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Mpeaucnosune
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Husi» u FTOCT 1.2—2009 «MexrocyaapcTeeHHasi cuctema cTaHgapTuaauun. CtaHaapTbl MEXrOCyAapCTBEHHbIE,
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6 BBE[EH BIEPBbIE

UHpopmauusi 06 usMeHeHUsIX K HacmoseMy cmaHoapmy ry6nukyemcst 8 exe200HOM UHGHOPMaULUOH-
HOM yKka3zameriie «HauuoHanbHbie cmaHOapmbi», @ meKcm usMeHeHUU U ornpasoK — 8 eXeMecs4YHOM UHGhop-
MayuoHHOM yKasamersie «HauuoHanbHble cmaHOapmbi». B crniyyae rnepecmMompa (3ameHbl) Ul OMMEeHb!
Hacmosiuje2o cmaHOapma coomeemcmeyioujee yeedomieHue bydem onybnuKoeaHo 8 exxemMecsyHoOM UHGHOp-
MaluUoHHOM yka3zamere «HauuoHanbHbie cmaHdapmel». Coomeememsyrowias uHhopmMayusi, yeedomreHue u
meKcmbl pa3MelLialomesi makke 8 UHGopMayUOHHOU cucmeme obwezo nonb3o08aHust — Ha ouyuanbHoOM
calime ®edepanbHO20 azeHmMcmea 1o MEXHUYECKOMY pe2yniuposaHuio U Memposioauu 8 cemu ViHmeprHem
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BBegeHue

MeToa oueHKU reHHbIX MyTauuid Ha KneTkax MaekonuTamoLwwmx in vitro MoXeT BbiTb UCNONL30BaH AS1A aHa-
n13a reHHBIX MyTauuia, NHAYLMPYeMbIX XMMUYecKumMn coeauHeHnsimn. Hanbonee yacto ucnonbayoTca cneay-
oLme Kynstypol: MblluHaa numdgoma L5178Y, knetouHble nuHum CHO, AS52 n V79 KUTanckoro Xomsdka;
numcobnacTHble kneTku Yenoseka TK6 [2]. B aTUX KNeTOYHBIX NUMHUSX A5 u3ydeHusl MyTauuin Hanbonee vac-
TO UCCreayrTca reHeTuYeckue MapKepsbl, oLeHUBaloLWwmne MyTauun reHoB TUMUAMH kuHasbl (TK) U runokcax-
TUH-TyaHuaouH ochopnbosun TpaHcdepasbl (HPRT) U TpaHcreHa KcaHTUH-TyaHuauH docdoprubosun
Tpacdepasbl (XPRT). TK, HPRT n XPRT BbISBAAOT pasnuyHble CNeKTpbl reHeTUIecknx cobbiTuii. AyTocoMHas
nokanusauus TK n XPRT no3sBonseT BhISABMATL reHeTu4eckne cobuitus (1. e. 6onbluve geneuumn), He onpeae-
naemble B HPRT nokyce X-xpomocomel [3, 4, 5, 6, 7].
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M E XTOGCYOAPG CTH BETHHU B H# CTAHQAOAPT

METOAbI UCTLITAHUA NO BO3AEUCTBUIO XMMUYECKOW NPOAYKLIUU
HA OPrAHU3M YEJNIOBEKA

MeTop OLIeHKMU reHHbIX MyTaLMil Ha KneTKax MeKonuTarwux in vitro

OECD guidelines for the testing of chemicals. In vitro mammalian cell gene mutation test

Data BBeaeHna — 2015—06—01

1 O6nacTb NpMMeHeHun

B TecTe oLeHKU reHHbIX MyTaLuii Ha KreTkax MAeKonuTalowmx in vitro MCNonb3ayoTca KynbTypbl Nnepesu-
BaeMblX KNETOYHbIX NMUHUAA UK KeToYHbIe WTaMmbl. Knetkn oTéupatoTca Ha ocHOoBe CnOocoBHOCTU pocTa B
KynbsType U cTabunbHOCTU YacTOThbl CNOHTaHHbLIX MyTaumMid. [na TecTos in vitro 06biMHO TpebyeTcs ucnonb3o-
BaTb 9K30reHHbIA UCTOYHUK MeTabonuueckoi akTueaumm. Cuctema metabonuyeckon akTuBaLUu HEe MOXeT
MOSMHOCTLIO BOCNPOU3BOAUTL YCIIOBUSA, NPUCYTCTBYIOLUME Y MAeKonuTaoLwmx in vivo. CneayeT TwaTenbHo ns-
GeraTtb YCMOBWIA, KOTOPbIE MOTYT MPUBECTU K pe3ynbTataM, He OTBeYaloLMM peanbHOW MyTareHHocTu. Mo3u-
TUBHbIE pesynbraThl, He OTBeYaloLLMe peanbHOW MyTareHHOCTU, MOryT BO3HUKaTb BCNeACTBUE U3MeHeHUs pH,
OCMOTMYECKON KOHLEHTpaL MM pacTBopa, BbICOKOrO YPOBHA TOKCUYHOCTH [8].

TecT npumeHsieTcsl Ansl CKPMHWHIA MOTEHUMAaNbHOW MyTareHHOCTU M KaHLePOreHHOCTU ANa MnekonuTa-
towmx. MHorve BellecTBa, MO3UTUMBHLIE B JaHHOM TeCTe, ABNATCA KaHUeporeHamu ans MNekonuTamwLwmx.
OnHako HeT BLICOKOW KOppensauumn Mexay pesynsraTamn AaHHOro TecTa U KaHUeporeHHoCTbio. CTeneHb Kop-
pensauun 3aBUCUT OT Kflacca XMMUYECKUX coeguMHeHUi. Bo3pacTaeT KonnyecTBo AaHHbIX, MOKA3biBaOLWNX, YTO
UMeroTCA KaHLeporeHbl, KOTopble He BbIABNSAIOTCS B JaHHOM TecTe, MOCKOMNbKY OHU AEeNCTBYIOT Yepes apyrue,
He reHOTOKCUYeCKne, MexaHU3Mbl NN MeXaHU3M UX OeNCTBUS He BbISIBNSETCA B 3TUX KneTkax [7].

2 TepMuHbI M onpepeneHun

2.1 BpemMs deHoTunU4eckon akcnpeccum (Phenotypic expression time): nepuop BpemeHu, B Teue-
HMe KOTOPOro HEM3MEHEHHBIE reHHble NPOAYKTHI 3aMEHSIHOTCSI HOBBIMU U3 MYTaHTHBIX KIMETOK.

2.2 BbIXkuBaemocTb (Survival): achheKTUBHOCTb KNOHUPOBaHUSI 06paboTaHHbIX KNEeTOoK Ha nepuoq
OKOHYaHUs1 BO3AENCTBUS; BbPKMBAEMOCTb 0ObIMHO NPUBOAST KaK OTHOLLEHUE K BbDKMBAEMOCTU KOHTPOSIbHOM
nonynsiLMn KrNeTok.

2.3 xusHecnoco6HocTb (Viability): addekTUBHOCTb KIOHUpOoBaHUS 06paboTaHHbIX KNEeTOK BO BpeMs
nocesa B CEMEKTUBHbIX YCMOBUSX NOCMe Nepuoaa aKCNpeccuu.

2.4 myTareHbl TUNa 3amMeHbl nap ocHoBaHuM (Base pair substitution mutagens): BewlecTtsa, koTopble
BbI3bIBAIOT 3aMeHY 04HON UM HeCKONbKUX nap ocHosaHuii B IHK.

2.5 MmyTareHbl TUna cABUra pamMKkM CHYUTbIBaHUS reHeTuuyeckoro koaa (ppanmwundT MyTareHbl)
(Frameshift mutagens): BewiecTBa, KOTOpbIE BbI3LIBAIOT BCTABKY UMW AeNELUI0 OQHOW UMW HECKOMNbKUX nap
ocHoBaHuWi B mornekyne JHK.

2.6 oTHocuUTenbHbIW o6wWwuii poct (Relative total growth): BospactaHue uncna knetok 3a onpegenex-
HOe BpeMs B ONbITHOM BapuaHTe Mo CPaBHEHWUIO C KOHTPOILHON NMOMynsiLUen KNeTok.

2.7 oTHocUTenbHbIA cycNeH3UOHHbIN pocT (Relative suspension growth): BospacTaHue uncna kne-
TOK 3a Nepuog 3KCrnpeccumn OTHOCUTENbHO OTPULLATENBHOTO KOHTPOSTA.

2.8 npamaa myTtauma (Forward mutation): reHHas MyTauusi OT pOAMTENBCKOrO TUNa K MyTaHTHOMY
TUMY, KOTOPas NPMBOAMT K UBMEHEHUIO UMK NoTepe akTUBHOCTM hepmeHTa 1nu yHKLMK kogupyeMoro 6enka.

2.9 vactota myTtaHToB (Mutant frequency): oTHoOLIEHUE Yicha BbISIBIEHHBIX MYTaHTHBIX KNETOK K 06-
LLieMY YMACMY BbIXKMBLUNX KMETOK.

UzpaHne ocpmumansHoe
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3 MpuHuun uccnegoBaHuA

Knetkn, aednumTtHele no TuMuauHknHase (TK) scnegcteme mytauum TK+ — TK-, pe3sUCTEHTHBI K LuTo-
ToKcUYeckoMy adbekTy nupuMuamMHosoro aHanora TpudtoptumuanHa (TOT). KneTku, npoduunUTHLIE MO TU-
MWOWHKUHA3e, YyBCTBUTENbHbI K TOT, KOTOpbIA BbI3bIBAET WHIMOBUUMIO KhneTodHoro MeTabonusama wu
ocTaHaBnMBaeT KNeTouHOe AeneHne. ToMbKo MyTaHTHbIE KIeTKM CrocoBHbI nponundeprupoBaThs B NPUCYTCTBAM
TOT, B TO Bpems kak cogepxallme TUMUAUHKUHA3Y HOpMarbHble KIeTKM He nponvdepupytoT. AHanormiHo
knetku, gecdunuymTHble no HPRT unu XPRT, oTéupatoTcsi No pe3sncTeHTHOCTY K 6-TuoryaHuny (TI) unn 8-asarya-
HUHY (Al). MpK TeCTUPOBaHWMM reHHBIX MyTaLUi in vitro cnegyer TwarensHO aHanM3nposaTte 0Co6eHHOCTH Uc-
criedyembiX BeELUEeCTB, He SBMAAOTCA NN OHW aHanoramMv OCHOBaHWA UMW COeaMHEHUSIMU, CBA3aHHBLIMU C
CEeneKTUBHBIMW areHTamu, UCronb3yeMbiMi B AaHHON TecT-cucTeme. Hanpumep, nobas oxvaaemas cenek-
TUBHas TOKCMYHOCTb UCCIEeaYEMOro CoeaMHeHNs 4OMKHa U3y4aTbCs AN MYTaHTHBIX U HEMYTaHTHbBIX KIeTOK.
MpuemnemocTb oT6opa cucTemal/areHT AorkHa 6blTb NoATBepXxAeHa, korga uccriegyemoe coequHeHue no
XUMUYECKON CTPYKTYpEe CBA3AHO C CENEKTUBHBLIM areHToM.

KneTtoyHasa cycneHans Unn KneTouHbI MOHOCHON NoABepratoTcs BO3AENCTBIIO NCCcregyeMoro coeaunHe-
HUS KaK B BapuaHTe ¢, Tak 1 6e3 MeTabonMyeckon akTueaumnm B Te4eHe ageksaTHOro MHTepsana BpemMeHu u
3ateM cybKkynbTUBMpPYeTCA AR onpedeneHnst LUTOTOKCUYHOCTU U (DeHOTUMMYECKOR aKcrpeccu Ao otbopa
myTaHToB [10, 11, 12, 13, 14]. UUTOTOKCMYHOCTL 0OLIMHO OLEHMBAETCA MO COOTHOLLEHWIO 3¢hdheKTUBHOCTU KO-
HUPOBaHUA (BbIK1BAEMOCTU) UMK MO COOTHOLLIEHNIO OBLLIEro pocTa KynbTyp nocne sosgencteusa. ObpabortaH-
Hble KyNbTYpbl coAepXaT B KyrbTypanbHoi cpeae Heobxoanmmblii Nepruo BpeMeHu, XapakTepHbIi ANns Kaxaoro
CeneKTUBHOrO fIoKyca U KNeTo4Horo Tuna, Ytobbl npossuiace 6nmnskas k ontumarnbHon heHoTUnnyeckas aKe-
npeccuns HAyLMpOBaHHBIX MyTaumid. YactoTa MyTauumin onpeaensetcs nyTeM rnocesa ornpeaeneHHoro yacna
KIeTOK B COAePXKaLLlyto CeMNeKTUBHBIA areHT KyneTyparbHyto cpedy ANs BbisIBIeHUSI MyTaHTHBIX KITEeTOK U B cpe-
ay 6e3 ceneKkTMBHOro areHTa ans onpegeneHns 3hdOEKTUBHOCTA KIMOHUPOBaHUs (BbbkuBaeMocTu). MNocne
COOTBETCTBYHOLLEro BpeMeHW NHKybaL M NoACUMTHIBAIOT KOMOHWWU. YacToTa MyTauuii onpedensercs U3 yucna
KOMOHWUIA B CENEeKTUBHOM cpede U Yicna KOSIOHUA B HECEeNeKTUBHOM cpeae.

4 OnucaHue metopa

4.1 MaTtepuanbl

4.1.1 Knetku

B TecTe UCMONb3yOTCA pasnuyHble TUMbI KNeTok, BKoYas cybknoHbl knetok L5178Y, CHO, AS52, V79
unn TK6. Ucnonb3yemble KNeTKU A0IKHbI ObITb YYBCTBUTENbHBI K XAMUYECKUM MyTareHaM, UMEeTb BbICOKYHO
3 peKTUBHOCTb KIOHUPOBAHUA U CTabUMbHLIA YPOBEHb CMOHTaHHBLIX MyTauwnii. Knetkn Heobxogumo npose-
pATb Ha 3arpsisHeHne Mukonnasmon. Knetku He AoMKHbI UCNOMNb30BATLCA NPU HANMMYUK 3arpssHEeHUs.

MpeaBapuTenbHO AoMKHa ObITh oNpeaeneHa YyBCTBUTENbHOCTL M cuna Tecta. Yncno KneTok, konuyec-
TBO KyNbTyp, KOHLEHTpauun nccneayemMoro BeLectsa AoMKHLI 0TBeYaTb 3TUM napameTtpam [15]. MuHumans-
HOe 4MCNO BBRKMBLUMX Mocne obpaboTkn KNeTok, MUCNonb3yeMoe Ha KaXdon cragud TecTa, AOMMKHO
OCHOBLIBaTbCA Ha CMOHTAHHOW YactoTe MyTauuii. Obuee NpaBUnoO — UCNOMNb30BaTh TO KOMUYECTBO KIIETOK,
KoTopoe Mo kpaiHer mepe B 10 pa3 Bbille CNOHTaHHOW YacToTkl MyTauui. PekomeHayeTcs ncnonb3osath no
kpanHei mepe 106 knetok. CneayeT yuuTbiBaTh afekBaTHbIe UCTOPUYECKUE AaHHbIE MO KITETOYHON CUCTEME,
4TO6bI KOHTPONMPOBaTL CTABUILHOCTL TecTa.

4.1.2 Cpepa u ycnoBua KynsTUBUpOBaHUA

HeobxoamMMo 1cnonb3oBaTb COOTBETCTBYIOLLYIO KYNbTYpanbHYO cpedy U YCroBust MHKybauum (Kynsty-
panbHas nocyaa, Temneparypa, koHueHTpauusa CO, 1 BNaxHOCTb). KynbTypankHyio cpefly BbibupaloT B CooT-
BETCTBUM C UCMOMb3yeMbIM B TeCTe TUMOM KNEeTOK W cenekTuBHon cuctemoin. OcobeHHO BaXHO, 4TOObI
BbIGpaHHble YCNOBUSI KYNETUBUPOBaHUA obecnevnBani onTUMarbHbIA POCT KIETOK B TedeHue nepuoaa aKe-
nNpeccu1 1 oNTUMarbHYH KONTIOHMEO6PasyoLLyo CNOCOBHOCTb Kak MYTaHTHBIX, Tak M HEMYTaHTHbIX KITETOK.

4.1.3 lNpurotoBneHue KyneTyp

KneTku 6epyT U3 CTOK KynbTyphbl, BEICEBAIOT B KYNbTypanbHyto cpegy v nHkybupytot npn 37 °C. MNepea uc-
NoNb3oBaHUEM B TecTe KynbTypbl HEOOXOANMO OYMCTUTL OT NPEACYLLECTBYIOLMX MYTaHTHBIX KNETOK.

4.1.4 Metabonu4yeckan akTuBauus

WUccnegyeMoe BelLeCTBO TECTUPYIOT B KYNbTYpe B BapuaHTax 6e3 1 B NPUCYTCTBUM CUCTEMBI MeTabonu-
Yyeckoi akTuBauun. Hambonee 4acto ucnonbsyemasn cuctema BritodaeT kodakTopbl 1 NOCTMUTOXOHAPUANb-
Hyto copakumio (S9) neyeHu rpbiayHoB, 06paboTaHHbBIX MHAYKTOpamun hepMeHTOB, Takumm kak Arochlor [16, 17,
18, 19] unu komMbuHaumsa deHobapbutana u B-HactodnasoHa [20, 21]. OBbIMHO UCNONB3YHOT NOCTMUTOXOH-
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ApunanbHyto opakumio B KoHUEeHTpauum B AnanasoHe 1—10 % oT koHeuHoro o6bema cpeapl. Beibop 1 ycnosus
CUCTEMBI MeTaboNMYeCcKon akTUBaLIMKU 3aBUCAT OT KNnacca uccnegyeMoro XMMmM4eckoro BellecTsa. B HekoTo-
pbIX Cry4aax BO3MOXHO NpoBefeHWe omnbiTa ¢ 6onee yemM OQHOW KOHLEHTpauMehd NOCTMUTOXOHAPUANbHOW
bpakumn. Pag metoavk, OCHOBaHHBIX Ha UCMOMb30BaHUM FEHHOMHXXEHEPHBIX KIETOUYHBIX JIMHUIA, 3KCNpeccupy-
owmux cneunduydeckue akTUBMpyloLMe KneTodHble epMeHThl, MoryT obnagaTb 3HAOIMeHHOW akTUBauunen.
BbiGop KNETOYHbIX NMHUA AOMKeH ObiTb Hay4yHO 06OCHOBaH (HanpuMep, NPUCYTCTBUE M303UMa LMTOXpoMa
P450, meTabonuaunpyioLero uccregyemoe BeLLecTso).

4.1.5 Uccnepyemoe BelecTBO/NOAroTOBKa

Tsepable BewecTsa crnegyeT pacTBOPSATb UK CyClieHAUPOBaTh B COOTBETCTBYIOLLUX PACTBOPUTENAX UK
pa36aBuTensx u pacTBop roToBUTL Nepea obpaboTkol KneTok. Kuakue BewlecTea MOXHO 406aBNaTbL NPAMO B
KyNbTYpY W/nnn passoanTb nepes BBeaeHeM. CBexune npenaparbl A0IDKHBI UCTIONb30BaThCs A0 TEX NMop, Noka
He 6yayT nony4veHbl AaHHbIe 06 UX CTaGUMLHOCT NPU COOTBETCTBYIOLLUX YCIIOBUSIX XPaHEHUSI.

4.2 YcnoBuAa TeCTMpoBaHuA

4.2.1 PactBOopuTenb/pazbaButenb

PacTtBoputens/paszbaButenb He AOMKEH XUMUYECKA B3auMOAEeACTBOBATL C UCCIEAyeMbIM BELLIECTBOM U
He OOMKeH BMUSITb Ha BbDKMBAEMOCTb KINETOK U akTMBHOCTb S9 cuctembl. Ecnn ncnonbsyeTtca HeM3BeCTHBIN
pacTBopuTenb, ero npUMeHeHne AomkHO 6bITb 060CHOBaHO AAaHHBIMU, NOKA3bLIBAIOLLMMA €70 COBMECTUMOCTb C
AaHHbIM TecToM. PekomeHayeTcs1, ecriv BO3MOXHO, UCMOMb30BaTh B NEPBYI0 ouepeab BOAHbIE PacTBOPLI/CyC-
neHsun. MNpu nccnegoBaHnM HEPACTBOPUMBIX B BOAE BELIECTB UCMOMb3YIOT OpraHuyecknue pactTBopuUTenin, He
cogepXawne Boabl. Boga MoxeT ObITb yaaneHa ¢ MoMOLLbIO MOSIEKYTSIPHOMO CUTa.

4.2.2 BosgencTByoLue KOHLEHTpaLum

OCHOBHbIMU KPUTEPUSIMU MPU BEIBOPE MaKCUMarbHOM KOHLEHTPaLIMKN BeLLeCTBa SABMSOTCA LIUTOTOKCUY-
HOCTb, PAacTBOPUMOCTb B TECT-CUCTEME, U3MEHEHME PH 1M OCMOTUYECKON KOHLLEHTpauun.

LinToTokcnuHocTb gomkHa 6biTb onpedenieHa B BapuaHTax B MPUCYTCTBUM U 6e3 MeTabonuyeckon akTu-
BaLMM B OCHOBHOM 3KCMepUMeHTe, UCMOoMb3ysl B kadecTBe nokasaTenein achdeKTMBHOCTL KNOHNMPOBaHUA (Bbl-
XKMBaAEMOCTb) UMW OTHOCUTEMbHLIN 0BLWKMiA pocT. MNone3Ho onpeaennTb LNMTOTOKCUYHOCTb U PacTBOPUMOCTL B
npeaBapuTeibHOM aKCNepuMeHTe.

Cnepyet ncnons3sosaTh No KpanHen Mepe 4 MHDOPMAaTUBHBIX KOHLEHTpaLun. Mpu Hanu4um LMTOTOKCUY-
HOCTW KOHLEHTPaLMN A0SKHBI BbITh B AManasoHe OT MakCUMarbHOM 40 MUHUMASIbHOM MO TOKCUMHOCTU Uu A0
OTCYTCTBWS TOKCUYHOCTU. OBbIYHO YPOBHU KOHLIEHTPALMA 4OKHBI pasnnyaTbCs B AuanasoHe oT 2 pa3s no+10.
Ecnu MmakcumanbHas KOHLUEHTpaunsi OCHoBaHa Ha LIUTOTOKCUYHOCTU, TO OHa J0MMKHA AaBaTb NpMbnmMantensHo
10—20 % (Ho He MeHbLe 10 %) ypoBeHb OTHOCUTENbLHOW BbIKUBAEMOCTU (OTHOCUTENbHOW 3hEKTUBHOCTH
KNOHWUPOBAHWSA) UNn OTHOCUTEmNbHOrO obwero pocTa. [Ons HeuUTOTOKCUYHBIX BELeCTB MaKCUMarbHbIe
KOHLEeHTpaLuum cneayet 6patb 5 Mr/mn, 5 Mxkn/mn unv 0,01M, BeIGUpas HauMeHbLUyHo.

OTHOCHTENBHO HEPACTBOPUMBIE BELLECTBa criegyeT TECTUPOoBaTh Ha YPOBHSX BbILLE UITU HUKE rpaHuLbl
NX PacTBOPUMOCTW B KyrbTyparbHbIX yCroBusX. [laHHble No pacTBOPUMOCTHM crieqyeT onpeaensitb Ha Kynbry-
panbHoW cpeae, B KoTopor obpabaTbiBatoT KNeTku. [NonesHo oLeHUTb PacTBOPMMOCTb B HaJane U B KOHLe 06-
paboTKu, Tak Kak pacTBOPUMOCTb MOXET MEHATLCA BO BpeMsl 06paboTKM KNETOK U3-3a MPUCYTCTBUS KITETOK, S9,
CbIBOPOTKN U T. 4. HepacTBOpMMOCTbL MOXHO onpegensiTe Ha rnas. MNpeunnutat He OoMKeH MellaTb aHanuay
pesynbTaTos.

4.2.3 KonTponu

CooTBeTCTBYIOLIME MONOXUTENBHBLIE U OTpULaTeNbHbIe (pacTBOpUTENb N pasbaBuTenb) KOHTPOMU B
BapuaHTax 6e3 1 B NPUCYTCTBUWU CUCTEMBI METaBONNYECKOW akTUBaLMK AOMKHBI 6bITh BKIOYEHBI B KaXKAbIA
aKcrnepuMeHT. B BapuaHTe ¢ MeTabonnyeckon akTuBaumen UCMoNb3yeMoe B Ka4ecTBE NONOKUTESTbHOTO KOH-
TPONSA BeLeCcTBO AOMMKHO AaTb MyTareHHbIA OTBET NpU AaHHOW cucTeme MeTabonuyeckon akTUBaLun.

MpumMepbl NONOKNTENbHBLIX KOHTPOSIen

Yenosusi meTabonuueckon

aKTMBaLMU TNokyc Xumuieckoe Bewlectso u CAS No
OTCyTCTBME 3K30r€HHON HPRT JmunmetancynbgoHat [CAS No. 62-50-0]
meTabonuueckon OmnHutposomoueBuHa [CAS No. 759-73-9]
akTuBaumm

TK (manble nnm 6onblune KonoHun) MetunmeTancynbdonat [CAS No. 66-27-3)

XPRT OmnmetaHcynbdoHat [CAS No. 62-50-0]
AmunuutposomoueBuHa [CAS No. 759-73-9]
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OkoH4aHue
Yenosusi metabonuveckomn
aKTMBALMM INokyc Xummyeckoe Belectso u CAS No
[MpucyTCcTBUE 3K3OrEeHHOM HPRT 3-metunxonaHtpeH [CAS No. 56-49-5]
mMeTabonuyeckom N-HnTposognmeTunamuH [CAS No. 62-75-9]
akTMBauum 7,12-gumeTnnbenHsaHTpaueH [CAS No. 57-97-6]

TK (manbie unm Gonbwue kononumn) | Linknodocdamma (MoHoruapar)

[CAS No. 50-18-0 (6055-19-2)]
Benso(a)nnper [CAS No. 50-32-8]
3-metunxonaHtpeH [CAS No. 56-49-5]

XPRT N-HWTPO30AUMETUNAMUH (A115 BbICOKUX
ypoBHen S-9 [CAS No. 62-75-9]
Benso(a)nmpeH [CAS No. 50-32-8]

Bo3moxHO ncnonb3oBaHne ApyrMx NOMoXUTeNbHbIX KOHTponen. Hanpumep, ecnin nabopatopus umeet
HakomnmneHHble gaHHble Mo 5-6poM- 2'-gesokcuypuamHy [CAS Ne 59-14-3], To aT0 coeauHeHMe MoXeT BbITb Uc-
MoNb30BaHO Kak NOMOXUTENbHBIA KOHTPOsb. [pK HeoBXoaMMOCTY 4ONYCTUMO UCMOMb30BaTh XMMUYECcKUe Be-
LLlecTBa TOrO e Kracca, YTo U N3BECTHbIE NMO3UTUBHBLIE KOHTPOMW.

OTpuvuaTenbHbI KOHTPOMb — pacTBopUTENb UK pasbasButens B KynbrypanbHoh cpege. ObpaboTka
KynbTYpbl NPOBOANTCA TaK XXe, KaK B 3KCrnepuMeHTasnbHbIX rpynnax. JononHUTensHo BBOAUTCA KOHTPOSb «Kymb-
Typa 6e3 06paboTKkMy, Noka HaKoMNNeHHbIe (MCTOPUYECKNIA KOHTPOMb) B Nabopatopun AaHHbIE He MOKaXyT OT-
CyTCTBUE BPedHOro Ui MyTareHHoro addpekTta BbiGpaHHOro pacTBOpUTENS.

4.3 MNpoBegeHue Tecta

4.3.1 O6paboTka KynbTypbl

Mponundupupytolume knetkn obpabaTbiBaroT BeLLECTBOM B YC0BUsIX 6e3 1 B NPUCYTCTBUM MeTabonuyec-
KOi akTnBaLn. JnMTensHOCTb BO3AENCTBAA A4OMKHA BbITb onTUManbHol (06biuHO addpekTuBHa oT 3 Ao 6 ya-
coB). Bpems aKkcnosnummn MoXXeT OXBaTblBaTb OAWMH UNK 6onee KNeToYHbIX LMKIIOB.

[N kaxgol KoHLEeHTpaLMmM MOryT MCMonb3oBaTbes NMbo aAee, Nbo ogHa kynbTypa. Mpun ucnonb3osaHun
OJHOW KymnbTYpbl YACNO KOHLIEHTPALMIA CrieayeT yBENUUUTb, YTOObI ObINo agekBaTHOe YMCAO KynbTYP ANA aHanu-
3a (T. e. MO KpaliHel Mepe 8 KoHUeHTpauumn). Heobxogmmo cTtaButb 2 KynbTypbl € OTpULLATENIBHBIM KOHTPOMEM.

TecTupoBaHne razoobpasHblX UMK NeTy4Ynx CoequHeHW creqyeT NPOBOAWUTL, UCMONbL3ys aeKBaTHbIe
METOANKN, TaKNe Kak repMeTUYeCKn 3aKpbiTble KynbTyparnbHble hnakoHel [22, 23].

4.3.2 OueHKa BbIKMBaeMOCTHU, XXU3HECNOCOOHOCTU U YacToThbl MyTauun

Mocne okoH4YaHUsA BO3AENCTBUSA KINETKU OTMBIBAKOT U KyNbTUBMPYIOT ANS OLEHKA BbPKMBAEeMOCTU U AN
aKcnpeccun MyTaHTHoro deHoTuna. OueHKY LIMTOTOKCUYHOCTU, onpeaernsisi OTHOCUTeNbHY0 3heKTMBHOCTb
KNOHUPOBaHWA (BbXKMBAEMOCTb) 1 OTHOCUTENMbHBIA OBLLMIA POCT KyMbTYpbl, 0BbIYHO MPOBOAAT NOcne Nnepuoaa
BO3AENCTBUA.

Ons kaxgoro nokyca nMeeTcst onpeaeneHHblin Nnepuoa BpeMeHn, HeobxoaumbliA Ans ONTUManbHOR 3KC-
npeccun beHoTMNa BHOBb MHAYLMPOBaHHbBIX MyTaumii (MyTaHToB) (ans HPRT n XPRT HeobxoamMmo no kpan-
Heli mepe 6—8 aHei, ana TK — 2 gHs1). KneTkn BbipalimBatoT B cpede B NPUCYTCTBMM N Be3 CENeKTUBHOIO
areHTa ansi onpegeneHnsi COOTBETCTBEHHO YMcna MyTaHTOB U 3 eKTUBHOCTU KNOHUPOoBaHUs. OLEeHKY BblKU-
BaeMOoCTM (MCMOob3yemyto Ans pacdeTa YacToTbl MyTaHTOB) NPOBOAAT MO OKOHYAHWN BPEMEHU 3KCNpeccuu,
BblCeBas KNeTKN Ha HeCeNekTUBHYO cpeay.

Ecnu BewecTso no3uTtneHo B TK+/- TecTe Ha kneTkax L5178Y, onpegensitoT paaMep KOMOHWIA Mo KpanHen
Mepe Ha OfHON aKCNepUMEHTaLHOM KyNnbType (HauBbICLLas MO3UTUBHAS KOHLIEHTPaLIUS) U Ha KynbTypax oTpu-
LaTenbHOro 1 NosUTUBHOMC KOHTpornsA. Ecnn BelwecTso garno oTpuuarenbsHbli peaynstaT B TK+/- TecTe Ha kneT-
kax L5178Y, pasMep KOMOHWA onNpeaensitoT B KynbTypax oTpuUaTenbHOro U Mo3UTUBHOMO KOHTpons. B
nccnenoBaHnax Ha TKBTK+/- Tawke MOXeT NPOBOAUTLCS aHan1a pasMmepa KOoHUNA.

5 PesynkTaThbl U OoTYeT

5.1 O6paboTka pe3ynbTaToB

[aHHble OOMKHBI BKNOYaTb LUTOTOKCUYHOCTD U BbDKMBAEMOCTb KIETOK, NOACYET KOMOHWUI U YacToTy My-
TaLuWi Ans SKCnepuMeEHTanbHbIX M KOHTPObHBIX KynbTyp. B criydae nonoxutensHoro oteeta B Tecte TK+/- Ha
knetkax L5178Y, KONOHUN U3MEPSAIOT, UCMOMNb3Ys KPUTEPUA OTHECEHWUSI KONTOHUIA K ManbiM 1 6onbLunm, no kpaiu-

4
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Hell Mepe B BapuaHTe C OOHOWN KOHLEHTpauuein BelecTBa (HanBbICLLIEN KOHLEeHTpaunen, AgasLuen nonoxu-
TenbHbIN  3dpekT) M B KynbTypax oOTpULATENbHOrO W MO3UTMBHOTO KOHTPONsA. MonekynsipHaa 1
uuMToreHeTMYeckasa npupoga MyTaHToB, o6pasyowmnx 6onbLluvMe 1 Manble KONoHUK, B AeTansX paccMoTpeHa B
psige pabort [24, 25]. B TK+/- TecTe KONOHWW NOACHNTLIBAIOT, UCMONb3Ys KPUTEPUM HopMarnbHoro pocta (60sb-
LLKe KOMOHMM) U MeaneHHoro pocTa (Marnble KoNoHUK) [26]. MyTaHTHbIe kneTku, uMmetoLume 6oree Tsxenble re-
HeTU4eckMe HapylleHus, nMetoT 6onee ANUTENbHOE BPEeMsi YABOEHUSI M COOTBETCTBEHHO (hOpMUPYHOT
HebonbLIMe KonoHUN. CNekTp 3TUX HapyLleHWiA konebneTcs oT NOMHOW NoTepy reHa Ao KapuoTUNMYEeCcK BbIAB-
NAEMbIX XPOMOCOMHbIX abeppauuii. O6pasoBaHMe ManbIX KONOHWUIA CBASAHO C XMMUYECKUMWN BELLECTBAMMN, UH-
Ayumpylowmmn «bonblune» XpoMocomHble abeppauun [27]. MyTaHTHble KNeTkn ¢ MeHee cepbe3HbiMU
HapyLLEeHNSMI PacTYT CO CKOPOCTLH, CXOAHOM € pOAUTENBLCKUMU KneTkamu, U popMUpytoT 6ombLLne KOMOHUW.

JorxHbl 6bITb NpeacTaBnerbl BbhKMBaeMOCTb (OTHocuTeNbHasA 3 eKTUBHOCTb KITIOHMPOBAHUS) U OTHO-
cUTEenNbHbIA 06LLMIA pocT. HacToTa MyTauuil NPUBOAUTCSA KaK YUCNO MYTaHTHBIX KNETOK Ha obLLiee YUCTO BbDKUB-
LUMX KIEeTOK.

[aHHble NpUBOAAT NO OTAENbHBIM KynbTypam. [JononHWTenbHo BCe AaHHbIe cneayeT o6beauHUTL (Cym-
MUpOBaTh) B TabnuuHon copme.

HeT TpeboBaHuWi k Bepudukaumm 4eTko NONoXUTENBHOrO oTeeTa. MpoTUBOpeUnBLIE pe3ynbTaThl cneay-
€T MPOSICHUTBL, NPOBOASA AallbHellwee TeCTUpoBaHWUe, NPeanoYTUTENBHO UCMONbL3YS MOANMDULIMPOBaHHLIE 3KC-
nepuMeHTasnbHble ycriosusi. OTpuuaTtensHble pesynbTaThl crieqyeT B oTAENbHbLIX crydaax noarsepxaats. B
Tex criyqasix, Korga noaresepxaeHune oTpuuaTenbHbIX pesynsraToB He cuntaetcsl HeobxoauMbiM, npaBomep-
HOCTb 3TOro AOrpKHa ObiTb 0B6ocHOBaHa. Moaudukaums napameTpoB UcceqoBaHusl, cTeneHb konebaHus
yCroBuiA MOryT 6bITb NpoBeAeHbI B NOCeAYOLWNX SKCNepUMEHTaX NPU NMPOTUBOPEYMBLIX UMU OTpULLATENbHBLIX
pesynbratax. [NapameTpel, KoTopble MOryT ObITb MOAUKULIMPOBAaHBI, BKMOYAOT AManasoH KOHLUEHTpauWi un
ycnoBus MeTabonuueckon akTusauuu.

5.2 OueHka U UHTepnNpeTauusa pesynbTaToB

CyluecTByeT psf Kputepues ANa onpeaeneHnus NoMoXUTENbHOTO pesynbTaTa: 3aBUCUMOCTb OT KOHLIEH-
TpaLuMKn U1 BOCIIPOU3BOAMMOE MOBLILLEHNE YacToThl MyTauuii. Ha nepom MecTe gormkHa 6biTb Guonoruyec-
kas 060CHOBAHHOCTb pe3ynbTaToB. [ONOMHUTENbLHO MPU OLEHKE pPes3ynsTaToB MOryT GbiTb UCMOMNb30BaHbI
cTatuctuyeckme metogbl. Ctatuctudeckas 3HaYMMOCTb He AoMmkHa ObiTb €AUHCTBEHHBIM OnpeaensoLLnm
chakTopoM Npu OLLeHKe NONOXUTENBLHOMO OTBETA.

Wccneayemoe BellecTBO, ANA KOTOPOro BCe BbiLWENPUBEAEHHbLIE KpUTEPUA OTpULATENbHBI, cYMTaeTca
HeMyTareHoM B AaHHOW TecT-cucTeme.

XoTs B 6oMbLUMHCTBE UccreAoBaHUiA MonyYatoT YeTkMe NoMoXUTENbHLIE UMK OTPULATENbHLIE pesynbTa-
Thl, B peAKUX criydasix AaHHbIe He NO3BONSAIOT caenaThb 3akmodeHne 06 akTUBHOCTY BellecTBa. PesynstaTh! Mo-
ryT ocTaBaTbCs NPOTUBOPEUNBLIMU UMM COMHUTENbHBIMU HECMOTPS Ha TO, YTO BKCNEPUMEHTLI HECKOIBKO pas
MOBTOPEHbI.

MonoxutenbHble pesynsTaThl B TECTE OLEHKN reHHbIX MyTaLMid Ha KNneTkaxX MAeKonuTatoLmx in vitro no-
KasbIBaloT, UYTO WccreayeMoe BeLecTBO WHAYLMPYET reHHble MyTauun B UCMOMb3YEMbIX KYNbTUBUPYEMBIX
KrneTkax MrekonuTalowumx. BeisisneHHas 3aBUcMMOCTb 3dhdbekTa OT KOHLIeHTpaL/MK, KoTopasl NoBTOPAETCS, Ha-
nbonee aHaumma. OTpuLaTenbHble pesynsTaThl TOKa3biBaoT, YTO NpY AaHHLIX YCIOBUSIX UCCTIEAyeMoe Belliec-
TBO HE NHAYLMPYET reHHbIX MyTaLmil B UCNOMb3YeMbIX KYNLTUBMPYEMbIX KIETKaX MIEKoNUTaoLLMX,

5.3 Otyet

OTueT AoMKeH BKIOYaTh creayroLLyo MHoPpMaLIMIo.

Wccneayemoe coeguHermne:

- naeHTUuKaLmoHHble gaHHbie 1 Homep CAS, ecnv N3BECTeH;

- buU3nYecKyro NpUpPoayY 1 YUCTOTY;

- (h13nKO-XMUYECKME NapaMeTpbl, UMEeLLMe 3HaYUMMOCTb ANS AaHHOTO UCCNEA0BaHUS;

- cTabuUnbLHOCTL BellecTB.

PacTtBoputens/paszbaButens:

- o6ocHoBaHuWe BbiGopa pacTBoputens/pasbasuTens;

- pacTBOPUMOCTbL U cTabUnbHOCTL UccNeayeMoro BellecTBa B pacTBopuTene/pasbasurene, ecnu ns-
BECTHBbI.

Knetku:

- TN N UCTOYHUK KIETOK;

- YUCNO KNETOYHBIX KYILTYP;

- YACIO Naccaxeit, eCnv UCMoNb3YHTCS;
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- MeTodbl NoAAep)KaHUA KNETOYHBIX KYNbTYP, eCu NCMoMb3yHTCS;

- OTCYTCTBME MUKOMIA3Mbl.

Ycnosus akcnepumeHTa:

- obocHoBaHWe BbIGopa KOHLEHTPpaLUMin U Yncna KNeTouHbIX KynbTyp, BKtoYaroLLee AaHHble No LUTOTOK-
CUYHOCTU U OrPaHNYEeHUs MO PacTBOPUMOCTH, ECIIN UMEHOTCS;

- cocTaB cpeal, koHueHTpauua CO.,;

- KOHLEHTpaUuM nccnegyemMoro BeLlecTsa;

- 06beM pacTBopuTens u konuvectso AobaBNeHHOro UccreayeMoro BeLLecTsa;

- TeMnepaTtypa uHkyGauuu;

- ANUTENbHOCTL 06paboTkn KynbTYp;

- KIIETOUHYIO NNOTHOCTbL BO BpeMsa 06paboTku;

- TUM U COCTaB CUCTEMbI MeTabonNMUEeCcKor akTUBaLUK, BKOYast KPUTEPUN NPUEMMEMOCTH;

- MO3UTUBHbIE N OTPULATENbHBIE KOHTPONW;

- NPOAOIKUTENBHOCTL Nepuoaa aKCIPECcUm (BKIOYas YUCNO BbICEAHHBIX KNETOK, CyBKYNLTYpbl, NPOTo-
Kornbl MOceBa, ecrny UCMoNb3yHoTCA);

- CENIeKTUBHbINA areHT(bl);

- KPUTEPUWN OTHECEHUS pesyrbTaTa Kak NoNoXUTENbHbIA, OTpuLaTenbHbI UKW COMHUTENbHBINA;

- MeTOAbl, UCToNb3yeMble ANA NOACYETa BbPKUBLLNX U MYyTaHTHBIX KIETOK;

- onpepgeneHne, KaKoro pasmepa 1 Tuna KoNoHUM YYNTLIBAKOTCA (BKITHOYAA KPUTEPUN OTHECEHUS! KONMOHWUIA
K «ManbiM» 1 «6onbLumm»).

PesynetaTthl:

- NPU3HaKN TOKCUMHOCTU;

- NIPU3HaKWN NpeuunuTaLun;

- AaHHble No pH 1 ocMOTUYECKO KOHLIEHTPaLWMK BO Bpems 06paboTku nccnegyeMbiM BeLLECTBOM, eCnin
onpeaensnu;

- pasMep KOMOHWRA, ecnin y4uThIBaNu, No KpamHein Mepe, Ana NO3UTUBHBIX N HEraTUBHBIX KOHTPONEN;

- olleHka 3aBucMMocTK adpcpekTa OT A403bl, rAe 3T0 BOSMOXHO;

- CTATUCTUYECKWIA aHanun3, ecrn NPOBOANUIN;

- AaHHble HeraTuBHOro (pacTBopuTenb/paszbaBuTenb) U NO3UTUBHOTO KOHTPONS;

- UICTOPUYECKME AaHHble NO HeraTUBHOMY (pacTBopUTENb/pasbaBuTenb) U MO3UTUBHOMY KOHTPOSIO C YKa-
3aHnem npegenos konebaHnii cpeaHUX U CTaHAAPTHOTO OTKIIOHEHUS;

- yactoTa MyTaHTOB.

O6cyxaeHve pesyneTaTos.

3akntoyeHue.
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