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MpeaucnoBue

Lienun, ocHOBHble MpuHLMMbLI U 0BLUMe npasuia NpoBegeHns paboT Mo MEXroCcyaapCTBEHHOW CTaHAapTU-
3aumu ycranosneHol FTOCT 1.0 «MexrocyaapctBeHHas cuctema craHgaptusaumn. OCHOBHbIE MOMOXEHUsT» U
MOCT 1.2 «MexrocyaapCTBeHHasn cuctema craHgaprusauun. CtaHaapTbl MeXrocyaapCTBEHHbIE, MPaBuna u peko-
MEHZALMM N0 MEXTOCYAapCTBEHHON cTaHaapTuaauuu. Mpasuna paspaboTku, NPUHATUSA, OBHOBNEHMS U OTMEHbI»

CBegeHus o cTaHgapTe

1 NOArOTOBJIEH ®eaepanbHbIM rocyaapCTBEHHbLIM YHUTapPHbLIM npeanpuatTuemMm «Bcepoccuiickuin
Hay4YHO-UCCNeaoBaTENbLCKUI LIEHTP CTaHAapTM3auumn, MHopMmaummn n cepTudukaumm Colpbsi, MaTepuanos u
sewectB» (Pryn «BHULCMB»), TexHuyecknm komuteTom no cranHgaptusaumm TK 339 «BesonacHocTb Cbl-
pbsi, MaTepmaroB 1 BELLECTB» HAa OCHOBE COOCTBEHHOrO NEPEBOAA Ha PYCCKMIA A3bIK aHTMOA3bLIMHON BEPCUN
OOKYMEHTA, yKasaHHOro B nyHkTe 5

2 BHECEH depepanbHbiM areHTCTBOM MO TEXHUYECKOMY PErynMpOBaHUIO U METPOSOTUK

3 NMPUHAT MexrocynapCTBEHHbIM COBETOM MO CTaHAapTU3auuu, METPONOrMM U cepTudukaumnu
(npotokon ot 30 mas 2014 r. Ne 67-I)

3a NpuHATHE NPOroIocoBany:

KpaTkoe HavMeHoBaHWe CTpaHbl Kog cTtpaHbl no MK CokpalljeHHoe HauMeHOBaHMe HaLMOoHanbHOro opraHa
no MK (UCO 3166) 004—97 (UCO 3166) 004—97 no cTaHpapTusaLum
AsepbaiigxaH AZ AscTaHgapT
ApmMeHus AM MwuHakoHOMUKM Pecnybnukn ApMmeHus
Benapycb BY locctangapt Pecnybnuku benapycb
KasaxcTaH Kz locctangapt Pecnybnuku KasaxcraH
Kuprusus KG KelprelacTaHaapt
Mongosa MD Mongosa-CtaHaapT
Poccusa RU PocctaHgapT
TapgxumkncTaH TJ TapxukcTaHpapT
TypkMeHus ™ Imasroccnyx6a « TypkMeHCcTaHaapTNapb!»
YabekuctaH uz Y3acTtaHgapT
YkpavHa UA MUWH3KOHOMPa3BUTUA YKpauHbl

4 [Mpukaszom degepanbHOro areHTCTBa N0 TEXHUYECKOMY PErynupoBaHUIO U METPONOrUKU OT 29 CeHTS-
6ps 2014 . Ne 1232-cT mMexrocyaapcTBeHHbIN cTanaapt FOCT 32638—2014 BBeaeH B AEWCTBME B KAYECTBE
HauuoHanbHoro craHaapra Poccuiickon ®eaepaummn ¢ 1 uioHa 2015 r.

5 Hacroswmin ctangapt naeHTudeH MexayHapoaHomy aokymeHty OECD, Test No. 476:1997 «Metoa
OLEHKM FeHHbIX MYTAaLMIA Ha KNeTKax mnekonutawwmx in vitro» («In Vitro Mammalian Cell Gene Mutation
Test», IDT).

HaumeHoBaHue HacTosiLero ctaHgapra M3MEHEHO OTHOCUTENbHO HAUMEHOBAHMS YKA3aHHOTO MeXay-
HapoaHOro AOKYMeHTa Ans npuseaeHus B cootsercteue ¢ NOCT 1.5 (nogpasaen 3.6)

6 BBE[EH BMNEPBbIE

7 NMEPEUSOAHME. Mait 2019 .
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UHpopmayusa o esedeHuu e delicmeue (npekpaweHuu Oelicmeus) Hacmosweeo cmaH0apma u u3me-
HeHuUll K HeMy Ha meppumopuu yKa3aHHbIX ebiuie eocyfapcme rnybnukyemes 8 ykazamessix HayuoHarbHbIX
cmaHOGapmos, usdasaembix 8 smux 2ocydapcmesax, a makke e cemu VIHmepHem Ha calimax coomeememeyio-
wWux HayuoHarsbHbIX 0p2aHos rno cmaHdapmu3ayuu.

B cnydae nepecmompa, u3meHeHus1 uiu OmMeHbl Hacmoswe20 cmaHlapma coomeemcmesyiouias
uHgopmayusa 6ydem onybniukoeaHa Ha oghuyuansHOM uHmMepHem-catime MexaocydapcmeeHHO20 cosema
o cmaHdapmusayuu, Memporsoauu U cepmugukayuu 8 kamarnoze «MexaocydapcmeeHHbie cmaHlapmbi»

CraHgaptuHdopm, opopmneHue, 2015, 2019

B Poccuinckon ®egepauymmn HacTosaWwmii ctTaHaapT He MOXET ObITb MOMHOCTBLIO UMK
4YacTUYHO BOCTPOM3BEAEH, TUPAXXMPOBAH U pacnpoCcTpaHeH B kayecTBe ouLmMansHoro
nsnanusi 6e3 paspelueHus degepansHOro areHTCTBa No TEXHUYECKOMY PerynupoBaHuio
1 METPONorMn
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BBepneHue

MeToa OLEHKM FeHHbIX MyTauuii Ha KNeTkax MIeKonuTaloLwmx in vifro moxeTt 6biTb MCNONb30BaH AN
aHanm3a reHHbIX MyTauui, UHAYUMPYEMbIX XUMUYECKUMU COEAMHEHUAMU. Hanbonee 4yacto MCnonb3yrTes
cneayloLwme Kynberypbl: MbllunHas nuMmdgoma L5178Y, knetouHble nuHun CHO, AS52 n V79 Kutanckoro xo-
MAYKa; NMMAoBnacTHble kneTku Yyenoseka TK6 [2]. B 9TuUX KNETOYHbIX NMUHUAX ANSA M3y4YeHUs MyTauuin Hau-
fonee 4acTo UCCMEeaYoTCA reHeTUYECKNe MapKepbl, OLIEHMBAIOLLME MyTaUMK TEHOB TUMUAKUH KuHasbl (TK) 1
rMNOKCAHTUH-TyaHuaunH dpocopubosun tpaHcdepassl (HPRT) u TpaHCreHa KCaHTUH-TyaHnauH pocchopubo-
3un Tpaccepassl (XPRT). TK, HPRT n XPRT BbISIBNAIOT pa3nuyHble CNEeKTPbl FTEHETUYECKNX cOBbITUIA. AyTo-
comHas nokanmsauua TK n XPRT no3BONSIET BLIABNATL reHETUYECKue codbiTus (T. €. Oonblune geneunun), He
onpeaensemble B HPRT-nokyce X-xpomocomsl [3], [4], [5], [6], [7]-
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M E X TToOCcCcyYpapAPGCTHBETHHB W CTAHIOAPT

METOAbI UCMbITAHUSA NO BO3AENCTBUIO XMMUYECKOW NPOAYKLUN
HA OPTAHU3M YENOBEKA

MeTon OLIEHKM reHHbIX MyTaLMi Ha KNneTkax MIIeKONUTaloWmX in vitro

Methods of testing the chemicals of human hazard.
In vitro mammalian cell gene mutation test

Dara BBegeHua — 2015—06—01

1 O6nacTtb NpUMeHeHust

B TecTe oueHku reHHbIX MyTauui Ha KneTkax MAEKONUTatoLWMX in vitro ucnonb3yTcs KyneTypbl nepe-
BMBAEMbIX KNETOYHbIX MUHWIA UK KNETOYHbIE WTamMbl. KneTkn otbupaiotca Ha 0CHoBe CnocoBHOCTM pocTa
B KyNbTYPE W CTabMNBHOCTU YaCTOThbl CMOHTAHHBLIX MyTaumii. [Ina TecToB in vitro 06bi4HO TpebyeTcst UCNorb-
30BaTb 9K30T€HHbIN MCTOYHMK METAaboNMYecKon akTueauum. Cuctema meTabonuyeckoi akTMBaLUn He MOXKET
MOMHOCTbLIO BOCMPOU3BOAUTL YCMOBUSA, MPUCYTCTBYIOLLME Y MIeKonuTaloLwmx in vivo. CneayeT TWaTenbHO Us-
Geratb yCnoBUi, KOTOPLIE MOTYT MPUBECTU K pesynkTatamM, He OTBeYaloLUM peanbHOi MyTareHHOCTU. Mosu-
TUBHbIE PE3ysbTaThl, HE OTBEYAOLLME peanbHOW MyTareHHOCTW, MOTyT BO3HUKAaTbL BCNEACTBUE U3MEHEHUs pH,
OCMOTUYECKOWN KOHLIEHTPpAaL MK pacTBoOpa, BbICOKOTO YPOBHS TOKCUYHOCTK [8].

TeCT NpUMEHAETCA ANSA CKPUHWUHrA MOTEHUMANbHOW MYTAareHHOCTU WU KaHUEPOreHHOCTU Ana MieKonu-
Tarowmx. MHorue BeLecTsa, NO3MTUBHLIE B JAHHOM TECTE, ABNAIOTCA KAHLUEPOreHaMu AnA MIEKONUTAIOLLUX.
OpfHaKo HET BbICOKON KOPPENALMN MEXAy pesynsrataMu JAaHHOro TeCTa U KaHLEPOreHHOCTbIO. CTeneHb Kop-
pensunmn 3aBUCUT OT KIacca XMMUYECKUX COEAMHEHNI. Bo3pacTaeT KONMMYeCTBO AaHHbIX, MOKA3bIBAIOLLMX, YTO
UMEIOTCA KaHLIEPOreHbl, KOTOPbIE HE BbISIBNAIOTCA B 4A@HHOM TECTE, MOCKONbKY OHW AEWCTBYIOT Yepes apyrue,
He reHOTOKCUYECKNE MEXAHU3Mbl UM MEXAHU3M MX AEWCTBUSA HE BLISIBNSIETCA B 9TUX KneTkax [7].

2 TepMUHbI U onpeaeneHus

2.1 Bpema (peHoTuNMUeckon akcnpeccum (phenotypic expression time): Mepuog BpeMeHu, B TeHeHNE
KOTOPOro HEU3MEHEHHbIE reHHbIE NPOAYKTbI 3aMEHAIOTCA HOBbIMU U3 MYTaHTHbIX KIETOK.

2.2 BbhkuBaeMocCcTb (survival): 3d)deKkTUBHOCTb KNOHMPOBaHUA 00paboTaHHbLIX KIETOK Ha nepuoa
OKOHYaHUs1 BO3/1EMCTBUA; BbDKUBAEMOCTb OObIYHO NPUBOASAT KAaK OTHOLLEHUE K BbDKMBAEMOCTU KOHTPOSMbHOMN
NonynsLUMKN KINETOK.

2.3 XM3HecnocoGHOCTb (viability): 3¢pdekTMBHOCTL KNOHUpOBaHUsi 06paboTaHHbIX KNETOK BO BpEMS
NnoceBa B CENEKTUBHbIX YCNOBUAX NOCAEe Nepuoaa 9KCNpeccum.

2.4 myTareHbl TMNa 3aMeHbl Nap ocHoBaHum (base pair substitution mutagens): Bewecrsa, koTopble
BbI3bIBAIOT 3aMEHY OfHOW UM HECKONbKMX Nap ocHoeanuit B HK.

2.5 MyTareHbl TUNa CABUIra paMKu CYMTbIBAHUA FEeHETUYECKOro koaa (PpanMumnu@T MyTareHsbl)
(frameshift mutagens): Bewiecrsa, koTopble BbI3bIBAIOT BCTABKY UNWU AenNeuuio OAHOW UMM HECKONbKUX nap
ocHoBaHuu B monekyne [HK.

2.6 oTHOCUTENbHbIN 06wmiA pocT (relative total growth): Bospactanue uncna kneTok 3a onpegeneHHoe
BPEMS B ONbITHOM BAPMAHTE N0 CPABHEHUIO C KOHTPOSIbHON MONYNAUMEN KNEToK.

2.7 oTHOCUTENbHLIA CyCNeH3NOoHHbIN pocT (relative suspension growth): Bospacranue yucna knetok
3a Nepuoj IKCNPeccum OTHOCUTENBHO OTPULIATENBbHOIO KOHTPONS.

Uspanune ocpuumnansHoe
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2.8 npamana mytauuma (forward mutation): feHHas myTaumsa OT poaAUTENLCKOrO TUNA K MYTaHTHOMY TUNY,
KOTOpas NPUBOAUT K U3MEHEHMIO UNN NOTEePe aKTUBHOCTU epMeHTa unu yHKUMKn kogupyemoro Genka.

2.9 yactora MyTaHToB (mutant frequency): OTHOLLIEHWE YUCNA BbISBNEHHbLIX MYTAHTHbIX KNETOK K 06-
LieMy Yucny BbDKMBLUUX KNETOK.

3 MpuHumn nccnepoBaHuA

Knetku, aedpuuyutHoie no TumuanHkuHase (TK) scneacrene mytauum TK+ — TK-, pesUCTeHTHbI K Lu-
TOTOKCUYECKOMY 3hbeKkTy NnupMMUaMHOBOro aHanora TpudroprumuanHa (TPT). Knetku, npoduuuTHbIE NO
TUMMANHKMHA3E, YYBCTBUTENbHbI K TOT, KOTOPLIA BbI3bIBAET UHIMOULMIO KNETOMHOrO meTabonuama u ocra-
HaBMMBAET KNETOYHOE AeneHue. TonbKO MYTaHTHbIE KMETKM CNOCOOHbI nponudepupoBaTb B NPUCYTCTBUU
TOT, B TO BpEMSA Kak cogepxalyme TAMUAUHKUHA3Y HOPMaribHbLIE KNETKW He Nponudepupytot. AHanorMyHo
knetku, AechuumntHole No HPRT unu XPRT, ot6upalotca no pe3ucTeHTHOCTU K 6-TuoryaHuHy (T wnu 8-asa-
ryaHuny (AN). Mpu TeCTUPOBaHUM FEHHbIX MYyTaLMIA in vifro cneayeT TWaTenbHO aHaNU3MpPoBaTb 0COOEHHOCTH
uccneayeMbixX BELECTB, HE ABMAIOTCA MU OHM aHanoraMu OCHOBAHWW WKW COEAMHEHUAMW, CBA3AHHLIMU C
CeneKkTUBHbLIMU areHTamu, UCNoMb3yeMbIMM B AHHON TecT-cucteme. Hanpumep, niobaa oxuaaemasn cenek-
TUBHas TOKCUYHOCTb UCCNEAYEMOro COEAMHEHNS JOIDKHA U3y4aTbCs ANA MYTaHTHBIX U HEMYTAHTHbIX KIETOK.
MpuemnemocTb oT6Opa cuctema/areHT AOMmKHA ObITb MOATBEPXKAEHA, KOrAa uccneayemoe CoeauHEHne no
XUMMWYECKOI CTPYKTYPE CBA3AHO C CENEKTUBHbLIM areHTOM.

KneToyHas cycneHsust unu KNeTouHblin MOHOCIONM NOABEPraloTCA BO3ASICTBUIO UCCNEAYyeMOro coeauHe-
HWS KaK B BapuaHTe C, Tak 1 6e3 meTabonuyeckon akTusaumm B TEHEHME aAE€KBATHOrO MHTEPBaNa BPEMEHH
1 3aTeM CyBKynbTMBUPYIOTCS 41A ONPEAeneHns LUTOTOKCMYHOCTU 1 heHOTUNNYECKOMN aKenpeccumn Ao otbopa
myTaHToB [10], [11], [12], [13], [14]. LUUTOTOKCUYHOCTb OOLIYHO OLIEHMBAETCA NO COOTHOLLEHMNIO APGEKTUBHO-
CTU KINOHMPOBAHUSA (BbKMBAEMOCTU) UMM NO COOTHOLLEHUIO 06LLEro pocta Kynstyp nocne sosgencraus. O6-
paboTaHHbIe KyNbTYPbl COAEPXKAT B KyNbTYpanbHO cpeae HeoOX0AMMbIN Nepuoa BPEMEHU, XapaKTepHbIN ANA
Ka)kIgoro CEeneKTUBHOIO NOKYCa U KNETOYHOIO TUNa, YTodbl NposiBUnack 6nm3kas K onTUManbHON heHoTunu4e-
cKas 9KCcnpeccust MHAYLMPOBaHHbIX MyTauui. Yacrora mytauui onpeaensercs nyteM nocesa onpeaeneHHo-
O YMCIa KNeTOK B COAEPKALLYIO CENEKTUBHbIA areHT KynbsTyparnbHyIlO Cpeay ANns BbiABNEHUA MYTAHTHbLIX Kne-
TOK 1 B cpeay 6e3 CenekTUBHOrO areHTa aAnsi onpeaeneHun 3@EeKTUBHOCTU KNOHUPOBAHUS (BLXMBAEMOCTH).
Mocne COOTBETCTBYIOLLETO BPEMEHUN UHKYDALIMKU NOACHUTLIBAIOT KOMOHMK. YacToTa MyTaLui onpeaensercsa us
yncna KonoHWUi B CENEKTUBHOW Cpeae 1 Ynucna KONnoHUi B HECENEeKTUBHON cpeae.

4 OnucaHue meroga

4.1 MaTepuanbl

4.1.1 Knetkun

B TecTe uUcnonb3yloTcs pasnuyHbie TUMbI KNETOK, BKNOYaa CcyBknoHbl knetok L5178Y, CHO, AS52,
V79 unn TK6. Micnonb3yemble KNETKM AOMKHbI ObiTb YyBCTBUTENbHbI K XMUMUYECKMM MyTareHam, MMeTb
BbICOKYI0 3(p(PEKTUBHOCTb KNOHUPOBAHUA U CTAOUNbHLIN YPOBEHb CNOHTAHHbLIX MyTauui. Knetku Heob-
XOAUMO MPOBEPATL HA 3arpsA3HeHMe MuKomnnasMon. Knetku He A0MXHbl MCMONb30BaTLCA NPU HANU4YUU
3arpsisHeHus.

MpeaBapuTenbHO A0MKHBI ObITH ONpeaeneHbl YyBCTBUTENLHOCTL U CUna Tecta. Ynucno KneTok, konuye-
CTBO KyNnbTYP, KOHLEHTpaLumn UCCReayemMoro BeLecTBa 40SPkHbl 0TBeYaTh 3TUM napametpam [15]. MuHumans-
HOE YMCNO BbDKUBLUMX Nocne 06paboTkn KNEToK, MCNOMNb3yeMOe Ha KaXaon CTaaumn Tecra, AOMKHO OCHOBbI-
BaTbLCA HA CNOHTAHHOM YacroTte mytauui. ObLee npaBuNO — UCNOMb30BaTb TO KOMMYECTBO KIETOK, KOTOPOEe
no kpawnHew mepe B 10 pa3 BbilLie CNOHTAHHOM YacTOTbl MyTauui. PekoMeHayeTcs Mcnonb3oBaTb NO KpaHemn
Mepe 106 knerok. Cneayer yunTbiBaTb afi€KBaTHbIE UCTOPUYECKME AAHHBLIE MO KNETOYHON cucTeme, YToObl
KOHTPONUPOBAaThb CTabUNLHOCTb TECTA.

4.1.2 Cpepna n ycnoBusi KynsTUBUPOBAHUA

HeobxoaMMO UCMONbL30BaTh COOTBETCTBYIOLLYIO KYNbTYPanbHYIO Cpeay U yCnoBusi MHKybauum (kynb-
TypanbHas nocyaa, remneparypa, koHueHTpauusa CO, 1 BNaxHoCTb). KynsTypanbHylo cpeay BbiGUpaior B
COOTBETCTBUM C UCMONb3YEMbIM B TECTE TUNOM KINETOK U CENEKTUBHON CUCTEMO. OCOBEHHO BaXKHO, YTO-
6bl BbIOpaHHbIE YCNOBUA KYNLTUBUPOBaHUSA obecneunBany ONTUMaNbHLIA POCT KNETOK B TEYEHUE NEPUO-
Aa 3KCNpeccUu M oNTUMANLHYIO KONOHMEOOpas3yloLLyi0 CNOCOBHOCTbL KaK MyTaHTHbIX, TAK U HEMYTaHTHbIX
KNEeTOoK.

2
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4.1.3 MNpuroToBneHue KyneTyp

KneTku 6epyT U3 CTOK-KYNETYPLI, BLICEBAIOT B KyNkTYpanbHyO cpeay u nHkybupytot npu 37 °C. Mepeg
MCMOMb30BAHUEM B TECTE KYNbTYPbl HEOGXOAUMO OYUCTUTL OT NPEACYLLECTBYIOLLUX MYTAHTHbBIX KNETOK.

4.1.4 MeTabonuuyeckas aktTusauus

Mccnegyemoe BELECTBO TECTUPYIOT B KYNbType B BapuaHTax 6e3 u B npucyTcreum cuctemMbl metabonu-
yeckon aktusauuu. Hambonee yacrto ucnonb3yemas cuctema BKo4aeT KOhaKTopbl U NOCTMUTOXOHAPUASb-
Hy10 hpakumio (S9) NeYeHN rpbI3yHOB, 06paboTaHHbIX MHAYKTOpamMu hepMeHTOB, TakumMu kak Arochlor [16], [17],
[18], [19] unu komOuHauua deHobapbuTana u R-HadtocdnasoHa [20], [21]. OBbIYHO UCNONL3YIOT MOCTMUTO-
XOHAPWanbHYIO dpakumio B KOHUEHTpauun B auanasoHe 1 %—10 % oT koHe4yHoro o6bema cpeabl. BuiGop u
YCNOBUS CUCTEMbI METAOONMMYECKON aKkTMBaLMW 3aBUCAT OT Kfacca UCCiesyeMoro XMMMYEeCKoro BeLecTsa.
B HekoTOpbIX cny4asix BO3MOXHO NpoBeAeHue onbiTa ¢ 6onee YeM OHONM KOHLIEHTpaLuMein NOCTMUTOXOHAPK-
anbHoOi dpakuun. Paa MeToamk, OCHOBaHHBLIX HA UCMONb30BAHUM TEHHO-MHXXEHEPHbIX KNETOYHbIX JIMHUM, 9KC-
npeccupyoLmx cneuuduyeckme akTuBMpYoLWmMe KrnetovHble hepMeHTbl, MOXET obnagarb 3HAOrEHHON ak-
TUBaumen. BoibOp KNEeTOYHbIX NUHUI A0MKeH OblTb Hay4yHO 0BOCHOBaH (Hampumep, NPUCYTCTBUE M303MMA
yutoxpoma P450, metabonuaupyiowero uccneayemoe BeLLECTBO).

4.1.5 Nccnepyemoe BewecTBo/NoaroroBkKa

TBepable BellecTBa cnegyeT pacTBOPATL UMM CYCNEHAUPOBATbL B COOTBETCTBYIOLLMX PACTBOPUTE-
nsax unu pasbaeButensix U pacTBop roToBUTb nepea ob6paboTkoii kneTok. XKuakue BeLleCTBa MOXHO [10-
6aBnaATL NPAMO B KyNbTYpYy W/unu pa3sogutb nepea BBeaeHuem. CBexue npenaparbl AOMKHbI UCNOSb-
30BaTbCA A0 TEX MOp, Noka He 6yayT NonyyYeHbl AaHHble 006 UX CTabuNbHOCTU MPU COOTBETCTBYIOLLUX
YCITOBUAX XPaAHEHUSA.

4.2 YcnoBus TeCTUPOBaHUA

4.2.1 PactBopuTtenb/pasbaButenb

PacTsoputens/pasbaButent He 4OMKEH XMMUYECKU B3aMMOAENCTBOBATb C UCCIEeAyeMbIM BELLECTBOM M
He AOMXEH BMUATL HA BLDKMBAEMOCTb KNETOK U aKTUBHOCTL S9 cuctembl. ECnu ucnonb3yercsi HEM3BECTHbIN
pacTBopuTEnb, €r0 NPUMEHEHNE AOMKHO ObiTb 060CHOBAHO AAHHBLIMU, MOKA3bIBAIOLLMMU €70 COBMECTUMOCTb
C JaHHbIM TecToM. PekomeHayeTcs, ecnm BO3MOXHO, UCNONb30BaTh B NEPBYIO 0vMepefb BOAHbIE pacTBOPLI/
cycneHsuu. Mpu nccrnegoBaHUM HEPACTBOPUMBIX B BOJIE BELLECTB UCMONb3YIOT OpraHUYeckue pacTBopuTenmu,
He coaepxalume Boabl. Boga MoxeT ObITb yaaneHa ¢ nomMoLLbio MONEKYNAPHOTo cuTa.

4.2.2 Bo3geACTBYyOWMNE KOHLIEHTPALUN

OCHOBHbIMW KPUTEPUAMU MPU BLIOOPE MaKCUMaNbHOW KOHLUEHTPALUK BELLECTBA ABMAIOTCA LUTOTOKCUY-
HOCTb, PaCTBOPUMOCTb B TECT-CUCTEME, M3MEHEHUE PH MU OCMOTUYECKOIM KOHLIEHTPaLK.

LIMTOTOKCUYHOCTb A0MmKHA ObITb ONpeseneHa B BapuaHTax B NPUCYTCTBUMN U Ge3 meTabonu4eckon aktu-
BaLuM B OCHOBHOM 3KCNEepUMEHTe, UCNOMb3ys B KaYeCcTBe nokasarenen 3heKTMBHOCTb KNOHUPOBaHUA (Bbl-
>KUBAEMOCTb) UMM OTHOCUTESbHbINW 00K POCT. [oNe3Ho onpeaenuTb LUTOTOKCUYHOCTbL U PacTBOPUMOCTb
B NpeaBapUTENbLHOM 3KCMNEPUMEHTE.

Cnegyer 1cnonbL30Bath Mo KpaiHeii Mepe YeTblipe MH(POPMATUBHbIE KOHLIEHTpauuu. MNpu Hanuuue uuTo-
TOKCMYHOCTU KOHLEHTPaLUK A0IKHbI ObiTh B AMANA30HE OT MAKCMMAaribHOW 10 MUHUMAnbHOM NO TOKCUMHOCTHU
N OO0 OTCYTCTBMS TOKCUYHOCTU. OOBbIMHO YPOBHM KOHLIEHTPALUiA AOIDKHbI Pa3snuuyatbCA B AManasoHe ot
ABYX pa3 40 10. ECM MakcuMarnbHasi KOHLIEHTPALWMS OCHOBAHA HA LIUTOTOKCUMHOCTY, TO OHA AOMKHA Aa-
BaTb NpubnuautensHo 10 %—20 % (HO He MeHbLue 10 %) ypoBeHb OTHOCUTENBHON BbDKUBAEMOCTU (OTHOCHU-
TenbHON 3(hphEeKTUBHOCTU KIIOHUPOBAHUS)) UMM OTHOCUTENBLHOrO 06Lero pocra. [nA HEUUTOTOKCUYHLIX Be-
LLeCTB MaKCUMarbHbIE KOHLEHTpauuu cnegyet 6parb 5 mr/mn, 5 mkn/mn unu 0,01M, BbiGupas HauMeHbLLYIO.

OTHOCUTENBHO HEPACTBOPUMbIE BELLIECTBA CrieAyeT TECTUPOBATh HA YPOBHSX BbILLE UMW HUXKE rPaHULbl
MX PaCTBOPUMOCTU B KyFbTYparbHbIX YCNoBusiX. [laHHbIe N0 pacTBOPUMOCTU crieayeT onpeaensitb Ha Kyrnb-
TypanbHOIi cpeae, B kOTOpoii 06pabartbiBator knerku. Mone3Ho oLeHUTbL PaCTBOPUMOCTL B HaYarne U B KOHLE
06paboTku, TaK Kak paCTBOPUMOCTb MOXKET MEHSITbCSl BO BpeMsi 06paboTKM KNETOK n3-3a NPUCYTCTBUS KNETOK,
S9, CbIBOPOTKM U T. 4. HEPACTBOPMMOCTL MOXKHO ONpeAensaTb Ha rmas. MNpeuunuraT He AOMMKEH MeLaTh aHa-
nn3y pesynLTaros.

4.2.3 KonTponu

COOTBETCTBYIOLLME MOMOXUTENBHBLIE U OTPULATENbHBbIE (PACTBOPUTENDL UMK pa3baBuTesnb) KOHTPONU B
BapuaHTax 6e3 U B NpUCYTCTBMU CUCTEMbI METAOONMYECKOW aKTUBALIMKU AOMMKHbI ObITb BKNIOYEHbI B KaXKabIN
3kcnepuMeHT. B BapuaHTe ¢ MeTabonuueckon akTuBaLUMen UCNoMNb3yemMoe B Ka4ecTBe NONMOXUTENbHOIO KOH-
TPONSA BELLECTBO AOIDKHO AaTb MyTareHHbIil OTBET NPU JaHHOW CUCTEME METabonu4Yeckon akTusaLum.
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Tabnuya 1
MpumepbI NONOXUTENbHbLIX KOHTPOSIEN
Ycnoeua metabonuyeckoin
aKTMBaLM TNokyc Xumuyeckoe Bewectso n CAS No
OtcyTcTBUE HPRT OtunmetaHcynbdoHat [CAS No. 62-50-0]
3K30reHHOMN OTtunHutposoMoyeBuHa [CAS No. 759-73-9]
meTabonuyeckoi
aKTuBaLmu TK (manble unn | MetunmetancynbdoHaT [CAS No. 66-27-3]
6onblune KONOHNN)
XPRT 3tunmMetaHcynbgoHat [CAS No. 62-50-0]
3tunHutposzomoyeBuHa [CAS No. 759-73-9]
MpucyTcTBME HPRT 3-metunxonaHtpeH [CAS No. 56-49-5]
3K30reHHOM N-HuTposogumetunamud [CAS No. 62-75-9]
MeTabonunyeckoit 7,12-pumeTunbensanTpayeH [CAS No. 57-97-6]
aKTuBaLum
TK (manble uwnu | LUuknodocdamug (MoHorngpat) [CAS No. 50-18-0 (6055-19-2)]
6onblUMe KOMoHuK) BeHn3ao(a)nmmpeH [CAS No. 50-32-8]
3-meTunxonaHtpeH [CAS No. 56-49-5]
XPRT N-HUTpO3oAUMETUNaMUH (ANA BLICOKUX YpOBHEN S-9
[CAS No. 62-75-9]
BeHnso(a)nupeH [CAS No. 50-32-8]

Bo3MOXHO MCNonb3oBaHWe APYIUX NONOXUTENbHLIX KOHTponen. Hanpumep, ecnu naéoparopusa umeer
HaKoMMeHHbIe AaHHbIe NO 5-6pomM-2’-ge3okcuypuamnHy [CAS Ne 59-14-3], To 310 coeanHeHne MOXeT ObiTb UC-
NONb30BAHO Kak MOMOXMTENbHbI KOHTPOMb. Mpu HEoOBX0AUMMOCTH AOMYCTUMO UCNOMb30BaHUE XUMUYECKNE
BELLeCTBA TOrO e Knacca, YTo U U3BECTHbIE MO3UTUBHbLIE KOHTPOIU.

OTtpuuaTtenbHbIi KOHTPONb — PacTBOPUTENb UMM pa3baBuTenb B KynbTypansHoi cpege. O6pabotka
KYNbTYpbl MPOBOAMUTCA TaK XE, Kak B 9KCMEPUMEHTAarnbHbIX rpynnax. [ononHMTENsHO BBOAUTCA KOHTPOMb
«KynbTypa 6e3 06paboTknM», Noka HaKoNneHHble (MCTOPUYECKUN KOHTPONb) B naGoparopuu AaHHbIE HEe Mo-
Ka)kyT OTCYTCTBME BPEAHOIO UNn MyTareHHoro addekra BolbpaHHOro pacTBopuTeEns.

4.3 NMpoBeneHue Tecta

4.3.1 O6paboTKa KynbTypbl

Mponudupupyiowme knetku obpabaTbiBaloT BELLIECTBOM B yCNoBUAX 6€3 u B npucyTcTBUM metabonu-
YeCKoW akTuBauuu. AnMTenbHOCTb BO3AENCTBUA AOIDKHA ObITh ONTUMAaNbHON (00bIYHO addpekTuBHa OT 3 A0
6 4). Bpems akcno3uunmn MOXeT 0XBaTbiBaTb OAUH UNK Gonee KNEeToYHbIX LUKMOB.

Onsa Kaxaon KOHUeHTpauumM MOryT ucnonb3oBarbcst nubo ase, Nu6o ogHa kynerypa. Mpu ucnonsb3osa-
HWUW OAHOW KYNbTYPbl YUCNO KOHLUEHTPALWMI cneyeT yBENMUUTb, YTOObI ObIN0 aiekBaTHOE YUCIIO KyNbTYp ANA
aHanu3a (1. €. No KpavHel Mepe BOCeMb KOHLIeHTpauuin). Heobxoaumo CTaBuTh ABE KyNbTYpbl C OTpULATENb-
HbIM KOHTPONEM.

TecTupoBaHue razoo6pasHbiX UNKU NETYYUX COeAUHEHUI CneayeT NPOBOAUTL, UCMONb3ya aaeKBaTHbIe
METOAUKM, TAKUE KaK repMETUYECKU 3aKpbITble KynbryparnbHble hrnakoHsl [22], [23].

4.3.2 OueHKa BbDKMBAeMOCTH, XXM3HECNOCOOHOCTU M YaCTOTbl MyTaLUi

Mocne OKOHYaHMA BO3AENCTBUA KIIETKM OTMbIBAIOT U KyNbTUBUPYIOT AN OLIEHKU BbDKMBAEMOCTU U ANA
3KCNpeccum MyTaHTHOro cpbeHoTuna. OLEHKY LMTOTOKCUYHOCTU, OnNpeaensisi OTHOCUTENbHYIO 3(hheKTUBHOCTb
KNOHMPOBaHUA (BbDKMBAEMOCTb) U OTHOCUTENbHbIN OOLLUIA POCT KynbTypbl, 0ObIYHO NPOBOAAT NOCNE nepuoaa
BO3EWCTBUS.

[ns kaxqqoro nokyca uMeeTcs onpefieneHHbIM Nepuo BpeMEHM, HeoBX0AUMBINA ANst OMTUMANBLHON 9KC-
npeccumn chbeHoTUNa BHOBb MHAYLMPOBAHHLIX MyTauuii (MytaHToB) (ans HPRT u XPRT Heobxoaumo no kpaw-
Heln Mmepe 6—38 paHeit, ansa TK — 2 aHs). KneTku BbipawymBaior B Cpeae B NPUCYTCTBUM U 6€3 CeneKTUBHOIO
areHTa Ans onpeferneHnsi COOTBETCTBEHHO YMCNa MYTaHTOB M 3(PPEKTUBHOCTM KIOHUPOBaHUS. OLEHKY Bbl-
>KMBAEMOCTU (MCMOMb3yeMyl0 ANA pacyeTa YacTtoTbl MYTaHTOB) MPOBOAAT MO OKOHYAHUW BPEMEHMU 3KCnpec-
CWM, BbICEBAS KNETKU HA HECENEKTUBHYIO Cpeay.

Ecnu BewecTBo no3utuBHo B TK+/- Tecte Ha kneTtkax L5178Y, onpeaensaior pasmep KONOHWUI No Kpaii-
Hell Mepe Ha OAHON 9KCNEPUMEHTANbLHOW KynbType (HauBbICLLIAs MO3MTUBHAA KOHLEHTPAaLUWIA) U Ha KynbTypax

4
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OTPULATENBLHOIO U NO3MTUBHOIO KOHTpONA. Ecnu BeLLecTBO Aano oTpuuaTtensHblii pesynstaT B TK+/- Tecte Ha
knetkax L5178Y, pasmep KONOHMI onpeaensioT B KynbTypax oTpUUarensHoro u no3uTUBHOMO KOHTpons. B uc-
cnepoBaHusx Ha TKBTK+/- Taioke MOXET NPOBOAMTCH aHanu3 pasmepa KONOHUA.

5 Pesyneratbl 1 oTyeT

5.1 O6paboTka pe3ynsraToB

[laHHble AOMKHbI BKIOYaTh LUUTOTOKCUYHOCTb U BbDKMBAEMOCTb KINETOK, NOACYET KOMOHWUIA U 4acToTy
MyTauui 4N 3KCNepPUMEHTAamNbHbIX U KOHTPONbHBIX KYNbTYp. B criyyae nonoxurensHOro oTeeta B Tecte TK+/-
Ha kneTkax L5178Y KOMOHUM U3MEPAIOT, UCMOMb3YS KPUTEPUN OTHECEHWS KOMOHWUI K MasibiM M 6onbLnmM, no
KpariHein mepe B BapuaHTe C OAHOM KOHLEHTpauueli BeLlecTBa (HaMBbICLLEN KOHUEHTpaUuen, gasLuei nono-
XUTENbHbIA 9O EKT) 1 B KynbTYypax oTpuUaTenbHOro U NO3UTUBHOIO KOHTPOMA. MonekynsapHasa v LMTOreHeTu-
Jyeckasi npupoaa MyTaHToB, o6pasyloLux GonbLume n manblie KOMoHMU, B JeTansx paccmMoTpeHa B psge pabor
[24], [25]. B TK+/- TecTe kONOHWUM NOACHUTLIBAIOT, UCMONbL3YSA KPUTEPUM HOPMAarbHOTO pocTta (GonbLuMe Kono-
HWUM) U MEeaNeHHOro pocta (Marnbie KOroHum) [26]. MyTaHTHbIe KNEeTKW, umeloLlue Donee TSXKENbIe reHeTu4e-
CKMe HapyLLeHus1, umetoT 6onee AnUTenbLHOE BPeMs YABOEHUsI U, COOTBETCTBEHHO, (POPMUPYIOT HeGoMNbLUKE
KONOoHUM. CNEKTp STUX HapyLUEHWUI KONMebneTtcs OT MONHOW NOTEPU reHa A0 KApPUOTUMUYECKU BbISIBMSEMbIX
XPOMOCOMHbIX abeppauuit. O6pa3oBaHne ManbiX KONIOHWI CBA3AHO C XMMUYECKUMU BELLECTBaMU, MHAYLMPY-
oWKUMmn «6onbLIME» XPOMOCOMHbIE abeppauum [27]. MyTaHTHbIE KNETKU C MEHEE CEePbE3HbIMU HAPYLLEHUAMHU
pacTyT CO CKOPOCTbIO, CXO4HOW C POAUTENBCKUMU KNeTkaMu, u hOpMUPYIOT GonbLUME KONOHUM.

JomxHbl BbITb NPeACTaBNEHbI BbIXMBAEMOCTb (OTHOCUTENbHAA 3EKTUBHOCTb KIIOHMPOBAHUS) U OT-
HOCUTEMbHbIA 00LWMI POCT. YacTtota mMyTauui NPUBOAMTCA KaK YUCIO MYTaAHTHLIX KNETOK Ha obliee ynucno
BbIXXMBLUMX KIETOK.

[aHHble NPUBOAAT MO OTAENbHLIM KyNbTYpam. JOnoNHUTENLHO BCE AaHHbIE cneayet 06beanHUTL (CyM-
MUpOBAaTh) B TabnM4HO hopme.

Hert TpeboBaHuii Kk Bepudukaumum Y€Tko NONOXUTENLHOTO OTBETA. MPOTUBOpEUMNBLIE pe3ynbTaThl Cne-
ZOyeT NpPOsiCHUTL, MPOBOAA AanbHelLee TeCTUPOBaHUE, NPEANOYTUTENBHO UCNONb3YA MOAUMDULMPOBAHHBIE
3KCnepuMeHTaneHble ycnosusa. OTpuLaTenbHble pesynstathl cneayeT B OTAENbHbIX CNy4asx NOATBEPKAATb.
B Tex cnyvasix, Korga noATBEPXKAEHUE OTPULATENbLHLIX PE3YNLTATOB HE CHUTAETCA HeoOX0AUMbIM, NPaBo-
MEPHOCTL 9TOro A0IkHa BbITb 060CcHOBaHa. Moaudukauus napameTpoB UCCNea0BaHus, CTeNeHb konebaHus
YCMOBUIA MOTYT ObITb NPOBEZIEHbI B NOCNEAYIOLLMX IKCNEPUMEHTAX NPU NPOTUBOPEHMUBLIX UM OTPULATENBHBIX
pesynbratax. [lapaMeTpbl, KOTOPble MOTYT ObiTb MOAUMDULMPOBAHLI, BKAIOYAIOT AUana3oH KOHLIEHTpauui
N yCNoBMsa MeTabonnyeckon akTuBaLmum.

5.2 OueHka u uHTepnpeTauus pesynsraTos

CyLLECTBYET pafl KPUTEPUEB ANSA ONPeAeneHns NONOXNTENbHOTO pe3ynbTarta: 3aBUCUMOCTb OT KOHLEH-
Tpauuu unu BOCNPOU3BOAUMOE MOBLILLIEHME YacTOThl MyTauui. Ha nepsoM mecte aomkHa ObiTb Guonoruye-
ckass 060CHOBAHHOCTb Pe3ynbTatoB. [JONOMHMTENBHO MPU OLIEHKE PEe3ynbTaTtoB MOryT ObiTb MCMONb30BaHbI
CTaTUCTUYECKME METOAbl. CTaTMCTMYECKas 3Ha4YMMOCTb He AO0MKHA OblTb €AUHCTBEHHBIM ONpPeaensoLLUM
daKkTOPOM MpK OLIEHKE MOMOXMTENbHOMO OTBETA.

Mcenenyemoe BeLLECTBO, AN KOTOPOro BCE BhiLLe NPUBEAEHHBIE KPUTEPUM OTPULATENBHLI, CHUTAETCA
HeMyTareHom B ,ElaHHOVI TecT-cucrteme.

XoTs B BONbLUMHCTBE MCCNEA0BAHUIA NOMYYaIOT YETKMUE NONOXKUTENbHbIE MU OTpULIATENbHbIE PE3YNLTaThl, B
peakux cryyasx AaHHble He NOo3BOMAT CAenartb 3akniodeHne 00 akTUBHOCTU BeLLIECTBA. Pe3ynbsraTtbl MOMYT OCTa-
BaTbCA NPOTUBOPEUNUBLIMU UM COMHUTENBbHBIMU HECMOTPSI Ha TO, YTO SKCMEPUMEHTbI HECKONbKO pa3 NOBTOPEHDI.

MonoxuTenbHble pe3ynbTaTtbl B TECTE OLEHKM FeHHbIX MyTauUMW Ha KNEeTKax MIEeKOnuTarLwmXx in vitro
MOKa3bIBaIOT, YTO UCCrEAyeMOe BELLUECTBO UHAYLMPYET reHHbIE MyTaLyUK B UCMONb3YEMBIX KYNIBTUBUPYEMbIX
KneTkax mnekonuTalowmx. BbisiBneHHas 3aBUCUMOCTb 3hdEKTa OT KOHLIEHTpaUMKM, KOTOpasa NMOBTOPSIETCS,
Hanbonee 3Haymma. OTpuLaTenbHble pesynkTaThl MOKa3bIBAKT, YTO NPU AaHHLIX YCNOBUSIX UCCNEAYEMOE Be-
LLIECTBO HE WHAYLMPYET rEHHbIX MyTaLuii B UCMOSb3yeMbIX KYJIETUBUPYEMbIX KNETKAX MNEKONUTAOLLMX.

5.3 Otver

OT4YeT AOIDKEH BKNIOYATL CrneayoLyo MHAOpMaLMIO:
Wcenegyemoe coeguHeHue:
- MAEHTUUKALMOHHbIE AaHHbIE U HOMEpP CAS, eCnu U3BECTEH;
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- PU3NYECKYIO NPUPOAY M YUCTOTY;

- (hU3NKO-XMMUYECKUE NnapameTpbl, UMEIOLLME 3HAYUMOCTb A5 AaHHOTO UCCNENOBAHUS;

- CTabunbHOCTL BELLECTB.

PacTtBopuTtens/pasbaButens:

- obocHoBaHue Bbibopa pacTBopuTens/pasbaBuTens;

- pacTBOPUMOCTbL U CTAabMNbHOCTL UCCNEayeMOro BELLECTBa B pacTBopuTene/pasbaBurene, ecrnm us-
BECTHbI.

Knetku:

- TUM U UCTOYHUK KMETOK;
YUCIO KMETOYHBIX KYNbTYp;
YUCNO MaCCaXKeN, eCnu UCNOMNb3YyITCS;
- MeToAbl MoAAEMKAHUA KIETOUHbIX KyNbTyP, €CIN UCNOMb3YIOTCS;
OTCYTCTBWE MUKOMMA3MbI.

Ycnosusa skcnepumMeHTa:

- o6ocHoBaHKe BbIBOpa KOHLEHTPALIMIA M YACNA KNETOUHLIX KYNLTYP, BKIIOYAIOLWEE AAHHbIE NO LIUTOTOK-
CUYHOCTU W OrpaHUYEHNsI N0 PACTBOPUMOCTHU, ECNIN UMEIOTCS;

- cocTaB cpeabl, koHueHTpaums CO,;

- KOHLEeHTpaLuuun nccnegyemoro BeLLecTsa;

- 00beM pacTBOPUTENS U KONMMYECTBO J06aBNEHHOIO UCCIIEAYEMOrO BELLIECTBA;

- Temnepartypa uHkybauum;

- ANUTENbLHOCTL 06PabOTKN KYNLTYPbI;

- KNETOYHas NroTHOCTbL BO BpeMsA 00paboTku;

- TUM U COCTaB CUCTEMbI METAOONUYECKON aKTUBALIMU, BKMIOYAA KPUTEPUM NPUEMIIEMOCTH;

- NO3UTUBHbIE N OTPULIATENbHbLIE KOHTPOMMW;

- NPOAOIMKMTENLHOCTb Nepuoaa 3KCNPeccumn (BKMOYaA YUCNO BbICEAHHBLIX KIETOK, CyOKynbTypbl, Npo-
TOKOIbI NOCEBA, €CnuN UCNOSb3YKTCS);
CenekTUBHbIN(e) areHT(bl);
KpUTEpUKN OTHECEHUA pe3yrbTaTa Kak NnosfioOKUTENbHLIA, OTPULATENbHLIA UMM COMHUTENBHbIN;
MeTOoAbl, UCMONb3yeMble AN MOACHETA BbKMBLUMX U MYTAHTHbIX KIETOK;

- ofpejerneHue, Kakoro pasMepa U TUMa KOMOHUM YUMTLIBAIOTCS (BKMIOYAA KPUTEPUU OTHECEHUS KOMOo-
HWI K «ManbiM» U «GONbLUMMY).

Pesynbrarthl:

- NPU3HaKU TOKCUYHOCTH;

- NPpU3HaKu npeuunuTaymm;

- AaHHble no pH 1 OCMOTUYECKON KOHLIEHTPaLK BO BpeMs 00paboTku UccnesyemMbimM BELLECTBOM, €CNU
onpeaensanu;

- pasmep KOfOHMIA, €CnK yuuTbIBanNu, N0 KpamHen Mepe Ans NO3UTUBHBIX U HEFaTUBHbIX KOHTPONEN;

- OueHKa 3aBucumoctu adpekra ot 403bl, A€ 3TO BO3MOXHO;
CTaTUCTUYECKUI aHanu3, eCnu NpoBOAMUINY;

- AlaHHble HEraTMBHOIO (PacTBOPUTENb/pa3baBuTENb) U MO3UTUBHOIO KOHTPONS;

- UCTOpUYECKUE AaHHble NO HeraTMBHOMY (pacTtBopuTenb/pa3baButenb) U NO3UTUBHOMY KOHTPONIO C
yKkaszaHuem npeaenos konebaHuii, CpeHMX U CTaHAAPTHOTO OTKITOHEHUS;

- 4yacToTa MyTaHTOB.

OGCy>xaeHne pesynsraTos.

3aknioyeHue.
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