 10 0KOsO 30 MUHYT JJIs1 MHAKTUBALIMM KOJUYECTBA BUPYCHBIX YACTHLI.

Pesynpratsl TecTupoBaHus cratuctudeckoro DoE nnsa yaep:kusanus npu HuskoMm pH B
HacTosLlel 3asBke cornacyrorcs co crangapromM ASTM nns muaktuBaumu 5,0 LRF X-MuLV
npu pH menee okoso 3,60. Pe3ynbTaThl TakKe NEMOHCTPUPYIOT YCTOHYHMBYIO U 3(()EeKTHBHYIO
uHakTHBaLW0 npu pH Beime okono 3,60. [y [uama3oHOB, BBIXOASIIUX 32 MpPEAebl OOLero
sasBiieHnst ASTM, pe3ynbTaThl MOKa3bIBAOT, 4TO yBenuueHue copepxkanus NaCl moxer
obecrnieunth ObICTPYIO U 3 dekTuBHy0 nHakTHBaUMO X-MuLV. Kak npasuno, pH Beimep:kku
3aBUCUT OT cTabuibHOCTH Oenka. Monenu HacTosel 3asiBKHM 0OECHeuHBAIOT MPEHMYIIECTBO
nporHo3upoBanHusl 3G ¢GexkTuBHON OuMCTKH mpu padore mexay pH 3,60 m pH 3,90 myrem
yIPaBJICHHUS TPOBOAMMOCTBIO UCXOIHOTO MaTepuaa ¢ Hu3kum pH.

TpeboBanuss ynydIneHHs KadecTBa MNPOAyKuMH, >(pdexrnBHOCTH U O€30mMacHOCTH
OnodapMalieBTUIECKHX TPOAYKTOB TPUBENNM K YBEIMUYEHHIO cmpoca Ha 3(deKkTuBHble H
HAJIe)KHbIE HKCIIEPUMEHTAJbHBIE CXEMBbl JUIsI OOeCreueHus] MHAKTUBALMN BHPYCOB. JlaHHOE
packpeiTHe U300peTeHus] O0ecreynBaeT CIOCOObI AU yAOBIETBOPEHHS BBILIEYTIOMSHYTHIX
TpeOoBanuii. IlpumMepHble BapuaHTBl peanu3aluil H300pETEHMs], OIMCAHHbIE B JaHHOM
JIOKYMEHTE, YAOBJIETBOPSIOT BBIMEYNOMSAHYTbIE TPeOOBaHUS MyTEM NPENOCTABICHHS CIIOCOOOB
OYHCTKM aHTUTeNa H3 o0pasla, COAEepIKALIero OAHY MM HECKOJbKO IpHMECeH, BKIOYas
BUpyCHble dacTullpl. Hacrosmas 3asBka oOecneunBaeT ycToiumByr0 U 3(p(deKkTuBHyIO
MHAKTHBALMIO BUPYCOB 32 CUET YBEJIMUYEHHs] HOHHON CHJIBI HCXOIHOTO Marepuaia ¢ Hu3kum pH
U Mojened Al MPOTHO3UpOBaHUS 3(PQEKTHBHONW OYMCTKH Hpu JroOoM pabouem pH myrem
MAHUITYJIUPOBAHUsI MOHHON CHJIONM HCXOJHOrO marepuana ¢ Hu3kuM pH nns ynosneTrBopeHus
TOJTOCPOYHBIX MOTPEOHOCTEH.

TepMuH «B €IMHCTBEHHOM YHUCIIE» CIEAYyeT MOHUMATh KAaK O3HAYAIOUIMMN «I10 MEHbIIEH
Mepe, OMHY»;, U TEPMUHBI KOKOJIO» U KIIPUOTU3UTEITBHOY» CIENYET TTOHUMATh KaK JOMYCKAIOLIHE
CTaHIAPTHBIE BapUAIMH, KAK MX MOHUMAIOT CIIELHAIICTbI B TaHHOW OOJACTH TEXHUKH, U TaM,
I7Ie YKa3aHbl JMANa30HbL, BKIOYAOTCS U KOHEUHbIE TOYKH. MCHojib3yeMble B KOHTEKCTE
JAHHOTO JOKYMEHTa TEPMHHBI «BKJIIOYAIOTY», «BKJIOYAECT» U BKIOYAKIIUN» HE HMEIOT
OrPaHUYUTENILHOTO XapakTepa W MOHUMAIOTCA KaK O3HAYAOLINE «COAEPIKAT», KCOMEPIKHUT» U
«COnepIKaIIniiy, COOTBETCTBEHHO.

B HEKOTOpPBIX THIOBBIXBApUAHTAX peANM3aLMH, JAHHOE H300peTeHHe olecreunBaeT
croco0 OYMCTKH MEenTHAAa WK OeJKa, TAKOro KaK aHTHUTENO, W3 oOpasiua, COAEepIKaIIero OIHY
WIN HECKOJBKO NMPUMECEH, BKIFOYas BUPYCHBIE HACTHLBI. B HEKOTOPBIX THUIIOBBIX BapHaHTax
peanm3anyy, crocod Mo AaHHOM 3asBKE BKIJIIOYAET: KOPPEKTHPOBKY YCJIOBUNH HOHHON CHIIBI
oOpasua, koppektTupoBky pH obpasua no kucnoro pH u nocnenyromee noanepskanue odpasua B

YCJIOBUSIX MOHHOW Cuibl U ypoBHs pH mo menbuien mepe Okojao 15 MUHYT [ MHAKTUBALUU
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HEKOTOPOrO KOJMYECTBA BHUPYCHBIX 4acTUL. B mpyrom acmekre menTtun uin Oenok B oOpasme
NPEeACTaBIsIET COOON aHTUTEINO, MPOAYLIMPYEMOE B KIIETKe-X03siMHE. B omHOM acriekre, menTun
win OeJIOK MpencTaBisieT coOO0H MOHOKJIOHAJIBHOE aHTUTENO WM OHCTIELU(pHUECKOe aHTHUTEO.
B onHoM acniekre, menTua wim OeJOK MpencTaBisieT co0oi antuTeno, ¢pparmMeHT anturena, Fab-
Yy4aCTOK aHTHUTEJA, KOHBIOTAT AHTHTENO-JIEKAPCTBEHHOE CPEICTBO, CIUTHIN O€NoK, OeNKOBBIH
(dapmanieBTHUECKUH IPOAYKT WIIN JIEKAPCTBEHHOE CPEICTBO.

Hcnonb3yeMblii B JaHHOM JJOKYMEHTE TePMUH «OeJOK» MM «OesoK, MpeACTaBIISIOIIUit
UHTEPEC» MOXKET BKJIIOUATh JIFOOOH MOIMMEP aMHHOKUCIIOTBI, UMEIOIINN KOBAJIEHTHO CBSI3aHHBIE
amMuHble CBsI3U. benku comepikaT OOHY HJIM HECKOJIbKO TMOJUMEPHBIX Ieneil aMHHOKHCIOT,
IIUPOKO HM3BECTHBIX B JaHHOH 0OJAaCTH TEXHUKH Kak «monunenTuas. «[Tomunentum
OTHOCHUTCSI K TIOJIIMEPY, COCTOSIIIIEMY U3 AMUHOKHCIIOTHBIX OCTATKOB, POJICTBEHHBIX MPHPOIHBIX
CTPYKTYPHBIX BApUAHTOB U WX CHHTETHYECKHUX HEMPUPOAHBIX AaHAJOrOB, CBSI3aHHBIX
NENTUAHBIMA  CBSI3SIMH, POJICTBEHHBIX NPUPOAHBIX CTPYKTYPHBIX BapHAHTOB M UX
CHHTETHYECKUX HEMPHUPOIHBIX aHANOroB. «CHHTETHYECKHE TENTHIbl WM TOJUMENTHIBD)
OTHOCHUTCSI K HE BCTPEYAIOLINMCS B MPUPOAE NenTuiaaM uin nojunentunaM. CHHTETHYECKUe
NEeNTHUABl WJIM TIOJUIENTHABl MOTYT OBbITb CHHTE3MPOBAHBI, HANPUMEP, C HCIOJIb30BAHUEM
aBTOMAaTHYECKOIO CHHTe3aTropa mnojunentunoB. CrenmanucraM B JaHHOW OOJIACTH TEXHUKH
W3BECTHBI PA3JINYHbIE METOAbI TBEPAO(hA3HOrO CHHTE3a NMENTHIOB. Belok MOoXeT comepkarhb
OOWH WJIM HECKOJNbKO TMOJHIENTUAOB Ui 00pa3oBaHMs OAHON (PYHKIMOHHMPYIOLIEH
Oounomornekynbl. Eme onuH npuMepHbIi acrekT, OeloOK MOKeT BKIIKOYaTh (PparMeHThl aHTHUTEN,
HAHOTeJNa, XUMePbl PEKOMOWHAHTHBIX AHTUTEJ, IUTOKUHBI, XeMOKHHBI, TIEITHAHbIE TOPMOHBI U
T.. benok Moxer Bkimo4aTth JOOOH M3 OMOTEpamneBTUYECKUX OENKOB, PEKOMOWHAHTHBIX
O€NKOB, HUCIMOJB3YEMbIX B HCCIIEAOBAHMIX WJIM TEPAINuy, OEJNKOB-JOBYLIEK U APYTHX CIMTHIX
OenkoB xuMepHOro peuentopa Fc, XumepHbIX OENKOB, aHTUTEJ], MOHOKJIOHAJIbHBIX AHTHUTE,
HOJIMKJIOHAJIBHBIX AHTUTEJI, YeJIOBEYECKUX aHTHTEN U Oucnenuduyeckux anturel. benku moryr
OBITh TOJNyYEHbl C HUCIOJIb30BAHUEM PEKOMOWHAHTHBIX KJIETOUHBIX CHCTEM MPONYLIMPOBAHUS,
TaKHUX Kak OaKyJOBHPYCHAsl CHCTEMa HaCEKOMBIX, IPOXKIKEBbIe CUCTeMBbI (Hanpumep, Pichia sp.),
cucreMbl Mitekonutaromux (nanpumep, xnerku CHO u npousBogasie CHO, Takue Kak KJIETKU
CHO-K1). HenaBuumii 0030p, MOCBSIIIEHHBI OMOTEPANIEBTUYECKUM O€JIKaM U HX TOJTyYEHHIO,
cM. B Ghaderi et al., "Production platforms for biotherapeutic glycoproteins. Occurrence, impact,
and challenges of non-human sialylation," (Darius Ghaderi et al., Production platforms for
biotherapeutic glycoproteins. Occurrence, impact, and challenges of non-human sialylation, 28
BIOTECHNOLOGY AND GENETIC ENGINEERING REVIEWS147-176 (2012)). B
HEKOTOPBIX THIIOBBIX BAPHAHTAX pPEAJTHM3alMH, OENKH BKIOYAIOT MOIU(PUKALUH, AATyKThl H
Apyrue KOBAJEHTHO CBSI3aHHBbIE (PAarMEHThl. JTH MOIM(DUKALWHU, aqAYKTBl U (parMeHThI
BKJIFOYAIOT, HAMpPHUMEpP, AaBHIAWH, CTPENTABUANH, OWOTWH, TIUKaHbl (Hanpumep, N-
alleTUITANIaKTO3aMHH, TaJakTO3y, HEWPAMHUHOBYIO KHCIOTY, N-aleTHITIIOKO3aMuH, (yKo3y,
MaHHO3y U apyrue Monocaxapuabl), 191, momuructunun, FLAGtag, MaiabTo3y. CBSI3BIBAIOLINI
6enoxk (MBP), xuruncsssbBaromuii 6enok (CBP), rmyratnon-S-tpancgepasy (GST), myc-

3MUTOI, (PJIyOPECHEHTHBIE METKH U IPYTUe KPAaCUTeNU U T.11. benku MOKHO KilacCH(UIIIPOBATh
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Ha OCHOBE COCTaBa M PACTBOPHMOCTHU M, TAKUM 00pa30M, OHU MOTYT BKJIIOYATh MPOCThbIE OENKH,
Takue Kak rioOyJsipHble OEJKH U BOJIOKHUCTBIE OENKU; KOHBIOTMPOBAHHBIE OENKH, TaKhe Kak
HYKJIEOIIPOTEUHBI, TJIMKONPOTEUHBI, MYKONPOTEUHBI, XPOMOMNPOTEUHBbI, (PochonpoTenHsl,
METAJUIOTIPOTENHBl M JIMIIONPOTEUHBI, M MPOU3BOAHBIE O€NKM, Takhe Kak IepBUYHbIC
POU3BOAHBIE OEJIKU 1 BTOPUYHBIC POU3BOAHBIE OENKH.

B HEKOTOpBIX THIIOBBIX BapUaHTaX peajH3aluy, OeNOK, MPEeNCTABISIOUIMN HHTEpeC,
MOXET TPENCTaBIATh COO0H PEeKOMOMHAHTHBIN O€JIOK, aHTHTeNo, OucnenuduIeckoe aHTUTEIIO,
MyJIbTHCTIE[IM(PUYECKOe aHTUTENO, (pparMeHT aHTHUTENa, MOHOKJIOHAJIBHOE AHTUTENO, CIUTHIN
0enok, sScFv 1 ux KOMOMHALIMH.

Hcnonp3yeMblil B TaHHOM JIOKYMEHTE TEPMHH «PEKOMOWHAHTHBIH OEOK» OTHOCHUTCS K
Oenky, MONYYEHHOMY B pe3yJIbTaTe TPAHCKPUIIMK M TPAHCISILIMUA TeHa, MePEeHOCHMOrO
PEKOMOMHAHTHBIM BEKTOPOM JKCIPECCHH, KOTOPBIH ObUI BBEOEH B MOAXOIALIVIO KIETKY-
XO035iMHA. B ompeneneHHbIX TUMOBBIX BAPHAHTAX PEaM3allH, PeKOMOMHAHTHBIN OEJIOK MOXKET
NPEACTaBIATh COOOH cnuThlii Oejok. B ompeneneHHbIX THUMOBBIX BapHUaHTAX pPEATH3ALUY,
PEeKOMOMHAHTHBIA OEJNIOK MOKET TPEACTAaBIATh COOOH AaHTHUTENO, HampHuMep, XUMEPHOE,
I'YMaHU3MPOBAHHOE MJIM TIOJHOCTBIO UEJOBEUECKOE AaHTUTENO. B OmnpeneneHHBIX THITOBBIX
BApUAHTAX pEAJHM3alNH, PEKOMOWHAHTHBIH OENOK MOXKET MpPeaCTaBlsATh COOOH aHTUTENO
W30THUIA, BBIOpaHHOTO W3 rpymmel, cocrosimeil u3: IgG (nanpumep, 1gG1, 1gG2, 1gG3, IgG4),
IgM, IgAl, IgA2, IgD unu IgE. B onpeneneHHbIX TUMOBBIX BapuaHTax peajM3alliy, MOJeKyja
aHTUTEJNA TPECTABISAET COOOH MOJHOPa3MepHOe aHTuTeNo (Hanpumep, nmmyHornooynuH 1gGl
win IgG4) nnmu B xauecTBe aNbTEPHATHBBI AHTHTENO MOXKET IMPENCTaBIATbH COOOH (parMeHT
(nanpumep, pparment Fc unu ¢pparment Fab).

TepmMuH «aHTUTENO», HCIONB3YEMbIi B JAHHOM JOKYMEHTE, BKJIKYAET MOJIEKYJIbI
UMMYHOTJIOOYJIMHA, COAEpIKallue YeThIpe MOJUIeNnTHAHbIe 1ieny, ABe Tsokenble (H) nenu u nBe
nerkue (L) memm, coenwHeHHbIE MeXIy COOOH AUCYIb(QUIHBIMHU CBSI3SIMHM, a TaKXKe HX
myJabTuMepbl (nHanpumep, IgM). Kaxnas Tspkenasi 1enb COAEPIKUT BapHaOeNbHYI 0O0JacTh
TsDKEJION 1enu (COKpalleHHO o0o3Ha4daemyro B AaHHOM nokymeHte kak HCVR wumu VH) wu
KOHCTAaHTHYIO 00JacTh Tsukenod uenu. KoHcranTHas 00JacTh TSKENOW LEMU COINEPIKHUT TPH
nomena: CH1, CH2 u CH3. Kaxnas nerkas 1enb COOEPXKUT BapHaOeNbHYI0 00JacTh JIErKOH
uenu (obo3Hayaemyro B maHHOM nokymeHte kak LCVR wmum VL) u KOHCTaHTHYHO 001acThb
nerkoii nenu. KoHcranTHast obnacts jierkoit nemnu copep:xkut onud nomed (CL1). O6nactu VH u
VL wMoryr ObITh JOMOJHUTENBHO TIOApAa3AeieHbl Ha OO0JacTH TrHnepBapuadenbHOCTH,
Ha3bIBa€Mble OOJACTSMH, omnpenessomnumMu kommieMentapHoctb (CDR), nmepemeskaromumecs ¢
Ooree KOHCEpBAaTHBHBIMH OOJNACTSIMH, Ha3biBaeMbIMU kapkacHbIMH oOiactsimu (FR). Kaxnas
VH u VL cocrour u3z tpex CDR u uyerbipex FR, pacnonoxkeHHbIX OT aMMHOKOHIA K
kapbokcukoHy B cienyrommem mopsinke: FR1, CDR1, FR2, CDR2, FR3, CDR3 u FR4. B
Pa3NUYHBIX BAPUAHTAX OCYLIECTBIEHUs Hactosmero n3ooperenus FR anturena k big-ET-1 (nnm
€r0 AHTUI'eHCBSA3BIBAIOIIMN  YYaCTOK) MOTYT OBITh HAEGHTHYHBI IOCIENOBATEIBHOCTSIM
3apOJBILIEBON JIMHUM YEJOBEKA HJIW MOTYT OBITh MOAM(HUIMPOBAHBI E€CTECTBEHHBIM WU

HUCKYCCTBCHHBIM IIyTEM. AMUHOKHCJIOTHAS KOHCCHCYCHasl MOCJICAOBATCIIBHOCTb MOXKET OBITh
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ompeneNeHa Ha OCHOBE MapajuleNlbHOro aHanms3a nByx uian Oonmee CDR. Hcnonb3yemelii B
JAaHHOM JOKYMEHTE TEPMHH «AHTHTEJIO» TaK)Ke BKIIOYAET aHTHUI€HCBS3BbIBAIOLINE (parMeHThI
NOJHBIX ~ MOJIEKYJl aHTUTeN. TepMHUHBI «AHTUTEHCBS3bIBAIOIIMI y4acCTOK»  aHTHUTENA,
«aHTUTEHCBS3bIBAOINUI (pparMeHT» aHTUTEeNa M T.II., HCIOJB3YeMble B TAHHOM IOKYMEHTE,
BKJIIOYAIOT JIFOOOH BCTPEYAIOLIMICS B MPHUPOAE, MOJyYaeMblil (EepMEHTATUBHBIM IyTEM,
CHUHTETHUYECKUI WJIM TeHETUYEeCKH CKOHCTPYHPOBAHHBIH MOJMIENTUA WM TJIHMKOIPOTEUH,
KOTOpBI  crenuduyeckn  CBA3BIBAET  aHTUTEH ¢ OOpasoBaHMEM  KOMILIEKCaA.
AHTHreHCBSI3bIBAIOLINE (PPArMEHTbI AHTHTEIA MOTYT OBITh MOJYYEHbI, HANPUMED, U3 TOJHBIX
MOJIEKYJI aHTUTEJl C UCTIOJIB30BAHUEM JIFOOBIX MOAXOISAIMX CTAHJAPTHBIX METOIUK, TAKUX Kak
NPOTEOJINTHYECKOE PACUICIUICHHEe WA METOAMKH PEKOMOWHAHTHOHW TE€HHOW WHXKEHEPUH,
BKrovarome wmanunyssinuio ¢ JIHK,  komupyromneit BapuaOenbHble W HEOOS3aTENIBHO
KOHCTAaHTHbIE JOMEHBbl aHTHTena, u ee okcrnpeccuto. Takas JIHK wm3BectHa w/wm
JIETKOJOCTYIHA, HAMpUMep, U3 KOMMepYeckux wucTodyHukoB, Oubmmorek JIHK (Bkirouas,
nanpumep, OUOTMOTEKN Qar-aHTUTENO) MM MOXeT ObiTh cuHTesupoBana. JIHK wmoxHO
CEeKBEHHPOBATh U MAHUIYJIUPOBAThH C HEH XMMUYECKUM ITyTEM HJIU C UCTIOIBb30BAHUEM METOMNK
MOJIEKYJSIPHOW OWONIOTHH, HAlpuMep, [IJs1 PACHOJOXKEHHs OFHOrO WM HECKOJIbKHX
BapHuabENbHBIX W/MJIM KOHCTAHTHBIX JJOMEHOB B MOAXOASALIEH KOH(PUTYPALIUU WIIN IJIs BBEIEHHS
KOZIOHOB, CO3JaHUSl OCTATKOB LHCTEMHA, MoOaU(pUKaluy, A00aBIEHUs WM JeIeLuH
AMUHOKHCJIOT U M1.0. .

Hcnonp3yeMblii B JaHHOM JOKYMEHTE TEPMHH «(pParMeHT aHTHTENa» BKIIIOYAET 4YacTh
MHTAKTHOTO AaHTHUTENA, TAaKyl Kak, HampuMep, AaHTUTeHCBSA3bIBAIOINAsS WM BapuabenbHas
obnactp antutena. [Ipumepsl pparMeHTOB aHTUTEN BKIIOYAIOT Oe3 orpannueHus pparment Fab,
¢parment Fab', ¢parment F(ab')2, ¢parment scFv, ¢pparment Fv, nuareno dsFv, ¢parment
dAb, ¢pparment Fd', pparment Fd u BbineneHnHast 0651acTh, ONpenestOUnil KOMIUIEMEHTAPHOCTh
(CDR), a Takxe TpuaTena, TeTpaTesa, JIMHEHHbIE AHTUTENA, MOJIEKYJbl OXHOLIENOYEYHBIX
aHTUTE M MyJbTUCHeM(UYECKHe aHTUTeNla, OOpa3oBaHHbIE U3 (PParMEeHTOB AHTUTEL
®parmenTs! Fv mpencrasisiroT coboii koMOMHaLM0 BapuabebHbIX 00JacTel TSDKENOM 1 JIETKOM
uernied uMMmyHoroOynuHa, a Oenku ScFv  mpexacraBmsstor  coboif  peKOMOHMHAHTHBIE
OJTHOLIETIOYEYHbIE TOJUMENITHAHbIE MOJIEKYJIbI, B KOTOPBIX BapHaOenbHble OOJacTH JIETKOH |
TSDKEJIOW Lenedl HMMMYHOTJIOOYJIMHA COEOHMHEHbI C IOMOIUBI0 TENTHUAHOTO JIMHKepa. B
HEKOTOPBIX THIIOBBIX BAapUAHTAX peaNn3aluH, (pparMeHT aHTUTeNa COAEPIKUT INOCTATOYHYIO
AMHHOKHCIJIOTHYIO TOCJIEOBATEIbHOCTh HMCXOAHOIO aHTHUTENa, (PparMeHToM KOTOPOro OH
SIBIIIETCSI, W KOTOPBIA CBSI3BIBAETCSI C TEM K€ AHTHUIE€HOM, YTO U HCXOOHOE AaHTHUTENO, B
HEKOTOPBIX THUIOBBIX BapUAHTAaX peanu3anuy, (ParMeHT CBS3BIBAETCS C AHTUTCHOM C
apPUHHOCTBIO, COMOCTaBUMOH ¢ a(PUHHOCTBIO MCXOMHOTO AHTHUTENA, W/WJIH KOHKYPHUPYET C
HCXOJIHBIM aHTHUTEJIOM 3a CBSI3bIBAHHE C aHTUT€HOM. PparMeHT aHTHUTEIa MOXKET OBbITh MOTyYeH
mro0bpiM criocobom. Hampumep, pparmeHT aHTHTENna MOKET OBITh MOJy4YeH (pepMEHTATUBHBIM
WM XUMUYECKHM ITyTE€M MOCPENCTBOM (pparMeHTalliyi MHTAKTHOTO aHTUTENA W/HIIM OH MOKET
ObITh ~ TMOJY4eH pEKOMOMHAHTHBIM IyT€M W3 Te€Ha, KOAHMPYIOLIEr0  YaCTHYHYIO

noCJaCAOBATCIbHOCTD AHTHUTEIIA. B xadectBe AJIBTCPHATHUBBI WJIHW B KAa4Y€CTBC JOIIOJHCHUSA
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(dparMeHT aHTUTENa MOXET OBITh IMOJHOCTHIO WMJIM YAaCTHYHO IOJIyYeH CHHTETHUECKUM IyTEM.
@dparMeHT aHTHUTENa MOXKET HEOOS3aTENbHO COAePKaTh (PparMeHT OJHOLENOYEYHOIO aHTUTEIIA.
B xadecTBe anbTepHATUBBI WM B Ka4ECTBE JOMOJIHEHUS (PParMeHT aHTUTENAa MOXKET COAEPKATh
HECKOJIbKO IIeTieli, KOTOpbI€ CBsI3aHbl APYT C JIPYroM, HANpUMeEpP, C MOMOLIBIO TUCYIb()UIHBIX
cBsi3eil. @PparMeHT aHTUTENAa MOXKET HeoOsS3aTeNbHO COMEePIKaTh MYJIBTUMOJIEKYJISIPHBINA
KOMIUTEKC. PYHKIMOHANBHBI (DparMeHT aHTHTeNa OOBIMHO CONEPXKUT O MEHbIIeH Mepe
npubam3utenbHo 50 aMHHOKHCIOT, a Oojee THNUYHO COAEPKUT IO MEHbLIeH Mepe
npubnu3nuTebHO 200 aMHHOKHUCIIOT.

Tepmun «Oucneunpuyeckoe aHTUTEIO» BKIKOYAET aHTUTENO, CIOCOOHOE U30HpaTeIbHO
CBSI3bIBATh [1BA WM OoJjiee SMUTONOB. bucneungudeckue aHTutena OOBIMHO COIEpPXKAT IBE
pa3Hble TsDKENbIe LIEMH, MPUYeM Kakaas TspKejas Lelb CIeln(pUIecKd CBS3BIBACTCS C APYTHM
SIUTOMNOM, JIUOO € ABYMSI Pa3HbIMU MOJIEKYJIaMU (Hanpumep, aHTUTEHaMH), JINOO ¢ OJHOW U TOU
K€ MOJIEKYJION (Hanpumep, ¢ OMHUM U TeM XKe aHTHreHoM). Ecim Gucnenngudeckoe aHTHTENO
CIIOCOOHO CEJIEKTUBHO CBSI3BIBATh JIBA PAa3HBIX SMHUTONA (MEPBBIA SMUTON W BTOPOH 3IUTOI),
apUHHOCTD MEPBOH TIKENONW LENH K MEPBOMY 3MHUTONY OOBIMHO OyJeT 1Mo MEHbLIeH Mepe Ha
OIWH, N1BA, TPU WM YEThIpe TMOpsAAKa HUXke, 4eM ap(PUHHOCTD NMEPBOH TIKENOW LeNnu KO
BTOPOMY STHUTONY U HA0OOpOT. DMHUTOMBI, pacro3HaBaeMble OMCTIENM(PUIECKHM AHTHTEJIOM,
MOTYT HaxXOJIUTBCSI HA OTHOM U TOM >K€ WIIM Ha IPYyroil MULIEHH (Hanpumep, Ha OTHOM U TOM K€
wii apyroMm Oenke). bucnenmduueckne aHTHTENa MOXHO MOJYYHTb, HANpUMeEp, MyTEM
00BeIMHEHNS] TSDKENBIX LeTel, PaCIO3HAOUINX Pa3HbIe SIHUTONBI OAHOTO M TOTO K€ aHTHI'€HA.
Hanpumep, mnocnenoBaTenbHOCTH HYKJIEHMHOBBIX — KHCJIOT, KOAWPYIOIIME BapHadelbHbIE
NOCJIEIOBATENBHOCTH TSKEJION LIeNH, KOTOPBIE PACIIO3HAIOT Pa3Hble 3TUTOIBI OJHOTO U TOTO XKe
AHTUTEHA, MOTYT OBITh CJIIUTHI C NMOCIEAOBATEIBHOCTIMHI HYKJIEHHOBBIX KHUCIIOT, KOTUPYIOLUIMMHU
pasHble KOHCTaHTHBIE OOJNACTH TSDKENOW LeMmH, M TaKue IOCJIEeNOBATENbHOCTH MOTYT OBITh
HKCIPECCUPOBAHBI B KJIETKE, KOTOPasi SKCIPECCUPYET JIETKYIO Lielb UMMYHOTJIO0YINHA.

Tunuynoe OucenU(pUUIECKOEe AHTUTENIO UMEET ABE TSIKEIbIE LIeTH, KaKAasi U3 KOTOPbIX
umeetr Tpu CDR Tspkenoii nenu, 3a kotopbimu creayior nomeH CHI, mapuup, nomen CH2 u
nomeH CH3, a Takke JIErKyl0 Lelb HMMMYHOIJIOOyJIMHA, KOTOpas OO He MNpuaaer
AHTUTeHCBS3BIBAIOIIEH CIEU(PUIHOCTH, HO MOKET CBSI3bIBATHCS C KAKIOH TSDKEJIOHN Ebio, WIN
KOTOPAast MOJKET CBSI3bIBATHCS C KAXKIOH TSDKENOH LETIbI0 M KOTOPAasi MOXKET CBS3BIBATH OAMH HUIH
HECKOJIBKO SITUTOIOB, CBS3aHHBIX C AHTUTCHCBS3BIBAIOIIUMH OOJIACTSIMH TSDKEJIOW LIEMH, WIIH
KOTOpast MOJKET CBSI3bIBATHCS C KAKAOH TSDKEIOH LETNbl0 M 00eCreYnBaTh CBSA3BIBAHHE OIHOTO
WM 000OMX M3 TSDKENBbIX Henel ¢ OOHUM Wi o0ouMu snuTonaMu. BsAb MokHO pasnmennuTts Ha
IBA OCHOBHBIX KJjacca: Te, Kotopele HecyT Fc-obmacte (IgG-momoOHbIe), M Te, y KOTOPBIX
orcytctByeT Fc-obmacts, mpu 3ToM mocnenHue oObivHO MeHbine, deM I1gG u IgG-momoOHbIe
oucniermduueckue Monekyel, conepxkamue Fc. IgG-nogobHeie bsAb MoryT nmers pasnnusbie
¢dbopmartsl, Takue Kak, HO He orpaHu4ensl, Tpuomad, IgG ¢ Bbicrymamu Bo BraauHax (kih IgG),
crossMab, orth-Fab IgG, Ig ¢ aByms BapuabenbubiMu nomeHamu (DVD-Ig), Fab «aBa B omHOM»
i asoiinoro neiicteus (DAF), IgG-ognouenodeunsie Fv (IgG-scFv) unn kA-tena. Paznuunbie

orianuHbple OT IgG-momoOHBIX Mojekyn (OpMaTOB BKIOYAIOT TaHAeMHble scFv, ¢opmat
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auaTena, ONHOIENOYeYHOoe  nuarteno, TaHneMHele nuatena (TandAbs),  momekyny
nepeopueHTupyromerocs: anturena ¢ asoitHoi addunHocThi0O (DART), DART-Fc, nHaHnotena
WM aHTHUTeNa, nojydaemble ¢ nomombio Merona dock-and-lock (DNL) (Gaowei Fan, Zujian
Wang & Mingju Hao, Bispecific antibodies and their applications, 8 JOURNAL OF
HEMATOLOGY & ONCOLOGY 130; Dafne Miiller & Roland E. Kontermann, Bispecific
Antibodies, HANDBOOK OF THERAPEUTIC ANTIBODIES265-310 (2014)). Metozas!
nonydeHuss BsAb He orpaHMYMBarOTCS KBaAPOMHOI TEXHOJOTHEH, OCHOBAaHHOW Ha
COMATHYECKOM CIIUSTHUM JIBYX PAa3JIMYHBbIX KJIETOYHBIX JIMHUH THOPHIOMBIL, XHUMHUYECKOM
KOHBIOTAIMH, BKIFOYAKOLICH XUMHUECKUE CLUIMBAIOIINE areHThl, 1 T€eHETUYECKUMHU MOIXOAAMH,
UCTIONB3YIOIIUMU TeXHONOrHI0 pekomOunanTHoit [IHK. TIpumepsr bsAb BKIIFOHArOT Te, KOTOpPbIE
PaCKpBITBI B CJIEOYIOIIUX NATEHTHBIX 3asBKaX, KOTOPbIE BKJIIOUEHBbI B JAHHOE OIMHCAHUE
nocpencreoM ccbutku: U.S. Ser. No. 12/823838, momanoii 25 wurons, 2010; U.S. Ser. No. 13/
488628, momanoii 5 urons, 2012; U.S. Ser. No. 14/031075, nonanoii 19 centsiops, 2013; U.S.
Ser. No. 14/808171, nmomanoii 24 urogs, 2015; U.S. Ser. No. 15/713574, nonaHoti 22 ceHTs0ps,
2017; U.S. Ser. No. 15/713569, nonanotii 22 centsiops, 2017; U.S. Ser. No. 15/386453, nonanoti
21 nexabpsi, 2016; U.S. Ser. No. 15/386443, nonanoii 21 nexadps, 2016; U.S. Ser. No. 15/22343
nonanoit 29 wronsi, 2016; and U.S. Ser. No. 15814095, nomano#i 15 nosiOpsi, 2017. Huskue
YPOBHH F'OMOJUMEPHBIX MPUMECEi MOTYT IPUCYTCTBOBATh HA HECKOJIBKHUX 3TaNax MPOU3BOICTBA
oucnermduueckux antuten. OOHapyKeHHE TaKMX TOMOAMMEPHBIX NpUMecell MOXeT ObITb
3aTPYAHUTENBHO TMPH UCIOJNb30BAHUHU AHAIN3a MHTAKTHOM MAacChl M3-3a HU3KOTO CONEP KaHHS
TOMOJMMEPHBIX IPUMECEHl M COBMECTHOI'O JJIIOMPOBAHUS 3THUX IpPHUMeEceil ¢ OCHOBHBIMHU
YacTUI[AMU TIPU  TPOBENEHUH C HCIOJb30BAHHEM OOBIYHOTO METOAAa  SKHUAKOCTHOM
XpomaTtorpaduu.

Hcnonb3yeMelii B JaHHOM JOKYMEHTE TEPMHUH «MYJIbTUCTIELH(PHYIECKOe aHTUTENO)» WU
“Mab” OTHOCHTCSI K aHTHUTENy, XapaKTepPH3YIOIIEMyCsl CHEeLNU(UYHOCTBIO CBSI3bIBAHUS 10
MEHbIIEH Mepe C ABYMs Pa3IMYHbIMU aHTHTCHAMU. XOTS TAKHUE MOJIEKYJIbl OOBIYHO CBSI3bIBAIOT
TOJIBKO JIBa aHTUTeHa (m.e.Oucnennpuyeckue anrurena, bsAb), aHTuTtena ¢ JONONMHUTETBHBIMU
cneun(pUIHOCTSAMY, TaKue Kak Tpucnenuduueckue anrurena u rpucnenudrueckune KIH, Taxxe
MOTYT OBbITh 00pabOTaHBI C MOMOIIBIO CUCTEMBI U CIIOCOOOB, PACKPBITHIX B JAHHOM JOKYMEHTE.

Hcnonp3yeMblii B JaHHOM JOKYMEHTE TEPMHH «MOHOKJIOHAJIBHOE AaHTUTENIO» He
OTrPaHUYMBAETCS AHTUTEJIAMH, IIOJYYEHHBIMH C TIOMOLIBK) TEXHOJOTHMH THOPHIOMBL
MOHOKJIOHAJIbHOE aHTHUTEJIO MOXKET OBITh IOJNYYEHO W3 OJHOTrO KJIOHA, BKJIOYasl JIFOOOH
5YKapUOTUYECKUH, TPOKAPUOTHIECKUH HITH (aroBbIi KJIOH, JIFOOBIM TOCTYITHBIM HJTH U3BECTHBIM
B JTAaHHOH 00JacTH TEXHUKU CrOcOOOM. MOHOKJIOHAIBbHBIE aHTUTENA, TOAXOIAIINE U LeNei
HACTOSIIEr0 M300peTeHusi, MOTYT OBITh IMOJNYYEHBl C HCIOJIB30BAHHUEM IIHPOKOTO CIIEKTpa
METO/MK, W3BECTHBIX B JAHHOH OOJACTH TEXHHUKH, B TOM YHCJE HCIIOJB30BAHUE TEXHOJOTHH
rUOpUAOMBI, PEKOMOWHAHTHBIX TEXHOJOTMH M TEXHOJOTMH (aroBoro mucruiess WIH UX
KOMOWHALIHH.

B HEKOTOpHIX THIOBBIX BapHAHTAX pEANTU3ALUH, OENOK NPEACTABISIOMUN HHTEpEC,

MOKET OBITh O4YHUINEH M3 KIJICTOK MJICKOIIMTAIOIIMX. Knerku MIJICKOIMUTAOI X MOTYT HUMCTH
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YeJIOBEYEeCKOe WIIH OTJIMYHOE OT YEJIOBEYECKOTO MPOUCXOKACHIE U MOTYT BKJIFOYATh MTEPBHYHBIC
SIIUTENIUATIbHBIE KJIETKU (Hanpumep, KepaTHHOLMTBI, SMHUTEIHANIbHbIE KJIeTKH IIeHKH MAaTKH,
OpOHXHAJIbHBIE STUTENHANbHbIE KJIETKH, SIUTEIHAIbHbIC KIETKH TpPaxew, SIHUTEIHAIbHbIC
KJIETKU TIOYEeK U 3THUTEJHAJIbHbIE KJIETKH CeTYaTKH), MOATBEPKACHHbIC KJIETOYHbIC JIMHUHA U UX
mTaMmbl (Hanpumep, SMOpUOHANbHbIE KieTKu mouku 293, knetku BHK, knetku smuresnus
metiku Matku Hela u xietku cetuatku PER-C6, kinerku MDBK (NBL-1), knerku 911, kinetku
CRFK, kierku MDCK, knerku CHO, knerku BeWo, knerku Chang, knetku Detroit 562,
kierkn Hela 229, knerku HelLa S3, knerku Hep-2, knerku KB, knerku LSI80, knerku LS174T,
kinerku NCI-H-548, knerku RPMI2650, knetkm SW-13, knetku T24, knerku WI-28 VA3,
kinerku 2RA, knerku WISH, knetku BS-C-1, knetku LLC-MK2, knerku kimoHa M-3, kierku 1-
10, xnetku RAG, knerku TCMK-1, kierku Y-, knerku LLC-PKi, knerku PK(15), knerku GHi,
kierku GH3, knerku L2, knetku LLC-RC 256, knetkun MHiCi, knerku XC, kiaerku MDOK,
kietkd VSW u TH-I, knetku B1, knetku BSC-1, knerku RAf, kinerku RK, knetku PK-15 unu
UX NPOHM3BOIHBIE), KIETKH (pudOpodiaacToB u3 moOOH TKaHU WM OpraHa (B TOM YHCIIE IOMHUMO
pOoYero CepAla, MeYeHH, MoYeK, TOJCTONW KHINKH, KUIIEYHHUKA, MHUINEBOMA, *KeTyIKa, HEPBHOU
TKaHH (TOJIOBHOW MO3T, CIIMHHOH MO3T), JIETKHX, COCYIUCTONW TKaHHW (apTepuH, BEHBI,
KamWuISApsI), TUMOUAHON TKaHU (JIuM(paTHIECKUE KeJIe3bl, aIeHOUIbl, MHHIAJIHMHBI, KOCTHBIH
MO3T ¥ KPOBb), Celie3eHKH, a Takxke Gpudpodnactel u pudbpodiacTononoOHbIe KIETOYHBIC TUHUH
(nanpumep, xnerku CHO, xnetku TRG-2, knerku IMR-33, knerku Don, xnerkn GHK-21,
KJIETKH, XapakTepHble IUIsl LUTPYJUIMHeMuH, kiaetku Dempsey, kierku Detroit 551, kierku
Detroit 510, knerku Detroit 525, knerku Detroit 529, knetku Detroit 532, knerku Detroit 539,
kietku Detroit 548, knerku Detroit 573, knetku HEL 299, xnetkun IMR-90, knerku MRC-5,
kietkn WI-38, xnmerkum WI-26, knerku Midi, knetku CHO, xnerku CV-1, xnmerkum COS-1,
kietku COS-3, knerku COS-7, knerku Vero, kinerku DBS-FrhlL-2, knetku BALB/3T3, kierku
F9, knerku SV-T2, xierku M-MSV-BALB/3T3, knetku K-BALB, knerku BLO-11, knerku
NOR-10, knerku C3H/IOTI/2, knetku HSDMiC3, knerku KLN205, knerku McCoy, L-knetku
MbIny, kietku mramva 2071 (L-knetku Mmbimm), kiaetkd mramma L-M (L-kjieTku MbImn),
kietku L-MTK' (L-knetku mbimm), kietku k1oHoB NCTC 2472 u 2555, xnetku SCC-PSAL,
kyetku Swiss/3T3, knetku wHauiickoro myHtkaka, kietku SIRC, kierku Cn u kietku Jensen,
Sp2/0, NSO, knerkut NS1 uiii UX MpOU3BOIHBIE).

B HEKOTOpPBIX THMOBBIX BAapUAHTAX peaTU3aNNKH OEJOK, MPEACTABJISIOMUNA HHTEpEC,
MOKeT ObITh MOXeT ObITh anTaroHuctoM VEGF. Mcnonb3yemslil B JaHHOM TOKYMEHTE TEPMUH
«anraronnct VEGF» npencrasnsier coboii mo0oii arent, koTopslil csi3piBaercst ¢ VEGF nmm
B3auMmozeiicTeyer ¢ HuM, uHruoupyer cesseiBanne VEGF ¢ ero peuenropamm (VEGFRI u
VEGFR2) w/mnun wHrHOuMpyer OHOJOrHMYECKYyI Iepenady CHUrHajioB U akTtuBHOCTE VEGF.
Amntaronuctel VEGF BKIIIOUAIOT MOJIEKYJIbI, KOTOPBIE MPETSITCTBYIOT B3AMMOICHCTBUIO MEXKITY
VEGF u npupogueiM peuentopoM VEGF, nHampumep, Mojekynbl, KOTOpPbIE CBSI3bIBAIOTCS C
VEGF wumn penenropom VEGF u mnpemorBpamaror uiam MHbIM 00pa3oM NPENsITCTBYIOT
B3aumozeiicteuio mexay VEGF u penenropom VEGF. KonkperHsle npuMepHble aHTarOHUCTBI

VEGF sBxmouator anturena npotuB VEGF (wanpumep, pannbusymad [LUCENTIS®]),
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anturena npotus peuentopa VEGF (nanpumep, anturena nporus VEGFR1, anTutena nportus
VEGFR2 u 1. 1) m xumepHble Moiekynbl Ha ocHoBe penentopa VEGF wmmu VEGF.
UHTUOUpYIOLIME CIUThble Oenku (Takke Ha3blBAEMble B HACTOSIIEM AOKYMEHTE <JIOBYIIKAMHU
VEGF» mnu «munu-nosymkamu VEGF»), Takue kak adiubepuent, 3us-aduubeprent u 0ok,
comepxauuii amuHokucnory, umeromywo SEQ ID NO .: 42, lpyrumu npumepamu of VEGF-
nosywmek sBistoress ALT-L9, M710, FYB203 u CHS-2020. JlonoiHUTENbHBIE NPUMEPHI
noywmek-VEGF moxuo Hatitu B marente CIIIA No. Nos. 7,070,959; 7,306,799; 7,374,757,
7,374,758; 7,531,173; 7,608,261; 5,952,199; 6,100,071; 6,383,486; 6,897,294 & 7,771,721,
KOTOpBIE CMIEIMATbHO BKJIIOUEHBI B TAHHBINA TOKYMEHT B ITOJIHOM 00BEMe TIOCPEACTBOM CChUTKH.

XuMepHble MoOJIeKyJdbl Ha ocHoBe peuentopa VEGF BkmodaroT XuMepHbIE
NOJIMMENTH/IbI, KOTOpbIE COAEp)kKaT ABa MM Oojee UMMyHOrIOOYIMHOBBIX (Ig)-momoOHbIX
nomeHa penenrtopa VEGF, takmx kak VEGFRI1 (takxke obo3znawaembrii kak Fltl) w/mmm
VEGFR2 (takke obozHauaembiii kak Flkl umu KDR), u MoxeT Takke comepkaTh JIOMEH
MyJbTUMepU3aunu (Hanpumep, noMeH Fc, KoTopelil obierdaer MyJbTHMEPH3ALHIO, TAKYIO Kak
AUMepH3aLyst IByX WM OoJjiee XMMEPHBIX MOIUTNenTHAOB). IIpuMepomM XUMepHOH MOJIEKyJIbl Ha
ocHoBe peuentopa VEGF sBnsercs monekyna, obosnauaemasi kak VEGFRIR2-FcACl(a)
(Taxske m3BecTHas Kak adumbepuent; nponaercs mox Ha3BanueM nponykra EYLEA®).

Hcnonp3yeMblil B JAHHOM JOKYMEHTE TEPMHUH «(papMarieBTUIeCKHid OETKOBBINA MPOIYKT»
BKJIFOYAE€T AaKTHBHBIM WHTPEIUEHT, KOTOPbI MOXKET OBITh TOJHOCTBIO WM YaCTUYHO
OunonornyeckuM MO MNpupoae. B HEKOTOpBIX NpUMepax BapUAHTOB peaTM3aluU OeIKOBBIH
(bapMaleBTHUECKHI TpernapaT MOXKET COAepkKaTb NenTua, OeNoK, CIUTBINA OeNoK, aHTHUTEJO,
aHTUIEH, BAaKLMHY, NPOAYKT KOHBIOTallMM MENTHAA U JIEKapCTBEHHOIO CPENCTBA, MPOAYKT
KOHBIOTAILIMM AaHTHUTENa M JIEKAPCTBEHHOIO CPENCTBA, MPOAYKT KOHBIOrauuu Oenka U
JIEKapCTBEHHOTO CPEACTBA, KIIETKH, TKAHHM, WIN UX KOMOMHaIuu. B HEKOTOpBhIX mpuMepax
BAPUAHTOB peaNu3aluy  OeNKOBBI  (papMaLEBTHYECKUH TNPOAYKT MOXKET COHEepXKaTh
PEKOMOMHAHTHYI0, CKOHCTPYUPOBAHHYIO, MOAM(PHUIMPOBAHHYIO, MYTAHTHYIO WM YCEYECHHYIO
BEPCHUIO MenTuzaa, Oenka, CIuToro Oejka, aHTUTeNa, AaHTUIeHa, BAKLIMHBI, IPOIYKTAa KOHBIOTALIH
NenTHAa U JIEKapCTBEHHOTO CPEACTBA, MPOAYKTa KOHBIOTALMU aHTHUTENa U JIEKapCTBEHHOIO
CPEeACTBa, MPOAYKTA KOHBIOTAIIMH OeJIka U JIEKAPCTBEHHOTO CPENICTBA, KJIETOK, TKAHEH, WM UX
KOMOWHALIHIA.

IIpuMepnl BADHAHTOB pPeaJTHu3aluu

BapuaHThl peanu3anuy OMHCAaHHBIE B HAHHOM JOKYMEHTE, NPEAJararT CIOCOObI
OYHCTKH aHTHUTENA U3 00pasla, CoAepiKalero OAHy Wik Ooyiee mpuMecel, BKIIIOYasi BUPYCHBIE
JacTULlbl. BapuaHThbl peann3alnyy onucaHHble B JAHHOM JIOKYMEHTE, TakKe MpeisiaratoTMeTOAbI
OUYHCTKU OT BHPYCOB C HCIOJIb30BaHHEM Hu3koro pH ocHOBaHbIe HA CTATUCTHUYECKOM AM3aliHe
SKCIIEPUMEHTA.

B HEKOTOpBIX THNOBBIX BAapHAHTAX peaM3alMM, JaHHOE H300peTeHHne oOecreynBaeT
croco0 OYMCTKH MenTHAaa Wi OejKa, TAKOro KakK aHTHTENO, W3 oOpasia, COAEepIKaILIero OgHY
WIM HECKOJIBKO NpUMECE, BKIIOYas BUPYCHbIE HACTHULbl. B HEKOTOpBIX TUIIOBBIX BapHaHTaX

peanu3anuy, Croco0 MO AAHHON 3asBKe BKJIIOUYAET. KOPPEKTUPOBKY YCJIOBUIl MOHHOHN CHIIBI
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oOpasua, koppekTupoBky pH obpasua no kucnoro pH u nocnenyroimee noanepskanue odpasua B
YCJIOBUSIX MOHHOW Cujbl U ypoBHs pH mo menpuieil Mepe Okojao 15 MUHYT 1y MHAKTUBALIUU
HEKOTOPOT'0 KOJMUYECTBA BUPYCHBIX YACTULL.

B oxgnowm acrniekre, pH-3HaueHue oOpasma B criocode 1o HaCTOSIIeH 3asiBKe MPEICTABIISET
coboii kucnbiii pH, Menbine nnm pasHo okoso pH 7, menblie umu pasHo okosio pH 6, meHble
unu paBHO okoyo pH 5, menbiie unu paBHoO okono pH 4, MeHbe unu paBHO Okojo 3,90,
MeHblIe uian pasHo okono pH 3,80, menbwe unu pasHo oxono pH 3,70, ot oxono pH 3,60 no
okouno pH 3,90 unu ot okono pH 3,65 no oxoso pH 3,80.

B opmHOoM acmekte, oOpaszenr B crocobe MO HACTOSILEH 3asBKE MOANEPKUBACTCS B
YCIIOBUAX MOHHON cwibl M pH oOpasua s MHAKTUBALMH KOJWYECTBA BHPYCHBIX YaCTHUI] B
TE€UEHUE MO MeHbLIel Mepe OKoso 30 MUHYT, IO MEHbIIEH Mepe OKOJo0 15 MuHyT, OT OKONO 15
MHUHYT A0 oKkosio 30 MUHYT, IO MeHblieil Mmepe okono 10 MUHYT, Mo MeHblIel Mepe okojo 20
MHUHYT, 110 MEHbIIEH Mepe OKOJIO 25 MUHYT, IO MEHbIIEH Mepe OKOJIO 35 MHUHYT, OT OKoJio 10
MHUHYT A0 Ok0oJI0 30 MUHYT, OT OKOJIO 15 MUHYT 10 OKOJIO 35 MHHYT, OT OkoJ0 20 MUHYT 10
0Kk010 30 MUHYT, OT 0KOJ0 20 MUHYT A0 OKOJIO 35 MHHYT, MJIX OT OKOJIO 25 MUHYT 10 0KOJ0 40
MUHYT.

B onHOM acriekTe, HOHHYIO CHuly oOpasia peryiupyrT 1o0aBlIeHHeM XJIOpUAA HATPHs,
IIPU 3TOM KOHLEHTpaLus XJIOpHIA HAaTpHsl HAXOIUTCSA B AMANazoHe OT okojo 1 MM 1o okono
200 MM, ot okoJio 1 MM no okoio 500 MM, okoso 5 MM, okosio 10 MM, okosio 15 MM, okoJio
20 MM, okono 25 MM, okojio 30 MM, okono 35 MM, okono 40 MM, okono 45 MM, okono 50
MM, okoi0 55 MM, okojsio 60 MM, okosio 65 MM , okosio 70 MM, okono 72 MM, okoso 80 MM,
okosio 82 MM, okono 90 MM, okono 100 MM, okosio 150 MM, okosio 200 MM, okosio 250 MM,
okoJio 300 MM, okogio 350 MM, okoso 400 MM, okoso 450 MM unu okosio S00 MM.

IToHATHO, YTO COCOO HE OrpaHMYMBAETCS KAKMM-JINOO M3 BBIIEYIOMSHYTBIX ITENTHAOB,
OenkoB, aHTuTeNn, D-onTHManpHON CXeMBl HKCHEPHMEHTa, BHUPYCOB, PETPOBHPYCOB,
WHAKTUBALMU BUPYCOB, OYUCTKU OT BUPYCOB, HOHHOMN CUJIbI MU 3HaueHui pH.

[TocnenoBarenpHass MapKHpPOBKAa 3TamoB crnocoda mudpamu w/wnmm OykBamM, Kak
NPEJIOKEHO B TAHHOM JOKYMEHTE, He TPeHa3HA4YeHA JJIsl OTPaHHYEeHHs Crocoda WM JIFOOBIX
€ro BapHAHTOB pEAJHM3AIMH KOHKPETHBIM YKa3aHHBIM MOPSAKOM. Pa3inmuHble myOimukanmu,
BKJIFOYAsl TATEHTDI, 3asBKH HA MATEHTHI, ONyOJUKOBAHHBIC 3asBKH HA MATEHTBI, HOMEpA JOCTYIIA,
TEXHUYECKHUE CTaThU U Hay4HbIE CTATbU LIUTUPYIOTCS Ha MPOTSDKEHUU BCETO AAHHOT'O OMHCAHMS
nu3o0perenus. Kaxgas U3 3THX HUTHPYEMBIX CCBIJIOK BKJIFOUEHA B JAHHBIA TOKYMEHT B ITOJIHOM
o0BeMe MOCPENCTBOM CCBUIKHM U BCeX Lienei. Ecnm He ommcaHO MHOE, BCE TEXHUYECKHE U
Hay4Hbl€ BbIPAJKEHUS, UCIIONIb3yeMbI€ B TAHHOM JIOKYMEHTE, UMEIOT TO XK€ caMOe 3HaueHue, Kak
OOBIYHO TOHHMMAETCSl CHELHMAIMCTOM B JAHHOH OONACTM TEXHUKH, K KOTOPOH HacTosiiee
uzobpeTeHne npuHamIekuT. JlaHHOE packpeiThe Oymer Oojiee TOJHO MOHSTO CO CCBUIKOH Ha
CJIEAYIOIINE MTPUMEPBI, KOTOPBIE MPENOCTABIIECHBI s Oosee MoAPOOHOTO OMHMCAHUS PACKPBITHS.
Onu npenHa3HaueHb! U1 WJUTFOCTPALMM U HE JTOJIKHBI pACCMATPUBATLCS KAK OrpaHUYMBAIOLINE
00BEM JAHHOTO PACKPBITHS.

INPUMEPBI
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Martepuanbl 1 peareHTsl

1. MognenpHbIe Oenku u Oydepsl

PasnuuHble W30TUIBI MOHOKJIOHAJIBHBIX AHTUTEN, KOTOpbIE BKCIPECCHPOBAINUCH B
knerkax CHO, ucnonb3oBanu B KauecTBe MOAENbHBIX OenkoB, mAb 1 yka3biBalo Ha M30THUIN
IgG4, a mAb 2 ykasbiBasno Ha uzorun IgGl. M3osnekTprudeckast Touka MOZICTbHBIX OeJIKOB Oblia
oueHeHa kak 8,8 mmst mAb 1 u pH 9,3 nast mAb 2. MOHOK/IOHA/IBHBIE AHTHTEIA OYHUINANU C
UCIIOJIB30BAHUEM CTaHAAPTHOH Xpomarorpadun ¢ 6enxom A u smouposanu 40 MM ykcycHOH
KHCJIOTOM, B pe3yiapTaTe 4ero nonydanu nya ¢ pH mnpumepno 4,2. Konuenrtpauuu
MOHOKJIOHAJIbHBIX aHTHUTEN COCTaBJISUTU MPUMEPHO 15 /1.

2. IlTaMMBbI BUPYCOB ISl BBEACHHS U aHAJIM3a UHPEKIIUMOHHOCTH

X-MuLV wucnons3oBanu nis oueHKH WHakTuBauuu Bupyca. Illtammer Bupyca X-MuLV
6butn purorosiiensl WuXi AppTec (@Punanensdus, IlencunpBanus). OnHa mapTus HCXOTHOTO
pactBopa Bupyca mramma X-MulLV wumena Tutp npubIU3UTEIBHO 10" PFU/mu. Jns Bcex
NPOTOHOK, PAaCTBOPBI BUPYCHBIX IITAMMOB 00padaThIBaIN YIBTPA3BYKOM U (PUIBTPOBAIHN Nepen
BBEJICHHEM B 3arpy304Hblii MaTepuan. OOpa3ipl HHOEKIMOHHOCTH YA U aHAJIM3UPOBAIHU B
MOMEHT BpeMeHH 15 MuHyT ¢ oObeMoM ananmusa 0,5 miu. O6pa3iel HHPEKINOHHOCTH YIS U
TECTHPOBAJIH B MOMEHT BpeMeHH 30 MUHYT, KOTOpble NMenu Oonbinii 00beM aHanmsa 7 mit. Bee
o0pa3lbl KOJHMYECTBEHHO ompeneisuii Ha uHpeKIHoHHOCTh X-MuLV ¢ wucnojp3oBaHuEM
uHaukaTopHbIX Kietok PG4. Ilepen moceBoM oOpasmsl HeWTpaimusosamu ao pH 6,5-7,5. LRF
BHUpPYCa PacCUUTBIBAJIN IyTEM CPaBHEHUsl KOJIMYECTBAa BBEAEHHOIO BUPYCa, IPUCYTCTBYIOIIETO B
3arpy3ke, U KOJIMYeCTBa BUpPYyCa, MPUCYTCTBYIOIIETO B IyJle, KaKk OMMCAHO B YpaBHEHUHU |, rae
C(Bupyc, Harpyska) yka3bIBaeT KOHIIEHTpPALMIO BUpyca B 3arpyske, C(BHpYC, MyJ ) yKa3bIBaeT
KOHIeHTpanuio Bupyca B myJie, V(load) ykasbiBaer oObeMm 3arpy3ku, a V(pool) ykasbiBaer
o0beM myJa.

Vpasuenue 1. Pacuer BupycHoro koadduuuenra coxkpamenus Logio (LRF)

CBI/I cHarpyska X VHaI‘ 3Ka
LRF=log10 pycHarpy Py

CBI/Ipyc,l'ly.}I X Vnyﬂ

OO0pa3ipl OLEHUBAIM HA MPEAMET LUTOTOKCHYECKOTO NEeHCTBUS MaTpHKca oOpasia Ha
WHIUKATOPHYKO  KJIETOYHYIO JIMHMIO  aHajin3a HMHQOEKIMOHHOCTH,  MPEIIECTBYIOLIErO
NPOBENEHUIO UCCIeNOoBaHMsA. JIOMONHUTENbHBIE KOHTPONU OBLIM BBIIOJHEHbI BO BpeMs
UCCNIeOBaHMUs N00aBeHus, YTOOBl YOeIUTBCS, YTO MHAKTHBALMS BHPYyCa MPOHM3OLLIA H3-32
npUCyTCTBUs HU3Koro pH 1 He Obla CBsi3aHa ¢ caMoil OENKOBOM MaTpPHULIEH.

Cnoco0bI 1 ycTpoiicTBa

1. Merone! TutpoBanusi pH u BBeaeHus:

OO6pasip! TUTpOBAIH 10 XKenaeMblx 3HaueHuil pH, ucronsiys nmubdo 0,25 M docdopHoii
kucnotel, 160 0,25 M rmununa HCl. KucnotHbie 00pa3ubl HEHTpaIn30Baiu C HCIIOIb30BAaHHEM
2 M Ttpuc-ocHoBanus. KakabIil SKCIEPUMEHT MO MHAKTUBALUU MPOBOAWICSA C UCIOJIb30BAHUEM
OJITHOTO U3 JIByX METOJOB IO3UPOBAaHUs B COOTBETCTBUM C IUIAHOM dKcrnepuMeHTa. IIpu merone
BBECHUs |, HampuMmep, METOX pPeryJHUpOBKU-BBEIECHUSA-TIOBTOPHON pEryJHpOBKH, OOpa3ibl

JOBOMIIH/TUTPOBANU 10 LeneBoro pH, a 3arem noOasisiiy mwramMM BUpyca, umeroinuii pH oxono
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7,2. Otcuer BpeMeHH yaepkanus pH HaumHANCS BO Bpems BBeAeHUs. B cBsi3u ¢ HaOmoneHuem
3a nosbieEneM pH mocne noGamnenust mramma Bupyca pH 0o0pasmoB cHOBa IOBOAMIN A0
uenesoro pH nepen BbIAEPKKON NMPU KEIAeMOM TEMIEpaType B TEYEHHE OCTABLIEHUCS 4acTU
yaepxxanuss pH. Hampumep, npu merone BBefeHUs 2, METOAE BBEACHUE-KOPPEKTHUPOBKA, B
o0paswel cHavana AOOABJSUTM MUCXOAHBIH PacTBOP BHUpPYCa, a 3aT€M JOBOIMJIH/TUTPOBAIH IO
nenesoro pH. JloOaBneHne KHUCIOTHI BBINOJHSJIM C IOMOLIBIO LINPHULEBOrO HAcoca C
COOTBETCTBYKOIMMHU BpPEMEHEM IMEepEeMELIMBAHUSI U CKOPOCTBK), 4YTO COOTBETCTBYET
KpynHoMaciTabHOMy Tpon3BonacTBy. I[lpu mocTikeHun nenesoro pH HaumHaeTcs oTcuer
BpeMeHU yaepskanusi pH, u oOpasen HHKyOMPYETCs IPH JKeNaeMON TeMITEpaType.

Kak nns merona BBeneHus 1, Tak U 1yt MeToaa 2 B UCXOAHBIN 3arpy304HbI MaTepua
ObuT BBeneH 2% mramma Bupyca X-MuLV (06./06.). Korna ¢unstpanus nocie BBeneHus Obiia
yKazaHa Kak (akTtop B TUIaHE JKCIepuMeHTa, ucnonb3oBajcs ¢Guiastp PES 0,2 MM
(momadupcynbhonoBbiil GribTp). OCHOBHOUM MaTepuan WHKYOMpPOBAaJlM Ha BOASHOH OaHe B
Te4deHue Bcero BpeMeHH Beinepxkku pH. Temneparypa BoxstHO# O6aHu Oblia omHUM U3 (PakTOpOB
IPY TUIAHUPOBAHUU SKCIEPUMEHTA, KOTOPBIH KOHTPOJMPOBAIUA € MOMOIIBK KaJHMOPOBAaHHOTO
tepmomeTpa. Bee msmepenust pH npoBoauiucy B aBTOHOMHOM pekUMe ¢ 00pa3oM oObeMoM 2
MJI, U3BJICYCHHBIM U3 OCHOBHOTO MaTepualia B O0kce OMo0e30macHOCTH.

2. Yerporictso ans usmepennii pH

Wsmepenus 3Hauenuii pH Bbmonssinu ¢ ucnosns3zosanueM pH-3onaa In Lab Expert Pro u
pH-metpa SevenCompact S220 (Mettler Toledo, Columbus, OH). M3mepuTens Obu1 HACTPOEH Ha
JVHENWHBIH PEeXUM KaJdHOpOBKH, CTPOruil ¢opMaT KOHEYHOH TOYKH U ABTOMATHUYECKYIO
TeMInepaTypHylo komneHcauuto. M3mepurens pH HacTpoeH Ha oTOOpakeHHE pe3yJbTAaTOB C
TOYHOCTBIO A0 ABYX 3HAKOB IOCJE 3aMATOW. 30HJA YPaBHOBEUIMBAIU B PACTBOpE AJISI XPAHEHUS
3JeKTponoB B TeueHne 30-00 MHHYT mepex HCIONB30BAHMEM. 30HI KaTHOPOBAIH C
ucnons3oBanuem Oydepos ¢ pH 1,68, pH 4,01 unam pH 7,00 (VWR, Radnor, PA). Kpurepun
NPOIIEHTa HAKJIOHA 3-TOUEYHOH KamuOpoBKHM Haxomwiuch B auanaszoHe 97,0-103,0%. Ilocne
yCTEUTHON KanuOpOBKU ObUTH M3MepeHbl He3aBucHMble OydepHbie ctannaptsl ¢ pH 3,00 u pH
6,00, 94TOOBI MOATBEPAUTH, YTO TOYHOCTH HaxomuTcs B mpenenax = 0,03 emunun pH ot pH
Oydepa. HesaBucumplie cTtaHmapThl ObLTH MOBTOPHO H3MEPEHBI, YTOOBI MOATBEPAHNTH, 4TO pH
OCTaeTcsl Ha 1eJieBOM ypoBHe pH mocie 3aBepiueHusi OKOHYATENbHOrO 00pas3ia KaskKablil IEeHb.
HoBeiii pmatumk pH Obul OTKamuOpoBaH B COOTBETCTBHH C TEMH JK€ KPHUTEPHSIMU U
UCTIONB30BAJICS KaXIbIH AC€Hb JJISI MPOBEICHUS HCCIEIOBAHUS, YTOOBI CBECTH K MHHHUMYMY
M3MEHYMBOCTb AaTUHKA C TEUEHHUEM BPEMEHU.

3. Cratuctuueckuii mnas skcnepumenTta (DoE) nist yaepskanust npu Huskom pH

Cratuctuueckas cxema skcnepumenta (DoE) ucnonb3oBanace Isi OLEHKHA U OTIHCAHUS
s¢dexroB sTana noanepkanus Hu3koro pH i mHakTHMBammMM perpoBupyca. bpulo oLeHeHO
BJIMSTHAE HECKOJbKUX (PaKTOPOB, CBSI3aHHBIX CO CTajnuell mojnepskaHust HU3Koro pH, Bkirodas
tun Oenka, pH, Temnepatypy, KHCIOTHBIA THTpaHT, conepkaHue NaCl, Bpemsi BBeneHHs u
dunbrpanuio nocie BeeAeHus. [IporpaMMmHoe o0ecrieueHue HCIOIb30BAIOCH sl pa3paboTKH

cratuctuyeckoro DoE 1yt uccnenoBanust BAusiHUA 3THX (pakTopoB. D-onTumanbHbIi aAnu3aiH
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Moznenu, Takod kak 15 mporoHoB wmiau 30 mporoHoB, Obul CO3MaH C HCIOJNBb30BAHUEM
nporpammuoro odecniederns JMP v.13 (SAS, Cary NC). Marpumna auarpaMmsl paccesiHUsl U
MHOTOMEpHBIE KOoppensauuu D-onTtumanpHOro mjaHa mokasaHel Ha ¢ur. 2A. B muan
UCCNIeIOBaHNs OBIIM BKJIIOYEHB! CeMb (DAKTOPOB, Kak IMMOKa3aHO B Tabmume 1, BKIIOuUass: TUM
Oenka, TaKOM Kak JBa MOHOKJIOHAJbHBIX aHTUTeNa (mAb) pasHbIx uzorunos, Harnpumep, 1gGl
wnu IgG4; pH, taxoii kax pH 3,65, pH 3,73 unu pH 3,80; remnepatypa, Takas kax 15 °Cunu 20
°C, KUCIOTHBIA TUTpaHT, Takou kak 0,25 M ¢ocdopnas kucnora wim 0,25 M rmunua HCI,
conepskanue NaCl B ucxomHoMm pactBope, Takoe kak 0 MM, 50 MM wunu 100 MM; pacuer
BpPEMEHU BBENICHUS, HATPUMEDP METOJ] KOPPEKTUPOBKA-BBEACHHUE-TIOBTOPHASI KOPPEKTUPOBKA WU
METOJ BBEICHHS-KOPPEKTHPOBKA, M (PHIBTPALMIO MOCNe BBEACHUS, HAPUMEp, ¢ GUIbTpauuei
nocJye BBeneHus win 0e3 Hee. PacTBOp 1Uis BBEEHHs COAECPIKUT OUMIIEHHBIA pacTBop X-MuLV
s nobasnenns 2% no obvemy. B tabmuie 1 mokasaHo BHenpeHHE 3TUX CeMHU (DAKTOpOB B
MaTpULy NMPOESKTUPOBAHUS, BKJIFOYast KOHKPETHBIN YPOBEHb HIIM THUI KAKIOTO (GakTopa.

Tabmuua 1. @akTopsl, HCMIONB3yeMbIe MPH MIAHUPOBAHIH YKCIIEPUMEHTA

daxkTtop YpoBeHb uinu Tun

Huskun LlenTpanbHblil Bricoknii
nsotun mAb IgG4 IgG1
pH 3,65+ 0,02 3,73 £ 0,02 3,80 + 0,02
Temnepatypa (°C) 15+1,0 20+ 1,0
Kucnorsslii TUTpaHT DocdopHbIit I'muua HCL
Bueceno (MM) 0 50 100
Pacuer BpemeHnu Cnoco0 1 Cmocob 2
BBE/ICHUS
DunbTpauus nocie Ha Her
BBE/ICHUS

B nu3aiiHe OLEHMBATUCH BCE OCHOBHBIE 3(PQEKThI M HEKOTOpbIe B3aUMOACHCTBUs. B
obmeli cnoskHOCTH 30 MPOroHOB, 15 yciaoBUi ¢ 2 MOBTOPEHUSMH OBbLTH BBITIOJHEHbI OJHUMH U
TEMU K€ aHAJUTUKAMHU B TedeHue 4 nHel. JlomosHUTEIbHbIE KOHTPOJIH ObUTH BKIIFOYEHBI JJIS
Ka)KTOTO MOHOKJIOHAJIbHOTO aHTHUTENA NpU Tpex ypoBHsx conepkanus NaCl, nHanpumep, 0 MM,
50 MM nmm 100 MM NaCl. OGpa3ubl aHaTM3UPOBAIH B IBYX BpeMeHHbIX Toukax (1), Takux xak
15 wnu 30 MUHYT, C HCIIOJB30BAHUEM TECTOB Ha MH(peKIHOoHHOCTh. OTBeT ObT X-MuLV LRF
yepe3 15 u 30 munyT. /i MOnenupoBaHUsl METOAOM HaMMEHBIINX KBAaAPaTOB MCIOJb30BAIOCH
JMP® (cratuctudeckoe mporpaMMHoe obecriedenue ot SAS). JIJis BBIIBJICHHS] CTATUCTUYECKH
3HaunMbIX (P <0,05) ¢akTopoB M B3aMMONEHCTBHI HCIIONB30BAIN AUCTIEPCHOHHBIA aHAIN3
(ANOVA). Bce necymectennbie dakropsl (P > 0,05), xomnmmnueapusie ¢pakropsl (VIF > 5) u
BBIOPOCHI (OmpenesnsieMble 10 PACCTOSTHUIO CKIIAHOTO HOKa) ObUIN YIaJIeHbI.

HefiTpanbHble KOHTPONM, Kak MOKa3aHO Ha ¢ur. 2B, ObuM BBINONHEHBI A KaXKIOTO
COCTOSIHUSI MOHOKJIOHAJIBHOTO aHTHUTENA. BbIIM BBIMONHEHBI HEHTpasbHbIE KOHTPOJH, YTOOBI

rapaHTupoBaTb, 4YTO HU3MCPCHHAsA BUPYCHasl AKTUBHOCTb ObL1a PE3YJIbTAaTOM XUMHUYECKOMN
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nHakTuBauuu npu Hu3koMm pH. pH 3arpykaemoro martepuana nosonunu no pH okxono 6,5-7.5.
Oxxupanoch, 9TO O4YMCTKAa He Oymer HaOmoAarbes, 4YTOOBI MPOAEMOHCTPUPOBATH, HYTO
MHAKTHBALIUS BUPYCa HE SIBIISIETCA PE3YJIbTATOM TOJBKO OenkoBoro marpukca. OOpasibl ObLiH
NOJIy4eHbl HA CTAgusX MpPEABAPUTENBbHOW (UIbTPaLUU M NMOCTQUIABTPALMU AJII KOHTPOJI
BO3MOXKHOH morepu BHUpyca yepe3 puubTp. Kaknoe cocTosHHE MOHOKJIOHAJIBHOTO aHTUTENA
UMEJNO PENpPe3eHTATUBHBIN HEUTpPaJbHBIH KOHTPOJb, KOTOPBIM CIY>KUJI B  KadyecTBe
3arpy’kaeMoro Marepuajna IJisl aHajln3a AAaHHBIX. TemmepaTypa OKpY KaroLEHd Cpeabl MOXKET
BIUATh Ha usMepeHue pH. Bce geiictBus ¢ Bupycamu, KOPpeKTUPOBKM U u3MepeHuss pH
NPOBOIWINCH MPU KOMHATHOH TemnepaTtype. OCHOBHOE UCTIBITYEMOE U3/eNIne MHKYOUPOBaIU Ha
BOJITHOM OaHe MpU ABYX Pa3IMUYHBIX TEMIIEPATYPHBIX YCIOBUsX. [ M3MEepeHUN NCTIOIB30BAIIH
Mettler Toledo Expert Pro.

IIPUMEP 1. U3yuyenue paxkTopoB, BJAMSIOLNHX HA yaep:RaHHe HU3Kkoro pH

Brusane tuma Oenka, pH, TemmepaTypel, KUCIOTHOrO TUTpaHTa, comep:kanuss NaCl,
BPEMEHH BBelCHUS U (WIbTpaUMH Tocie noOaBieHUs Ha WHakTuBanmoo X-MulLV mns
yAep:KaHus Tpu HU3KOM ypoBHe pH wuccrnenoBanu ¢ momMouipl0 D-OnTUManbHON CXEMBbI
SKCIIEPUMEHTa, KaK MokazaHo B Tabmume 1. 15 3amyckoB ¢ ayOnMkaTtaMu TPOBOIMIIMCH B
TeyeHne 4 AHeW Monmpsii C OOHUM M TeM ke HaOOpOM BHPYCOB, IepcoHaioMm, Oydepamu u
obopynoBanueM. HeHTpaibHBII  KOHTPOJb  BBIIOJMHSUTM  JJII  KaXXAOTO  COCTOSIHHS
MOHOKJIOHAJIbHOTO aHTHTeNa (mAb) (Tum mAb u cogepxkanue NaCl, N=0) u ucrnonbp3oBajii B
KadecTBe oOpasla Harpy3kud JUid aHanu3a JaHHbIX. Kakgoe ycnoBwe 3amycka |
pesynbTupyrouiee 3aadeHne LRF B MomenTsl Bpemenu 15 u 30 MUHYT nepeduciieHsl B TaOuIe
2. B Tabnuue 2 mpuBeneHb! CBOAHBbIE JaHHbIE IJIS IUIAHUPOBAHMA 3kcriepuMeHTa. B 22 u3 30
nporoHax, 4yepe3 30 MuHYT BUpyC He Obul oOHapykeH. LRF s kakmoro u3 NMOBTOPHBIX
nporoHoB uepe3 30 munyT Obln B mpexenax 0,5 LRF nmpyr or apyra, 3a UCKIIIOYEHHEM IBYX
IPOTOHOB, KOTOPBIE OBLIM yAaJeHbI Kak BHIOPOCH! BO BpeMsl aHan3a JaHHbIX. B Habope naHHbIX
HEeT CYIIeCTBEHHONW W3MEHYMBOCTH W30 AHS B JE€Hb WJIM OT LMKJA K LUKy, OCHOBAHHOH Ha
usMepenun pH, nobGaBieHNH KHCIOTHI MK 3arpy»KaeMOM MaTepHuae.

B tabnuue 2, yto kacaetcs nenesoro pH, oOpa3ibl ObuUTH HOBeAeHbI 10 1eneBoro pH B
nuana3one + 0,02 enunun pH. Uto kacaercs congepskanust NaCl, NaCl noGaBnsiiii kK OCHOBHOMY
MaTepuaiy Iepelx MpPOBEeJEeHHEM TUTPOBaHUSA A0 HU3koro pH ¢ ucrnonb30BaHHEM KHCIOTHI.
CumBON «>» O3HAYaeT, YTO KOJWYECTBO BHPYCAa YMEHBIIWIOCh HIKE Ipenena OOHAapy KEHHs
aHamuza. P obosHausaer docdopuyro kuciaory. G obosnawaer rmumH HCI. Hekoropeie
KOHKPETHBIE TIPOTOHBI OBUIM ONpeneNieHbl KaK BBIOPOCHI MO PACCTOSHUIO CKJIAJHOTO HOXa U
yIaJeHbl Iepea NATbHEHIINM aHAJM30M AaHHBIX. [lepen aHamm3oM MHQEKIMOHHOCTH MaTPHIIbI
00pa3loB OLIEHWBAJIM Ha TPEAMET BMEINATENbCTBA B PA3MHOKEHHE BUPYCAa B MHIUKATOPHOM
KJIETOYHOW JIMHHUH, YTOOBI MOXKHO OBUIO MIEHTHU(UIIMPOBATh HE Melarlnee pa3peneHue. Ha
OCHOBaHMHU HaOMrOAaeMoi MHTEphEpEeHIINN COO0IAIOCh O CePHsIX C 3-KPaTHBIM Pa3BEIEHHEM.
OnuH NMOBTOPHBINA 3aIyCK HEOXKUJAHHO IMOBJIMAJT HAa aHAIN3 MH(PEKIIMOHHOCTH MPHU 3-KPaTHOM
pasBeneHuy, a coodImaemMoe 3HaueHue ObLIo mpu 10-KpaTHOM pa3BeNEeHUH, YTO MPENOTBPATHIIO

BJIMSIHHE. DTOT MPOTrOH ObLIT ONpesesieH Kak BBIOPOC MO PACCTOSHUIO CKJIAJHOTO HOXA U YAAJIeH
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Tabmuua 2. CBoaka JaHHBIX [T TUTAHUPOBAHMS SKCIIEPUMEHTA

Tene Temn | Kucno | NaCl | Cnoco | @unbtpa | LRF Ha kax1oM BpeMEHHOM
mAb | soi | €PETY THBIA | conepxk 0 s y4dacTke (MUH)
H pa TI/ITpa AHUC BBCICH I1OCJIC
p °C) HT (mM) us BBEAEHUS 15 30
>4.06+0,16 | 520+ 024
20 G 0 ! Her 1 060,16 | 53820.50
>445+026| (5)’3(6) *
15 P 50 2 Tla ST
3,65 > 4444027 027
>447+013| (5)’% *
15 G 100 1 Her SO
>4.47+0,14 014
>3.06+ 020 | 3.73 %026
15 G 0 2 e 3062021 429=0.45
mfb 3,73 >450+009| (5)’(9)3 *
20 P 100 2 Tla ST
> 4,50+ 0,09 005
1,92£030 | 2.45+022
15 P 0 ! Mo 1,78+031 | 2,55+022
447+035 | 8’?2 *
20 G 50 1 Her SO
> + ?
3,80 4,59+ 0,16 Nt
>447+014| (5)’?5 *
15 P 100 2 Her S
3,65 + 0,39 014
>427+016| ° 8{2 *
15 G 0 2 Her T
:l: >
414+ 035 o1
>419+026| (5)’32 *
3,65 | 20 P 0 1 Tla o
>4.19+ 0,26 026
> +
m;*b >4,63+0,15 (6)’(1)2
20 G 100 2 Tla ST
> + ?
4.63+0,16 016
>472£006| 8’(1)2 *
3,73 | 15 P 50 1 Her ST
> 471+ 0,07 007
2.56+0,18 | 2.87+0,19
3:80 | 20 P 0 2 Her M 85024 | 2.6720.16
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>449+023 | 8’32 *
0 | G 50 2 Tl T
436+ 0,39 023
>4.63+0,16 >8’?gi
5 | G 100 1 Tl S
>463016| ¢

HOPUMEP 2. Anaau3 kuHeTHKM HHakTHBauumu X-MulLV npm pa3anusbix
3HavyeHusix pH

Craructuueckuii tuian skcnepumenta (DoE) Obun ucmonb3oBaH sl OLEHKH U
XapakTepucTUKu 3>(GQEKTOB 3Tana noanepKaHus HU3Koro pH nans MHaKTUBALMM BUPYCA,
BKJIFOYAsi OLICHKY HECKOJIbKHX (PaKTOpOB, TakMX Kak TuIl Oenka, 3HaueHwe pH, temmeparypa,
KHUCJIOTHBIM THUTPAHT, HOHHAs CHJIa HCXOJHOrO BeEIeCTBA. pacTBOp, BpeMsl BBENEHUA WU
¢unerpauns nocne Beenerus. Craructuueckas DoE wmcnonp3oBanack IJIs1 OLEHKH U OTUCAHHS
s¢dexToB sTana nogaep:kaHus Hu3Koro pH A nHakTHBaLWU BUpyca. belna npoanann3upoBaHa
KMHETHKa MHaKTUBalKu X-MuLV ¢ yuerom paznuuHoro nenesoro pH. O6pa3sibl BO BpeMEHHBIX
toukax 15 muHYT W 30 MUHYT TecTHpOBadM Ha HH(PEKUHOHHOCTh X-MuLV nnst oneHku
HAvYaJIbHOM WHAKTUBALMU (Hanpumep, 15 MUHYT) 1 MTHAKTUBALWY B KOHLE (Hanpumep, 30 MUHYT)
BblIep>KKkH Mpu HU3koM pH. ®ur. 3A-3C nokasbBarOT KMHETUKY MHakTuBauuu X-MuLV npu
nenesoMm pH 3,65.pH 3.73 wnu pH 3.80 Kpussie LRF Obumn monyueHsl MyTe€M MOCTPOEHHS
rpaduka 3HaueHnii LRF B 3aBUCHMOCTH OT BpeMeHHBIX TOUeK I Kaxknoro 3HadeHus pH. Kax
n3o00pakeHo Ha @Pur. 3A-3C, He3amTPUXOBAaHHBIE KPY>KKU ODO3HA4YaIOT OTCYTCTBHE BHpYCa B
oOpa3max, a KpecTuku O0O3Ha4aroT BUpPYC, OOHapykeHHbIH B oOpasuax. KpacHele nuHuH
COOTBETCTBYIOT KaXIOMy LMKy, BbimosHeHHOMY npu pH 3,65 £ 0,02; 3enenvle nuHuu
COOTBETCTBYIOT KaXAOMy OmNbITy, nposegeHHomy npu pH 3,73 + 0,02; a cunHue nuHUH
COOTBETCTBYIOT KaXKIOMY OMbITY, ipoBeaernHomy nipu pH 3,80 & 0,02. Kak n3obpaxkeno na @wur.
3A, nns onbitoB ¢ pH 3,65 Bupyc He ObLT OOHAPYIKEH HU B OAHOM M3 00pa3LoB yepe3 15 MuHyT,
YTO yKa3bIBAJIO HA OBICTPYIO WHAKTHBALIMIO BUpYyca (Tpenen oOHapyKeHHs MTPUOIU3UTENBHO 2,5
PFU/mn). B 30-muHYTHO# BpeMeHHOW TOuKe, Iuii mporoHoB ¢ pH 3,65, 2 mporoHa mokaszaiu
oOHapy>keHHbII BUpPYC. OMHAKO Pe3yNbTaThl 3THX JBYX IPOTOHOB NMPUOIMKAIHCH K MPEAeTy
obHapyxkenuss aHammza (mpubmmsurensho 1,0 PFU/mi). Tlpu pH 3,65 + 0,02 Bce LRF
npesbimany 5,0 yepes 30 munyt. i onsitos ¢ pH 3,73 u pH 3,80 npucyrcrBoBanu HEKOTOpHIE
HECOOTBETCTBHS, Kak Moka3aHo Ha ¢ur. 3B u ¢ur. 3C, Tak kax Mexay NMPOroHaMH BO3HHUKAJIH
pacxoxnenusi. Hekotopsie nporonsl npu pH 3,73 wmu pH 3,80 mokaszanu Takyro ke OBICTPYIO
MHaKTUBaLMIO, Kak 1 nporous! npu pH 3,65. Onun unu nsa onsita npu pH 3,73 unu pH 3,80
MOKa3aJi HEeMOJHYI MHakTuBauuio depe3 30 MuHyT. MI3MEHUMBOCTH 3THUX OMNBITOB MO3BOJISIET
NPEATION0KNTh, YTO APYroi (pakTop MOKET OKa3bIBaTh OOJiee CUIBHOE BIMSHUE, YEM YCIOBHS
pH.

HOPUMEP 3. Avanu3 kKuHerukun wHHakTHBanuun X-MuLV npu pasanusaom
cogep:xkanun NaCl

HOHOJ’IHI/ITGJ'II)HI)IG aHAJIU3bl  ObLUIH NpoOBEACHBI MJis1 LHUKJIOB, KOTOPbLIEC IIOKa3aJin
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oOHapyKeHHbIH peTpoBUpyCc Ha 30-MHHYTHOH BpeMeHHOH Touke B Tabmmme 2. bbin
npoaHaIu3upoBaH o0 (akrop, Hampumep, conepxkanne NaCl cpemu 3THX TPOTOHOB, B
KOTOPBIX BUpPYC ObUT 0OHapyskeH uepe3 30 MunyT. OnbiThl npoBoanirch 6e3 nodasnenus NaCl B
UCXOJHBIN 3arpy3ounblii MaTepuan. Kpuseie LRF Obutn mosydens! myTem noctpoeHus rpapuka
3HayeHnii LRF B 3aBHCHMOCTM OT MOMEHTOB BPEMEHH Ui KaKAOTO YPOBHs J00aBIEHHOIO
NaCl. ®@ur. 4A-4C noka3bplBalOT KMHETHKY MHakTuBaimu X-MuLV npu comepskanun NaCl 0
MM (@ur. 4A), S0 mM (FIG. 4B) wnmu 100 mM (FIG. 4C). Kak uzobpakeno Ha @ur. 4A-4C,
HE3aIUTPUXOBAHHBbIE KPYXKKH OOO3HAYAIOT OTCYTCTBHE BHpPyca B 00pas3lax, a KpeCTHKH
0003HauarT BUpPYC, OOHApYKEeHHbIH B oOpasmax. KpacHble JIMHUM COOTBETCTBYIOT KaKAOMY
LUKJy, BeIMoaHeHHOMY pu pH 3,65 + 0,02; 3e1eHble TMHUN COOTBETCTBYIOT Ka)KIOMY OIIBITY,
nposeaeHHoMy npu okosio pH 3,73 £+ 0,02; a cuHMe JIMHUM COOTBETCTBYIOT Ka)KAOMY OIBITY,
nposeaenHoMy npu pH 3,80 + 0,02.

Pesynprarel mokasanu, 4YTO MNPOBOAUMOCTb MCXOAHOTO pacTBOpAa OKas3ajda CHUIIBHOE
BJIMSIHUE HA KUHETUKY MHakTuBauuu X-MuLV mpu pasnanuseix ycnoBusax nenesoro pH. beuio
yCcTaHOBJieHO, 4To coxepxkanne NaCl okaspiBaeT HauOOJbIee BIUSHHE HA HWHAKTHBALIHIO
perpoBupyca. 3HaueHne pH Obuti BakHBIM (DaKTOPOM, KOTZIa 3arpy’kaeMblii MaTepHal HMe
HHU3KYI0 MOHHYIO CHJIYy WJIM KOTZa K UCXOJHOMY MaTepHally He NOOaBJSsUICS AOMOJHHUTEIbHBIHN
NaCl, kak moka3aHo Ha ¢ur. 4A. JlaHHbBIE CBUIETENBCTBYIOT O TOM, YTO MHaKTUBaus X-MuLV
3aBucena oT pH npu HU3KOlN noHHOMN cune. OHAKO MpU MOBBIIEHUN NOHHOW CHUJIbI, HAIIPUMeEp
npu yeenumueHnn koHueHTpauuu NaCl, He HaOmomanoch BIUSHHUS Pa3IMYHBIX YCIOBHUH
nenesoro pH, mockompky X-MuLV ObICTPO WHAKTHBHPOBAJCS TPH BCEX TPEX LEJNEBbIX
3HaueHusax pH. Jlpyrumu cnoBamu, npu noseimennn koHuenTpauun NaCl snusiaue pH-ycnosuii
Ha uHakTuBauuio X-MuLV ymenspinanocs. [Ipu no6asnenun 50 MM mnu 100 MM NaCl nonHast
u 3¢ dexruBHas ouncrka X-MuLV HaOmonanach 11 BceX HUKIOB B 30-MHHYTHBIX BPEMEHHBIX
Toukax A ueneBbix 3Hauenut pH mpu pH 3,65, pH 3,73 u pH 3,80, kak nokazano Ha ¢ur. 4B
(50 mM NaCl) umu ¢ur. 4C (100 MM NaCl) coorBercTBerHO. [Ipyu HM3KOW MPOBOJUMOCTH
(nanpumep, npu Hu3koM coneprkanun NaCl) pH okas3biBaeT CHIIbHOE BIIMSIHHE Ha HHAKTUBALIUIO
X-MuLV. Ilpu Gonee BBICOKOW MPOBOIAUMOCTH (Hanpumep, mpu OoJee BBICOKOM COIEPKAHHU
NaCl) pH ne Bnusier Ha uHakTuBaiuo X-MulLV. 0,25 M rounua HCl nokasan MmoBbIIIEHHYIO
nHakTHBauuo X-MuLV no cpasrenmto ¢ 0,25 M dochopHOit KHCTOTOH.

IIPUMEP 4. I'enepanusi MHOTOMEpPHBIX MO/ eJIeH JTHHEHHOH perpeccun

Utobpl WCCNenoBaTh BIMSHHE pPa3indHbBIX  (pakTopoB, OblIa cO3MaHA MOJENH
MHOTOMEPHOW JIMHEHHON perpeccuu AJisi MCCIENOBAHUS OCHOBHBIX 3(P(EKTOB, KBaAPATHUHBIX
YPaBHEHWH M B3aMMOACWCTBHUI OLleHHBaeMbIX (pakTopoB. Kpome Toro, ObUIO KOIMYECTBEHHO
ONpPENENEHO BIMsIHUE NOHHOW cuibl HAa MHakTuBauui0 X-MuLV kak depes 15, tak u gepes 30
muHyT. CO3IaHHBIE MONENH MMENH CKOPPEKTHPOBAHHBIE 3HaueHHs R* okomo 99%, BKmouas
ouenky omuOku <0,15 LRF, kak mokazaHo B Tabjuile 3, Toraa Kak 3asiBJieHHast BApHabeIbHOCTh
aHanmsa uHekuuonrocTH cocrassier 0,5 LRF (ICH Q5A (R1)). B tabmuue 3, R* 0603Hauaer
KO3(PPUIIUEHT KOPPENSALNU;, CKOPPEKTHPOBAHHBIN R* o6osHauaer BEJIMUYMHY BapUaLIUH,

o0bsicHsgeMyro Mozenbto, 1 RMSE o0o3HauaeT cpenHeKBagpaTHUHYI OMIMOKY Ui OLEHKH
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omunbku B Merone. B Tabnune 4 npuseneH cnucok 3HaunMbIxX (P < 0,05) dakropos ms kaxmoi
mozenu. PeanpHble rpaduky 1o CPaBHEHHIO C MPOTHO3UPYEMBIMU MMOKa3aHbl HA ¢ur. SA u dur.
5B. I'papuku nansg (akTU4eCKUX M TPOTHO3MPYEMBIX 3HAUYEHUIH Mopeneil MHOroOMepHOH
nuHelHoN perpeccun ans LRF s AByx BpeMeHHBIX TOUYeK NOkas3aHbl Ha ¢ur. SA u ¢ur. 5B,
nanpumep, 15 munyt (¢pur. SA) wmm 30 munyt (pur. 5SB). Kpachas nunus o603Ha4aeT JTUHHIO
COOTBETCTBUS, CHHSS JIMHUSA 00O3HAUaeT CPEAHIOK JIMHHIO, a KPAaCcHAs 3alITPUXOBAHHAS JIMHUS
obo3Havaer 95% nosepuTenbHbIA HHTEpBaAT Ha Gur. SA u ¢ur. SB.

Tabnuua 3. 3HayrMass MHOTOMEpPHAsi MOJIENb JIMHEWHOW PEerpeccuy, MOIXOISIas AJis

Ka)X10M BPEMEHHOU TOYKH

BpemenHnast Touka (MuH) R OrperyauposanHoe R” RMSE (LRF)
15 0,99 0,99 0,08
30 0,99 0,99 0,15

Tabmuua 4. 3Hauumble (akTOpbl, OIpeeNeHHble W3 CreHEPUPOBAHHON MOJENn

MHOrOMepHO# nuHelHon perpeccur LRF nist kakiol BpeMeHHON TOUKU

LRF npu 15 munyrax LRF npu 30 munyTax

Daxrop Bennuuna Bennuuna

Prob > Itl Sddexta Prob > Itl Sddexra
[NaCl] <0,0001 1,51 <0,0001 2,10
[NaCl] * [NaCl] <0,0001 0,79 <0,0001 1,18
pH <0,0001 0,69 <0,0001 1,01
pH * [NaCl] <0,0001 0,45 <0,0001 0,65
Temmnepatypa <0,0001 0,25 0,0003 0,27
mAb <0,0001 0,19 0,0070 0,18
mAb * pH - 0,0021 0,11
PusTpaLIA Mo <0,0001 0,19 0,0136 0,17

BBEIEHUS

Tutpant 0,0017 0,12 0,0015 0,24
Cnoco0 BBeneHus 0,0138 0,09 0,0044 0,20

3Haunmblie mapameTpbl 1t mogenu LRF, cosmanuoit B Teuenne 15 u 30 munyT, ObLTH
OJIMHAKOBBIMH, TIOKA3bIBasi CXOXKHE TEHACHIUN B BenuunHe ¢ dexra. OnHAKO B3aUMOACHCTBUE
mexxny mAb u pH ObUIO HCKITFOUNTENBHBIM, TTOCKOJIBKY OHO OBLIO 3HAYMMBIM TOJIBKO auist 30-
munyTHOM Monenu LRF. M3BectHo, uTo pH-ycnoBus BaskHbI 7151 MHAKTUBAaLUU BUpyca. OgHako
Moneib mokasana, uro NaCl okasbiBaeT Hauboiee CUIbHOE BIMSIHUE HA MHAKTHBaLMK X-MuLV
kak uepe3 15, tak u uepe3 30 munyt. Korna koruentpanust NaCl ysemmuusanace, LRF X-MuLV
COOTBETCTBEHHO YBEJIMYHUBAJICS N0 TEX IOpP, MOKAa MOHHAs CUja HE IepecTaBaja BIMATb Ha

uHakTHBaLui. Jpyrumu ¢akropamu, KOTOpble OBbIJIM COYTEHb! BaKHBIMU, ObUTH KBaApaTHYHAs
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BennuuHa coxepskanusi NaCl, Bzammopeiicteue mexny pH u conmepskanumem NaCl, a taxke
ycnouss pH. BinusHue konuentpaunun NaCl Ha KUHETHKY WHAKTHBALMA MOXXHO OOBSICHHTH
cornacHo ¢ur. 6. Ilpu nmoenuenun koHneHtpaunu NaCl snusHne pH Ha mHakTuBanuio X-
MuLV ymenbanoce.

OcHoBHOH 3ddektT Temmeparypbl, mAb, ¢umpTpauus nocne BBEeOEHUS, KHUCIOTHBIN
TUTPAHT, METOZ BBeIEHHs U B3aumopencTsue Mmexnay pH um mAb Obutn 3HAUUTENBHBIMU B
Mozenu JHeHHOH perpeccun. OpHako pasmep sddexra >Tux (PaxTopoB ObUT MEHBIIE, YeM
3asiBieHHass BapuabenbHOCTh aHaim3a HHGekumonHoctu (wanpumep, 0,5 LRF). Xorsa sTm
dakropbl Obutu 3HauuMbIMU (P <0,05) B CO3maHHOW MOAeNu, OHU He ObLIM MPaKTHYECKU
3HAYUMBIMH, TIOCKOJIbKY pasmep sd¢ekra ObLT MeHbIe, 4YeM BapHaOETbHOCTh aHAJIN3a
UH(pEeKIHMOHHOCTH. M3BECTHO, YTO TeMIepaTypa OKa3bIBAeT BIUSHHE Ha WHAKTHBALMIO BHUPYCA,
NIOCKOJIbKY OoJiee HU3Kasi TeMIIepaTypa KOPPEIHPyeT CO CHIKEHHOW KMHETHKOW MHAKTHUBALIUH.
OnHako 5TOT HA0OP JaHHBIX MMOATBEPAI MUHHMAJBHYIO PA3HULY B MHAKTUBALMH HU3-32 pabOThI
B quanaszonax 15 °C u 20 °C.

ITporrosupyemslii npogaiinep ObLT CO3AaH AT ONTUMHU3ALUN MOJAEIH Uil JOCTHXKEHHS
6onee 4 LRF nmocne 15-muHyTHO# 1 30-MUHYTHOH BPEMEHHBIX TOYEK, KaK MOKa3aHO Ha ¢wur. 6.
@ur. 6 TEMOHCTPUPYET MPOTHOZUPYEMBIH Tpodaiinep, KOTOPBIHA MPEACTABISI HHAKTUBALIUIO X -
MuLV xak ¢yHKUMIO 3HAYMMBIX (DAaKTOPOB, OLEHEHHbIX B D-ontumambHOM DOE: kpacHas
arHUS 0003HAYAET JTUHHUIO COOTBETCTBUSL, CUHSS JIMHHA 000O3HAYAeT CPEIHION JIMHUIO, KpacHas
3aIITPUXOBaHHas JmHUsA obOo3Hadaer 95% poBeputenbHblll uWHTEpBAN, P oOO03Hadaer
dochopnyro kucnory; a G oboznauaer raunuH HCL. IIpu HenzmeHHOCTH BCexX Apyrux (Gakropos
yBEJIMYEHHE NPOBOAMMOCTH 3a cuerT poOasneHuss NaCl mpu omnepanyoHHONW WHAKTHBALUU
BUpYycCa B AuanaszoHe ot okouso 3,60 no 3,90 moxeT npusectu k ysenudenuto LRF perposupyca.

Pesynprarel TecTupoBaHus cratuctudeckoro DoE ana ynepxxanust Huskoro pH B
Hacrosiel 3asBke coorBercTBoBanu craHaapry ASTM mna mnaktuBauuu 5,0 LRF X-MuLV
npu pH menee 3,60. Pe3ynbTaThl Takke MPOIEMOHCTPUPOBAIM HANEKHYIO U 3((EKTUBHYIO
uHaktuBauuio npu pH Bemme 3,60. Jlns Anana3oHOB, BBIXOMALIMX 3a MpeAesbl O0IIero
sasByieHnst ASTM, pe3ynbTaThl MOKa3bIBAOT, 4TO yBenuueHue copepxkanus NaCl moxker
obecrnieunth ObICTPYIO ¥ 3P dekTuBHyr0 nHakTHBaUMO X-MuLV. Kak npasuno, pH Beimep:kku
3aBUCHT OT ctabuibHOCTH Oenka. Mozenu mo HacTosmel 3asBKe MOXKHO HCIIOJNb30BaTh JJIS
NPOTHO3UPOBaHUs 3(PPEKTHBHON OUMCTKU NMPHU WHAKTHBALMK BUPYCOB B nuamnasone pH 3,60-
3,90 nmyTeM MaHUMyJIUPOBAHMS MPOBOAUMOCTBI) HCXOIHOIO MaTepuana ¢ Hu3kum pH.

Coobmanoch, 4YTO BBICOKAas KOHLEHTpaums Oenka, Hampumep Oomee 25 r1/m,
OTpHLATENbHO BiWsieT Ha wuHaktuBammoo X-MuLV  (ASTM). Opnako mpensiaymue
uccnenoBanus Regeneron mpoaeMOHCTPUPOBANIM, 4TO Ooyiee BBICOKAas KOHLEHTpanusi Oenka
NOTEHUUAIBHO MOKET YJIy4LIUTb KWHETUKY WHakTuBauuu X-MuLV B ycnoBusax, korma
MHAKTHUBALUS MOKET ObITh HEMOJIHON. Y CJIOBUSI C ITOBBIIIIEHHOM HOHHOM CHJION, TaKue Kak 0oJjee
BBICOKAasl KOHLEHTpauusi Oydepa, THTpoBaHHE Cnabol KUCIOTBI WM Oojiee BBICOKAsS
KOHIeHTpanusi Oenka, koppemupoaiu ¢ Oonee Bbicokumu LRF mpu Oonee Beicokom pH

(Chinniah et al.)). Xors B HaOope MmaHHBIX HACTOSINEH 3asBKH HCIIOJIB30BAINUCH JBA
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MOHOKJIOHAJIbHBIX ~aHTHUTENA, WMEIOLIUX CXOJHble KOHLEHTPALUH, BBIBOABI U3 JaHHBIX
COTJIACOBBIBAJIUCH C BBIBOJIOM O TOM, UTO YBEIUYEHNE KOHIIEHTpaLUH Oenka OyJeT yBeInInBaTh
MHaKTHBaLUIO. Bo Bpems TuTpoBaHus 100aBIsid OOJIbIIE HOHOB M3-3a YBEIMYEHUS KUCIOTHOTO
TUTPaHTa, HEOOXOAMMOro AN NOCTHKeHHs kenmaemoro pH. Pesynbratom Obuio yBenudeHue
MOHHOMW CHJIBI PaCTBOPA, U 3TOT SKCIEPUMEHT IMPEATIonaraeT OONbILIYI0 KWHETUKY HHAKTHBALIUH.

[TonoOHO BIMSHHUIO KOHLEHTpauuu Oenka, HaOMIOganach 3HAYMTENbHAS pPa3HHUIIA,
HaOmonaeMast B MOAENH IJIsi KHCJIOTHOTO THTPAHTA, TAe€ KUCIOTHBIA TuTpanT riamuud HCI
(Oonee cmabasi KHUCJIOTa) KOppenupoBan ¢ OoJjiee BbICOKMMHU 3HadeHussMu LRF TutpanTta
dbocdopHoit kucnoThl (Oojee CHIIbHAS KHCIOTa). DTOT BBIBOA HE UMEN MPaKTUYECKOrO
3HAYeHHs, TOCKOJIbKY pasmep sd¢ekra Obu1 menee 0,5 LRF. PesympraThl moaTBepKIaroT
yBeJIMUEHNE MHAKTUBALMU U3-32 YBEJIMUYEHUs KOHLEHTpaLUU HOHOB B pacTBope. Ilpenbinyimue
UCCIIENIOBAHMS TOKa3aJl OoJiee HU3KYI0 OYMUCTKY IpH Oojiee HHM3KHX TeMIlepaTypax H3-3a
TEPMOAVHAMHMKN WHAKTHBALMU BUpyca. Temmneparypa Oblla CTaTUCTHYECKH 3HAYMMOH B
CT€HEpUPOBAHHON MOJENH JMHEHHOW perpeccuy, HO MMejla MUHUMAJIBHYIO BEIMYUHY > deKTa
B Mmpeneiax m3ydeHHoro auamasona (ot 15 mo 20 °C). Ilpenbinyiune UCCIETOBAHUS MPUILIH K
BBIBOAY, YTO HET CTATUCTUYECKU 3HAUYMMOMN pPa3HULbI B MHAKTHBAUUU BUpyca mexny 15 °C u
16+ °C (Mattila et al., Retrospective evaluation of low-pH virus inactivation and viral filtration
data from a multiple company collaboration, PDA Journal of Pharmaceutical Science and
Technology 70.3 (2016): 293-299). DkcnepuMeHT MO HACTOSIIEH 3asBKE MOATBEPAMI oOInee
3asBieHne ASTM 00 oO4YMCTKE OT BHPYCOB, a Takke HISHTH(GULUpPOBAN pELIeHue s
nocTikeHust >PQPeKTHBHON WHaKTHBauMU pertposupyca npu pH Beime 3,60. Ilpu Oonee
BbICOKOM pH yBennueHHWe HOHHON CHIIBI PacTBOpa MOXKET CHOCOOCTBOBATH PACCEUBAHMIO
BUpyca. B pactBOpax ¢ HHM3KOH MPOBOAMMOCTBI) PETPOBUPYCHBIE INIMKONPOTEUHBI
NOTEHLMAIbHO MOTYT arperuposarb npu Hu3koM pH u 3ammmare cebs OT XMMHYECKOro
nospeskaenust. [Ipu nobasnennn 50 MM u 100 MM NaCl Bo Bcex ombiTax MpU BCEX 3aJaHHBIX
3HaueHussx pH Obuto mokazano mosnHoe u 3¢ dexkruBHoe ynanenue udepes 30 muHyT. Takum
oOpa3om, paboyee MPOCTPAHCTBO MOXKET OBITh OMpeneieHo sl 3((GEeKTUBHON MHAKTHBALIMK X -
MuLV, koraa skcnepuMeHT npoBoautcs npu pH, KOTOpBIA BBIXOAUT 32 PaMKU MOZAYJIBHOIO
yrBepxkaeHuss ASTM.

ITPUMEP S. Ouenka cymecTBYIOIHX U H3MEHEHHBIX YCJIOBUH IKCIIYATALHH

Craructuueckuii 1uiaH skcnepumenta (DoE) Obun ucmonb3oBaH Aiisi OLGHKH U
XapakTepucTUKu 3>¢G¢EeKToB 3Tana noanepKaHus HU3koro pH nans WHakTUBaLMM BUpYCA,
BKJIFOYAsl OLIEHKY HECKOJIbKMX (DaKTOpOB, TAaKMX Kak THN Oenka, 3HaueHue pH, Temmeparypa,
KHUCJIOTHBIM TUTpaHT, conepkanne NaCl, Bpems BBeneHus u GpuibTpanus mnocie BeeneHus. s
OLIEHKH HEKOTOPBIX CYLIECTBYIOIIMX paboumx ycnmosuéi mpu pH 3,70-3,75 nns ymepskaHus
Huskoro pH wucnons3oBanmu DoE pans srana  yaepskaHuss nOpu HU3KOM 3HadeHun pH.
IIporaosupyemble MpOGUIMPOBLINKY, BKIIOUYAKOIINE B Ce0s OLEHKH MapamMeTpoB, ObuH
Cr€HEepUpPOBaHbI, KaK MOKa3aHO Ha ¢ur. 7.

JUisl OLIEHKH HEKOTOPBIX W3MEHEHHBIX CYIIECTBYIOIUX pabounx ycnosuil npu pH 3,65-

3,70 nna yaep>kanus Hu3koro pH, taxke ucnonbp3oBanu DoE nust sTana yaepaxaHus IpyU HU3KOM
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3Hauenuu pH. IIpennonaraemeie nmpogaiiepsl, BKIIOYAOIINE B ce0sl OLICHKH MapaMeTpoB, ObLTH
Cr€HEepUpPOBaHbl, Kak Moka3aHo Ha ¢ur. 8. 3meHeHnsle padouune ycnosus npu pH okono 3,65-
3,70 e cmornu obecneunth 0uncTKy 4 LRF X-MuLV B 30-MHHYTHBIX BpEMEHHBIX TOYKaX MPU
ypoBHe oubok 1,5%. .

ITPUMEP 6. Ouenka paxkTopa THIIOB 0€J1KOB

Craructnueckuii DoE Obul MCIIONB30BaH IJIsI OLIGHKH M XapaKTEPUCTHKH 3P QPEeKTOB
sTama mnoanepkanus Hu3koro pH st uHakThBaumu Bupyca (X-MulV), BkiroYasi OLEHKY
HECKOJIbKUX (DaKTOPOB, TAKUX Kak THI Oejka, 3HadyeHue pH, Temneparypa, KUCIOTHBII TUTPAHT,
cogepxkanne NaCl, Bpemsi BBemeHuss u (¢uibTpauus mnocyie BeneHus. DoE mokazan
CTaTUCTHYECKYI 3HAYUMOCTh B MPOrHO3aX MHOTOMEPHBIX MOZENel JJisi TUIOB OEJKOB, TaKUX
KaK M30THITBl MOHOKJIOHAJIbHBIX aHTUTEJI, HO Pa3JIMUUs MEXKIY TUIIAMU O€JIKOB, TAKUMH Kak IgG
1 u IgG4, He ObUTM 3HAYMMBIMHU B UCCJIEAYEMBIX TUANA30HAX, KaK MOKa3aHOo Ha ¢ur. 9. @wur. 9
JIeMOHCTpHpyeT MaciTabupoBaHHbIA pacdeTHblii LRF st oneHuBaembix (hakTOpOB, BKITFOYAsI
NaCl, pH, KHCIOTHBIH TUTPAHT, TeMIeparypy, Tun Oenka (mAb, MOHOKJIOHAJIBHOE AHTHTEINO),
BpeMs1 BBEEHHsI M MX KOMOWHAIMH. PeTpOCTeKTHBHBIC NaHHbIE ISl CYIIECTBYIOLINX YCIOBHH
SKCIUTyaTalMH I[OKA3aJIM CYIIECTBEHHBbIE pa3JIMuusl MEXKAY W30THIAMH MOHOKJIOHAJBHBIX
anruren, Takux kKak IgGl u IgG4. OnHako 3TH pa3auyus MOTYT OBITh CBSI3aHBI C PA3IMUYHMSMHU B
pabounx nuanasonax pH. @ur. 9 taxke nemoHctpupyer X-MuLV LRF uepe3 30 munyT nns
tunos Oenkos, Bkimodast [gG1 u IgG2, Ha OCHOBE PETPOCTIEKTUBHBIX JAHHBIX.

ITPUMEP 7. Ouenka pakTopa TeMiepaTypsbl

Craructuueckuii DoE Obl1 Mcmonp3oBaH Uil OLEHKH M XapakTepUCTHKH 3(dexToB
sTama mnoanepkanus Huskoro pH i mHakTMBaumum Bupyca (X-MulV), Bkmrodas OLEHKY
HECKOJIbKMX (DaKTOPOB, TAKUX KaK THUI Oeska, 3HadeHue pH, TemnepaTypa, KUCIOTHBII TUTPAHT,
comepxanne NaCl, Bpems BBexmeHust u ¢uubTpauust nocie BeeaeHus. DoE  mokasan
CTaTHUCTUYECKYIO 3HAYUMOCTb B TPOTHO3aX MHOTOMEPHBIX MOJENEH AJd TeMIepaTyphbl, HO
pa3iuuus MeXAY Ppa3IMYHbIMU TEMIIEPaTypPHBIMH YCJIOBUSMH OKa3bIBAIOT MHHHMAJIbHOE
BIIUsTHUE Ha KiupeHe X-MulLV B uccrienyempIx nuamna3oHax, Kak nmokasaHo Ha ¢ur. 10. @ur. 10
IeMOHCTPHUPYeT MaciuTabupoBaHHblid pacueTHblii LRF myis oneHnBaeMbix (hakTOpOB, BKIIOUAs
NaCl, pH, KHCIOTHBIN TUTPAHT, TeMIeparypy, Tun Oeika (MAb, MOHOKJIOHAJIBHOE aHTHTEINO),
BpeMsl BBEIEHUS U HUX KOMOWHAIMU. PeTpOoCneKTHBHbIE NaHHBIE MPOMBIILIEHHBIX YCIOBHI
skcmutyaraumu (Mattila et al.) B muanmasone ot 15 °C go 20 °C He moka3anu CTaTUCTHYECKU
3HauUMMbIX pasznuuuit mexay 15+1 °C u 16+ °C. ®ur. 10 Takxe aemoHctpupyer LRF
peTpoBHpyca AJs PAa3IMYHBIX TEMIEPATYPHBIX YCJIOBHM HAa OCHOBE PETPOCHEKTUBHBIX
IIPOMBILIJIEHHBIX JaHHBIX.

ITPUMEP 8. Ouenka pakTopa BpeMeHHU BBeeHHUsI

Craructuueckuii DoE Obul MCHIONB30BaH IUII OLEHKH M XapakTepUCTHKH 3((eKToB
sTama mnoanepkanus Huskoro pH nus mHakTHBaumu Bupyca (X-MulV), Bkimrodas OLEHKY
HECKOJIbKUX (PaKTOPOB, TAKUX KaK THI Oenka, 3HadeHue pH, Temneparypa, KHCIOTHBIN THTPAHT,
conepkanue NaCl, Bpems BBeneHuss u (QuibpTpanus Iocjie BBeAeHHUA. Bpems BBeneHHUs B

CTaTUCTHYECKH CIUIAHUPOBAHHOM S3KCIIEPHMEHTE IO HACTOALIEH 3asBKE NpENCTaBiseT COOON
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METOJ PEeryJupOBKa-BBEACHUS-IOBTOPHAs PEryJHpPOBKAa MM METOJ BBEICHHE-PEryJUPOBKA.
IIpu mMerone peryaupoBKU-BBENECHUS-TIOBTOPHON PEryJIUpOBKH, 0Opas3ibl JOBOAMUIIH/ TUTPOBAIN
no uenesoro pH, a 3arem mobGaemsnm mramm Bupyca, uMmeroumii pH 7,2. Orcuer BpemeHu
ynepxanust pH HaumHancst BO BpeMs BBeneHHs. B cBsa3u ¢ HaOmomeHueM 3a nosbluieHneM pH
nocyie nobasieHus: mramMa Bupyca pH obpasios cHoBa moBoaminn no neiaesoro pH mepen
BBIIEP)KKOH IIPU JKENIaeMON TemmepaType B TedeHHe OcTaBlueiicss yactu yaepxanus pH. Ilpu
MEeTOJIe BBEIEHHEe-PEryJIHPOBKa, B 00pasLibl CHavdama N0OABISIM UCXOAHBIH pacTBOp BHpYycCa, a
3areM aoBOIWIM/TUTpoBamu 10 nenesoro pH. Ilpu noctmwkenun uenesoro pH HaumHaercs
OTCYET BpeMeHH ynepskanusi pH, u oOpasen HHKyOHpyeTCsl IPH JKeaeMOl TeMIiepaType.
Paznuuus BO BpeMeHHU BBEACHMS [JIs1 JIBYX Pa3HbIX METOAOB HE HMMEIT 3HAYMMBIX
paznnumii B ourictke X-MuLV B nccnenyeMbix auanasoHax, Kak mokasano Ha ¢wur. 11. ®@ur. 11
IeMOHCTPHUpYeT MaciuTabupoBaHHbIi pacueTHblii LRF myis oneHnBaeMbix (hakTOpOB, BKIFOUAs
NaCl, pH, KHCIOTHBIH TUTPAHT, TeMIepatypy, Tun Oenka (mAb, MOHOKJIOHAJIBHOE aHTHTEINO),
BpeMsi BBeAeHMs U uX KomOuwHammu. Dur. 11 Takke MAEMOHCTPUPYET BpeMs JUIs

BBEICHUS/KOPPEKTHPOBKH JIJIs IBYX METOJIOB.
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D®OPMYJIA U3OBPETEHUS

1. Cioco® ouncTku nenTuaa win Oenka u3 o0pasua, BKIIOYAFO LTI

noaBepranye oopasia MoBbILIEHUI0 HOHHOM CHITBI yTeM J00aBJIEHUS COJH,

noziBepranye oopasua Bo3neicTBrio kucioro pH, u

nocyenyoiee noanepkanue odpasua B yCIOBUSIX MOHHOH cuibl U pH B TeyeHue mo
MEHbIIEH Mepe OKOJIO 15 MUHYT JIsl MHAKTHBALMK OJHON HJIH OOJIBLIErO KOJHMYECTBA BUPYCHBIX
YJaCTHLI,

npu 3TOM 0Opasel CONEP’KUT OAHY WM OOJbllee KOJUYECTBO MPHUMECEH, BKIIIOYAs
BUPYCHbIE YaCTHUIIBI.

2. Cnocob mo n. 1, OTiIMYaromuiicst TeM, YTO CTENEeHb MHAKTHUBALIMH BUPYCHBIX YaCTHUI]
cocTaBiisieT o MeHbler Mepe okoso 3 LRF (orapudmuyecknii koapuumeHT ymMeHbIIeH ).

3. Crocob mo m. 1, OTIMYAOLIMIACA TEM, YTO CTENeHb WHAKTHBALWN BUPYCHBIX YaCTHII
COCTaBJISIET 1O MeHbLIel Mepe okoso 3 LRF

4. Cnocob mo . 1, ornuyarommiicst TeM, 4to 3HaueHne pH oOpasia MeHbIe Wi paBHO
okouno pH 3,90.

5. Crmocob mo m. 1, ommmyaromuiics teM, uro 3HaueHne pH oOpasua Haxomurcs B
nuana3zoHe ot okono pH 3,60 no oxomno pH 3,90.

6. Cnocob mo n. 1, ommuaromuiicss TeM, 4ro 3HaueHue pH oOpasma HaxomuTcsi B
nuana3oHe ot okoso pH 3,65 no oxono pH 3,80.

7. Criocob mo m. 1, oTauyaromuiicss TeM, 4TO MEeNTHI Wiu OeJIOK MpencTaBiisieT coboi
AHTUTEJIO, IPOAYLIUPOBAHHOE B KJIETKE-XO35IMHE.

8. Cnoco0 o n. 1, oTnuyaronuiics Tem, 4To o0pasel BbIAEPKUBAIOT B YCIOBUAX HOHHON
cunbel 1 pH B TeueHne He MeHee 0koyi0 30 MHUHYT AJIs1 MHAKTUBALMM YKAa3aHHOIO KOJHYECTBA
MH(EKINOHHBIX BUPYCHBIX YACTHILI.

9. Cnocob mo 1. 1, oTaM9aromuiics TeM, 4To 00pasel] BhIACPKUBAIOT B YCJIOBUAX HOHHON
cuiel U pH B TeueHue oT 0k00 15 MuHYT 10 0k00 30 MUHYT AJIs1 MHAKTUBALMU YKA3aHHOTO
KOJIN4eCTBA MH()EKLIMOHHBIX BUPYCHBIX YACTHILI.

10. Cioco6 no 1. 1, TOMOMHUTENBHO BKJIFOYAIOIINI ONTUMH3AIMI0O HOHHOW CHJTbl 1 pH-
ycJoBHs oOpasia JJisi MHAKTHBALWMHY YKAa3aHHOTO KOJMUECTBA MH()EKLIMOHHBIX BUPYCHBIX YaCTHUII
MyTeM MPOBEACHUS D-ONTHMaIBHOTO MJIaHa 3KCIIEPHUMEHTA.

11. Cnocob mo m. 10, ornuuaromuiicss TeMm, uTo D-OnTUMaNbHBIN TUIaH SKCIEPUMEHTA
oueHuBaer coctosiHne pH obpasuma u mMoHHYIO cuity obpasna u peryimpyer cocrosiHue pH
o0pasma ¥ WOHHYK cmiy ofOpasua Ui HMHAKTHBALMHU  ONPENENICHHOTO KOJIWYeCTBA
UH(EKIIMOHHBIX BUPYCHBIX YaCTHII.

12. Crocob mo m. 10, ornuuaromuiicss TeMm, uTo D-OnTUManbHBIA TUIaH SKCIIEPUMEHTA
JOTIOJIHUTENIBHO OLIEHUBAET U KOPPEKTUPYET OAHO WIJIU HECKOJIBKO U3:

IPOBOIMMOCTH 0OpasLa,;

THI NENTUAA UK OeJIKa;

TeMIepaTypy obpasna;

KUCJIOTHBIM TUTPAHT AJis perynuposanus pH obpasia,
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croco0 BBeNEHUS] BUPYCHBIX YaCTHUI[ B 00paser; min

HaJM4Ke (PUIbTPALIMH MTOCTIE BBEICHHS.

13. Cnocob mo m. 1, ornuvaromuiicss TeM, 4To obpasel MpencTaBisier coOON 3JIFOeHT
xpomarorpaduu ¢ Oenkom A.

14. Cnocob mo m. 1, OTIMYAKOLIMIACS TeM, YTO MOHHYKO CHJIy oOpasua peryaupyroT
no0aBJIeHUEM XJIOpUIA HATPUS, TPU ITOM KOHLEHTpPALMs XJOpPHAA HATPUS HAXOOUTCS B
auanasone ot okosno 1 MM no okomno 100 MM.

15. Cnocob6 mo m. 1, OTMMYAKOIIMICA TEeM, YTO KOHIEHTpALUHWs XJIOpUAa HATPHUs

2

HaxXOomUTCA B nuamnasoHe or okoio 1 MM o okosio 500 MM,

16. Cnocob6 mo m. 1, OTNMYAIOIIMICA TeM, YTO KOHIEHTpALUs XJIOpUAA HATPHUs

>
cocTapsieT 0koJio 25 MM, okosio 50 MM mim okosio 100 MM.

17. Cnocob mo m. 1, ornuuaromuiicss TeM, 4to 3HadeHue pH oOpasma peryiampyror ¢
nomoIeio pochopHoi kuciors! wiu rimuaa HCL.

18. Crocob mo m. 1, OTNMMYAOIUICS TE€M, YTO MEeNTHJ WiId OeIOK MpencTaBisieT coboi
anTtureno, uMeroinee uzorun IgGl nnm umeromee uzorun IgG4.

19. Crocob 1o m. 1, OTIMYAOIMMIACS TeM, YTO MEeNTHI WiN OeJIOK MPEeACTaBisieT COOOoM
MOHOKJIOHAJIBHOE aHTUTEJIO WK Oucnenuduieckoe aHTUTENO.

20. Crioco0 mo m. 1, OTIMYarIMiCS TeM, YTO NMEeNTHI WiIH OeJIOK MPEACTaBIseT COOOU
aHTuTeNno, (parmMeHT aHTHTeNa, Fab-yuacTok aHTHTENa, KOHBIOraT AHTHUTENO-JIEKAPCTBEHHOE
CPeACTBO, CHHUTHI Oenok, OenKoBBIH (apMaleBTUYECKHH MNPOAYKT WM JIEKApPCTBEHHOE
CPEICTBO.

21. Cnocob mosydeHus npenapara, COAepKalero MpeacTaBsIoIUNA HHTepec OeNoK U
YMEHBLIEHHOE KOJIMYECTBO BHUPYCHBIX HACTHL, M3 00paslia, COAep Kallero NpeACTaBISIOINNN
uHTepec OeNoK U MHPEKIIMOHHYIO BUPYCHYIO YaCTHIy, BKITFOYAIOLITHIA:

nozasepranue obpasua Bosaeiictsuro pH Bbime npumepHo 3,6,

noMerieHue oopasla B yCJIOBHsI MOBBIIIEHUS HOHHOW CHJIBI MMyTeM AO0aBJIEHUS] COJH K
HCXOAHOMY PacTBOpY; U

noanepkanre obpasua B ycnoBusx pH v MOHHOH CHIIBI B T€YEHHE COOTBETCTBYIOINErO
nepuoja BPEMEHU ISl TOJIYYEHUs] Ipernapara, COAEpIKaIlero HHTEpecyrIuid Oelok u
YMEHBLICHHOE KOJIMYECTBO HH(EKLIMOHHBIX BHPYCHBIX YaCTHILI.

22. Cnocob mo m. 21, OTNIUYAOIHIACS TeM, YTO KOHIEHTPAIUS HHTEPECYIOLIEro Oenka B
oOpa3sie cocTasJsier bojiee OKoJo 25 /1.

22 Cnoco0 mo m. 21, OTIUYaromuicst TeM, YTO COOTBETCTBYIOLIEE KOJIUIECTBO BPEMEHHU
COCTAaBJISIET OKOJIO 15 MUHYT, 0Kk0O 20 MUHYT, OKOJIO 25 MUHYT WX OKOJIO 30 MUHYT.

23. Cmocobd mo m. 21, OTAMYAIOIIMICA TeM, YTO CIOCO0 CHHKAET KOJMYECTBO
MHQEKIMOHHBIX BHPYCHBIX dYacTHLl W3 oOpasuma Ha okomo 3 LRF  (sorapudpmudeckuit
K03 pHLmeHT yMeHbIIEeH ).

24. Cnocod mo m. 21, OTAMYAIOIIMHCA TeM, YTO CIOCO0 CHHXKAET KOJIMYECTBO
MHQEKIMOHHBIX BHUPYCHBIX 4acTUll u3 oOpasma Ha oxoino 4 LRF (jorapudmmueckuii

K03 pHLMEeHT yMeHbIIEeH ).
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25. Cnocob mo m. 21, ornuuarommiicss TeM, 4to 3Hadenne pH obpasua Beime okono pH
3,70, okono 3,80, okono pH 3,90 unu oxono pH 4,0.

26. Cnoco® mo m. 21, omnuyaromwmiicss Tem, uto 3HadeHne pH oOpasuma Haxomutcs B
nuanasoHe ot okosio pH 3,60 no oxono pH 4,0.

27. Cnocob mo m. 21, oTauyarmuics TeM, 4To oOpasel] MpeACTaBlsieT COOON AITOEHT
xpomatorpaduu ¢ 6enxkom A.

28. Cnocob mo m. 21, oTIMYAOMMINCS TeM, YTO MOHHYIO CHJy o0pasia peryaupyrT
no0aBieHUEeM XJIOpHIA HATPHsl, TMPU STOM KOHLEHTpAaLUUs XJOPWUAA HATPHUS HAXOOUTCS B
auarnasoHe ot okojio 1 MM 1o okosno 200 MM.

29. Cnocob mo m. 21, OTIUYAOIIHMNACS TeM, YTO KOHIIEHTPALUS COJIM MPEBBILIAET OKOJIO
50 MM nnu okoso 100 MM.

30. Cnmocob mo m. 21, ornuuaromuiicss TeM, 4to 3HadeHne pH obOpasua peryaupyrooTr ¢
nomoIeio pochopHoi kuciors! wiu rimuaa HCL.

ITo noBepenHoCcTH
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