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BBeneHue

Vcnonb3oBaHWe KNeTouHbIX KyNbTyp, BblAENEHHbIX U3 pasHbIX OpraHoB
W TKaHeW YerioBeka W XWBOTHbIX, Havanocb B koHue XIX Beka. LLupokoe
pacnpocTpaHeHne MeTOA0B M30MMPOBAHUS M NOALAEPXKAHMS KN3HECTOCOOHOCTH
pasHbIX KNETOK in vitro oTHoCMTCA K cepeanHe 50-x rogoB npowwnoro Beka. 370
Obl CyLLECTBEHHbIM NPOpbIB B OUMOMOMMYECKON Hayke, T.K. WUCNONMb3oBaHue
KNeTOYHbIX KynbTyp MO3BONMNO MCCReaoBaTb OUONOrMYeckne npoLecchl,
KOTOpblE CMOXHO, @ NogYac HEBO3MOXHO, M3y4uTb B LENOM OpraHusme.
VmetoTcs B BMAY Takue NpOLECCH, kak nponudepauus, perynsaums akenpeccum
reHoB, anddepeHuMpoBka KNeTok U ap. KneTouHble KynbTypbl UMEKT Takke
Bonbluoe 3HaYeHWe 4N peleHns NpuknagHblX 3adady MeauuMHbl, CenbCKoro
xo3qicTBa, 6uoTexHonorun. K OCHOBHbIM 3ajayam criedyeT OTHeCTy
NPOU3BOACTBO MPOTUBOBMPYCHBIX MpenapaToB, MOMYYeHUE MOHOKNOHAMbHbIX
aHTUTEN C MOMOLLbK METOAOB rMOPUOOMHON TEXHOMOMW, NEeYeHWe TsKenbiX
3aboneBaHuil C NOMOLLbI0 METOLOB FEHHON UHXEHEPUN (CO3AaHNE FeHETUYECKUX
CTPYKTYp C OMpeAerneHHbIMU CBOWCTBAMM), TpaHCMMaHTALMOHHas MeauuuHa,
bapmakonorus,  MOBbIEHNEe  MPOAYKTUBHOCTW  CEMbCKOXO3ANCTBEHHbIX
KMBOTHbIX M BblBEJEHME  HOBbIX  COPTOB  PaCTEHU,  COXpaHeHue
BuopasHoobpasns reHooHOa nyTeM KPUOKOHCEPBALWMWM COMATUYECKUX W
MOMOBbIX KMETOK XMBOTHBIX U pacTeHni. B HacTosLee BpeMs B MUPEe NOSTy4eHo
OTPOMHOE KONMMYECTBO KMETOYHbIX KyNbTyp, MMEIOWMX pasHOe BWAOBOE W
TKAHEBOE NPOUCXOXAEHWE.

KneTouHble Mpouecchl B HOPMarbHbIX KNETOYHbIX NONyNAuusx in vivo

HaxoaAaTCcA nod NOCTOAHHbIM KOHTPONEM WHTerparnbHbIX CUCTEM OpraHu3ma WU
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00yCnoBneHbl  MEXTKAHEBBIMU M MEXKNETOYHbIMA  B3aMMOAENCTBUAMM.
A3BeCTHO, 4TO KNETKM B TKAHAX KOHTAKTUPYIOT C CETbl MaKpOMOMeKyrn,
obpasylowmx  BHekneTouHbln  matpukc  (BKM). Matpukc  cnocobersyet
NOAAEPXAHMI0 MHOMOKNETOYHBIX CTPYKTYP WM CO3JAeT Kapkac, BHYTpPU KOTOPOro
KNeTKU MOryT MUrpupoBaTb W B3aWMOAEMCTBOBATL APYr C LPYroM C NMOMOLLbH
pasHbIX MEXKNETOYHbIX KOHTAKTOB. CTeneHb M3MEHUNBOCTU KNETOYHbIX CBOMCTB
KOHTpONUpyeTcs CTabunuanpytoum oTbopoM, KOTOpbIA NOAAEPXMBAET HOPMY
Hap BO3MOXHbIMM HapyweHuamu (BaxtuH, 1980). lNpu nepexoge knetok B
COCTOSHWE in  Vitro WCKMIOYaeTCH OPraHU3MEHHbIN  KOHTPOSb  KNETOYHbIX
npoueccoB. OCHOBHbIMKA TUMaMW KIETOYHOTO B3aUMOLENCTBUS B KymbType
CTaHOBATCA  MEXKIETOUHbIE  KOHTAKTbl, KOHTAKTbl MEXQy KreTkamu K
cybectpatom, npeacTaBnsoWmMM coO0M CUHTE3MPOBAHHBIN CaMUMK  KIeTKaMu
BHEKNETOYHbIN MaTPUKC, @ TakKe XMMUYeckas CBSA3b 4vepe3 MeTabonuTbl B
POCTOBOW cpede. ITW B3aUMOLENACTBUS OBBEAMHSIOT KMeTKM B eduHyo
KNEeTOYHYH0 Nonynsauuio in vitro, NpeaCcTaBnsoLLYyo CoBo aBTOHOMHYIO CUCTEMY.
MeXKneTouHble  KOHTaKTbl  OCYLLECTBMASIOT ~ Kak  CTPYKTYpHble, Tak W
(DYHKUMOHAmNbHbIE CBA3W MeXZy KneTkamu. BaxHbIM TUMOM MEXKNETOYHbIX
COEOVHEHUN SBMSIOTCA LUEMNeBble KOHTaKTbl, KOTOPble COCTaBASIOT OCHOBY
«meTabonuueckon koonepauumy. Lllenesble KOHTaKTbl CGHOPMUPOBAHbI U3
MEXKNETOYHbIX ~ KaHanoB,  Ha3blBaeMbIX  KOHHEKCOHamu.  KOHHEKCOH
nNpeacTaBnseT coboit CTPyKTypy M3 6 cybbeanHuy cemeicTBa MHTerpanbHbIX
MeMOpaHHbIX 6enkoB — KOHHEKCWHOB. B OTKPLITOM COCTOSIHUM KOHHEKCOHbI
OpraHu3yloT npsAMOA  MMOPOMUILHLIA  KaHan Mexay uuTonnasMamu AByx
COCEAHMX KNETOK, MO KOTOPbIM PacCTBOPUMbIE B BOLE BELLECTBA C MONEKYNSPHOM
maccon He bonee 1000 [a u MakcuManbHbIM AuameTpom okono 1.5 HM moryT
npsMo  AndyHAMPOBaTb M3 KIMETKW B KNETKY, MUHYS HapyxHyl Cpeay.
MogobHas anddy3noHHas CBSA3b NO3BOMNSET COCEAHUM KreTkaM 0bMeHMBaTbCS

pasHbiMU CcoeMHEeHUAMU: HeopraHn4yecknmm NOHaMMU, BTOPUYHbLIMHU
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MeCCEeHIKepamm, KNETOYHbIMW METAaboNMTaMm, CUrHANbHBIMA WU PETYNSTOPHBIMM
Monekynamu, a Takxe Mukpo-PHK. JlokanbHble MEXKNETOUHbIE B3aMMOAENCTBIS
MOCPEACTBOM 3TUX KaHaroB BOBMEYEHbl B pasHble KMETOYHbIE NPOLECCHI,
BKMIOYas MOAAEpKaHUE  KNETOYHOro roMeocTasa, KOHTPOMb  KIETOYHOM
nponudoepaunmn, ManurHW3aumilo, anonTo3, 3MOPUOHambHY  MHAYKUMKO 1
anddepeHuymposkm (Cox et al., 1972; Hooper, Subak-Sharpe, 1981, LLlaposckas
n gp., 2009). B nocrnegHue [ecATUNETUS LUMPOKO WCCreayeTcs yyactue
BHEKNETOYHbIX BE3WKYN B HOPMamnbHbIX W B MAaTOMOTMYECKNX KMNETOYHbIX
npoueccax. OHK OCYLLECTBASIOT MEXKIETOYHbIE B3aUMOLENCTBUSA NOCPEACTBOM
nepeHoca Genkos, NUNMAOB M HykneuHoBbIX kucrnoT (Andaloussi et al., 2013;
Katsuda et al., 2013; Liang et al., 2016; Chew et al., 2019; Sun et al., 2019).
Takum  0bpasom, MCCNERoBaHUS, NPOBOAMMBbIE HA  KNETOYHbIX
KynbTypax, C OQHOM CTOPOHbI, SIBMSKOTCS MOAENbI AN UCCnepoBaHns
KMEeTOYHbIX MPOLLECCOB, NMPOMCXOASLMX B OpraHu3Mme, T.K. MUKDOOKPYXeEHWe, B
KOTOPOM HaxXOOWNWUCb KNETKW B OpraHuMame [0 NepeBoda B yCrnoBus in vitro,
CnocobCTBYET MPOSIBIIEHNIO MPUPOLHBIX OpPraHM3MEHHbIX CBOWCTB. C gpyron
CTOpOHbl, $BMSASCH ABTOHOMHOM  BWMOMOMMYECKOA  CUCTEMOW, MO3BOMAKT
NPOBOANTL MCCRESOBaHUS, XapakTepHble A8 KNETOYHbIX nonynsauun in vitro.
KneTouHble KynbTypbl, MOTEPSIB  OPraHU3MEHHLIA  KOHTPOMb, CTAHOBSATCS
AMHAMWYHBIMK CUCTEMAMM, CKMOHHBIMU K M3MEHYMBOCTU UX XapaKTepucTuk. B
CBS31 C 3TWUM, B MEPBOM pa3fene JaHHOW KHUIM NpeacTaBneHa MHgopmauwms,
noaTeepKaaoLLas HeobxoaMMOoCTb cobntoaeHus onpegeneHHbIX
3KCMEPUMEHTANbHBIX YCMOBMIA NMPU NOMYYEHUM U KYNIbTUBMPOBAHMM KNETOUHBIX
KynbTyp pasHOro npoucxoxaeHus. Bo BTOpoM — npencTaBrneHbl OCHOBHblE
MeTodbl paboThl C KMNETOYHbIMK KynbTypami, NO3BOMAKLIME HUBENMPOBATH
W3MEHYNBOCTb KMNETOYHbIX MOMyNAUMA W NonyvaTb CTabwunbHble pesynbTaTbl

9KCNEPUMEHTOB C NCMNOJb30BaHNEM KNETOYHbIX KyNbTyp.



OcHoBHbIe TUNbI, 06pa3oBaHK1e, XapaKTEPUCTUKMU U
W3MEHUYUBOCTb KNETOYHbIX JIMHUN

CywectByeT  [Ba  OCHOBHbIX  TWMA  KNETOYHbIX  FMHWIA:
HEUMMOPTANWU30BaHHble  UNM  OUNOMAHbIE  KNETOYHbIE  MIMHWKM U
WMMOpPTan130BaHHbIe UMM MOCTOSIHHbIE KNETOYHble nuHMM. Heobxoammo
OTMETUTb, 4TO, HE3aBMCMMO OT TWMA, B 3aBUCUMOCTM OT ANWUTENLHOCTY
KynbTUBMPOBAHWUS Pa3nuYaloT MNEPBUYHbIE KYNbTypbl M KMETOYHbIE JIMHUW.
MepBuyHas KynmbTypa — 9TO KMETKW, NOSy4YEHHble HEMOCPEACTBEHHO U3
OpraHu3mMa M KynbTUBMPYHOLLMECS OO nepeoro nepeceea (naccaxa). [ocne
nepeceBa KMeTOMHas KynbTypa CTaHOBUTCA  KIETOYHOW NUHMER. ITo
onpefeneHne nepBoHavanbHo Obino AaHo TEPMMHOMOTMYECKM  KOMUTETOM
AccoumaLmm TkaHeBbIX KynbTyp B xypHane In Vitro, 1984, 20 (1): 19 - 24.

HenMmMopTan13oBaHHble KIeTOYHble NIMHUM UMEOT NpeuMyLLeCTBEHHO
OMNNOUOHBIV KapuUOTWUN, XapakTepHbld A8 opraHusMa foHopa. Ele ogHum
oOLMM CBOMCTBOM KIETOK STUX NIUHWIA SBMSIETCS OTrPaHUMYEHHBLIN CPOK JKM3HMU,
KOTOPbI ONpefensieTcd He ONTENbHOCTbIO KyNMbTUBMPOBAHWSA, @ 4UCIIOM
YABOEHWI KNETOYHbIX nonynsayua, XapaKTepu3yHLLmm YPOBEHb
nponudepaTMBHON akTUBHOCTW. C yBENMYEHMEM YMCTIA KNETOYHbIX YABOEHUI B
npouecce KynbTUBWMPOBAHWA OUNMOMAHBIX JIMHWA  Nponudepaums  Knetok
MOCTENEHHO MpekpalaeTcs U KNeToyHas mnomynauus BxoguT B hasy
pennuKkaTMBHOMO CTapeHns. PennukaTuBHOe cTapeHue npefcrtaenset coboil
KOMMMEKCHbIA  MPOLieCC,  COMPOBOXAAIOWMACA  YKOPOYEHUEM  Teromep,
NPOUCXOOALMM NPW Kaxaom uukne pennukauum OHK 1, cOOTBETCTBEHHO, Npu
KaXK[OM KNETOYHOM AeNeHNN BCREACTBIE BbIKMIOYEHUS (PepMeHTa TenoMepasbl;
MOPONOTMYECKAMM  U3MEHEHUSIMM;  YBEMUYEHHOW  aKTUBHOCTbIO -

ranakto3uaasbl; NoBbIEHWEM YPOBHA 3KCNPECCUN TYMOPCYNPECCOPHLIX reHOB,
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yMeHbLUeHneM andhhepeHLMPOBOYHOrO NOTEHUMana; yMeHbLIeHMEM penapawum
OHK #  aHTMOKCMOAHTHOW  aKTMBHOCTW  CTapeloliMx  KNeTok;,  psioom
anureHeTMYecknx usmeHeHni (Mpaiic, 1997; Xendprvk, 1997; Bodnar et al., 1998;
Wagner et al., 2008; Kuilman et al., 2010; Redaelli et al., 2012; Estrada et al.,
2013; Savickiene et al., 2016; Danisovic et al., 2017; Konbuoea n ap., 2017,
2018; Alessio et al., 2018; Kpbinosa u ap., 2018; Niedernhofer et al., 2018; Yu et
al., 2018; Truong et al., 2018). [anbHeiwei cyabboid knetok B hase
PennuKaTMBHOMO CTapeHus MOXeT ObiTb Nbo nocneaytowas aereHepaums un
mbenb KkneTok, MO0 ANUTENbHOE CyLEeCTBOBAHWE XKMBbLIX KMNETOK C KpanHe
HW3KOM NpOnMEpaTMBHOA aKTUBHOCTBID 6€3 CMOHTaHHOro npuobpeTeHus
HeorpaHu4eHHOro nponudepatueHoro noteHunana (Hayflick, 1965; Matsumura
et al., 1979), a TaKke BO3MOXHOE MEPEKIOYEHNe Ha Apyroi meTabonmyeckuin
nyte (FaBpunos, MaBpunosa, 1991). CriegyeT OTMETUTL, YTO B CTaLMOHAPHON
ase, 4O aKTUBHOTO PEMMMUKATUBHOTO CTapeHWs, KNeToYHble MOmymnsuum
OTpaxaroT CBOWCTBA, MPUCYLLME WUCTOYHWUKY, U3 KOTOPOTO BbILENEHbI KIETKN C
BO3MOXHbBIMW  3MUreHETUYECKUMU U3MEHEHUSIMM, CBS3AHHBIMA C  YCHOBUAMM
XMW3HW in vitro, T.€. BHE OpraHuama.

Obpa3soBaHne NOCTOSHHBIX KNETOUHBIX NIMHWIA, T.6. NPMOOpETEHNE UMM
CBOWCTBA MMMOPTanu3auuu, COMPSXKEHO CO MHOTUMU TEHETUYECKAMW 1
LNTOrEeHETUYECKUMM  UBMEHEHMSMU B KIETOYHbIX nonynsuusx.  bonblioe
KOMMYECTBO KMETOYHbIX JIMHWUA UMEKOT OMyXOreBOe MPOUCXOXAEHUE, T.e. OHU
BblJeneHbl U3 OMyXOneBblX TkaHeW, 06pa3oBaHHbIX B OpraHusme. Takum
obpasom, npouecc WUMMOpTanu3auuu, B [LaHHOM Chyyae 3M0Ka4eCTBEHHON
TpaHcchopMaLumn KneTok, npoluen in vivo. lNpouecc nMmopTanusauuy cesdaH ¢
HapylweHneM YHKUMA psipa KIHOYEBbIX TEHOB, YYacTBYKLMX B Perynsyum
KMETOYHOro LWKMa, TakX Kak TyMOPCYnpecCopHblid reH p53, takke Rb, Raf-1,

p16™K4 1 ap. lMpouecc MmmMopTanu3auuu BCeraa CBs3aH CO CTabunuaaument
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ANWHBI TENOMEp, B OCHOBHOM, C MOMOLLbIO Tenomepasbl, HO €CTb 1 Apyrue
MeXaHW3Mbl, Ha3blBaEMble anbTEPHATMBHbIMA  MEXaHu3MaMmu  yanMHEeHUs
Tenomep (ALT). OgHUM M3 HUX MOXET ObITb HEPELMNPOKHO-PEKOMBNHALIMOHHBIN
MexaHusMm. B npouecce uMMMoOpTanu3auuM, MMEIOLEM BCeraa OLMHAKOBbIN
KOHEYHbIA pe3ynbTaT, MoryT 6biTb BapuaLyi B NPOMEXYTOYHBIX CTaUsX MEXIY
pasHbIMA BUAAMM XMBOTHbIX WAM Pa3HbIMK TKaHSMKU oOpraHuama ([yHkaH,
Peggen, 1997; Pegpen v ap., 1997; Kiyono et al., 1998; Sherr, De Pinho, 2000).
B omnnuve OT AMNnouMgHbIX KNETOYHbIX JIMHWA,  COXPaHSHOLLMX
HOpMarbHbIA KapuoTun, 0bpasoBaHME MMMOPTANN30BAHHBIX KETOYHbIX JIMHWNA
4acTo CBSA3aHO C CYLIECTBEHHOW NEpecTpoOMKOiA KapuoTUNMYECKON CTPYKTYpbI. B
pesynbTaTe 3TOrO0 Mnpouecca HactynaeT CcTabunusaums KapuoTUNYeCcKom
CTPYKTYpbl, B OOMbLWWHCTBE Cry4YaeB XapaKTepU3yHLasaCs MOCTOSHHbIM
HabopoM MapKepHbIX XPOMOCOM («MapKepHble MHWMY»). Ho B psge cryvaes
HabnogaeTcs CTPYKTYpHOe COOTBETCTBME KapuoTuny AoHopa («6e3mapkepHble
NWHWKWY), T.€. CTabunusaums NPOMCXOAMT TOMBKO Ha reHHOM ypoBHe (Mamaesa,
1984, 1996; MonsHckas. 2000; Poljanskaya, Vakhtin, 2003). Tem He meHee, B
WMMOPTaNU30BaHHbIX JIMHWSX, HE3ABMCUMO OT TUMa NIMHWW, BCErga UMeeT MecTo
BbIpa)X€HHas 4acToTa KNeToK C MofasbHbIM YMCIIOM XPOMOCOM, YacToTa KIeTokK
C APYrMMU YCriamm XpOMOCOM ¥ OnpeaeneHHbIMU npeaenaMmn U3MEeHYMBOCTM Mo
yncny Xpomocom. KneTku ¢ nioBbIM BbIPaXEHHbIM YACIIOM XPOMOCOM UMEHOT
npeobnagatoLmin CTPYKTYpHbIA BapuaHT kapuotina (CBK - uncno roMmonornyHbIx
XPOMOCOM KaXgoro MopeponorMieckoro Tuna), KOTopblit B KneTkax ¢ MogasnbHbIM
YACNIOM  XPOMOCOM  Ha3blBAaeTC OCHOBHbIM, @ TaKke WMEKT MeCTo
pononHutensHele  CBK. B pesynbTaTe  aHanmsa  KONMKUYECTBEHHOM
KapuOTUMNYECKON U3MEHYMBOCTW B KIETOYHBIX NOMYNAUMAX Pa3HbIX MWHUIA Npu
nccnenoBaHMu  GOMBLUOTO  YMCna WMHAMBMAYaNbHbIX XPOMOCOM  MAM  Tpynn

XPOMOCOM  C  MOMOLUbIO  CTATUCTMYECKMX  MeTofoB  OBHapyxeH  psif
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3aKOHOMEPHOCTEN, CBOWCTBEHHLIX PasHbIM TUMAM KMNETOYHbIX MWHUA. Tak,
c6anaHCcMpoBaHHOCTb KApUOTUMUYECKON CTPYKTYPbl KMETOYHOM nonynsuuv in
vitro  obycnoBneHa onpegeneHHbiMM - cooTHoweHusmum  CBK,  koTopble
YCTaHaBMMBAIOTCA B pe3ynbTaTe OrpaHUYEHHON YacTOTbl OTKIOHEHWUA MO YuCy
WHAMBMAYANbHLIX XPOMOCOM, a Takke B pe3ynbTaTe B3auMMOCBS3W PasHbIX
XPOMOCOM MpU OJHOBPEMEHHbIX YMCIIEHHBIX OTKOHEHUsIX OT ocHoBHOro CBK
(MonsHckas, 2000; Poljanskaya, Vakhtin, 2003).

OcobbIM TUMOM KNETOUHBIX KyNbTYp SBASIOTCA NIMHAM 3MOPUOHANbHbIX
ctonoBsbIx knetok (ACK). INuhmm 3CK, BbigeneHHble M3 paHHMX 3MOPUOHOB
MIEKOMUTALOWWMX, SBNSAKOTCA YHUKANbHLIMKA  MAOPUNOTEHTHBIMMA - KNETOYHbIMM
nonynauuamu in vitro. OOHON M3 BaXHbIX XapaKTEPUCTUK 3TOTO TUMa NWUHUIA
SBNAETCA  HEOrpaHWyeHHas  mponudepaunst  KNeToK,  3HaYMTENbHO
npesbiwatowas 60 yaBOEHWUA KNETOYHOM monynsauumM (Yicno Xendpnuka) npu
OTCYTCTBMM Nepuoga PEnUKaTUBHOMO CTapeHns 3a CYeT NOAAEP)aHUs BbICOKOM
TENOMepasHoi akTUBHOCTW, obecreynBaiollen cTaburbHyl AnvHY Tenomep,
Heobxogumylo [ans MOAAEpXaHus NponudepaTMBHOM aKTWBHOCTW. Takum
0bpa3oM, C OAHOW CTOPOHbI, AMOpUOHaNbHas CTagusi, Ha KOTOPOW BbliAemneHbl
OCK, obecneunsaeT NpupOgHYK MMMOPTANM3aLMI0 3TUX KNETOK, a C ApYyroun
cTOpoHb!, MHMKM ACK MMetoT yCTONUMBLIN HOpManbHbIA kapuoTtun. JuHum ICK
SBNSIOTCA YHUKArNbHON 3KCNEPUMEHTANbHOM MOZENbI0 ANns (hyHAaMEeHTanbHbIX
NCCMeOoBaHM B pasHbix 0DNACTsSX KMETOYHOM W MOnekynspHom Guonoriu, a
TaKkKe Ans npuknagHbIX uccnenoBaquit, B 06nactv pereHepaTMBHON MeaULMHbI,
tbapmakonorum u Tokcukonoruu. lepsble nocTosiHHble nMuHuM ACK yenoseka
Bbinm nonyyeHbl B CLUA (Thomson et al., 1998). B HacTosiLee Bpems B pasHbix
CTpaHax MMpa CyLLECTBYIT YXE HECKONbKO COTEH MOCTOSHHbIX NHMA JCK
yenoseka. B LIKI «Konnekums kneTouHbIX KynbTyp no3BoHouHbIX» (KKKIT) Takke

nony4yeHo Heckonbko nuHuil CK yenoseka (Konbuosa u ap., 2011, 2012, 2016;
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Lifantseva et al., 2011). OgHa n3 Hux BeegeHa B coHabl KKKM. Hapo
nogyepkHyts, 4to OCK uyenoBeka [EMCTBUTENBHO SBASIOTCA afeKBaTHOM
MOZENbI ANns NPOBEAEHNS MHOTOCTOPOHHUX (hyHAAMEHTaIbHbLIX UCCNEeS0BaHuI.
Ho ans wucnonb3oBaHWMs MX B pereHepaTvBHOM MeauuuHe Heobxoaumo
npeogoneTb psa MPensTCTBUM, KOTOpble MOAPOOHO OCBELUEHbI BO MHOMIX
ny6nukaumsx. B gaHHon paboTe mbl He ByaeM Ha 3TOM OCTaHaBMMBATLCS.

Hapo nogyepkHyTh, UTO KapuoTMNMYeCcKas CTPYKTYpa KNETOYHON MUHWM
He ABNSETCA MOMHOCTbIO OTIIMYHOW OT TakOBOW B OpraHu3Me, U3 KOTOpPOro OHa
npousowwna. HekoTopble 3aKOHOMEPHOCTU KapUOTUMMYECKOA W3MEHYMBOCTU
KNeTOK B KynbType CXO4HbI C TAaKOBbIMM B YCIOBUSX OpraHnama. lMpoucxoxgexve
KNEeTOYHbIX MONYyNsALMA M3 ONPeseNieHHON TKaHU ONpeaenseT MHorve CBOMCTBA
9TOW TKaHu M B ycrnosusx in vitro. MuWKPOOKDPYXEHWe, B KOTOPOM KIETKM
HaxoaunuCb B OpraHuame, CnocobCTBYeET NPOSIBIEHMIO ONPeaeneHHbIX CBOMCTB 1
B KNETOYHbIX KyNbTypax, 4TO MO3BOMSET MCMONMb3oBaTb 3TU MOMynAUMM B
KayecTBe MOAENM AN UCCNEA0BaHNS PasfiNyHbIX OpraHU3MEHHbIX NMPOLECCOB.
Ho, TemM He MeHee, KneTodHas nonynauus in Vvitro SBNSETCA aBTOHOMHOW
CUCTEMO, KOTOpasi UMEET U CBOW OCOBEHHOCTU MO CPABHEHWIO C OPraHU3MOM.
O™ 0COBEHHOCTM  CBS3aHbl € pasnuMuusaMuM  Mexay  (PYHKUMSMH,
OCYLLECTBNSAEMbIMA KINETKAMU B YCNOBUAX in vivo 1 in vifro. CylleCTBEHHOI
(PYHKUMEN KNETOYHbIX nonynsauuin in vitro sBnseTcs nponudepauusi, Kotopas
HeobXxoauma 4ns ANUTENBHOTO NOAAEPKaHNS UX BHe opraHuama. [lo-ugumomy,
afanTtauus KNeTOYHbIX MONyNAuMA K YCroBUAM in Vvitro NpoMcXxoauT 3a CyeT
XPOMOCOMHbIX, FEHHBIX 1 SMUrEHETUYECKX U3MEHEHWIA, NPeLCTaBNAOWMX coboil
W3MEHEHWS]  3KCTIPECCUM  TEHOB MMM (PeHOTMNa  KNeTKM,  Bbl3BaHHbIE
MexaHu3Mamu, He 3aTparvBalolMMW  CTPYKTYpbl TeHOB. CTPYKTypHble 1
KONMYECTBEHHbIE XPOMOCOMHbIE W3MEHEHUS! SBMSIOTCS  MHCTPYMEHTOM, C

MOMOLLbH KOTOPOrO JOCTUraeTcst HEOOXOAMMBIN 11151 CYLLECTBOBAHNS KIETOYHOI
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nonynsayun reHHbIn 6anaHc. N3BecTHO, YTO CyLEeCTBYET (yHKUMOHamNbHAs CBA3b
MeXay reHamu, OTBETCTBEHHbIMM 3@ FEHOMHYI0 CTabUNbHOCTb M aHeynnouauio, a
(DYHKUMOHANbHO CBS3aHHbIE TeHbl MOryT OblTb NOKanu3oBaHbl B pasHbIX
XpoOMOcoMax. Tak, B YaCTHOCTM, TeHbl, KOHTPONMPYIOLLME YrNeBOAHbIN 0OMeH y
yenoeeka, HaxoaaTCs B pasHbiX Xpomocomax. Bo3moxHO, 4TO npegensl
KONMYECTBEHHOW  KApUOTUMMYECKON W3MEHYMBOCTM in  vifro 0BycnoBneHsl
YCTAHOBNEHNEM OMPEeAEneHHon [03bl (OYHKUMOHMPYIOLMX FEHOB, MPOAYKThI
KOTOPbIX HaXOAATCA Kak B KNEeTKax, Tak M B OKPYXatollen ux cpege, W
PerynupyroT, Takum 06pasoM, CTPYKTYPHO-(DYHKLMOHANbHYK  OpraHM3aumio
KapuoTuna KNETOMHON Monynsuun. M3BeCTHO, YTO KapuoTMN SIBMSIETCS €4MHOM
FEHETUYECKON CUCTEMOW, (DYHKUMOHAMbHBIA CMbICTT KOTOPOM COCTOMT BO
B3aMMOCBS3M  OTAENbHbIX €€ anemeHToB (OHo, 1973; McKusick,1980;
Makrperop, 1986; Strauss, 1990; Costello et al., 1994; Ouspenski et al., 1995;
BaxTuH, 1974; Mamaesa, 1996; MonsHckas, 2000; Poljanskaya, Vakhtin, 2003).
Takum 06pasom, 04eBMAHO, YTO CTAOMNBLHOCTL reHoma Heobxoguma
AN NPOSIBNEHUs onpefeneHHbIX KNEeTOYHbIX XapakTepuctuk. O4YeBMAHO Takke,
4TO, NULUMBLUMCb MHOFOCTYMEHYATOr0 OPraHU3MEHHOrO KOHTPOMS, KIETOYHble
nonynsayun in vitro ABASKOTCS AUHAMUYHBIMW CUCTEMAaMM, U B 3HAYUTENBbHOM
CTEMEeHN MOABEPXeHbl BAMSHWIO  BHELWHUX akTopoB. HeobxoanmocTb
NCMOMNb30BaHUS KNETOYHbIX KyNMbTYp AN pasnuyHbIX UCCMEeAOBaHWA MoBekna
aKTUBHOE W3yYeHMe BIUSHUSA PasHbIX (DaKTOPOB Ha CTabMNBHOCTb KNETOYHbIX
XapaktepucTtuk. Mog BHELWHUMK hakTopaMu chegyeT MOHUMaTh (haKTopbl, Kak
NPUCYTCTBYIOWME MPU  KyNbTUBMPOBAHUM KNETOK  (KynbTypanbHas cpega,
CblBOPOTKA, Ka4yecTBO  KyNMbTypanbHOA MOCydbl, TWM W KOHLEHTpaLus
aHTUONOTUKOB, YCNOBKS KPUOKOHCEPBALW, TEMNEPaTypPHbI PEXUM U T. 4.), Tak
W npoune, KOTopble MOryT cnocobCTBOBaTb CO34aHWi0  HebnaronpusTHbIX

yCJ'IOBVIVI (6aKTepV|aanaﬂ Unn MuKonnasmeHHasa KOHTaMWHauua, HapylleHua B
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peXumMe  KynbTWBMpOBaHMs ¥ T.4.). Hekotopble  hakTopbl  MOXHO
KOHTPONMPOBaTb B MpOLECcCe KyNMbTUBMPOBAHWS, ApYyrie He noggaTcs
KOHTPOMIO, Hanpumep, Ka4yecTBEHHbIA COCTaB CbIBOPOTKW. B cBA3M € 3TUM B
KNETOYHbIX MOMyNAuMaX in  Vvitro MOXeT ycunuBaTbCs NOMMMOPEM3M Mo
HEKOTOPbIM MPU3HAKaM, BKMIOYas YCUIEHNe KapuoTUNMYECKON HeCTabUNbHOCTY.
MMPUYMHOA  KApUOTUMMYECKON W3MEHYMBOCTM  SIBMAKOTCA  HakarnnuBaeMble
HacneacTBeHHble U3MEHEHUs Nof OENCTBMEM MEHSIOLMXCS YCNOBUIA BHELHEN
Cpeabl, KOTOpbIE MOTYT CNOCOBCTBOBATL MMEHEHUMIO APYTUX CBOWUCTB, MPUCYLLMX
onpeaeneHHo! KNeToYHON JIMHMMK,

CnegyeT OTMETUTL, YTO CamO [LMMTENbHOE KyNbTUBUPOBAHUE MOXET
SBUTBCA  OecTabunuanpyowmum (akTopoMm, T.K. COMPSKEHO C MOCTOSHHLIMM
nepeceBamm KNeToK, U B CBSA3WM C 3TUM C HapYyLUEHWEM CBS3W C CybCTpaToM,
CMEHOW KynbTypanbHOW NoCcyAbl, POCTOBOM cpeabl v T.4. B 4acTHOCTK, nokasaHo,
4yTo NpW  ONNTENbHOM  KyNMbTUBMPOBaHWM  ObiNno  ocrnabneHo  CBOWCTBO
TYMOPOrEHHOCTH B KNETOYHbIX KynbTypax Mbiwn SLU-5 n DMS-402, nonyyeHHbIX
oT nnasmountombl MORS-21. VI3MeHeHMsM B CTeneHW 3110KaYeCTBEHHOCTH
COMyTCTBOBaN PS4 HapyLUEeHWA B KapUOTWUMUYECKOW CTPYKTYpe, B YaCTHOCTH,
CTPYKTypHas nepectpoiika mapkepa m10 (Shepard et al., 1979). MokasaHo, 4To
ANUTENbHOE KyNbTUBMPOBAHWE CNOCOBCTBYET YCUIEHWKO KONMYECTBEHHON W
CTPYKTYPHOI KapUOTUNUYECKON U3MEHYMBOCTI B NOCTOSHHOW KNETOYHOW MUHUK
noykn keHryposon Kpbickl NBL-3-17 (Levan, 1970; MonsHckasi, Edpemoga,
1996). MMpOTEOMHBIN aHanM3 nokasan, YTo Npu ANUTENBHOM KyMbTUBMPOBAHUM
pasHbIX KMNETOYHbIX NWHMIA B MPOLECCE MEpeceBoB, T.€. MPU CHATUM KIETOK C
MOATMOXKM C NMOMOLLbIO KPAaTKOBPEMEHHOM 06paboTkm pacTBOpoM TpUNCuH/OATA,
MPOVCXOAAT U3MEHEHNS B Nepeaaye CUrHanoB B BaXHbIX KIETOYHbIX NpoLeccax,
KOTOPble MOryT HOPManu3oBaTbCs TOMbKO Yepe3 HEKOTopoe Bpemsi nocre

Bo3gencTams. U3 aTtux pe3ynbTaTtoB MOXHO CAenaTb BbiBOA, YTO YEM KOpo4ye
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BPEMS TPUNCUHM3ALWMM NpU CHATUW KNeTok C cybcTpata, TeM MeHbLue
oTpuLaTenbHbIX BO3AENCTBUNA OKasbiBaeTcs Ha kneTku (Huang et al., 2010).
Ocoboe MecTo npouecc AnUTENbHOrO  KyNbTUBMPOBAHUS  3aHUMaeT B
QUNNOWUAHBIX  HEMMMOPTANW30BaHHbLIX  KNETOYHbIX JIMHMSX B CBA3W C
PennuKaTMBHbIM  CTapeHUEM, COMPOBOXOAIOLMMCS  M3MEHEHWEM  MHOUX
KNETOYHbIX CBOMCTB, MEPEYNUCNEHHbIX Bbile. [103TOMYy npy WUCNONb30BaHMM
AMNNONAHbIX KNETOYHbIX KynbTyp B SKCMEpUMeHTanbHOM pabote Heobxoammo
y4YuTbIBaTb CPOKM Hayana akTUBHOA asbl PEnsMKaTUBHOTO CTapeHus Wu
UCMoNb30BaThb TONBKO PaHHWNE Naccaxy.

Hedmanonornyeckme 3HaveHus pH, ocobeHHO B kucro obractu,
NPUBOASAT K YBENWUYEHNIO YPOBHSI XPOMOCOMHbIX abeppaLiuii B KynbTUBMPYEMbIX
knetkax (Taptakosckuit, 1988; Morita et al., 1990, 1991).

CylLecTBeHHO nognepxuBaTb MOCTOSHHbIA YPOBEHb KWCIopoga Mpu
KpaTKOBPEMEHHOM U O/INTENbHOM KyNbTUBMPOBAHWUM KIMETOYHbIX KymnbTyp, T.K.
MOBbILEHHOE  COfdepXaHue  kucropoga B aTtMocdepe  OKasblBaeT
FeHOTOKCMYeCKkoe [eiCTBUME Ha KyNbTUBMPYEMble KneTku. VI3BecTHo, 4To B
OpraHu3Me 1 B KIETOYHbIX MOMyNALMAX BO3HUKAIOT akTUBHbIE (POPMbI KiCriopoga
(ADK). KneTku MMEIOT 3awuTy OT Ype3MEpHOro noBbieHNs ypoBHS ADK 3a cuet
AHTWOKCMAAHTOB. YBENWYEHME KOHLEHTpauuW aTMOCEpHOro  kucrnopoaa
yBenuumBaeT ypoBeHb ADK, 1 3allMTHbIE MEXaHM3Mbl He MOTYT CMpPaBUTLCS C
3TOW OMacHoOW Ans Xu3Hu kneTkn cutyaumen (Sturrock, Nunn, 1978; Gille et al.,
1989; Ckynaues, 1997). lpu AnuTensHOM KynbTuBMpoBaHuM (1-2 roga) B
aTMocepe € NOBbILEHHbIM COAEPXXaHNEM KUCIIOPOAA B KOHUEeHTpaummn ot 50 oo
80 % obpasylTcs HOBble YCTOMYMBbLIE KapuoTunnyeckue BapuaHTtbl (Gille,
Joenje, 1989). C ppyron CTOpOHbI NOKa3aHO, YTO MpU KPaTKOBPEMEHHOW
runokeum (2-5 % kucnopopaa) B pasHblx Me3eHXUMHbIX CTBOOBbIX kneTkax (MCK)

YIyyLaloTCs  POCTOBblE  XapaKTEPUCTUKW, W3MEHsIeTCs  JKCmpeccust  psia
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KMIOYEBbIX FEHOB, B YaCTHOCTW, aKTUBMPYETCS 3KCMPECCUSt aHTUBOCNANUTENbHBIX
reHoB, KoHTporwmpytowmx il-1ra, i-10 w gm-csf, nopaBnseTcs aKcnpeccus
anonToyeckux reHoB bcl-2, casp3 v npoBocnanuTenbHbIX reHos il-8, tnf-a. (Jiang
etal., 2015; Antebi et al., 2018).

CyLlecTByeT Uenbli psg OTNMYAIOWMXCA N0 XMMMYECKOMY COCTaBy
KynbTypanbHbIX CPea, paspaboTaHHbIX CreumanbHo Ans NoAAEPkaHUs pasHbIX
KNETOYHbIX KynbTyp. B coCTaB cpep BXOAAT CreayioLne OCHOBHbIE KOMMOHEHTbI,
KONMYECTBEHHO BapbupyloLLME MEeXay Cpefamu: He3aMeHUMblE U 3aMeHUMbIe
AMVHOKMCNOTbI, MPOM3BOAHLIE AaMWHOKICIOT, BOLOPACTBOPUMbIE BUTAMMHbI W
KODEPMEHTbI, XKMPOPACTBOPUMbIE BUTAMMHbI, YrNEBOAbI WU WX MPOU3BOAHbIE,
NPOU3BOAHbBIE HYKMNENHOBBIX KUCIOT, XMPbl U UX NPOU3BOAHbLIE, MAKPONEMEHTbI
W pag gpyrux komnoHeHToB (TapTakosckuin, 1988). Tawke peuentypa cpeq
npueegeHa B katanorax ATCC (American type culture collection). B psae pabort
rMokasaHo, YTO MPOSIBMIEHWNE HEKOTOPbIX KIETOYHbIX XapakTepucTUK 3aBUCKUT OT
ucnonb3yemblx cped. Tak, Npu ANUTENbHOM KynbTUBMPOBaHUM KMETOK NUHUM
noykn keHryposoit kpbicbl (NBL-3-17) Ha cpege EMEM (cpega Wrna
MuHuManeHas MEM Ha pacTBope Jpna) no CpaBHEHWIO C KyNbTUBMPOBaAHWEM Ha
cpepe HMEM (cpepa Urna munmnmansHas MEM Ha pacTBope X3aHKca) nokasaHsbl
pasnuuus B pacnpegeneHumn KNeTok no Ynuciy XpoMocoM. IMEHHO, nosiBnstoTes
KNETKM C HOBbIM MOZAnbHbIM YWACIIOM XPOMOCOM, 06pa3yeTcs AByMOAanbHas
KapuoTMnudeckas CTpykTypa, nosensiotcs Hoeble CBK. Takum obpasom, cpeda
EMEM  crnocoGCTByeT — yCUMEHMIO  KapMOTUMMYECKOM  FeTepPOreHHOCTH.
O6HapyXeHHble pasnuuns B XapakTepe KOMMYECTBEHHOW KapyOTUMNYECKON
CTPYKTYpbl B 3aBUCUMOCTH OT KyNbTypanbHON Cpesdbl, CBA3aHbl, N0-BUAUMOMY, C
pasHbIM Ka4eCTBEHHbIM COCTABOM WCMOMb3yEMbIX CPef, YTO MOXET NpUBECTU K
N3MEHEHWIO KMETOYHBbIX MeTabonmyecknx NpoLeccoB. Tak, OCHOBHbIE pa3nuuns

mexgy HMEM n EMEM coctost B TOM, Yto B EMEM CyLiectBeHHO Bonblue
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bukapboHata (NaHCOs), yem B HMEM, T.e. nmeeT mecTo pasHas 6ycepHas
emkocTb 1 konuyectso CO,. Knetkn B EMEM pocnn megneHHee, yem 8 HMEM.
KynbTuBupoBaHue xe Ha cpeae F12 npuBoanT K YMEHbLUEHWO reTepOreHHOCTH.
Cpena F12, B oTnnume ot ABYX APYruX, COAEPXMT BonbLUMiA HABOP aMUMHOKUCIOT
W BUTaMMHOB 1 UMEET NPOMEXYTOYHOE KomnmyecTso bukapboHata mexay HMEM
n EMEM. KneTku B aton cpege pactyt Ooictpee, yem B HMEM (MonsHckas,
[ObsikoHoBa, 1988). AHanus MCK yenoseka CBUAETENLCTBYET O CYLLECTBEHHOM
BNWSIHUM  KyNbTypanbHbIX Cped Ha pocToBble W AnthepeHUMpOBOYHbIE
XapaKTEPUCTUKK, a TaKkKe Ha NPOSBMEHWE psiAa NOBEPXHOCTHbIX MapKepoB.
ABTOPbI CUMTAIOT, YTO BLIGOP Cpeabl BaXEH AN UCMOMNb30BaHWS 3TUX KIETOK B
pereHepatueHon meguumHe (Sotiropoulou et al., 2006; Apel et al., 2009;
Hildebrandt et al., 2009; Hagmann et al., 2013).

CblBOpOTKa, SBNAACH HECTAH4APTHLIM KOMMOHEHTOM POCTOBOW Cpefbl,
MOXET CnocobCTBOBATb WM3MEHEHWMO KNETOYHbIX Xapaktepuctuk. OgHuM 13
BXHbIX  MHIPEOMEHTOB  CbIBOPOTKM  SBMSKOTCA  POCTOBble  (HAKTOPb,
CnocoBCTBYIOWME aKTUBHOMY POCTY KIETOK. VX KONMYeCTBO MOXET 3aBUCETb OT
WCTOYHMKA MONTYYEHNS CbIBOPOTKM, OT MPOLEHTHOTO COLEpXaHusi CbIBOPOTKU B
POCTOBOW Cpede, OT YCMOBUA COOEPXaHWst XMBOTHbIX W MeToda MOMnyyYeHus
KOHKPETHbIX Cepui CblBOPOTKA. ECTb psip pabot, CBMAETENbCTBYIOWWX O
CYLLECTBEHHOM BIIMSHUM KOMMYEeCTBAa W KayecTBa CbIBOPOTKM Ha KIETOYHble
XapaKTepuCTUKA, NO3TOMY HeobXoauMo MOAYEPKHYTb, YTO MpU NPOBELEHWM
ANUTENbHbIX UCCNELOBaHNN XenaTenbHO UCMOMNb30BaTh OAHY CEPUI0 CbIBOPOTKM
(Ucaenko n gp., 1990; MonsHckas n gp., 1993; Hagmann et al., 2013; Haque et
al.,, 2019; Kong et al., 2019; Thaweesapphithak et al., 2019).

KynbTueupoBaHue kneTok npu aobasneHun B Cpeay 403 aHTMOMOTIKOB,
NCMOMNb3yeMbIX ANs  NPeaoTBPaLLeHUs MUKPOOHOM KOHTaMUHaLWMWM, MOXET

MPUBECTU K W3MEHEHWIO KAapUOTUMKMYECKON CTPYKTYpbl. Tak, BBeAEHWE cMecH
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aHTUOMOTMKOB B TEpaneBTUYECKON [03€ NPW ANMTENBHOM KyrNbTUBMPOBAHWUM
KMETOK 2-X WMMOPTanu3oBaHHbIX CybnuHuii nbpobnacToB KOXW MHAMIACKOTO
MyHTKaka (M n MT) BbI3bIBaeT yBENMUYEHMe 4acToTbl XPOMOCOMHbIX abeppaLuii,
BKIIOYAOLLMX UCKMIOYUTENBHO AULEHTPUKM NO TUMY XPOMOCOMHBIX accoLuaLiuit.
Mpnyem oBHapyXeHbl MEXNMHENHbIe PasnnyMs N0 4acToTE XPOMOCOMHBbIX
abeppauun. Habniogawotcs  Takke N3MeHeHus KONMNYECTBEHHBIX
KapUOTUMUYECKUX XapaKTEPUCTUK 3a CYET U3MEeHeHun B CooTHoleHusx CBK,
XapakTep KOTOPbIX pasnuyaeTcs Mexay CyonuHWsMM, 4TO, NO-BUAMMOMY,
OTpaXaeT CenekTMBHOE npeumyLiecTo onpegenerHbix CBK npu BosgencTaum
Ha KoHKpeTHble JfmHMKM (MonsHckas, 1989). W3BecTHO, 4TO  @HTMOMOTMK
LMNpOdriokCaUMH B HU3KOM KOHLeHTpaumu (10 Mkr/mn) ucnonbayetcs Ans
AEKOHTaMMHALMK KITETOYHbIX KyrbTyp OT MUKonnasm. [okasaHo, 4To aTa fosa He
SBNAETCA TEHOTOKCMYHOW [N KNETOK, HO YBEMMYeHue KOHLeHTpauuu
LUunpodoriokcaumMHa UHOYUMPYET B PpasHbIX KMNETOYHBIX JMHUSX EHOTOKCUYHbIN
3hPekT, NPOSABRAIWMACA KaKk B YBESIMYEHUM YaCTOTbl  XPOMOCOMHbIX
abeppauuit, Tak 1 B M3MEHeHMM cooTHoLweHns pasHbix CBK (MonsHckas, Cusosa
1996).

[Ana anuTenbHOro XpaHeHus MobbIX KNETOYHbIX KyNbTyp WCMONb3yHT
KPMOKOHCEpBaLMO B KWOKOM  a30Te  Mpu  UCMOMb30BaHWW  PasHbIX
KPMOMPOTEKTOPOB, B YacTHOCTM, AaumeTuncynbdokcnga (DMSO). MMocne
AEKPUOKOHCEPBALMM KNETOYHbIE KyNbTypbl COXPaHAKT NPUCYLLME UM CBOWCTBA.
Ho Heobxogumo 0bpaTuTb BHUMaHWE Ha HEKOTOpble M3MEHEHUs B KneTkax,
npoucxoasiime cpasy nocre AeKpUOKOHCepBauwW. Tak, MokasaHo Ha
WMMOPTaNN30BaHHbIX JIMHWSAX KUTANCKOrO XOMSYKA U MbILWW, Y4TO Cpasy nocre
[EKPUOKOHCEPBALMM B TeYeHWe [ABYX Hedenb NPOWUCXOAUT  YCWUneHue
BHennaHoBoro cwHTe3a [HK, KoTopbli Npu AanbHereM KynbTUBMPOBAHWM

Bo3Bpalyaetca Kk Hopme (CemeHoBa, 1988, 1989). Ha KneTOYHbIX NMHMAX
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KMTaMCKOro XOMsiYKa UM YerioBeka MokasaHo, YTO B TEYEHWE HECKOMbKUX CYTOK
nocne AeKpUOKOHCEPBALMM M3MEHSIETCA PSR APYTUX KIETOUHbIX XapaKTepuCTUK:
YBENUYMBAETCA 4acToTa MUKpOSiZEp, aHeynnouaus, 4actota XpPOMOCOMHbIX
paspbIBOB, @ Takke YMeHbLUaeTCs 3 eKTUBHOCTL KroHMpoBaHna (Ashwood-
Smith, Friedmann, 1979; Rudd et al., 1989). Mocne AekpuokoHCepBaLmu
CHUXAETCS BbIKMBAEMOCTb KINETOK NWMHWM uHAuACKoro MyHTxaka (MT), koTopas
BOCCTAHABMBAETCS 4O KOHTPOIBHOMO YPOBHS Yepes 7 CyT. Takke CyLeCTBEHHO
yBenuumBaetcs  BHennaHoBbld  cuHTe3 [HK, KOTOpbIA  CHWXaeTca 4o
KOHTPOMNbHOTO YPOBHS Yepe3 14 CyT; CHWXAeTCs YpPOBEHb PENnMUKaTUBHOTO
cuHtesa [HK, BoccTaHOBnEHME KOTOPOro MpOMCXOauT 4epe3 3 cyT. Takum
00pa3om, B TEYEHME HECKOMBbKMX CYTOK MOCHE AEKPUOKOHCEpBALMM NPOMCXOasT
BOCCTAHOBWTENbHbIE MPOLECCHl B KNeTKax, CBsA3aHHble C  pemapauyen,
pennukaunen 1 BbKMBAEMOCTbIO, CBUAETEMNbCTBYIOWME O HeCTaburbHOCTY
KNETOYHOM KyNbTypbl Cpady nocne pasmoposku, YTo HE0BXOAUMO Y4UTbIBATL NpU
MOCTaHOBKE 3KCMEPUMEHTOB. B cBAsW C 3TuM, ObINO paHee OTMEYEHO, YTO
BBEJEHME  TepaneBTUYECKOW  [03bl  aHTMOMOTMKOB  cpady  mocre
AEKPUOKOHCEPBALMM NpK AanbHENLIEM ANMTENBHOM KyNbTUBMPOBAHWW NOKa3ano
YBENMYEHNE 4acTOTbl XPOMOCOMHbIX abeppauuii B KNETOYHOW  NINHMM
(bnbpobnacToB KOXM MHAMCKOrO MyHTxaka (M), Torma Kkak BBedeHue
aHTUOWMOTUKOB Yepe3 BPEMEHHOW WHTEpBan Mocre [AEeKPUOKOHCEpBaUMM He
HapywaeT XpPOMOCOMHyK — cTabunbHOCTb.  [lo-BMAMMOMY,  ANMTEMNBHOCTH
KyNbTUBMPOBAHWS NOCNE AEKPMOKOHCEPBALWMM MOXET ONpeaensTb COCTOsHME
KNETOYHOM NOMyNsALUMM 1, B CBA3W C 3TUM, €€ KapuoTUNMYeCcKas CTPYKTypa MOXET
no-pasHOMy pearMpoBaTb Ha MpUMEHsieMble Bo3geicTsus. B kneTkax,
obpabotaHHbix 10 % DMSO B TeyeHne 2-x yacoB (6e3 KpuokOHCepBsaLuu)
OOHapyXeHO [OCTOBEPHOE CHKEHME BbDKMBAEMOCTM W OBHapyXeHOo

CYLLECTBEHHOE YBENMYEHWNE KOMMYECTBA XPOMOCOMHbIX abeppauuid. Takum
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obpasom, DMSO B 3aBWCMMOCTV OT YCMOBUIA B3aWMOAENCTBUS C KNETKaMu
MOXeT 06naaaTh LIMTOTOKCUYHBIM U TEHOTOKCUYHBIM AEUCTBUEM (MPK 0BbIYHOM
KyNbTUBMPOBAHWM) UK CNOCOOCTBOBATD 3aLuTe KNETOK (MpW KPUOKOHCEPBALMM)
(MonsHckas, 1989; MonsHckas w gp., 1990). B cBssm ¢ atum, Heobxoaumo
CTPEMMUTLCS K MUHUMANbHOMY BPEMEHHOMY KOHTaKTY kneTok ¢ DMSO.
CywecTBeHHbIM  (hakTOpOM,  CMOCOGCTBYHOWMM  HECTabUNbHOCTM
KNEeTOYHbIX CBOMCTB, ABMAETCA CMeHa cnocoba KynbTUBUPOBAHUS (CTaTUYECKMHA,
PONNEPHBIN, CYCNEH3NOHHBIN, MoHocnonHbIN) (Nielsen, 1972; CemeHosa v ap.,
1984; NutBuHYyk 1 op., 1986; Llapesa n gp.,1990; Amadori, Berneri., 1993).
A3BECTHO, YTO KNETKM B YCMOBMSX N VivO W in Vitro KOHTaKTUPYOT C
CETbI0 MaKpOMOMeKys, 06pasytoLLMX BHEKNETOUHbIN MaTpuke (BKM), coctoswymi
W3 pasHbix BEenkoB, CUHTE3UPYeMbIx camumu kneTkamu. BKM aBnsietcs ogHum 13
BKHEMLUMX PErynsaTopoB KMNETOYHbIX MPOLeccoB W npefcTasnseT cobown
MUKPOOKPY)XEHWE UMK HWLLY, B KOTOPOM KNETKW CyLlecTBYyIOT. [pn MOHOCNONHOM
KyNbTUBMPOBAHWM KNETKU PacTyT Ha MOBEPXHOCTW, MOKPLITOW BHEKNETOYHbLIM
matpukcom (BKM), coctosimm u3 pasHbix 6GenkoB, CUHTE3MPYEMbIX CaMUMMM
kneTtkamu. benkun BKM B3auMogeincTBytoT C TIOKanM30BaHHbIMU Ha NOBEPXHOCTY
KNEeTOYHOM MeMBpaHbl peLenTopamit — UHTErPUHAMK, CBA3aHHBIMU C aKTUHOBbIM
uutockeneTom. CesisbiBaHue monekyn BKM ¢ mHTerpuHamm Beget K akTuBauum
NOKanbHbIX NPOTEWHKMHA3, BKIOYas (POKaNbHYI0 aAare3voHHyo KuHasy, kotopas
aKTUBMPYET BHYTPUKNETOYHBIE CUrHaMbHbIE MYTW, CNOCOBCTBYIOLME BbIKUBAHMIO,
murpauuy,  nponudbepauuu,  OMPGEPEHUMPOBKE M 3MOKAYECTBEHHOM
TpaHcchopmauun  KneTok. MameHeHue coctaBa M CTpykTypbl BKM  Moxet
CYLLECTBEHHO BNUSATb Ha CBOWCTBA KNETOK. M3BECTHbI rEHETUYECKIE CUHOPOMBI,
CBS3aHHblE C aHeynnouaueir Mo HEKOTOpbIM  XPOMOCOMaM, KOTOpble
cnocobeTByOT HapyweHuo cuHTesa BKM, npuBogs k cnoHTaHHbIM abopTam

(Belkin et al., 1985., Delvig et al., 1987; Brand-Sabery et al., 1994). Hapywwexve
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akcnpeccun reHa anactuHa (6enka BKM), Hapsigy ¢ OpyruMW HapyLLeHusmu,
NPUBONT K pa3BUTUIO Y Yenoseka Tsxenoro cuHgpoma Williams-Beuren (Lacroix
et al., 2009). Takum 06pa3om, KynbTUBMPYEMbIE KNETKW, BbipabaTbiBatoT Genku
BKM, Ha KOTOpbIX OHM pacnnacTbiBaloTCid K PYHKUMOHMPYHOT. [103TOMY
N3MeHeHWe 3Toro cybcTpaTta nyTeM HaHeCeHWs Ha Hero oTAenbHbIX 6enkos BKM
unn cmecn 6GenkoB BKM MoxeT Bbi3BaTb B KyNbTUBMPYEMbIX  KreTKax
CTPECCOBYID CWTyaLMIO, KOTOpasi, B YaCTHOCTM, MPOSIBNSETCS B W3MEHEHMM
KapUOTUMMYECKON CTPYKTYPbI pasHbiX NMHWA. [puyem xapaktep M ypoBeHb
KapuOTUMNYECKON MBMEHYNBOCTY 3aBUCUT HE TOMBKO OT CBOMCTB CybCTpaTa, Ho U
OT pa3sHOro TKAHEBOO NPOUCXOXAEHNS U3y4aeMOn KIETOYHON IMHWK, @ TaKkke OT
KapuOTUMUYECKON CTPYKTYPbl CyOrMHUA OOHOrO TKAHEBOTO MPOUCXOXOEHMS
(MonsHckas, 2009; MonsHckas, Konbuosa, 2013).

B HacTosiee Bpems OypHO pasBMBAETCH KOHLEMNUMUS KNEeTOYHbIX
ctheponzoB, KOTOpble PaccMaTpuBalTCA Kak MOAenb paHHero ambpuoreHesa.
LLIMpoko uccrnepytoTcs knetouHble cdepoumbl, nonyyeHHie 13 MCK pasHoro
npoucxoxgeHus. Ycnosust  3D-kynbTusmposaHus MCK ropasgo 6nvxe K
(bmanonornyeckum yCnoBuam in vivo, Yem KynbTuBMpoBaHue B ycnosusx 2D. B
psge MCCnegoBaHM MoKasaHo, YTO kneTouHble cdepouabl MCK obnagatot
MOBbILEHHONW  3KCMpPECCUe  aHTUBOCMANMUTENbHBIX — EHOB,  LIMTOKMHOB W
MIOPUNOTEHTHLIX TEHOB, a TaKke YBENNYEHHbIM  AnddEPEHLNPOBOYHBIM
noTeHynanom. Takum 00pasoMm, UCMOMb3oBaHWE KIETOYHbIX  CheponaoB
pacLmpsieT BO3MOXHOCTH, KaK 4719 UCCefoBaHNs OCHOB OpraHoreHesa, Tak v Ans
NCMONb30BaHUS MX B pereHepatuBHon meguunHe (Alimperti et al., 2014;
Bogdanova-Jatniece et al., 2014; Guo et al., 2014; Murphy et al., 2014; Xiao et al.,
2014; Li et al., 2015; Miceli et al., 2019). Hawwm nccneposaHus nokasanu, 4To B
KNeTouHbIX ccepomgax, nonyveHHbix u3 MCK KkocTHOro mosra W 3avatka

KOHEYHOCTM paHHero aMBpuoHa YenoBeka, paclumpseTcs AnddepeHLMpOBOYHbIi
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MOTEHLMAN M N3MEHSETCS 3KCMPEeccus psiga MOBEPXHOCTHbIX MApKepoB, a Takke
N3MEHSETCA aKTUBHOCTL MeTannonpoTtenHas (MMI), cBa3aHHbIX C mpoleccamu
andpdpepeHumposkn (Kpeinosa u ap., 2015; BopoHkuHa u ap., 2016). Takum
obpasom, niobas cmeHa cnocoba KynbTMBMPOBAHMA MO  CPaBHEHMO C
W3HavanbHbIM CNocoboM, K KOTOPOMY KNeTku Obin aganTupoBaHbl, NPUBOANUT K
N3MEHEHWMIO Pa3HbIX KNETOYHbIX XapakTepUCTMK. ITO Hado Y4WTbiBaTb Npy
MOCTaHOBKE 3KCMEPUMEHTOB.

CepbesHylo OMacHOCTb AN KNETOYHbIX  KynbTyp NpeacTaBnstoT
MUKOMMasMmbl. VICTOYHMKAMM MUKOMMA3MEHHOW KOHTaMMHALWMW, KakK npaBurio,
SBMSAKOTCA CamMmyu MCCreaoBaTenn, KOMMNOHEHTbI POCTOBLIX Cpef M nabopatopHoe
obopynoBaHue. K HacTosiLeMy BpEMEHM B KIETOUHbIX KyNbTypax BbISIBNIEHO OKOMO
30 B1OOB MUKONMA3M, HO Mpu 3TOM Haubornee 4yacto, noutn B 95% cnyyaes, MMeeT
MECTO KOHTaMuHauusi 6-t0 Bugamu Mukonnasm: Mycoplasma arginini, M.
fermentans, M. hominis, M. hyorinis, M. orale, salivarium, a TaKke
npeacTasutenem poga axonennasm Acholeplasma laidlawii (Ecpemosa, 2008;
bopxcennyc w gp., 2016). Mukonnasmbl OTHOCATCS K NEPCUCTUPYIOLLMM
WHEEKLMAM, NPUCYTCTBUE KOTOPbIX O4EHb TPYAHO OBHAPYXKUTb HA PaHHUX CTaaUAX
KOHTaMWHaLMK, Tak Kak B HEBOMbBLLOM KOMMYECTBE OHW He OKasblBalT BUAUMOIO
OTPULATENBHOrO BNMSHWS Ha KNeTKy. [pu ycuneHun KOHTaMMHaLMM BO3HUKAOT
3HauuTeNbHbIE  UMTOMATUYECKMe 3(eKTbl, B  YACTHOCTW:  KOHAEHcauus
XpoMaTuHa, NOAaBMieHNe pocTa KymnbTyp, HapyLleHne MeTabonmueckmnx yHKLMiA
KNETOK, LMTOrEHETUYECKNE U3MEHEHUs. TeM He MeHee, CriegyeT OTMEeTUTb, YTO
3hekTbl, MHAYLMPYEMbIE MUKOMNa3MaMu, MOTYT 3aBKUCETb OT 3-X (haKTopoB: OT
ANUTENBHOCTM KOHTAMWUHALMK, OT BMAA MWUKOMMa3Mbl M OT CBOWCTB KIETOYHOM
KynbTypbl. Hapgo noguyepkHyTb, 4TO M gpyrue adektsl, Habnmogaemble npu
pasHblX BO3AEUCTBUSAX, Takxe 3aBUCAT OT 3-X YKasaHHbIX (paKTopoB.

Moapo6HEeALLNA aHANM3 BINSIHUSE MAKOMIA3M Ha OPraH3M W KNETOYHbIe KynbTypbl
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npeacTasneH B knure C.H. BopxceHunyca ¢ coastopamm (bopxcenuyc v ap., 2016).
B KKKI npoBeaeHbl noapobHble MCCReaoBaHust BIMSHUS pasHbIX MUKOMMasM Ha
UMTOrEHETUYECKME XapPaKTEPUCTUKM KIETOYHbIX NIMHWA Pa3HOr0 MPOUCXOXAEHWS
(MonsHckas, 2000; Poljanskaya, Vakhtin, 2003; MonsHckas, Edpemosa, 2010).
MockonbKy MMKONMa3Mbl MOryT BNATL Ha NMtoGOI KNETOYHbIA napameTp, C Lenblo
UCKMIOYEHMs  SKCMEepUMeHTanbHbIX — apTedaktoB, Heobxogumo  npoBOAWTbL
CUCTEMATUYECKNI KOHTPOMb MUKOMMA3MEHHOM MHAEKLMM.
Bce npencraBneHHble pesynbTaThl N0 BAUSHUIO Pa3HbIX (DaKTOPOB, Kak
NPaBUIo, NPUCYTCTBYIOLUMX MPU KYNbTUBMPOBAHWM KNETOK, @ TaKKe BIUSHOLLMX
Ha WX XM3HEOEATENbHOCTb, CBUAETENbCTBYIOT O 3HAYUTENBHON U3MEHUMBOCTM
NapameTpoB  KMETOYHbIX  KynbTyp, aAanTUPOBaHHbIX  W3HAYamnbHO K
onpefeneHHbIM  ycrioBusiM.  [MpuyeM,  pacCcMOTPeHHble  Hammu  haKTopsbl
npeacTaBnsaT coboi TONMbKO YacTb U3 OFPOMHOTO KONMWUYECTBA BO3MOXHBIX
BMMSHWA, KOTOpble MOTYT OKasblBaTb Ha KNeTkM B  npouecce  UX
XM3HEOEATENbHOCTM B YCnoBusix in vitro. Takum obpasom, KNeTku B KynbType
noaBepXeHbl BbICOKOW HACNeACTBEHHOM W3MEHYMBOCTM MOL OEUCTBUEM
MEHSIOLMXCH YCMOBUIA BHEWHEN cpedbl. Agantaumst KNeTOuHbIX fWMHWA K
YCNOBMSM  BHEWHeN cpedbl MPOMCXOAMT B CBA3M C  HE0HXOAWMOCTbIO
YCTAHOBNEHWS TreHHoro GanaHca, 06ecneyvBaioLLero Xu3HeLesaTenbHOCTb
KMETOK B HOBbIX YCroBusix. Cnocobbl Um MHCTPYMEHTbI agantauum MoryT bbiTb
pasHbIMI B 3aBUCUMOCTM OT KOHKPETHOM JIMHWW: N3MEHeHe Habopa MapKepHbIX
XpOMOCOM,  MOSIBMIEHWe  TENOMEpPHbIX  accouuauuit,  aHeynnouaus,
KONWUYECTBEHHbIE M3MeHeHusa B cooTHoweHnn CBK unu nossnexve Hosbix CBK,
AMUreHETUYECKIE U3MEHEHNUS.
Hago nogyepkHyTb, YTO GOMBLIMHCTBO KNETOYHBIX IMHWA MO MHOMM
CBOWCTBAaM  SBMSIOTCH ETEPOTEHHbIMU  KNETOYHbIMM — monynsaumaMu.  Tak,

Hanpumep, WMMOPTaNM3oBaHHaa JMHUMA  ANYHKKA KWTalCKOro  XoMsuKa
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KrOHanbHOro npoucxoxaeHns (A14-2c-1) umeet GuMoganbHOE YUCNO XPOMOCOM,
pasHoe 19 n 20. B nonMy4YeHHbIX W3 Hee KIOHAaX 3HAYMTENbHO YMEHbLUMNAach
reTepOreHHOCTb: Kaxabli KNOH UMEET OAWMH MOAANbHbIN KIace, CoCTosALwmMI 13 19
i 20 XpoOMOCOM, 4acToTa KOTOPOro CyLEeCTBEHHO MOBbILIEHA; TaKke
yBENMYEeHa [ons KNeTtok ¢ OCHOBHbIM CBK #  yMeHblUeHO KONnW4ecTBO
pononHutenbHbix CBK. Mpu peknoHnpoBaHuy yxke 3TUX KNOHOB BO3HMKAET KIOH
C MopanbHbIM YKUCIOM XPOMOCOM, paBHbiM 21. EcCTecTBeHHO, 4TO npu
W3MEHEHWN TeHHOro OanaHca, M3MEHAKTCS W Apyre CBOWCTBA  MUHMK
(MonsHckas u gp., 1981). MNpu aHanmse 6GOMbLIOTO KOMWYECTBA KIOHOB,
BblAeneHHbIX 13 nuHMM MCK KocTHOro Mosra 4enoBeka, MOKas3aHo, 4TO
xapaktepHas ans MCK auddepeHumpoBka B Tpex HanpasfieHUsX: OCTEOTEHHOM,
aMnoreHHOM W XOHAPOTEHHOM, CBOWCTBEHHA HE BCeM KroHaM. ECTb KMoHbI,
obragatowme BUNOTEHTHBIM noTeHLManom unm OTCYTCTBMEM
anddepeHumposoyHoro noteHumana (Muraglia et al., 2000; Merryweather-
Clarke, 2018). OTmeueHbl konebaHns N0 NPOLEHTHOMY COAEPaHMI0 MapKepoB
HeandhdepeHUMPOBaHHbIX 3MOPUOHArbHBLIX CTBOMOBLIX KNeTok yenoseka (Oct-4,
SSEA-4, SOX2) mexay pasHbimi cybnonynsumamm MCK (Kpeinosa u gp., 2014,
2016, 2017, 2018). Hanwnume 3TMX MapKepoB CBS3aHO, NO-BUAMMOMY, C
perynaumen  nponudepaTMBHOM  akTUBHOCTM U AUPEEPEHLMPOBOYHOMO
noteHumana B MCK (Gang et al., 2007; Riekstina et al., 2009; Yoon et al., 2011;
Park et al., 2012; Seo et al., 2013; Aghajani et al., 2016; Reumann et al., 2018).
AHanu3  TpaHckpuntoma MCK 143  KOCTHOrO Mo3ra 4enoBeka Mnokasan
OMOXMMMYECKYID  TETepOreHHoCTb  cybnonynauuin,  3KCMPeCccUpyroLmX
perynatopHble Genku, CBf3aHHble C Pa3HbIMU KIETOYHbIMM (DYHKLUWAMU, T.e.
pasHble cybnonynaumu MOryT WMeTb pasHble (hyHKLMOHANbHbIE CBOWCTBA

(Phinney, 2007). O4eBMAHO, Y4TO U3MEHEHWE YCMOBUN KyNbTUBMPOBAHNS MOXET
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cnocobcTBoBaTh 0TOOPY TeX BapUaHTOB, T.e. CyOnonynsuuiz 1 KNOHOB, KOTOPbIE
OypyT Hanbonee aganTuBHbI K NpeanaraembiM YCOBUSIM.

Takum 0bpas3om, NpefcTaBneHHble AaHHble, a Takke 0bLye BbIBOAbI O
NOBEAEHUM KNETOK B KyNbType U MeXaHW3Max ux agantauumn K ycrnosusm in vitro
N K UBMEHAIOWMMCS YCMOBUSIM KyNbTUBMPOBAHWS Pa3HbIX KMETOUHBIX FMHWNA,
NPUBOASAT K NPaKTU4ECKOMY BbIBOZY O HEODXOAMMOCTM CTPOrO NPUAEPXKMBATLCS
TEX YCMOBUIA KyNbTUBMPOBAHMS, KOTOpble ObiNK MCNONb30BaHbI NPU NOMYYEHUN
[aHHOW  KynbTypbl. HeobXxoauMmocTb MpuaepKMBaTbCH  MCXOLHLIX  YCMOBUIA
KyNbTUBMPOBAHWUS BLITEKAET U3 MOMOXKEHMS, 4TO B BOMbLUMHCTBE Cryyaes
HEBO3MOXHO ONPEAENUTb, M3MEHEHME KaKMX KOHKPETHBLIX CBOUCTB MMENO MECTO,
T.6. HEM3MEHHOCTb YCMOBUIA KyNbTUBMPOBaHUSI AT HEKOTOPYIO «rapaHTuio»
CTabWNBbHOCTW CBOWCTB KOHKPETHOW KNETOYHOM nuHMK. MMoatomy npu pabote ¢
KNETOYHbIMA  KyNbTypamu  JOMKHbI  OblTb  MPUHATHI  MEPbl, MO3BONSIOLLME
n3beratb yCUNeHUs reHeTudeckoin HectabunbHocTh. CobriogeHne NOCTOSHHBIX
YCIMOBUI PYTUHHOTO KyNbTUBMPOBAHWS BKITOYaET B cebs creaytowimne AencTsns:
NCNOMNb30BaHNE HEM3MEHHOIO TUMa U COCTaBa Cpefdbl 1 OANHAKOBOW CbIBOPOTKM;
cobrogeHre NoCTOSHHOM NNOTHOCTU MOCEBA U COCTOSHUS KOH(IIOEHTHOCTMU NpU
rnoceBax; MCMoNb30BaHWe MUHUMANbHOTO BPEMEHU LEHTPUGYrMpoBaHUs npu
ONpeAeneHHon ckopocTH; cobriiogeHne OAMHAKOBOW BNIAXHOCTH, TeMnepaTypbl U
coctaBa Bo3gyxa. [lpu KpuOKOHCepBaLuM M LEeKpUOKOHCepBaLuM Heobxoanmo
nsberatb 4NUTENbHOTO AENCTBUS KPUOMPOTEKTOPA, @ HauMHaTb SKCMEPUMEHTbI
cneayet yepes 10-12 cyT nocne AeKPMOKOHCEpBaLWM.

MoafepxaHne NCXOAHbIX KNETOYHbIX CBOUCTB U KOHTPOSb UX COCTOSHUS
OCYLLECTBMAT HaLMOHANbHbIE KOMMEKUMM PasHbIX CTPaH, CO3AaHUE KOTOPbIX
MPOMCXOAMNO, B OCHOBHOM, BO BTOPOI nonoeuHe XX Beka. B 1978 rogy 6bina
cosgaHa BcecowosHas  (Poccuiickas)  KONMMEKUMS  KNETOYHbIX  KymbTyp,

LleHTpanbHbiM 6aHkoM koTopoit Bbina yteepxkaeHa KKKIM WUHLL PAH. MoapobHo
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nctopus cosganust n geatensHoctb KKKIM B TeueHne 40 neT onucaHa B KHure,
BbinywieHHon B 2018 roay (MonsHckas, MycopunHa, 2018). B HacToswen pabote
Mbl NoApPOBHO paccmMoTpum mpoTokonbl, ucnonbayemble B KKKIM ans pabotsl ¢
KONMEKUMOHHBIM KNETOYHBIMM NIMHUSIMUA, BKMKOYAs NONYyYEHNE HOBbIX JIMHWA.
CnepyeT NogYepKHYTb, YTO NPUBEAEHHBIE HIBKE METOAbI (MPOTOKOMbI),
NCMONb3YITCH NS MOCTOSIHHOA paboTbl C  KOMMEKUMOHHBIMKA  KNETOYHbIMM
NuHMAMK. TeM He MeHee, 9TW METOAbl PEKOMEHOYETCs WCMonb3oBaTh [Ans
nobbix paboT ¢ KynbTypamu KNETOK B MCCreAoBaTeNnbCkux nabopaTopusix.
Bonbluas 4acTb KMETOYHOrO MaTepuana, WCnomnb3yeMoro B PasfnyHbIX
nabopatopusx, W3Ha4anbHO MOMyvyeHa M3 pasHbIX KOMMEKUWA KIETOYHbIX
kynbTyp. COOTBETCTBEHHO KIMETKM aAanTMpOBaHbl K OMpedeNieHHbIM YCIoBUAM

KyNbTUBUPOBAHMSI.
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OCHOBHbIe MeTOAbI (MPOTOKONbI) KYyNbTUBUPOBAHMA U
aHanm3a KonneKUMOHHbIX KNEeTOYHbIX IUHWIA

Kaxpas KONTNeKUnoHHaa KneTtoqHasa NiMHnuA UMeeT nacnopT, B KOTOPOM
npeactaelieHbl  OCHOBHbIE  XapakTePUCTUKKW,  COrfmacHoO  MexayHapOodHbIM
Tpe6OBaHMﬂM, npeabaBnaemMbiM K KONNEKUMOHHbIM NTIUHUAM. I'IacnopT ABNAETCA
BaXHENLLINM OOKYMEHTOM, pernameHTupyoLmnm MeTobl, KOTOpbIe Heobxoammo
ncnonb3oBaTb ANA pa60TbI C KNeTo4HOM Kyanyp017|, a TakKe And nNpuHATNA ee B

(*)OH,IJ,bI KONneKkyMm u npucBoeHNA Ctatyca KOJ'IJ'IeKLl'MOHHOIZ NUHUN.

MACMOPT KONNEKLOHHOW KNETOYHOW NUHIM

HassaHue nuHum B Buae abbpeBmaTypbl, UICNONb3YA NaTUHCKUIA
andasut

MpoucxoxaeHue: ykasblBaeTCs BUOOBAs MPUHALNEXHOCTb AOHOPa,
OpraH M3 KOTOPOro BblgeneHbl KreTkw, npu Heobxogumoctn 3abonesaHue
A0HOpa UK cnocob TpaHcgopMaLun KNeTok.

Mopdonorua: faetcs kpaTkoe MoOpdonornyeckoe onucaHwe, no
BO3MOXHOCTW NpUKpennsieTcs otorpadms.

Cnoco® KynbTMBUPOBAHMA: CyCMEH3WNOHHbBIA, MOMYCMNEH3MOHHBbI,
MOHOCTOMHbIA, PONNEPHOE KyNbTUBMPOBAHWE, KyNbTUBUPOBAHWE B OpraHv3me
nabopaTopHOro XMBOTHOTO.

YcnoBus  KyNbTUBUPOBAHUA:  CTAHAAPTHbIMM  YCMOBUSMM [N
BblpalLMBaHNS KINETOK SBnstoTCs TemnepatypHbln pexum 37 °C , 5 % COo,
oTHocuTenbHas BnaxHoOCTb 90 %. [Ans KNeTok MnekonuTatoLmx 3T napameTpbl
MPUHATBI MO YMOMYaHWIO U B nacnopte He ykasbiBawtca. Ecnm tpebytotes
ApYrvie yCroBusi, OHY MPONICHIBAKOTCS B MACMOPTE OTAEMBHO.

cpefia: Ha3BaHue KynbTypanbHO! cpesbl
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CbIBOPOTKA: YKA3aH UCTOYHMK MOMYYeHNs! CbIBOPOTKM: YEroBeKk Unu Bua
KVNBOTHOTO; NPOLIEHTHOE COflepXaHune B pOCTOBOIA cpefie

apyrne KOMNOHEHTbI Cpefbl: YKa3bIBaOTCA TOMbKO MNpu HeO6XOJ.'l,I/IMOCTI/I

BHECEHWS 06aBOK K OCHOBHOMY COCTaBy POCTOBOW Cpeab!

npouenypa nepecesa: YykasblBakT cnocob OTKpennieHna KneTok oT

MOANOXKM, HEOOXOAMMOCTb MCMOMNb30BaHMS! d)epMeHTOB, a TaK Xe KpaTHOCTb
pacceBa umnu NOCEBHYO O03Y

KPUOoKoHcepBaLnA: 0COBEHHOCTH 3aLLlI/1THOI;1 cpeabl and

KPMOKOHCEPBALK, KONMYECTBO KPUOMPOTEKTOPA, BbIPaXEHHOE B MPOLIEHTaX OT
obulero obbema CycrneH3uu KeToK, ONTUManbHas KOHLEHTpauus KIeTok.
CraHOapTHble YCroBKs KpMOKOHCEpBaLK (CHWxeHne Temnepatypbl Ha 1 °C B
MuHyTY 00 -70 °C) 1 fanbHeLee XxpaHeHne B XUAKOM a30Te Npu TeMneparype -
196 °C He ykasblBalT. ECnM ycnoBWst OTAWYHLI OT CTAHAAPTHbIX, TO OHU
MNPONUCLIBAKOTCS AONONHUTENBHO.

XunsHecnocobHOCTb Mocne KPUOKOHCEpPBALMU: OTHOLLEHWE XMBbIX
KNeToK K obLieMy KONMW4ecTBY, BblpaxeHHoe B npoueHTax. MepTBble KneTku
ONMPeaenstoT M0 BKMTIOYEHW — TPUMAHOBOrO  CUHEro  cpa3dy  nocne
AEKPUOKOHCEPBALK.

KoHTponb KOHTamuHauuu: pesynbTaTbl NPOBEPKN KNETOYHOW NWUHUK
Ha OTCYTCTBUE MUMKOMNa3M, Baktepuit 1 rpnbos.

KoHTponb BMAOBOW WMAEHTMYHOCTM: BWOOBOE MPOUCXOXOEHWE
BOMKHO OblTb NOATBEPKAEHO U30(HEPMEHTHBIM, KapUOMOTMYECKUM aHanm3om
unu pesynbTtatamu MNUP ¢ BugocneduyHsIMK npaimepamu.

Kapvonorus: yka3blBaloT HOpManbHOE AUMIONGHOE YKCIIO XPOMOCOM
[OHOpa; npefenbl W3MEHYMBOCTM MO YMCIly XPOMOCOM, MOZAfbHOE YWCHO
XPOMOCOM, KOMMYECTBO MONUMMOMAOB, KOMMYECTBO MAPKEPHBIX XPOMOCOM Mpy

WX Hanu4uu.
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OHK npodwunbs (STR-short tandem repeats): nposegexve
ayTeHTU(MKALMN  KaXOOM  KNETOYHOW  FIMHUM  YeroBeka C  MOMOLLbIO
MOMNEKYNAPHO-TEHETUYECKOr0  aHanmu3a  KOPOTKUX — TaHAEMHbIX  MOBTOPOB,
PacnonoXeHHbIX B OMpefeneHHbIX MOKycax reHOMa KOHKPETHOW KNeTOYHOM
NWHWK, C LENbI0 NOATBEPKAEHNS COOTBETCTBUS AAHHOM JIMHUM WCTOYHWKY €€
MornyyYeHnst W OTCYTCTBMIO KOHTamuHauuu Apyrumu nvmamu. B KKK ato
uccnefoBaHMe HOCUT 3aka3HoW xapakTep. Mbl nepepaem obpasubl KNETOYHbIX
NWHUIA hrpMe, 3aHuMatoLeiics nogobHbimu nccnegosanuammn: 000 «TOPLMN3»
(«GORDIZ»), Mocka. 3Ta xapakTepucTuka BBedeHa  3apybexHbiMu
Konnekumsmu  KNETOYHbIX  KynbTyp M sBnseTca  obssatenbHon  ans
KOMMEKUMOHHbIX  JIMHWA  YeroBeka  nNpu  ycnosuv  nybnukaumm
9KCrepUMeHTarnbHbIX  pe3ynbTaToB B OOMbLUMHCTBE  PeLEH3NpyeMbIX
3apyBexHbIX HayYHbIX XKypHanax.

A¢pheKTUBHOCTb KNOHMPOBAHMUA: OTHOLUEHWE KONMYECTBA BbIPOCLLUMX
KOMOHWIA K YNCIy MOCESHHbIX KNETOK, BbIPaXEHHOe B MPOLEHTaX, B YCNOBMSX
OYeHb PeaKoro NoCeBa U NoceBa eanHUYHON KNETK B FYHKY Nnarbl.

TyMoporeHHOCTb: CrnocobHOCTb 06pa3oBbIBaTL OMyXONW B OpraHu3Me
NabopaTopHbIX XMBOTHBIX.

[Opyrve  XxapakTepUCTMKU:  NPUBOAAT  BaXHble  KMNETOYHbIE
XapaKTepUCTUKIA, HE YYTEHHbIE B OCHOBHbIX MyHKTaxX nacnopra.

OOnacTb  NpMMEHeHMA:  yKkasblBalOT, B  KakMx  obrnactsax
(byHAAMEHTArbHOM M NPUKNagHONM Hayku NonesHa AaHHas KNeToYHas NUHKS.

Konnekuuu: nepeyeHb HaUMOHanbHbIX U 3apybexHbIX KOMMeKuui, B
KOTOPbIX MOXHO NPUOBPECTH AaHHYI0 KNETOUHYIO INHMIO.

OTOT nacnopT npeactaBnseT cobor nomnHyt Bepcuio. Ho, yuuTbiBas
0COBEHHOCTN KOHKPETHOM KNETOYHOM IMHWW, HEKOTOPbIE MYHKTbI Nacnopta MoryT

OblTb  He 3anonHeHbl. K TakM NyHKTaM  OTHOCATCS:  9(PEKTUBHOCTb
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KNOHWUPOBaHUS, TYMOPOreHHOCTb, a Takke [HK npodunb, onpegensemMbii noka
TONbKO ANS KMNETOUHbIX NWHUIA YenoBeka. Kpome nepeyncreHHbIX OCHOBHbIX
XapaKTepuCTUK B MacropTe Kaxgou IMHWW MPUBOASAT KOHKPETHblE AaHHbIE,
npeacTaBnstowme OonbLUy BaXHOCTb ANS MCCegoBaTenen, Momb3yLmxes
KONMEKLUMOHHbIMA ~ NUHUAMU  (MYHKT  —  [pyrue  XapakTepuctukn). 3T
XapaKTepUCTUKA ONpesensalT BO3MOXHY 00nacTb MpPUMEHEHUS KOHKPETHOW
nnHUK. K Takum xapakTepucTikam, B YaCTHOCTH, OTHOCSTCS:
a) YyBCTBUTENLHOCTL K BUpYCaM;
0) cneyndpnyeckne  OCOBEHHOCTM  NMHUM,  BKMKOYAKOWME  POCTOBbIE
XapaKTepUCTUKI, Hann4une BUOXMMUYECKIX N FTEHETUYECKIX MapKepOB 1 Ap.
OcHoBbl nacnopTU3auuy W3NoXeHbl B psde 3apybexHbix u3gaHui
(Freshney 1987; Hay et al., 1994). CopemenHas Bepcus katanora KKK HL|
PAH npefcraeneHa B anekTpoHHOM Buge Ha ctpaHuue LIKM caita HL| PAH.
[anee BynyT npuBedeHbl MPOTOKOMbI, COMNACHO KOTOPbIM BeAeTCS
paboTa € KNeTOUHbIMW NuHUAMU B LieHTpe KonnekTuBHOro nonb3oBaHns «KKKIMy
Wuctutyta Untonorun PAH. CnegyeT nogvepkHyTb, YTO B HUXEMPUBEAEHHBIX
npoToKonax npeacTaBrneHbl 0060pygoBaHWe W pacxodHble  MaTtepuansl
KOHKPETHBIX (OUPM, WCMOMb3yeMblx B Hawen pabote. Tem He MeHee,
[OMyCKaeTCAd  UCMOMb30BAHME  aHamoroB  CO  CXOKUMW  TEXHWYECKAMM

XapaKTepucTUkamm, NPOU3BOANUMBIMU LPYT MU prpMamu.

Mpotokon Ne 1. lononHenne d¢oHpa Konnekuun, noprotoBka
KNeToyHbix 0Opa3uoB, npoueaypa nepeceBa KOMMEKLMOHHbIX
KNEeTOYHbIX JIMHUA

OCHOBHbIM [JOKYMEHTOM, pernamMeHTVPYILWMM MeToabl KyrnbTMBMPOBaHUS,
ucnonb3yemble Ans OGHOBNEHWS (hOHAA KOMMeKUWM, a Takke Ans NoaroToBKu
KNETOYHOr0 MaTepuana K Bblgaye noTpebuTento, sBnseTcs nacnopt. B nyHkTe

nacropta «YCroBus KyrbTUBUPOBaHWA» NOAPOGHO MponucaHbl HeobxoauMble
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ANs cTabunbHOro NOAAEPXaHUS B KyNbType KOHKPETHOW KNETOYHOM NIMHUM Takne
peakTVBbl, Kak TN KynbTypanbHOW cpedpl, KONMYecTBO aMOPUOHaNbHON Bbluben
CbIBOPOTKW, ApYre KOMMOHEHTbI POCTOBOW Cpedbl; Takke ykasaHa KpaTHOCTb
pacceBa W ONTUManbHas MNOTHOCTb KyNbTypbl Ha €4uHULY NMoLagn Wnm
obbema.  KynbTuBMpPOBaHWE  KOMMEKUMOHHOTO  KMETOYHOrO  MaTtepuana
MPOBOAMTCA B OTCYTCTBUM aHTUOMOTUKOB. B nammHapHom Gokce 0gHOBPEMEHHO
paboTalT ¢ 0AHON KOMMEKLMOHHOW KNETOYHOW NuHWe. [Ans Kaxkaon KneTouHOM
KyNbTypbl MCMOMb3YIT MHAMBMAYANbHO NPUTOTOBMEHHYK POCTOBYIO Cpeay U
Apyrvie peakTuBbl, WCMOMnb3yemble Ans nepeceBa KynbTypbl. OCHOBHbLIMY
KOMNOHEHTaM  POCTOBOM  cpedbl  SBNAIOTCS  KynbTypanbHas cpega U
ambpuoHanbHas Oblubsl  CHIBOPOTKA (ONS HEKOTOPbIX KMNEeTOK foliaguHas
CbIBOPOTKA). Takke B COCTaB POCTOBOW Cpedbl MOryT BXOAMTb U Apyrue
KOMMOHEHTbI — 3aMEeHWMbIE aMMHOKUCNOTbI, WMHCynuH, HEPES, 2-mepkanto-
aTaHon u T.4. [pOLEeHTHOE COOTHOLIEHWE U KOHLIEHTpaLMs BCEX COCTaBMSOLLMX
POCTOBOW Cpefbl NogpoOHO OnMCaHbl B NACMOPTE KAKOOM KNETOUHOM TMHUK.
PacTyLise B MOHOCMOE KNETKN NepeBoasT B CYCNEH3MOHHOE COCTOSHWE (CHATUE
C KynbTypanbHOW MOBEPXHOCTM) NMOCPEACTBOM 06paboTkM cMechbio hepmeHTa
TPUMCKHA M XenaTupytoLero areHTa pacteopa BepceHa. O6beMHble Jonn aTuX
pacTBOpPOB B CMECU AaHbl B MAcriopTe Kaxgon KNeToYHOW NWHUM B paspene
«YcnoBwus KynbTUBMPOBAHWS, NpoLieaypa nepecesan.

PasHuya Mexay npouedypoit MOATOTOBKM K Bblgaye KIeTOYHOro
obpasya 1 nomyyeHMeM HOBOW 3aknagku COCTOMT B TOM, YTO [ANS BblAauw
rotoBuTCA HebOmblIOe KOMMYECTBO KNETOYHOM 6uomacchl (2  cpnakoHa
nnowaabo 25 cm?), Npy NOLArOTOBKE HOBOW 3aKnadku HapalimBaetcs bonbluee
konmyecTBo Guomacchl (3-5 dnakoHoB nrowagebto 175 cm?). Mpu pabote ¢
KNETOYHbIM ~ MaTepuanoMm  BCA  ucnonb3yemas [Ans  KynbTUBUMPOBaHMS

0QHOPa30Bas MnacTukoBasi MOCYAA MapkupyeTcs CheayowmuM  06pasoMm:
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MepMaHeHTHbIM MapkepoM MUWYT Has3BaHue NuHUM (abbpesuatypa), Aarty
rnepeceBa, HOMep naccaxa 0T MOMEHTa AEeKPUOKOHCEPBaLK.
1.1 Matepuan
[ins NononHeHNs unu NOAroTOBKM KNETOYHbIX 06pasLoB K Bblgaye
noTpebuTensm Mcnonb3yeTcs KNETOYHbIN MaTepmarn, XpaHsLWmuics B
KpU1OKOMMMEKCe.
1.2 O6opypoBaHue
Tepmocrtat xuakocTHbIn (BogsaHas 6ans) (VEB MLW, MepmaHms)
LleHtpudpyra nabopatopHas LCM-3000, potopbl R-6 n R12/10 (BioSan,
NatBus)
nBepTupoBaHHbI cBeToBOM MuKkpockon Eclipse TS100 (Nicon,
Anoxwns)
Kamepa llNopsiesa (MuunMeg, Poccus)
NamuHapHbin 6oke (3A0 « CAMIMO», Poccust) — 2-i1 knacc
B1onormyeckoit 3aLLmTh
Whkybatop CO, (New Brunswick scientific, lepmanns)
MporpammHbIi 3amopaxwuBearenb Kryo 560-16 (Planer,
BennkobputaHus)
KpuorenHoe xpanmmuwe ans 6uonpoayktoe  (Taylor  Wharton,
'epmaHus)
1.3 PacxogHble maTtepuanbl
KynbTypanbHbie cpeabl: DMEM, EMEM, RPMI 1640, DMEM/F12,
aMEM, L-15, F10, F12, IMDM (Buonor, Poccus; Gibco, Sigma, CLUA)
OmbpuoHanbHas 6blubsi cbiBopoTka (Hyclone, CLUA; Gibco, CLUA)
NowapawHas ceiBopoTka (Buonot, Poccus)
Pactsop tpuncuHa 0.25 % (Buonot, Poccus)

Pactsop Bepcera 0.02 % (Buonot, Poccus)
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L-rnytamuH (Gibco, CLUA; BruonoTt, Poccust)
NEAA (nonessential amino acids — 3ameH1Mble aMUHOKUCIIOTbI, Sigma,
CLUA)
WHcynuH Bbluni (Sigma, CLLA)
Mupysart HaTtpus (Buonot, Poccus)
PacTeop HEPES BogHbIin 40-kpatHbiit (Buonot, Poccus)
2-mepkantoataHon (Gibco, CLUA)
PacTBop TpunaHosoro cuuero 0.4 % (buonot, Poccus)
OtaHon (000 «[aT4mMHCKuit cnMpToBOi 3aBog», Poccus)
Kungkun asot (000 "MenTexras”, Poccus)
Yrnekucnbii ras (MetepOyprekuin yrnekucnoTHbIN 3aBog, Pocens)
OpHopa3soBas nnacTukoBas nocyaa:
Yawwkw MeTpu ctepunbHble @35 x 10 mm, @60 x 15 mm, @100 x15 Mm
(Nunc, Janus)
®nakoHbl KynbTyparnbHble CTepunbHble 25 cm?, 75 cm?, 175 em? (Nunc,
[aHus)
MuneTkm ceponormyeckue crepuneHble 2 M, 5 mn, 10 ma, 25 mn (Nunc,
[aHus)
Mpobupkn ueHTpUdyxHbIE 15 M1, 50 mn (Nunc, JaHus)
CreknsgHHas nocyaa:
Munetka cteknaxHas 2 mn, 5 mn, 10 mn (Marienfeld, Mepmanus)
1.4 MNoaroToBKa KNeTouYHbIX 06pa3LoB
[na  noarotoBkM KNETOYHbIX 06pasLoB NPOBOAAT — criedykoline

MaHWMynaLuu:
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1.4.1 Mpoueaypa AeKPUOKOHCEPBALMUN KNETOYHLIX NUHWIA U BbiCEBa
KNeTokK B KyNbTypanbHbIA COCYA

1. MpoBOASAT AEKPUOKOHCEPBALMIO KNNETOYHOrO MaTtepuana. [ns atoro
[OCTaloT KpUOMpOBUPKN C 3aMOPOXEHHOM CYCreH3Wel KNeTok U3 XpaHunuia ¢
XUOKAM a30TOM M MOMELLAIOT B XMAKOCTHBIN TepMOCTaT, HarpeTbin go 37 °C, oo
MOSHOro OTTaNBaHUS.

2. [1e3nHMULMPYIOT NOBEPXHOCTb Kpuonpobupok norpyxexnem B 70 %
3TaHoN, C nocrneayoLLMM yaaneHnem ataHona ¢ NOBEPXHOCTH KpUonpobupky.

3. Micnonb3ays nuneTky 0B6beMoMm 2 Ms1, NEPEHOCAT CYCNEH3NH0 KNeTok (1-
2 M) B CTepunbHYI0 LeHTpUdyxHyto npobupky (obbemom 15 mn) ¢ 10 mn
KynbTypanbHoi cpedbl 6e3 CbIBOPOTKA U LIEHTPUDYIMPYIOT 2-3 MUHYTHI NpU
190 g (1000 06/muH).

4.YnanswT HagocagouHYH0 XWAKOCTb.

5. Wcnonb3ays nuneTky 06bEMOM 2 Mr1, CYCMEH3MPYIOT 0CALOK B 2 M
POCTOBO Cpeapbl, BbICEBAIOT CyCneH3mto B yaLwky MNetpu @60 x 15 mm.

6. HoBoit nuneTkon §o6aBnsoT 3 M POCTOBOM Cpedbl M MOMELLaoT B
COz-uHkybatop (37°C n 5% CO; , BnaxHocts 80-90 %) A0 [OCTUXEHUS
KneTKaMmn KOHIOSHTHOTO MOHOCIIOS.

Ytobbl nonyuntb Heobxo4uMoe KOMMYecTBO matepuana Ans Bblhauu
KneToyHoro obpasya unu npou3BOACTBA HOBOW 3aKMafku COBEPLUAKT CEputo
naccaxeu.

1.4.2 Mpouepypa nepeceBa MOHOCNOWHBIX KNETOYHbIX IMHUNA
(o6bembl ykasaHbl npu paboTe ¢ hnakoHamu nnowaabo 25 cM?2 unu
yawkamu Metpu guametpom 6 cm)

1. Mcnonb3yst nuneTky 06beMOM SMI, yAansoT pOCTOBYH cpeay €

NMOBEPXHOCTU KNETOK.
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2. [lpombiBatoT 2 - 3 pasa Harpetod pfo 37°C cmecbto
TpUncuH/BepceHa (COOTHOLLEHWE yka3aHO B MacropTe KNeToyHoW nuHuu). [ns
9TOrO, MCrONb3ys NUNETKY COOTBETCTBYIOLEro o6bema, akkypaTHo, He 3afeBas
MOHOCNOS KNEeTOK BHOCAT 2 Mn cMecu TpuncuH/BepceHa. Mocne ononackmeaHms
MOHOCNOS OCTOPOXHbIM NOKaYuMBaH1eM cocyaa B TeveHne 5-10 cekyHa, To xe
nNUNeTko CMecb yaansawT. [Ins nOBTOPHOrO MPOMbIBAHUS UCMOMb3YHOT HOBYH
nuneTky. [Ans psiga KNeTOYHbIX MWHUIA 3TUX MaHUNYNSUMiA 4OCTATOYHO, YTOObI
KNeTKM OTKpenunmucb OT cybeTpaTa M paspyLwninch MEXKNETOYHbIE KOHTaKTbI
(nog MMKpOCKONOM BMAHO, YTO KNETKW Npuobpenu wapoobpasHyio popmy), ecnm
9TOT0 He MpOW30LLNO, MOXHO MOMECTUTb COCyAbl C KNeTkamu B TepMocCTar,
yAEpKUBALOLMA NOCTOSHHYI0 TemnepaTtypy 37 °C, Ha 2-3 MUHYTbI.

3. Vcnonb3ys nuneTky CoOTBETCTBYOLWEro obbema, [06aBnsoT 2 MA
POCTOBOW Cpeabl U MMNETUPYIOT A0 MOMyYeHNUst OBHOPOLHON CYCMEH3NN.

4. BbICEBaIOT KMETKM HA HOBbIW KyNbTypanbHbIN COCY B COOTBETCTBUN C
yKa3aHHOW B NacnopTe KpaTHOCTbIO paccesa.

5. JosogsaT obwmin 0bbem CycrneHsum poCTOBOW Cpedoi 4O 5mn u
nomewatT B COp-uHkybaTOp, rae KneTkn pacTyT [0 0bpasoBaHus
KOHEDIIO3HTHOrO MOHOCIOA, T.€. [0 CNeAYHLLEro nepecesa.

1.4.3 Npoueaypa nepeceBa CyCneH3UOHHbIX KNETOUHbIX JIMHMA.

lMepeceB CYCMEH3MOHHbIX KNETOYHbIX MWHUIA OCYLLECTBASKOT MyTeM
pa3baBneHnst KNEeTOYHOWM CYCMEH3WW MOpLMEN CBEXEN POCTOBOW Cpedbl B
COOTBETCTBUM C KPATHOCTbIO NEpPeceBa, ykasaHHOM B NacnopTe NuUHUM, OOVUH pas3
B 2-3 OHs. KpaTHOCTb paccynTbiBAETCA Kak OTHOLIEHME OObema WCXO4HOM
CYCMeH3un Knetok K o6bemy CycneHsuu, noryyeHHoMmy nocne gobasneHus
cpeabl. Kak npasuno, npu cobntogeHnn KpaTHOCTWM pacceBa, YkasaHHOro B
nacrnopte, LONOMHUTENbHBIX MAHUNYNALMIA He TpebyeTcs, HO MHOrAa BO3HUKAET

Heob6X0aMMOCTb MOMHOCTbIO CMEHUTH poCTOBYIO Cpedy AnAa CYCneH3nn Knetok
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nyTeM LEHTPUPYrMpoBaHns. 3TO MOXET ObiTb CBSA3AHO C YCKOPEHHbIM WM
3ameSIeHHbIM eNeHNEM KNEeToK i BonbLUIMM KONMYECTBOM NOMMBLLMX KNEeToK
B MepBYK Hedenw nocne KpuokoHcepBauuu. Criegyetr NOMHUTb, 4TO
LieHTpUYr1poBaHne MoXeT ObiTb CTPECCOBLIM (haKTOPOM ANS KMeToK, N03TOMy
MPUMEHSATb €70 PEKOMEHAYETCS TOMbKO B CRyyae kpaiHen HeobxoanmocTu.

Mpn NONMHOM CMeHe cpedbl NPOBOAAT Creaylowme MaHWnynsauumn
(o6bembl ykasaHbl npu paboTe ¢ nakoHamu nnoLaablo 25 CM? unu YaLlkamu
MeTpu gMameTpom 6 cm):

1. Wcnonb3ys nuneTky 06beMOM 5 M1, NEPEHOCAT CYCMEH3NI0 KNEeTOK B
LeHTpUYKHY0 Npobupky obbemom 15 mn.

2. CycneHsnio KneTok LeHTpudyrmpyloT 2 munyTel npu 190 g (1000
06/MuH) (B cnyyae paboTbl ¢ 6onbLMMU 0BbeMaMi BpeEMS LIEHTPUAYr1poBaHUS
YBENUYMBALOT).

3. CnuBatoT HafoCafOouHYl0 XMAKOCTb, MUMETKOW COOTBETCTBYHOLLErO
o6bema BHOCAT 1-2 M1 POCTOBOW Cpefbl 1 PECYCNEH3NPYIOT 0CALOK.

4. W13 nonyumsLuencs cycnensun 6epyt 100 mkn n okpawwsatot 0.4 %
pacTBOPOM TPMUMAHOBOrO CUHEro. MPOBOANAT MOACHET KONMYECTBA XMBbIX KIETOK
B kamepe [opsieBa (noapobHoe onucaHre npoueaypbl CMOTPETb HUKE MO TEKCTY,
B pasgene «[ononHeHue»).

CrnegyeT OTMeTUTb, YTO AN NOACYETa KMEeTOK MOXHO WCMoNb30BaTh
ApYrvie CYeTHbIe KaMepbl U aBTOMATUYECKNE CHETUMKM KIETOK.

5. Heobxogumoe KONMUYECTBO CYCMEH3UM MEPEHOCAT B  HOBbIA

KynbTypanbHbIi cocy. 3T0T 06beM (Vi) paccuntbiBaetcs no hopmyne:
_n XV,

V.
J"|I N ,
rae n — ontumanbHasa NnoceBHadA NNOTHOCTb KNETOK yKka3aHHaA B NAacnopTe NUHUK

(MMHUManbHOe 3HaveHue), knetok/mn; Vi, — obbem cpefbl, B KoTOpon ByayT
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HapalyMBaTbCa KNeTkU, MA. (3Ha4eHWe 3aBUCUT OT pa3mepa KynbTypanbHOro
cocypa); N — NnNOTHOCTb KIETOK B MCXOQHOW CycneH3uu, knetok/mn (u3 n.4
HaCTOALLEro NpOTOKONA).

6. CTepunbHOM nuneTkoi [OBOAAT 06bem cycneHaum go 6 mn (V) u
nomewaot B CO,-nHKyGaTOp, rae KNeTku pacTyT B TEYEHUE HECKOMbKUX AHENR 40
DOCTWKEHNS MaKCUManbHO [JOMyCTUMOW MIIOTHOCTW, T.e. A0 CreaytoLero

nepecesa.

PasHnua Mexagy npouesypod NOArOTOBKM K Bbldaye KNeTOYHOro
obpasya ¥ MOMy4YeHMeM HOBOW 3aknafkh COCTOMT TOMbkO B 0bbeme
HapaluMBaeMol KrneToyHoi Buomacchl. COOTBETCTBEHHO [fanee Knetku nmbo
nepefalT nonb3oBaTento, nubo NPOBOAAT MPOLEAYPY KPUOKOHCEpPBaLuM no

MoaudmMLMpoBaHHOMY MeTOAY, paspabotaHHomy paHee (Mazur, 1970).

OONOJTHEHUE: UHcTpyKuMA Ans noacyeTa KneTok B kamepe Mopsesa.

Kamepa [opsieBa npefcrtaenser coboi YTOMLWEHHOE MpeaMeTHoe
CTEKNO C HaHeCeHHbIMK 60opo3aKkaMn 1 ABYMSI MUKPOCETKAaMM, pacyepyeHHbIMM
Ha KBaZpaThbl pasHoM BeNniMHbl. KBagpaTbl HAMMEHbLUErO pasmepa (ManeHbKui
kBagpat) umetoT Gokosble CTOPoHbl No 0.05 MM 1, cobpaHHble no 16 wWwTyk
BMecTe, 0bpa3ytoT 6onblume kBagpatbl co cTopoHamu no 0.2 Mm (puc.1). Mo obe
CTOPOHbI OT MMOLAA0K C MUKPOCETKOW, pacnonoxeHbl 6oposdpl, a 3a HUMK
Nnowaaky Ans NpUTMpaHns MOKPOBHOMO CTeKNa, TOMLMHA NPpegMeTHOro CTekna
B 9Tom mecTe Oonbwe Ha 0.1 mMm. Takum o6pasom, npu nNpaBUSTbHOM
COeVHEeHUN NPeaMETHOrO 1 MOKPOBHOTO CTeKon (B MecTe COeauHeHMs BUAHa
WHTEpEPeHUMs) Mexay MpeaMeTHbIM U MOKPOBHbIM  CTEKMOM  Kamepbl
obpasyetcs 3asop B 0.1 mm. OBbem kamepbl Hag 6onblMM KBagpaToM B

AaHHoM cnyyae coctarnseT 0.004 mkn.
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AHanusnpyemyto CyCrmeH3uto KNeToK npeaBapuTenbHO OKpaLLMBaloT
TPUNAHOBLIM CUHUM [NS BbISBMEHWS B HEW MepTBbIX KNeTOK (kpacuTenb
NPOHUKAET B KNETKW C NoBpexaeHHOM membpaHon). [Ans atoro 6epyt 100 mkn
aHanuaupyemoi cycneHsun u pgobasnsot k Hen 100 mkn 0.4 % pacteopa
TpUnaHosoro cuHero. CycneHawto BHOCAT B 60po3aky kamepbl [opsieBa W,
UCMOMb3ysi CBETOBOW MMKPOCKOM, CYMTAKOT KOMMYECTBO 3KWBbIX KNETOK (mpw
OL|eHKe KWN3HECTIOCOBHOCTI OTAENBHO CYUTAKT KOMMYECTBO MEPTBbIX KMETOK) B
25 Donblumx KBagpaTax MWKPOCETKA. [lpn MOACYETE YYWTBLIBAKOTCH KNETKM
BHyTpu GonblUOro KBagpaTta M Ha AByX ero BOKOBbIX CTOpPOHax (ecnu knetka

NEXUT Ha NePeceyeHnm rpaHmLibl).

w i| | Bambmoit KBaJipaT
1. He cyHTarOT

= 2. CHHTAOT
© © 8 3. CHYHTAT
@ © & TONBKO Ha 2X
CTOpOHAX

il G Q)

MepTBasi KIeTKa
\ -

MaTeHEKHH KBajipar o
2 MBS KITETKA

Puc. 1. CxematnyHoe n3obpaxeHue ceTku kamepbl [opsieBa

Konuuectso knetok B 1 Mn (N) BbIMUCTIAIOT MO opmyre:
N=kxnx10%
rAe N — KONMMYECTBO KNETOK MOACHUMTaHHbIX B 25 Gonblumx kBagpatax, k —
koacpuumeHT passeaeHns. Mpu okpacke 0.4 % pacTBOPOM TPMNAHOBOIO CUHErO

B cOOTHOLEHUN 1:1, k= 2.
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Mpotokon Ne 2. KpuokoHcepBauusi KOMMEKLMOHHBLIX KNEeTOYHbIX
NUHUIA

OCHOBHbIM BOKYMEHTOM, pernameHTUpyoLLmmM MeToab
KyNbTUBMPOBAHMS, UCNONb3yeMble 45 06HOBNEHWS (hoHAA KONMekuun, a Takke
AN NOArOTOBKA KNETOYHOr0 Matepuana K Bbigadye notpebutento, sBnsertcs
nacnopT. B nyHkTe macnopTa «ycnoBus KynbTUBMPOBAHNS» NOAPOOHO N3NOXEHb
OCHOBHblEe TpeboBaHMs K NpoLieaype KpUOKOHCepBaLmuu. [Ins kaxaoi KOHKPETHOM
KMETOYHON NIMHWM YKa3aH COCTaB CPeabl AN KPMOKOHCEPBALIMN, BKITOYAIOLLNA B
cebs KynbTypanbHyl cpegdy, OObeMHyl [oMmo 3MBpuUoHanbHOM Bbluben
CbIBOPOTKW 1 0OBEMHYK AoMio  kpuomnpotektopa. Kpome ToOro, crnegyet
NpPULEPXMBATLHCA PEKOMEHA0BaHHOM KOHLleHTpaLmm CyCneHaum
3amopaxuBaemblx  knetok. Ctporoe cobriogeHue  ykasaHHbIX  YCROBWNA
KPUOKOHCepBauun  CnocoBCTBYET — MOMYYEHUI0  KaYyeCTBEHHbIX  3aKnapok
KOMMEKUMOHHBIX ~ KNETOYHbIX  NIMHUA 1 nocredylowemy — cTabunbHomy
KyNbTUBMPOBAHWIO PA3MOPOXEHHBIX  KIETOYHbIX nonynsaumi. [oarotoBky K
npoueaype KpuMoKoHCepBaLun NpoBOASAT B NaMuHapHOM Bokce, 0OHOBPEMEHHO
paboTas ¢ 04HON KOMNEKLMOHHON KIETOYHOM NHMEN

2.1 Matepuan

[Ins npoBeAeHNs KPMOKOHCEePBaLMN UCTIONb3YETCS KNETOYHBIN

MaTepuan, BbipaLLeHHbIN B KynbTyparbHbIX hriakoHax pasHoro pasmepa.
2.2 ObopynoBaHue

MporpammHbIi 3amopaxmueatens Kryo 560-16 (Planer,

BenukobputaHus)

KpworeHHoe xpanunuwe ans 6uonpogykros (Taylor Wharton,

l'epmaHws)

LlenTpudpyra nabopatopHas LCM-3000, potop R-12/10 (BioSan,

NatBus)
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WHBepTupoBaHHbIn ceeToBon Mukpockon Eclipse TS100 (Nicon,

Anoxns)
Kamepa lNopsesa (MuauMeg, Poccust)
Crennaxw ans kpuonpogykros (OO0 KpuoreHTex).

2.3 PacxopaHble maTepuansl

PocToBble cpedbl, COrnacHo nacnopTy KNeTouHoi niuHum (brornor,

Poccus; Gibco, Hyclone, Sigma, CLUA)

PacTBop TpunaHoBoro cuHero 0.4 % (buonot, Poccus)

Oumetuncynbdokeng (AMCO, Buonot Poceus; Sigma CLUA)

Pacteop tpuncuHa 0.25 % (Buonot, Poccus)

PacTsop Bepcena 0.02 % (Buonot, Poccus)

Kugkun asot (000 «CkaHg-ras», Poccus)
OpHopasoBas nnacTukosas nocysa:

Kpuonpobupka 1.8 mn (Nunc, [aHus)

MuneTkm ceponornyeckue cTepunbHble 2 M, 5 mn, 10 mn, 25 mn

(Nunc, Janus)
Mpobupku ueHTpUdyxHblE 15 MA, 5 mn (Nunc, JaHus)

CreknsgHHas nocyaa:

Munetka cteknaxHas 2 mn, 5 mn, 10 mn (Marienfeld, Mepmanus)

2.4 Tpoueaypa KPMOKOHCepBaLUK

1. KneTku, pactywiue Ha MOBEPXHOCTU KyNbTypanbHOrO Mnactuka,

NepeBodsT B CYCMEH3MOHHOe COCTOsHWE MocpeacTsoM 06paboTki cmecw

TpuncuH/BepceHa  (COrMacHO  COOTHOLLEHWMO,  yKa3aHHOMY B

Mpouenypa omucaHa B [lpotokone Ne1, pasgen 1.4.2, nn.

nacropre).
1-3. [nsa

CYCMEH3MOHHbIX KyNbTyp MpoLeaypa KpUOKOHCEepBauuW HauuMHaetcs ¢ M. 2

HACTOALLEro MpoToKora.

39



2. CycneHsuio KneTok NepeHoOCAaT B LEHTPUYXHbIe Npobupku W
ueHtpudbyrvpytot npu 190 g (1000 06/MuH) B TeyeHne 3-8 MUH B 3aBUCMMOCTM
0T 06bema KneToYHOM CyCreHanm.

3. CnuBatoT HagocafouHYH XMOKOCTb, [0BaBNSAIOT K 0CaaKy KNeTok
He60oMbLION 06bEM POCTOBOI CPeabl U PECYCNEH3NPYIOT.

4. C nomouibto kamepbl [opsieBa onpeaensioT UTOroBOE KOMMYECTBO
knetok (MpoTokon 1, pasaen «[lononHeHWe») 1, UCX0AA U3 HEro (B COOTBETCTBUM
C PEKOMEHA0BAHHOM B NAcnopTe KNETOYHOW FMMHUWM KOHLEHTpaLuU CycneHsum
KNeTOoK Ans 3aMOPO3KM), PacCyUTbIBAOT 06 bEM Cpeabl Ans 3aMOPO3KUA.

5. Kpuwonpotektop (OMCO) Henb3s [obaensTe HepasbaBreHHbIM K
CYCMEH3MM KNeToK, TaK Kak 3TO MOXET NMPUBECTU K MOBPEXAEHUIO KNeToK
MOCPEACTBOM OCMOTMYECKOrO W TeMnepaTypHOro Lwoka. [Ans npegoTepalleHms
9TUX 3(PPEKTOB rOTOBAT ABa PaBHbIX N0 06LEMHOMY COOTHOLLEHWKO pacTBopa:
1 - CycrneH3ans KneTok B pOCTOBOW Cpefe U 2 — pocToBas cpeda C yaABOEHHO! OT
PEeKOMEHA0BaHHOW B NacmnopTe KOHUEeHTpauuen KpuonpoTektopa. [anee
MeAseHHO, MO KanmnsM pacTBop C KPUOMPOTEKTOPOM A06aBNsHOT K CycneH3um
kneTok. WToroBblin 0Bbem nocne obbeanHeHus [BYX PacTBOPOB [AOMKEH
COOTBETCTBOBATH pacyeTHOMY 06bemy (N.4 HacToSLLEro NpoToKona).

6. MonyyeHHyto CycneH3nio CTEPUNBHO PasnuBatoT Mo kpronpobupkam,
KOTOPble TEepMETUYHO 3aKpblBalOT U MapKWpYlT (ykasblBaloT —Ha3BaHue
KNETOYHOM NWUHUKM, HOMEP 3aKNajKku, naccax 1 Aaty 3aknagkm).

7. Bce kpnonpobupku nomeLyatoT B MpOrpaMMHbIA 3aMOpaXMBaTENb,
KOTOPbI NOCTENEHHO MOHMKXAET TemnepaTypy CO CKOPOCTbiO 1 rpadyc B MUH [0
- 70 °C, nocne aToro kpuonpobupku nepeHocaT B xuakuin a3oT (-196 °C).

MMpn OTCYTCTBMM MPOrpaMMHOrO 3aMOpaxuBaTens, nepsblii 3Tan B
3aMOpaX1BaHUM CyCMEH3NN KNETOK — CHUXKEHWe TemnepaTypbl 40 -70 °C, MOXHO

OCYLIECTBUTb € WCMONb30BAHMEM  CrieLMarbHOr0  KPUOKOHTEIHEpa.
40



KpnokoHTenHep npefctaBnsieT coboi  WTaTMB € ABOWHBIMK - CTEHKaMM,
MPOCTPaHCTBO MeXJY KOTOPbIMKM 3aMOfHEHO WM30MPOMaHONOM  WAW  OpYrum
BELLeCTBOM/MaTEPUAIoM, KOTOPbIE NPU NOMELLEHUN B MUHYCOBbIE TEMMepaTypbl
OXNaX[alTCa C NOCTOSHHOM CKOPOCTbIO — 1 rpagyc B MuHYTY. Kpronpobupku ¢
KneTKkamm NOMeLLaloTCs BHYTPb, & CaM KPUOKOHTEMHED CTABUTCS B XOMNOAMMbHYHO
kamepy Ha — 80 °C. Ha cnepytowmin feHb Kpuonpobupkn NepeHoCT B XKWUaKuMIA
a3oT (-196 °C).
2.5 XpaHeHue KONNEeKLMOHHOro matepuana

XpaHeHWe B XMOKOM a30Te MO3BONSET COXPaHsTb OCHOBHbIE CBOWCTBA
KOMMEKLUMOHHBIX KNETOYHbIX FIMHUIA B TEYEHWE HECKOMbKUX AecatuneTuit. [Npu
NOMELLEHNN KPMONPOBUPOK B KPUOXpaHUIULLE, Kaxaas npobupka MapkupyeTcs.
B mapkupoBke ykasaHa fgata KpMOKOHCEpBaLWW, HA3BaHWE KMETOYHOM SMHWW,
Homep naccaxa. Kpuompobupku C 3aMOPOXEHHbIM KIETOYHbIM MaTepuanom
pasMeLLaT B CreuuanbHblX CTennaxax, MOMELEHHbIX B KPUOXpaHUMULLE.
WHhopmaums 0 KNETOYHON NHWM (Ha3BaHWe, HOMEP 3akrnagku, naccax, cocTaB
cpedbl ANS  KPUOKOHCEPBALMKM, KOMWYECTBO 3aMOPOXKEHHbIX amnyn u ux
pacronoxeHne - HOMep KPUOXPaHWMMLLA M HOMEp CTennaxa) ukcupyertcs B
COOTBETCTBYIOWMX  pabounx  XypHanax.  KpuoxpaHunuiia  3anofnHeHbl
CKKEHHbIM a30ToM, obecneynBaroLM Heobxoaumyo TemnepaTypy XpaHeHus
06bekToB (-196 °C). B kpuoxpaHunuiiax nogaepKMBaeTcst MOCTOSAHHbIA YPOBEHb
asota And WCKMKOYEeHUs HexenaTenbHblX konebaHuit TemnepaTtyp BHYTPY
emkocTen. [poBepka ypoBHS XnaforeHa NpoBOAUTCS EXEHEAENbHO BU3yasbHbIM
cnocobom.  [losanpaBka  KpMOXpaHWNWLi@  MPOBOAUTCS  EXEMECSYHO.
CooTBeTCTBYIOWAs 3anuCb AenaeTtcs B paboyem KypHane, Haxoaswemcs B
KPMOKOMIIIEKCE.

MoopoGHO MPUHUMMBLI co3aaHMsa U paboTbl kprokomnnekca B MHLL PAH

onucaHbl ero pykosogutenem H.A.LLy6uHbim (LLy6uH, 2008).
41



Mpotokon Ne 3. KoHTponb KayecTBa KOSMMEKLMOHHbLIX KNEeTOYHbIX

NUHUA

Kaxayto nonyyeHHyto HOBYIO 3aKnafKy KMeTOYHOM NMMHMM Heobxoanmo
npoBepuTb (MpOTECTMPOBaTh) N0 3-M MoKasaTensm. Yepes HECKONbKO AHen
nocne KPUOKOHCEPBALMM OfHY KpMOMPOOMpKY C KNeTkamu pa3mMopaxuBatoT W
MPOBOAAT TECTUPOBAHUE KNETOYHbIX MOMYNAUMiA N0 Cnegylowmum napameTpam:
MOpPONorus, XU3HECNOCOOHOCTb, MUKPODOHAs KOHTaMWHauus. [ng kaxaoi
BKIMIOYAEMOW B KOMMEKUMIO KNETOYHOW JIMHUKM NPOBOZAT aHanmu3 kapuotuna, a
ANS KIeToK Yenoseka gononHutensHo onpeaensiot JHK npocuns (STR).

3.1 Xapakmepucmuka Mopghosio2uu KnemoYyHou uHuU.

KneTtouHble KynbTypbl CYLLECTBEHHO pasnuyatoTcs no
MOPMONOrMYECKON XapaKTeEPUCTUKe, HE3aBUCUMO OT TUMa KMETOYHOM NWHWN
(MMMOpTanu3oBaHHble WKW HEUMMOPTanu3oBaHHble). KreTouHble KymnbTypbl
MOryT nMeTb anuTenMonogobHyto, thmbpobnacTonogobHyto,
HenpobnacTonogobHy 1 numdgobnactonogobHyto mopdonoruto. Mepeble 3
TMNa OTHOCAT K MOHOCMOMHBIM KyrbTypam, T.K. KNETKM MPUKPENNSIOTCH M
pacnnactbiBatoTca Ha cy6ctpate. [locnegHun T KynbTypbl  Ha3blBaoT
CYCMEH3MOHHbIM WK NOMYCYCMEH3NOHHBIM, KMETKM TakuX KynbTyp pacTyT B
CYCMEH3M1, YaCTUYHO MPUKPEnnssch, HO, He pacnnacTbiBasch Ha cyberpare.
Takylo MOPCHONOTMI0 UMEIOT KNETKU KPOBWM M MMMYHHOA CUCTEMbI, @ TaKke
HEKOTOPbIE  KNETOYHble  NWHMKM,  CheuyuanbHO  OTCEMNEKTUPOBaHHblE — Ans
KyNbTUBMPOBaHMWS B cycnenanu. [ns nuunin CK xapakTepeH KoNoHWanbHbIA Tvn

pocTa (Puc. 2).
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kononus 3CK

SEANSRS =0 O - Il ©
Puc 2. Mopdhonorus KNeTOUHbIX TIMHUIA, MPUKU3HEHHBIE (hoTorpacmm
a - anutenuonogobHas mopdonorus (nuHus FBT, ambpuoH Gbika, Tpaxes);
6 - dwmbpobnactonogobHas mopconorns (nuHusg Indian  Muntjac (M),
WHOWACKUIA MYHTXaK, Koxa); 8 - HermpobnacTonogobHas mopdonorns (NuHus
Neuro 2a, mbiwb A (albino), Helpobrnactoma); e - numdobnactonogobHas
mopcponorusa  (nuHna  Sp2/0-Ag14, Mmbiwb, Muenoma, rmbpugP3X63Ag8 u
cnneHoumToB Mblwei BALB/C); 0 - KONOHWanbHLIA TUM pocTa (KOMOHWS KMETOK
nnHmm SC5, uvenosek, ICK, 6nactumcta 5 — 6-ro gHa pas3suTUs Ha crioe
uaepHbix (mMuTatowmx) knetok nuHum SC5-MSC, uyenosek, ME3eHXMMHbIE
cTeonoBble knetku n3 ICK).

3.1.1 O6opynoBaHue
nBepTupoBaHHbI cBeToBOM Mukpockon Eclipse TS100 (Nicon,
Anoxus)
NamuHapHbin 6oke (A0 «CAMIO», Poceus) — 2-11 knacc
O1oNorMYecKoil 3aLLuTh

Wukyb6aTop CO; (New Brunswick scientific, lepmanns)
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3.1.2 PacxogHble maTepuansl
PocToBble cpefbl, COrMacHO nacropTy KNeTOMHOW nuHuW (Buoror,
Poccus; Gibco, Hyclone, Sigma, CLUA)
OpHopasoBas NnacT1koBas nocyaa:
Yawwku Metpu cTepunbHble @35 x 10 MM, @60 x 15 mm (Nunc, Janus)
MuneTkn ceponormyeckue cTepunbHble 2 mi, 5 mn (Nunc, JaHus)
3.1.3 Mpouepnypa mopdonormyeckoro aHanusa
Mopchonornio  KNeTouHoM  NonynsuMu  AaHHOM  KNETOYHOM  FIMHMK
OLEHWBAIOT BM3yanbHO NOA MHBEPTMPOBaHHLIM MWKPOCKOMOM Yepe3 24-48
yacoB nocne BbiceBa U cogepxanus B CO-nHkybaTope. INpu 3TOM yyuTbIBAOT
He TOMbKO TWM POCTa, HO M COCTOSIHWE KNETOK, BKIKOYas Hann4yne unm oTcyTcTBmue
kneTo4Horo gebpuca. JTanoHHble MUKpodoTorpadnn KOMnnekUMOHHOro oHaa
Konnekumu npuBegeHbl B kaTanore, pacnofioXeHHOM Ha oduuManbHOM canTe
WHL| PAH.
3.2 OnpedeneHue xu3HecnocobHOCMU KIlemok nocne
KPUOKOHCepsayuu
Jonyctumas XM3HECrnoCOBHOCTb KaXKOOM KMNETOYHOW MNWHMM mocne
KPMOKOHCEpBALMW, MPEACTaBNEHa B MyHKTE MacnopTa  «KU3HECNOCOOHOCTb
nocne Kp1okoHcepBaLum». Kak npasuno, Konmmn4ecTBO XKuUBbIX KNETOK konebnetcs
ot 70 go 95 %. HeypoBneTBOpUTENbHOM CuMTaeTCs 3aknagka, cogepxallas
meHee 70 % XMBbIX KNETOK.
3.2.1 MaTtepuan
[ins onpeaenermns xm3HeCnoCOBHOCTM UCTONb3YIOT KIETOYHbIN
Matepuan cpasy nocrne aekpuokoHcepaaumum (Ha 0 naccaxe).
3.2.2 O6opynoBaHue
KpworeHHoe xpanunuie ans 6uonpogykros (Taylor Wharton,
l'epmaHws)
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TepmocTar XuakocTHbIn (BogaHas 6ans) (VEB MLW, Mepmanns)

LlenTpudpyra nabopatopHas LCM-3000, potop R 12/10 (BioSan,

Natsus)

WHBepTHpoBaHHbIN ceToBON Mukpockon Eclipse TS100 (Nicon,

Anoxwns)

Kamepa lNopsiesa (MuunMeg, Poccus)

3.2.3 PacxogHble maTepuansl

PocToBble cpeabl, COrnacHo nacnopTy KNeTouHoi nuHum (bronor,

Poccus; Gibco, Hyclone, Sigma, CLUA)

Pacteop TpunaHosoro curero 0.4 % (Buornot, Poccns)

Jtanon (000 «laTynHckuin cnpToBO 3aBoAY, Poccus)

OpHopasoBas nnacTukosas nocysa:
MuneTkm ceponormyeckue crepuneHble 2 M, 10 mia (Nunc, Janns)
Mpobupku LeHTpudyxHble 15 M (Nunc, [laHus)

3.2.4 Mpoueaypa onpeaeneHns XKM3HeCNOCOOHOCTH

1. MpoBoasAT AeKPUOKOHCEPBALIMIO KIETOYHOro MaTepuana. Mpoueaypa
nogpo6Ho onucaHxa B lNpoTokone 1, pasgen 1.4.1, nn.1-4.

2. W3 cycneHsnn pasmopoxeHHblx knetok 6epyr 100 Mkn. w
okpaLumsatoT ee 0.4 % pacTBOPOM TPUNAHOBOIO CUHETO.

3. MNpon3BoasAT NOACYET XUBLIX U MEPTBLIX KNETOK B kamepe [opsieBa
(meTog nogpobHo onmucaH B NpoTokone 1, pasgen «JononHeHne»):

4. BbluMCNSOT  KM3HECTOCOBHOCTb  KNETOYHOW  MOMyNsUMM  Kak
OTHOLLEHME KONMYECTBA XMBbIX KNETOK K OOLEMY KOMMYECTBY MPOCHUTAHHbIX
KMETOK (CyMMa XMBbIX 1 MEPTBbIX), BbIPAXEHHOE B NMpoLeHTax. [ns nonyyeHus
[OCTOBEPHBIX AaHHbIX AOMMKHO BbITb NpocUMTaHO He MeHee 200 KneTok.

CrnegyeT noavepkHyTb, YTO ONpedeneHne YPOBHS XM3HECTOCOBHOCTH

KNEeTOK Cpasy Mocne AeKPUOKOHCEpBaLMM OTpaxaeT pearnbHOe KayecTBO
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MOMyYEeHHON  KNETOYHOW  monynsumu. 3aTeM B KNETKax — HayuHakTes
BOCCTAHOBUTENbHbIE MPOLIECCHI, CBSI3aHHbIE C penapauuen, pennukauuen u
BbXMBAEMOCTbHO. MPUCYTCTBME Xe KPMONPOTEKTOPA BO BPEMS KPUOKOHCEPBALM
He TOMbKO npefoTBpawaeT rmubenb KNeTok, HO M YCKOPSieT BOCCTAHOBNEHWE
KMETOYHbIX CBOWCTB, HapyLalowmMxcs B npouecce rnybokoro 3amopaxusaHus.
(MonsHckas u gp., 1990).

3.3 Mukpobuonozuyeckuii KOHMPObL KOHMaMUHaUUU K1emoYHbIX

JIUHUl

MuKpoOMONOrMYECKUA  KOHTPOMNb  SIBNSIETCA NMEPBOA W peLuaroLLen
XapaKTEPUCTUKON NS AanbHemwen cyabbbl KneToyHon nuHun. Onpegenesve
HanMuMs KOHTaMUHALWIA NpeaCcTaBNseT Ans KOnnekumuit ocobyto BaxHOCTb, Tak
Kak B HMX KyNbTMBMPOBAHWE KNETOUHbIX JMHWA BEAeTCs B OTCYTCTBUE
aHTMOMOTUKOB. MCnonb3ytoT MeTogbl KOHTpons GaktepuanbHoW, rpubkoBOi W
MMKOMMNa3MEHHOM KOHTaMMHALMN.

Hanbonblwylo onacHoCTb ANS KNETOYHbIX KyNnbTyp NPeacTaBnstoT
MUKONnasmbl. [eTekuno MUKonnasmbl MPOBOAST OLHOBPEMEHHO HECKONbKMMM
meTogamu. B nybnvkaumsx, NoCBALLEHHbIX AETEKLMAN MUKOMNA3Mbl B KINETOUHbIX
KynbTypax, BCEraa ykasblBaloT, YTO BCE BMAbI MMKOMNA3M, KOHTAMWUHMPYHOLLMX
KNeToYHble KynMbTypbl, HE MOryT ObiTb OnpedeneHsl OOHUM  METOAOM
TECTUPOBAHWS, KaK MW3-3a OrPaHMYEHHOCTM Kaxgoro Metoda, Tak M
cneumnduyecknx ceoicte Mukonnasm (Uphoff et al., 1992; Garner et al., 2000;
Dvorakova et al., 2005; MuHaes u gp., 2012; Uphoff, Drexler, 2013). Tak,
MPUMEHEHME TONMBKO OOHOTO METOAA MUKPOOMOMOrMYECKoro KynbTUBMPOBAHMS
(Mukpobuonormyeckoro  BbiCEBa),  KOTOPbIA,  TEOPETUMYECKWM,  NO3BONSET
oBHapyxuTb faxe ofHy konoHueobpasytowyto eanndy (KOE) mukonnasmbl B
KynbType, OrpaHNYeHO TEM, YTO TONMbKO YETbIpe WX CEMU BULOB MUKOMIA3M-

KOHTAMWHAHTOB KNETOK XOPOLUO PacTyT Ha CENEeKTUBHbIX NUTaTenbHbIX cpeaax.
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TaKke YCTAHOBMEHO, YTO MMKOMMA3sMbl MPU Pa3NMYHbIX HeBNaronpUsTHLIX
YCMOBUSX MOrYT NEPeXoauTb B HEKyNbTUBMpyemoe cocTosHue (PomaHoBa,
TuHLbypr, 1993).

MeTog okpacku chryopoxpomamu WCMOMb3YIT Kak METOA 3KChpecc-
JnarHocTuku. HepoctatkoM MeToda SBNSIETCS  TPYAHOCTb  OLEHKM  UK3-3a
BO3MOXHOCTW apTedhakToB 3a cyeT hryopecLieHLMM 0BNIOMKOB KNETOYHbIX aep
W (HOHOBOrO CBEYEHWS MPU KyNbTUBMPOBAHMM Ha cpedax, Cogepxalynx
aHTuburoTukK. Moatomy meToa TpebyeT 6oMbLIOMo OnbiTa onepaTopa.

[TOMMMO MOCTOSIHHO MCMOMb3YEMbIX MUKPOBUOMOrMYEeCKNX METOA0B
KOHTPONS KOHTaMWHALMK, B KA4eCTBE AOMONHUTENBHOMO KPUTEPUS B HEKOTOPbIX
Cny4yasx ucnonb3ylT monekynspHo-reHeThyecknin metog (MUP aHanms). Tect-
cucTema ansa onpegenequs koHtamuHaumm Universal Mycoplasma Detection Kit
(ATCC, CLUA), Brnrovatowwas yHMBepcanbHble npaimepbl, crneunduyHble ans
kogmpytowein obnactn 16S pPHK B reHome MHorux npefcTtaBuTeneil knacca
Mollicutes, no3sonsieT onpegenuTh cabile 60 BUGOB KOHTAMUHAHTOB KNETOYHbIX
kynbTyp pogos Mycoplasma, Acholeplasma, Ureaplasma v Spiroplasma. Tem He
MeHee, 3TOT MEeTOA UMEET OnpeaeneHHyio paspeLuatoLLyto cnocobHocTb (Young
etal., 2010).

3.3.1 MaTepuan

[Ona npoBegeHnst MWKpPOBMONOMMYECKOTO KOHTPONS  KOHTaMWUHALMM
HOBbIX 3aKNafOK KMNETOYHbIX NMHUIA MCMOMb3YIOT KyNbTypbl NOCIE pPasmMopo3Ki
OAHOW amnysbl U3 3TON 3aknagku. PasMopoXeHHbIe KNETKN KynbTuBMpyT 3—4
naccaxa (He meHee 10 gHeit) B CO, unkybatope npu 37 °C. [Janee knetku
BbICEBAIOT HA CTEPUIbHbIE MOKPOBHbIE CTEKNA, NPEABAPUTENBHO MOMELLEHHbIE B
nnacTukoBble Yawky Metpu, u kynbTuBMpytoT X B CO, nHkybatope npm 37 °C o
poctmxeHns umn 70-80 % MoHocnos. B nammHapHom Gokce OgHOBpEMEHHO

paboTaloT C OAHOM KOMNMEKUMOHHO KIETOYHON NUHMEN. [Ns Kaxmoi KNeTOYHOM
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KyNbTypbl UCMOMb3YIOT MHAMBUAYANbHO MPUrOTOBIIEHHBIE POCTOBYK Cpeay,
BKMIOYAIOLLYI0 KynbTyparbHyl cpedy, SMOpuoHanbHyl0 Oblyblo CbIBOPOTKY W
ApyrMe HeobXoouMble KOMMOHEHTbI, COrMacHO MacropTy AaHHOM KNeTOYHOM
NIMHAK, @ TaKKe PeakTUBbI, UCMOSb3YIOLLMECS AN NepeceBa KymnbTypbl.
3.3.2 O6opyaoBaHue

LleHTpudbyra Eppendorf (Fepmanus)

Tepmocrar +37 °C (VEB MLW MEDIZINISCHE, l'epmaHus)

NamuuHaphbin  6oke  (3AO  «CAMIMO», Pocews) — 2- knacc

Buonornyeckoin 3awuTbI

WnuBepTuposaHHbIn Mukpockon (Nicon Eclipse, AnoHus)

Wukybatop CO, (New Brunswick scientific, Ffepmanus)

dnyopecLeHTHbIN Mukpockon (Leica TSC, Mepmanus)

3.3.3 PacxopaHble maTtepuansl
BBL Mycoplasma Brooth Base (BD, (Benbrus)
Difco PPLO Agar (BD, benbrus)
Difco yeast extract (BD, benbrus)
D-Tnioko3a (Sigma, CLUA)
Hoechst-33258 (Sigma, CLUA)
KCI (XumpeakTus, Poccus)
KH,PO4 (Peaxum, Poccus)
L-Aprunun (BioFroxx, F'epmanns)
MgSO; x7H,0 (Peaxum, Poccus)
NaCl (Peaxum, Poccus)
NaNOs (3kpoc, Poccus)

Vectashield mounting media (Vector laboratories, Inc, CLLUA)
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Auertart Tannus (Merck, Mepmanus)

KynbtypansHas cpega DMEM (Buonot, Poccus)

NepnsHas ykeycHas kucnota (HesaPeakTtus, Poccus)

NowapwHas ceiBopoTka (Buonot, Poccus)

MenToH (XenukoH, Poccus)

Caxaposa (Sigma, CLUA)

Yrnekucnbiv ras (Metepbyprekuin yrnekucnoTHbIn 3aBog, Poceuns)

®eHonoBbI kpacHbIn (Acros, NHaus)

®ocatHo-coneson bycep, PBS (Buonot, Poccus)

OmbpuoHanbHas 6blubst cbiBopoTka (HyClone, CLUA)

Jtanon (000 «laTynHckuin cinpToBOi 3aBOAY, Poccus)
OpHopasoBas nnacTikoBas nocyaa:

Mpobupku LeHTpudyxHble 15 Mn (Nunc, [aHus)

MpoBupku ¢ KpyrnbIM gHOM, nonukapboHaTHele, 10 mn (Sarstedt,

AscTpanus)

Mukponpobupka 1,5 mn (Nunc, JaHus)

Yawwka Metpu ctepunbHag @35 x 10 mm (Nunc, Lanus),

MuneTka ceponoruyeckas 2 mn, ctepunbHas (Nunc, JaHus)

HakoHeuHuku gns gosatopos, 100-1000 mkn, 1-200 mkn (Nunc, JaHus)

NabopaTtopHas nnexka Parafilm (Parafilm, CLUA)
Crekna npeameTHble (Menzel, Mepmanus)

Crekna nokpoBHble (Menzel, FfepmaHms)
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3.3.4 MNpoueaypa MUKPOOMONOrNYECKOrO KOHTPONSA
3.3.4.1 KoHTponb 6akTepuanbHON, APOXKEBON KOHTaMUHALMI U
KOHTaMMHaLUM MULenmanbHbIMU MUKPOOPraHU3Mamu.

Kak npaBuno, pJaHHble BuAbl 3apaXEeHWS MOXHO  OnpefenuTb
BU3yanbHO, NOCKOMbKY GakTepun, ApPOXOKM W NNeCHeBblE rpubbl B NUTATEMNbHOM
cpege pacTyT AoCTatoyHo BbicTpo. OpHaKo, CyLLECTBYIOT MeAneHHOpacTyLuue
BMAbl OaHHbIX MMUKPOOPraHu3mMoB, M WX BbisiBReHWe TpebyeT npuMeHeHus
METOAO0B MUKPOOMOIOTMYECKOro BbiCeBa Ha crneuuduyeckue nutatenbHbIe
cpeabl. B Tabnuue 1 npuBedeHbl cocTasbl creyuduyecknx Ang Kaxgoro u3
TUMNOB KOHTaMUHALMW NUTaTENbHBIX Cpes, NpoLeaypa BoiCeBa U pesynbTar.

3.3.4.2 KoHTponb MMKonnasMeHHON KOHTaMUHaLMK.

1. Metop npamoro okpawmsanua [IHK kneTok donyopecueHTHbIM

kpacutenem Hoechst 33258.

[NpuroToBneHue pactsopa kpacutens Hoechst-33258:

CrokoBeIn pacTeop: 50 mr cyxoro nopoluka Hoechst-33258 paseogsr B
1 mn DMSO (koHeyHasi koHUeHTpaums 50 mr/mn). CTokoBbIN pacTBop acyHoT v
xpaHsT npu -20 °C;

OcHoHow pacTsop: 10 mkn cTokoBoro p-pa pa3sogst B8 1 mn PBS (0.5
Mr/mn);

Paboumin pacTBop: 2 MKIT OCHOBHOrO p-pa pa3sogst B 1 mn PBS
(koHe4Hast koHUeHTpaums 1 Mkr/mn).

OCHOBHOW paCTBOP MOXHO UCMOMNb30BaTh B TEYEHME 2-X Hedenb,
pabounit pacTBOp rOTOBAT HEMOCPEACTBEHHO Nepes ynoTpedneHnem.

OxpalumBaHue knetok kpacutenem Hoechst-33258.

1. MOHOCIOMHbIE KMETOYHbIE KyNbTYpbl BbIPALMBAIOT HA MOKPOBHOM
CTekne B TeYeHne He MeHee 3-X CyTOK. CyCneH3WNOHHble KNETOYHbIE KymnbTypbl

aHanM3npyoT C NOMOLLbIO MHANKATOPHbIX KNETOK: MHﬂMKaTOprIe MOHOCIOWHble
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KNeTKW BbIpallMBaloT B TeYeHWe 1 CYTOK Ha MOKPOBHOM CTekne, 3atem 1 mn
NCMbITYEMON CYCMEH3WOHHON NUHUM [06aBASKT K MOHOCMOWHLIM KNeTkam.
KneTkn CoKynbTUBMPYIOTCS B TEYEHUE 3 CYTOK.

2. Mo poctxeHun He MeHee 70 % MOHOCMOS KNETKM DUKCUPYIOT
CMECbI0 MeTaHona 1 NeasHon yKCycHon kuenoTbl (3:1): ;o6aBNAT B YaLlky co
cteknamm 50 MK dmkcaTopa, He CnuBas KOHAMLMOHMPOBAHHYK Cpeay, Yepes
2-3 MUHYTbI Cpeay CNMBAIOT U BHOBb 3anWBaKOT (PUKCaTOP.

3. Yepes 5 MUHYT hmkcaTop CrMBALOT, CTEKMNA BbICYLLMBAIOT HA BO3AYXE.

4. MNpenapatbl OkpawmBatoT ¢ nomoLsko dnyopoxpoma Hoechst-33258
B TeyeHne 10 MUHYT Npu KOMHATHON TemMnepaType.

5. Mocne okpacky cTekna 0nonackmealoT B AUCTUANMPOBAHHON BOZE W
BbICYLUMBAIOT Ha BO34YXe.

6. lpenapaTtbl MOHTUPYIOT Ha MPeAMETHbIX CTeknax (mpeaBapuTenbHO
0BezKVpeHHbIX CIMPTOM) B Kanne 3akmovatoLen cpeabl Vectashield mounting media.

MukpockonmMpoBaHue npenapartos NPOn3BOAAT Ha JOMUHECLEHTHOM

MUKpOCKoNe Npu BO3BYxaeHun dnyopecueHumn B ynbTpaduroneToBon obnactu
cnektpa (352 Hm) npn  yBenndyeHun 06.x100 (Leica TS5 SL). B
KOHTAMWHMPOBAHHBIX  KMETKax MUKOMna3vbl BWAHbI B BUOE  OTAENbHO
CBETALUMXCS rpaHyn OMaMeTpoM OKOMI0 2 MKM WAW WX CKOMMEHWA Ha
MOBEPXHOCTU KNETOK 1 Ha cBODOAHBIX yyacTkax (puc. 3).

2. Mukpobuonornyeckoe KynbTuBmpoBaHue (Metoa
MUKPOOUONOrM4ecKoro BbIceBa).

Wcnonb3ytoT [fgBa BapuaHTa 3T0ro Metoga: 1) BbICEB Ha Xuakue
nuTaTenbHble cpedbl AN pocTa MUKONNasMmbl; 2) BbICEB Ha TBepAble
nuTaTenbHble Cpeabl Ans pocta Mmukonnasmel (Hay R.J., 1985; Munnep v gp.,
1988).
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Puc. 3. Mukonnasmbl B KynbTypax KNeTok:

@ — KOHTPOIbHbIE WHAMKATOPHblE KNeTkn nuHun Vero 6e3 Mukonnasmbl;
6 — KNeTKM nHankaTopHoM ninHum Vero, 3apaxeHHole Mycoplasma salivarium;
8 — KNeTK1 NHUM Vero, CokynbTUBMPOBaHHLIE C kneTkamm nuHumn K-562,
CMOHTAHHO 3apaxeHHbIMM MUKOMNAa3MOW; 2 — NepBUYHAs KyNbTypa KNeTok
3HOOMETPWS, CMIOHTAHHO 3apaXeHHas Mukonnasmon. MacwrabHas nuHenka
— 25 MKM.

CoCTaB XMOKNX MUTATENbLHbIX CPEL.

OcHoBHas nuTaTenbHas cpena

BBL Mycoplasma Brooth Base 1,48 r Ha 70 mn H,0 aucer.
Difco yeast extract (7 % B H20 guct) 10 mn (0.7 r Ha 10 mn)
NowagauHas coIBOpOTKA 20 mn

Auertar tanmus (5 % B H20 pucr.) 600 mkn

®enonpot (1 % B H20 aucr.) 200 mkn

|/|Cﬂ0]'|b3y}OT 2 BapunaHTa Xngknx niutatenbHbIX Cpea.
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a). K ocHoBHom nuTatenbHoi cpege aobasnsatot 250 mkn 40 %
rniokosbl. pH cpeabl — 7,2-7 4.
6). K ocHoBHo nuTatenbHoit cpeae aobasnatot 500 mkn 2 % apruHuHa.
pH cpeab! — 6,0-6,5.
CocTaB TBEpAOM NUTATENLHO Cpespb!.

Difco PPLO Agar (5 %, B H,O guct.) 70 mn
Difco yeast extract (7 %, 8 H2O guct.) 10 mn
NowapawuHas cbiIBOpOTKA 20 mn
2,5 % auetat Tannus 600 mkn

2.1 BbiceB Ha Xugkue nutaTenbHble Cpeabl.

1.1 M1 MCNbITYEMOI KOHAWLIMOHUPOBAHHOM Cpefbl LEHTPUGYTMpYOT
npu 190 g (1000 06/MuH), B TeYEHME 2—-3 MUH.

2. 500 MK HagoCad0uHOM XKUAKOCTM NEPEHOCAT B 2.5 MIT KMAKOM
nuTaTesbHOW cpeab!.

3. Tpobupkn ¢ UCnbITYeMON Cpeson MHKYOMpYIOT B TepMocTate mpu
37 °C, He meHee 21 CyToK.

4. Hannune mukonnasMeHHOW KOHTaMUHaUMKM Ha cpede C roKo30M
onpefensieTcs No 3aKUCMEHW0 cpedbl (cpeda npuobpeTaeT XenTbii LBET).
Hannuve  MuKOMNasMeHHOM KOHTaMMHauWM Ha cpege € aprHUHOM
onpeaensieTcs no 3alienaynBaHuio cpedbl (cpega npuobpetaeT ManvHOBbIN
uger).

2.2 BbiceB Ha TBepAble nuTaTenbHble cpeabl.
Yepes 67 oHemn nHKybaLum TeCTupyemoro obpasiia B XMOKON NTaTENbHOM
cpene (Pasgen 2.1), NpoBOAAT €ro BbICEB HA TBEPAYIO NUTATENbHYIO Cpeay:

1. Ha TBepgbin arap HaHocsT 20 MKN WCMbITyemoi cpedbl (CMecb
obpasya ¥ XuOKOA NWUTATENbHOW Cpedbl), Kanmwo MOACYLMBAKOT BO3ne

CMUPTOBKM.
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2. Yawku ¢ arapom 3aknemearoT nneHkoit Parafilm, nepesopaunBsator,
nocne 4ero nHKy6mpytoT B TepmocTate npu 37 °C He MeHee 21 CyTOK.
3. Mp1 HanM4uu MUKONNa3MEHHON KOHTaMUHALMM Ha arape BblpacTaioT

XapaKTepHbI€ KOJTOHUU, HanOMUHaKOLWNEe «AUYHULY-TNa3yHbOY».

3.4 Koumponb MukonniasMeHHOU KOHmMaMuHayuu KremoyYHbIX IUHUU ¢
nomouwbto L P-aHanusa (Wong-Lee, Lovett, 1993; Eldering et al., 2004)
3.4.1 MaTtepmnan
Ona nposegenus TMLP-aHann3a KNeTouHbIX KyNbTyp Ha MpUCYTCTBUE
MWKOMMA3MEHHOM  KOHTaMuHaumn  ucnonb3ytoT: 1. KpuokoHCepBMpOBaHHbIE
obpasupl; 2. KnetouHble nMHMM Ha 3-4 naccaxe nocrne pa3mMoposKu,
KynbTusupyemble B CO,-uHkybaTope npu 37 °C.
3.4.2 O6opynoBaHue
LleHTpudbyra muHmu-cnnu (Eppendorf, Fepmanins)
MukpoueHTpudpyra Eppendorf 5418 R ¢ oxnaxgeHuem (Eppendorf,
'epmaHus)
LleHTnpudbyra munmu-Boptekc Mukpocnud FV-2400 (BioSan, Jlateus)
Amnnudmkatop T100 (Bio-Rad, CLUA)
Kamepa ons ropusoHTansHoro anektpogopesa SE-2 o6bemom 400 mn
(XenukoH, Poccus)
MCTOYHMK NOCTOSHHOTO  TOKA, WMCTOYHMK MUTaHus  Onbd-4 ¢
HanpsxxeHnem 150-460B (OHK-TexHonorus, Poccus)
Cuctema Bu3yanuaauum 1 renb-aokymentuposanus ChemiDoc (BioRad,
CLLA)
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TeeppoTenbHbld TepMocTaT «Tepmut» oT +25 pgo +98 °C (OHK-

TexHonorus, Poccus)

[osatopbl nepemeHHoro obvema (0.5-10 mkn; 5-200 mkn; 100-1000

mkn) (Thermo Scientific, CLLA)

MwkpoBOnHOBas neyb Ans nnasneHus araposbl (Daewoo, HOxHas

Kopes).

XonoamnbHUK ¢ MOpo3unbHON kamepon (Stinol, Poccus)

Kamepa lNopsiesa (MuuuMeg, Poccus)

Tepwmocrat Ha +37 °C (MLW, 'epmaHus)

MUP-6okc BAB-MUP «JlamuHap-C» ¢ YO 1R-F.002-10.0 (620.100)

(«JlamuHapHble cuctembl», Poccus)

Crepunusatop naposon K-100-3 (T3) (TromeHckui 3aBog, Poccus).

3.4.3 PacxopgHble maTtepuansl

YHuBepcanbHas TecT-cucTeMa [Ans  OnpeaeneHus  KOHTaMuHauum
Universal Mycoplasma Detection Kit (ATCC, CLUA), skntovatowas npaimepsl 1
NONOXMTENbHBIM  KOHTPOrnb  [HK  mukonnasmel. Habop BkmtouaeT  Bce
KOMMOHEHTLI, Heobxoaumble Aans  npoeedeHuss peakuymn TLP. Bbicokas
cneyndnyHoCTb JOCTUraeTCs 3a CYeT UCMONb30BaHUS 3anaTeHTOBaHHON CMeCK
OycdbepoB, dNTP u TepmocTaburnbHOW nonumepasbl B COYETAHMM C
YHMBEpCanbHbIMM NpaiMepamu, KOTopble cheuudmnyHbl Ans  KoaMpYHLeN
obnactn 16S pPHK B reHome mukonnasmel. Pexum ctynenyatoro MLUP (Eldering
et al., 2004) noBsblwaeT 4yBCTBATENbHOCTb aHamM3a, a Takke MOBbILAET
cneunduyHocte.  Cuctema no3sonsieT  onpedenuts  cebie 60  BuaoB
KOHTAMMHAHTOB  KINETOYHbIX KynbTyp pogoB Mycoplasma, Acholeplasma,

Ureaplasma u Spiroplasma.
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Habop Bkniovaer:

KomnoHeHT O6bem |YcnoBusi XpaHeHus
1'ISyq)ep L1 nusnca 2mn |20 °C
2'yHMBepcaanaﬂ cmeck ana MUP 0.8 mn |-20 °C
3'yH|/1Bepc<':u'|bH|;|e MUP npanmepbl0.1 mn 20 °C
A Mpobupku ansa nuanca obpasuos 40 wr. |20 °C
O MonoxwTensHbiil KOHTPOIb 50 mkn |-20 °C

Wenonb3ytotes yHueepcanbHble MLP npaimepsl (Otto et al., 2006;
Eldering et al., 2004):

a) 5-GGCGAATGGGTGAGTAACACG-3’

b) 5-CGGATAACGCTTGCGACCTATG-3'

CrepunbHein pochaTHo-conesoit bychep 6e3 Ca*?2 n Mg*? (PBS)
(Buonor, Poccus)

Tpuc-aueTatHbIn anekTpogHbin Bydep (TAE) (50%) (BioRad, CLUA)
OHK-mapkep GeneRuler 1 kb Plus DNA Ladder (Thermofisher
Scientific, CLLA)

Kpacutenb ans rens SYBR® Safe (Invitrogen, CLUA)

B-kpaTtHbIn 6ychep ans npob (6x Loading Dye Solution, Fermentas,
CLIA)

HakoHeuHVKi Anst 403aTOPOB NEPeMEHHOr0 06bema, C ubTPOM, B
wratuee, DNA-se/RNA-se-free (0.5-10 mkn; 5-200 mkn; 100-1000 mkn)
(Jet Biofil, Kutai)

Mwukponpobupku ¢ 3awenkmeatowleiics kpbiwkoi ans MUP, DNA-se/RNA-
se-free (o6bemamu 1.5 mn; 0.5 mni; 0.2 mn) (DeltaLab, Wcnanns)
Ckpebok ans kynbTyp knetok (Orange Scientific, Benbrus)
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3.4.4 Mpouepnypa nposeaeHus MLP-aHanu3a

BaxHble 3ameyaHnms:

CnepyeT CTPOro BbINOMHATL MpaBunia, YCTAHOBMEHHbIE A1 NPOBELEHUS
MUP, npegotepatlatowme neperoc JHK:

1. PeareHTbl 1 cmeck ans MNLP roToBAT B 0TAENbHOM NOMELLEHWN;

2. Bce peareHTbl CMeLMBaOTCS A0 MOMEHTa A06aBNeHNs NONOXUTENBHOTO

KOHTpONS;

3. Okctpakumo [HK, nposegeHne TLP peakumn u 3anektpodopes

BbINOSHAKT B MeCTaX, OTAENEHHbIX ApYr OT Apyra;

4. TInneTkn, HaKOHEYHWKM 1 Mpobupku ucnonb3ylotes Tonbko ana MUP,

NUNETKW 4acTo 06.1y4aloT ynbTparoneTom;

3.4.4.1 Boigenenue OHK.

MMpu npoBeseHun [LP-aHanunsa MOXHO “Cnonb30BaTh
KPMOKOHCEPBUPOBAHHBIE KIETOUHBIE KyMbTYpPbl, KyNbTUBMPYEMbIE B TeYeHue 3-4
naccaxel CyCMEH3MOHHbIE KMETOYHble KyMbTypbl, KyNbTUBMPYEMbIE B TEYEHME
3—4 naccaxen MOHOCMOMHbIE KNETOYHbIE KYNbTypbl.

COop KNeTok 1 NPUroToBIEHNE Npob:

1. KprokoHcepBrpoBaHHble 0BpasLibl pasMopaxuBatoT, Nocne NPoBOAAT
noacyeT Knetok B kamepe [opsesa. [ns aHanusa otbupaloT anukeoTy
CyCneH3un ¢ KoHUeHTpauuein knetok 104-105. [Ins oTmbiBkK knetok ot DMSO
posoaaT 06bem go 1 mn npu nomowm docdatHoro Bydepa PBS, ocaxgatoT npu
3000 rpm B TeyeHune 5 MuH 1 pecycnenampytot B 1 mn PBS.

2. Ina cycneH3WoHHbIX KymnbTyp MOACHMTLIBAIOT KONMYECTBO KIETOK B
kamepe lopsieBa, Ans aHanu3a OepyT anuKBOTY C KOHLEHTpaumen knetok 104
105, [N MOHOCMOWHBIX KynbTyp: KMNETKA CHUMAKT Npu momMowm ckpebka B

cpefe, PecyCreHanpyHoT.
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BaxHo: He ucrmonb3oBaTb TPUNCMH W pacTBOp BepceHa, nockonbky
(hepMeHTbI MOryT cnocoBCTBOBATL CHATMIO MUKOMA3M C NOBEPXHOCTH MeMbpaH
KNETOK.

3. MMepeHocaT 1 M CycneHaWn Knetok B KoHUeHTpauum 104-10° B
npobupkn ans nusmca npob, ueHTpudyrmpyot npu 13000 rpm npu 4 °C B
TEYEeHNe 3 MUH.

4. AkkypaTHO OTOMPAlOT CynepHaTaHT.

5. PecycneHaupytot ocagok B 50 Mkn Bycepa ans nuanca npu noMoLLm
BOpTeKca.

6. HkyOupytoT pecycneHavpoBaHHbIn ocagok npu 37 °C B TeueHne 15
MWHYT Nsi 3nca KNeTok v Aerpagauum 6enkos.

7. WHkybupytor npobbl npu 95°C B TeyeHne 10 MuHyT Ang
WHaKTUBMPOBaHUS NPOTEas.

8. Ocaxpgatot kneTouHbln gebpuc npu 13000 rpm B TeYeHue 5 MuHyT
npu 4 °C. lNepeHOCAT HaAOCALOUHYI0 XNAKOCTb B HOBLIE NPOOMPKA.

Mpobbl xpaHsT npu — 80 °C B TeueHue 6 MecsLies.

3.4.4.2 Npoeepenue MNLP aHanu3a:

MUP Heobxogumo npoBOAWTL B OTAEMbHOM  MOMELLEHUMM C
UCNonb30BaHWeM nammHapa ¢ noaayBoM. O4eHb BaxHO, 4TOObI NONOXUTENbHbINA
KOHTpOMNb He 3arpsisHan apyrme obpasubl, Takum oBpa3om, Heobxogumo Bce
peareHTbl CMelnBaTb A0 MOMeHTa [0DBaBneHnsi MONOXWUTENbHOMO KOHTPONS.
PekoMeHO0BaHO WCMONb30BaTb HAKOHEYHWMKM C urnbTpom Ang u3beranns
nepekpectHoro 3apaxeHns AHK. KomnoHeHThl Habopa pa3mopoanTb M BbICTpO
BCTPSAXHYTb M 0CAANTb COAEPXMMOE Mpu MOMOLLY BOpTEKCa.

1. TpurotoButb cMecb yHuBepcanbHon cmecn  anga MUP  n

yHuBepcasbHbix NLIP npaimepos creaytowmm o6pasom:

[ns aHanu3a ogHomn npobbl cmeLwnsaioT 20 MK YHUBEPCAmNbHON CMeCH

ans MUP 1 2.5 mkn yHueepcanbHbix MLP npainmepos (06wmit 06bem cmecn 22.5
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MKn). PeakunoHHyto cmeck ansa MLUP roToBaT B npobupkax ans nposefeHums
MupP:

KomnoHeHT peakumn | Tectupyembin | MonoxutensHbid | OTpuuaTenbHbIA
obpasey KOHTPOSIb KOHTPOSb

Cmecb ans MNUP + 22.5 mkn 22.5 mkn 22.5 MKn

MUP npaimepsl (n.

3.1)

TecToBbIN 0bpaseL, 2.5 MKn

AuctunnuposaH-Hast 2.5 MKn

BOAa

lMonoXuTenbHbIN 2.5 MKkn

KOHTPOIb

OuHanbHbIN 06bem 25 mkn 25 MKn 25 KN

Msrko CMeLLMBalOT peakUMOHHYI CMecb W ObICTPO OcaxaalT npu
nomoLuu Boptekca. OcTasLumecs npobbl MOXHO 3amopo3uTb npu - 80 °C.

2. [poBect amnnudukaLmo

2.1 MomeLyatoT npobel B amnaudmkaTop
2.2 Ocobbiin pexum crynenyatoro MLP (Eldering et al., 2004)
MOBbILAET YyBCTBMTENMBHOCTb aHamM3a W cneyuduuHocTb.  McnonbaytoT

cneaytowme napameTpbl 4ns nposeaeHus MLP:

Kon-Bo Temnepatypa Bpemsi
Otanbl npoeeaeHus MNLIP U0 (°C)
MepBoHayanbHas AeHaTypaLys 1 94 1.5 MuH
Crynenvaras NLP [MapameTpsl
[eHatypauus 20 94 30 cek
Omxur 70 => 60.5* 30 cek
OnoHraums 72 45 cek

*Temnepartypa ymeHbluaetcs Ha 0,5 °C B kaxgom uykne (1.e. 70°C B nepsom,
69,5 °C B0 BTOPOM, 1 Takum obpa3om Ao 60,5 °C B nocnegHem)

MLP B 0BbIMHOM pexume lMapameTpsbl
HeHatypauus 12 94 30 cek
Omxur 60 30 cek
OnoHrauus 72 45 cek
OvHanbHas SMoHraLus 72 °C B TeyeHue 4 MuH., 4 °C
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3. [NpoBecTy ropusoHTanbHbIN anekTpodopes

3.1. MpwurotoButb 100 Mn 2 %-0ro arapo3Horo rens Ha Tpuc-aLeTaTHOM
anektpogHom  6ycbepe  (TAE). [lonHoCTbl0  pacTBOpUTL — araposy B
MWKPOBOSHOBOM MYy

3.2. Komnnekt o6opyaoBaHus ans hOpMUPOBaHWS Tens COCTOMT U3
CTONMKa Ans 3anuBKM rens, CHabXeHHOro YpPOBHEM AN  perynupoBKM
FOPU30HTANBbHOTO NONOXEHUsI CUCTEMbI M NOTKa Ana rens. [ns dopmupoBaHms
NYHOK B rene ncnonb3ytT rpebeHky. JIoTok Ans renst noMecTuTb Ha CTONMK Ans
3anMBKM, OTKOPPEKTUPOBATL MOMOXKEHWNE CUCTEMbI C NOMOLLbIO PETYNIMPOBOYHbIX
BMHTOB. B NOTOK nomecTuTb rpebeHky 1 3anuTh refb.

3.3. Mocne 3acTbiBaHWs rens gocTath rpebeHKy, OTOK BMECTE C renem
NnOMECTUTb B CUCTEMY AN TOPU3OHTaNbHOTO anekTpodopesa. Cucremy
3anonHuTe TAE Bydepom ans anektpodopesa 40 MakCUMarnbHOM OTMETKM, Mpu
aToM Oydoep [OMKEH MOKPbIBaTb refb  CrOEM  TOMWMHOW  HECKOMbKO
MWUNUMETPOB.

3.4. 10 mkn kaxgomn npobel cmeLaTh ¢ 1.5 MK kpacku 4ns npob.

3.5. AkkypaTtHO nog cnomn 6ychepa HaHectn no 10 mkn npob B nyHkn. B
NepByto JTYHKY BHECTU Mapkep MorekynspHoro Beca. CBepxy HageTb KpblLUKY C
aneKkTpogamu, cneas 3a cobriogeHnem NoNspHOCTY.

3.6. MoaknounTb UCTOUHKK MUTaHWA Onbd- 4, 3adaTb HanpsikeHue 50
B. Mocne exoxaerns npob B renb, yBenuuntb Hanpshkerne oo 100 B.

3.7. Tocne ToOro, Kak (hpOHT KpacuTens nogoMAET K Kpak MnacTuHbl,
Npubop OTKNKYNTL OT ANEKTPONUTAHMS.

3.8. Okpacka rens nposoguTcs npu nomowy kpacutens SybrSafe
(1:10000 B TAE-6ychepe, B TeMHOTe, 30 MUH MW KOMHATHON TEMNepaType).

3.9. Yepes 30 MUMHYT renb aHanWaupyloT Mpu MOMOLLM CUCTEMBI

BM3yanu3auuv v renb-gokymeHtupoanus ChemiDoc npu annHe BonHbl 405 Hu.
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4. InTepnpeTnpoBaTth pesynbTaThl

4.1. MonoxuTenbHble No Mukonnasme obpasubl AakT nonocy B 434-
468 1H., B 3aBMCMMOCTM OT BMAa Mukonnasmel (Puc. 4).

4.2. Tpn KoHTaMWHaUuK peareHToB cneumnduyeckon JHK mukonnasmbl
unn TLUP-npogykToM nosensietcss nonoca B obpasue € OTpuLaTenbHbIM
koHTponem. Cnabble cneuuduuHble AN MUKONNa3Mbl  MOMOCHI  AakT
WHUUMPOBAHHbIE KyNMbTypbl KNEeTOK, 06paboTaHHble aHTUMMKOMIa3MEHHbLIMM
areHTamy Unu npu NOCTOSHHOM MPUMEHEHUW LPYrUX aHTMOMOTUKOB. B aTux
Cny4yasx nonoxuTenbHy0 peakumio gaet kak octatouHas [HK B kynbTypanbHoi
Cpeae M3 MepTBbIX KNETOK MWKOMNA3Mbl, Tak M YCTOAYMBbIE K aHTUOWOTWKaM

KNeTkn Mnkonnasmbl C O4€Hb HU3KUM TUTPOM.

500

l
I
l

M. salivarium [

—
wy
=
m
—
[
&
[ =
-
u
y—

M. arginini
M. hominis
M. hyorhinis I
A laid lawil

(+)

Puc. 4 OnpegeneHne 8 OCHOBHbIX BUAOB MUKOMMA3M, KOHTaMUHWPYIOLLMX
KNETOYHbIE KyNMbTypbl Mpu nomowm TecT-cuctemsl Universal Mycoplasma
Detection Kit (ATCC, CLUA): (+) — nonoxutenbHein koHTponb OHK; (-) —
oTpuuaTenbHbIn KoHTponb. OnpepeneHbl GaHabl ot 434 nH oo 468 nH B
3aBMCUMOCTY OT BWAA MUKOMA3M.

3.5 JumozeHemuyeckull aHau3 KONNEKYUOHHbIX KIIeMOYHbIX TUHUU
BaxHeiwmnmm XapakTepucTMkamm KOMMEKLUMOHHOA KMNETOYHON JIMHMM

ABNATCA BAOBadA NPUHAANEXHOCTb U CTPYKTypa Kapuotuna.
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BupooBas maeHTudmkaums. B YyCNoBuaX KyInbTUBUPOBAHUA, KIETKU

yenoBeka U pPasnWYHbIX BUOOB KMBOTHbIX MOPCONOrMYECKA HEPa3NNYUMbI.
Kpome TOro, B pesynbTaTe TexHUYeckux OWWOOK mnepcoHana Hepeako
MPOUCXOAMUT MEPEKPECTHOE 3apaXeHue Mexay KreTkamu pasHbIX IUHWA —
SBMEHWE [OBOMbHO 4acToe, OCOBEHHO B YCMOBMSX WMCCREA0BaTENbCKMX
nabopatopuii, rae He OCYLECTBASETCS MOCTOSHHBIA KOHTPONb KayecTBa
KNeTOYHbIX NuHMA. Hawbonee pacnpocTpaHeHHbIM METOLOM OnpederneHns
BMAOBOrO NPOUCXOXOEHUS ABMNAETCSH aHanMU3 kapuoTtuna KneTtok, No3BONSHLLMIA
Ha OCHOBaHWM OUdEpeHLManbHOr0 OKpaLlMBaHWS XPOMOCOM  OnpeaenuTh
BMAOCNEUM(UYHOCTL [JaHHOM KneToyHoW nuHuM. OkpalumBaHue Ha G-gucku
(Seabright, 1971) aBnsetcs Hanbonee LOCTYMHBIM U UH(OPMATUBHBIM U3 BCEX
MeTOA0B AudbepeHumanbHoro okpalumeanns. C ero NoMOLbK OnpeaensitoT
FOMONOrN HOpPMarbHbIX XPOMOCOM, CTPYKTYPHO MEPECTPOEHHble XPOMOCOMbI, a
TaKKe YCTaHaBMMBAKOT MX npoucxoxaeHue. uddepeHunansHoe okpalumeaHue
Ha C-AMCKN BbISBNSIET KOHCTUTYTUBHbIA retepoxpoMaTtii (Sumner et al., 1971).
InddepeHumansHoe OKpallMBaHUE XPOMOCOM C MOMOLLbO HWUTpaTa cepebpa
Mo3BONSET BbISIBUTb  TPAHCKPUMLUMOHHO — aKTUBHbIE  SApPbILKOOGpasyoLme
paitoHbl  xpomocom  (Bloom, Goodpasture, 1976). Bce 7Tpu BMga
AndbdpepeHUmansHoro OKpallMBaHWUS WUCMOMb3YT AnS onpegesieHns BMAOBOM
NPUHAANIEXHOCTU KNETOYHON NMWHMK, T.K. OHW JEMOHCTPUPYIOT cneundunyeckoe
OKpaLUMBAHME KaXOOW XPOMOCOMbI B KapuoOTMME 4enoBeka W pasHbiX BUOOB
XMBOTHbIX. puyeM, ucxoasa us cneumndmnki anddepeHUmansHOro okpatlinBaHms
Y pasHbiX BUAOB, ANs ONpeaeneHns BULoCneynnyHoCTM B KoM KOHKPETHOM
cryyae uMCnonb3yloT Hauwbonee MHMOPMATMBHBIN [N LaHHOrO BuAa Tun
okpawmBaHus (3axapoB v gp. 1982; Mamaesa, 1988). Ewe ogHum meTogom,
NCMOMNb3yeMbIM ANt BUAOBOA MAEHTU(MKALMM KNETOYHbIX NWHUIA, SBRSIETCS

N30(hePMEHTHLIA aHamnu3, OCHOBaHHbIM Ha pPa3HOW 3NeKTPOGOPETUHECKON
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NOABWKHOCTU  ONpedeneHHblX  (DepMEHTOB Yy  YenoBeka U pasHbIX
TAKCOHOMMYECKUX  TPYMN  KMBOTHbIX. [ANg  TECTUpPOBaHWS  MCMOMb3YHOTCA
n3ohepMeHThLl:  nakTataerMaporeHasa W rMoko3o-6-chocchataermaporeHasa
(Mapryrnuc, 1988).

MomnMo HeobXoaMMOCTM UMCMONb30BaHWA aHanu3a kapuoTuna Ans
onpefeneHns BUOOBOM MPUHAANEXHOCTW, Kaxdas KNeTouHas NUHUS JOrbkKHa
WUMETb  MOMHYI  LMTOTEHETUYECKYID  XapakTepuCTuKy, KoTopas  CTPOro
crneunduyHa ansg Kaxaon NWHUM U BKITKOYAET: MOAANbHOE YMCAO XPOMOCOM,
npeaenbl U3MEHYMBOCTU MO YWUCIY XPOMOCOM, KOMMYECTBO NOSMMMNOUAHBIX
KNEeTOK B MOMyNsLMM U KapuorpamMmy KNeToK MOZArbHOMo Knacca ¢ OnucaHueMm
CTPYKTYPHO NEPECTPOEHHbIX XPOMOCOM. B CBA3M C TeM, 4TO HEKoTopble
CTPYKTYPHO NEPEeCTpPOeHHble XPOMOCOMbI, Gnarogapsi cBoeil HeobbluHOW Ans
[aHHOTO BUAA CTPYKType, MOryT WHAWBMAYyanu3upoBaTb, T.e. MapKupoBaTb
KNETOYHYIO NIMHIO, 3TV aHOMarbHble XPOMOCOMbI Ha3bIBAOT MapKepHbIMU. Tem
He MeHee, B COOTBETCTBUMW C MexayHapOAHOW HOMEHKNATYpon XPOMOCOM
yenoseka ISCN 2013 (Shaffer et al., 2013) kK MapkepHbIM XpOMOCOMam CTpOro
cnegyeT OTHOCUTb TOMbKO T aHOMarbHbIe XPOMOCOMbI, LIEHTPOMEPHbIE ParOHbI
KOTOPbIX HEBO3MOXHO YCTAHOBUTb C MOMOLLBH OKpalLMBaHnsa Ha G-guckn. Takum
obpa3om, Hago “MeTb B BUZY, YTO B Pa3HbIX IUTEPATYPHbIX UCTOYHUKAX MOXET
UMETb MECTO PaCXOXAEHUE B MOHATAN — MapKkepHas Xpomocoma. Ha ocHoBaHMM
CMEUNtUYHOCTN  CTPYKTYPbl  KapuoTUMna  KaKOOW  KNETOYHOM  NUHUKM, B
BONbLUMHCTBE CIy4aeB LUTOreHETUYECKUIA aHanm3 MOXET NOMOYb He TOMbKO B
onpeaeneHny BUOOBOM NPUHAANEXHOCTW, HO U B WOEHTUMMKALMM KOHKPETHOM
nuHum (Mamaesa, 1984; 2002).

B KKKIT ana npoBegeHust LMTOreHETUYECKOrO aHanuaa WUCrnonb3yioT, B

OCHOBHOM, MeToA AudhepeHLManbHOr0 OKpaLlLMBaHUS XPOMOCOM Ha G-anCKM.
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Kapuotunupytot ot 20 go 100 KneTok, Haxogawmxcs Ha ctaguu Metadassbl B
3aBMCMMOCTY OT MOCTaBMEHHOM 3aaun.
3.5.1 MaTepmnan

[ns npoBefeHNst LMTOreHETUYECKOr0 aHammaa WCNonb3yKT KNeTKw,
KynbTUBMPYEMble MOCNe  AEKPUOKOHCEepBaUMM He MeHee 2-X  Hedenb,
MpoLLeALLMe 3a 3TO BPEMS HECKONBbKO Naccaxen.

Ona nonyyeHnss meTadhasHbIX MNACTUHOK, WCMOMb3YKT KNETOYHYH
nonynauuio B NorapuMUMYEckoi hase pocTa, Kak MpaBio, HauMHaoLLyHCs
yepes 2 cyT nocne nepecesa KynbTypbl.

3.5.2 O6opynoBaHue

NamuHapHbin 6oke (3AO « CAMIO», Poceus)

WukybaTop CO2 (NEW Brunswick scientific, lepmanus)

LleHTpudbyra nabopartopHas LCM-3000, potop R12/10 (BioSan,

Natsus)

YKuakocTHbIn TepmocTart (BogsHas 6axs) (MLW, Mepmanus)

TepmocTat cyxoBo3aywHein (OMOJNIMT «Megnaboptextukay, CCCP)

Tepmoctat TB3-25 (OMOJNIMT «MegnaboptexHukay, CCCP)

MHBepTHpoBaHHbIn ceeToBon Mukpockon Eclipse TS100 (Nicon,

AnoHus)

CeeTtoBon mukpockon (Axiophot Opton, l'epmaHms)

Cuctema aHanuaaTopa u3obpaxeHuii, BKovatowas CBETOBOM

mukpockon (Axio Scope A1, Zeiss, 'epmanus), undpoByo Kamepy

ProgRes MF(Jenoptik, lepmaHusi) 1 koMnbioTep ¢ NporpaMMHbIM

obecneyenvem Kario 3.1 (BugeotecT, Poccus)

3.5.3 PacxogHble maTepuansl
PocToBble cpefpl, COrnacHo nacnopTy KNeTouHow nuHum (bronor,
Poccus; Gibco, Hyclone, Sigma, CLUA)
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Pacteop tpuncuHa 0.25 % (Buonot, Poccus)

Pactsop Bepcena 0.02 % (Buonot, Poccus)

Pacteop gemexonuuHa (Sigma,CLLA)

NepnsHas ykeycHas kucnota (HesaPeakTtus, Poccus)

MetaHon (3AO BektoH, Poccus)

Tpuncun (Difco, CLUA)

HCI (3A0 BekTtoH, Poccus)

Hatpus untpar 3-3amelLeHHbI 5.5-BoaHbIn, Ang aHanuTukm (PanReac,

Wcnanws)

NaCl (Peaxum, Poccus)

KCI (Xumpeaktu, Poccus)

NaHCOs (Sigma, CLUA)

D(+)rmtoko3a (Sigma, CLUA)

NazHPO; (Sigma, CLLA)

NaH;PO; (Sigma, CLLA)

PacTBop kpacutens Mimaa (buoButpym, Poccus; Merck, F'epmaHus)

Kanagckui 6anb3am (PanReac, Mcnanus)

O-keunon (Kupuwckuia HM3, Pocens)

mmepcuonHoe macno (MuauMeg, Poceus; Zeiss, epmanus)
OpHopasoBas nnacTukoBas nocyga:

Yawwuku Metpu cTepunbHble @60 x 15 MM (Nunc, flanns)

MuneTku ceponoryeckue crepunbHble 2 M, Smn, (Nunc, Jaxns)

Mpobupku LeHTpudyxHble 15 mn, (Nunc, Janns)
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MuneTku Mactepa (Pocmenbuo, Poccus)

Crekno npeameTHOE, pasmep 76 x 26 Mm (Menzel, Mepmanus)
Crekro nokposHoe, pasmep 24 x 50 mm (Menzel, 'epmaHms)
3.5.4 Mpoueaypa uMToreHeTU4ECKOro aHanu3a

AnropuT™M  LMTOrEHETUYECKOr0 aHanm3a KMNeTOYHbIX fMHUA  Obin
paspaboran C.E. Mamaeson (Mamaesa, 1988) B pesynbtate MHOroneTHuUX
NCCNEAOBaHMA NOCTOSHHBIX KNETOYHbIX JIMHUA YerioBeKa M JKMBOTHbIX, YTO
MO3BONWNO €l CHOPMYNNPOBaTL 3aKOHOMEPHOCTI ABOMKOLMM KapuoTUna KneTok
B kynbType (Mamaesa, 1996).

3.541 [lonyyeHne npenapatoB MmeTaha3HbIX XPOMOCOM Ans
LMTOreHEeTUYeCKOro aHanmsa

MoceB KNeTok ANA  LUMTOreHEeTMYeCKOro aHanusa npoBOAAT B
KoHueHTpaumm 3.4x105-4.5x10° Ha vawky [letpu pguametpom 6 cm, B
3aBMCUMOCTW OT Tuna Knetok. [nsa nonmyyeHws npenapaTtoB MeTagasHbix
XPOMOCOM Ha BTOpble CyTKM MOCre nocesBa KNeToK 3a 2-4 4 Jo cukcaumv B
KynbTypy KneTok BBOAAT gemekonuuH (0.1 MKr/MA) M MO WUCTEYEHWW 3TOrO
BPEMEHW HaYMHaOT NpoLece ukcaLum 1 nosyyYeHns MetadasHbIX NIacTUHOK.
[ins aToro genatoT cregyowme MaHUnynaumuy:

1. KrneTkn CHMMaKT C MOBEPXHOCTU YallkM C MOMOLLBI  MSATKOW
00paboTk1 cMecbto pacTBOpOB TpuncuHa v BepceHa (COOTHOLLEHWE, COrMacHo
NacnopTy KETOYHOM NMHMM) 3anMBaKT POCTOBOW CPEOOMN W pecycneHsanpyioT. B
Cnyyae aHanmsa CYCMEH3WOHHOW KynbTypbl, 1-M MyHKT OTCYTCTBYeT, paboTa
HauMHaeTCcs Co 2-ro NyHKTa.

2. CycneHsuo KNETOK NEpPeHocAT B LEHTPUGYXHYIO Npobupky.
Llentpudpyrupyiot 5 mMuH. npu 190 g (1000 06./MuH). YoansioT HagocagoyHyio

KWOKOCTb, K ocagky A06GaBnsT 4-8 MN rMNOTOHWMYECKOro pacTBopa (CMECh

67



0.55 % pactBopa KCI n 1% pactsopa uutpaTta HaTpus B COOTHOWeHWN 1:1),
KNeTKW pecycneHsupyroT u noMewaoT Ha 15-20 MuH B TepmocTat npu +37 °C
WNW OCTaBNSIOT NPM KOMHATHOM TeMnepaType.

3. Mocne UeHTpUyrMpoBaHus CyCreHann KNEToK B YKa3aHHOM pexume
yAansioT  TUNOTOHMYECKMA  pacTBOP M 0CadoK  PecycrneHupyoT B
CBEXENPUroTOBNEHHOM (huKCaTope (CMECb MeTaHonma W MNeAsHON YKCYCHOM
KMCNOTbl B COOTHOLEHMM 3:1). KneTkn B ¢hukcaTope MHKyOMpYtoT 15 MUH. npu
+4 °C 1 3aTeM CHOBA LieHTPUYrmpyIoT.

4. Mpouenypy Gukcaumu nOBTOPSIOT Tpwkabl. [locne nocnegHero
LeHTPUYr1poBaHNS KIETKW PECYCNEH3UPYIOT B HebonbLLIOM 0bbeme ukcaTopa
(1-1.5 mn1), packanbIBatoT Ha BaxHble NPeAMETHbIE CTeKna W BbICYLLMBAOT Ha
BO34yXe.

5. KayectBo npenapaToB MeTagasHbIX XPOMOCOM OLIEHMBAKT MyTEM UX
npocMoTpa nog ha3oBbIM KOHTPACTOM Ha mukpockone Axiophot (Opton) npu
100-KkpaTHOM yBENUYEHUN.

MMonyyeHHble MeTadasHble NNACTUHKM MOXHO aHanuaupoeatb C
MOMOLLbI0 PYTUHHOM OKpacku BOAHbIM pacTBopom kpacutens Mmmsa (1:50) Ha
Na-chocchatHom Bychepe unu NpoBoaUTL pasHble Buabl AnddepeHUMansHoro
OKpaWWBaHMg ONs  BbISBMEHUS  cneundmyecknx OCOOEHHOCTEN  Kaxdom
XPOMOCOMBb!.

3.5.4.2 indpchepeHumnanbHOe OKpalLMBaHME XPOMOCOM Ha G-AUCKM.
lNpenapaTtbl MeTadasHblX XPOMOCOM OKpalMBalOT HE MO3OHEE YeM
yepes 2 Hefenu nocne ux NoMyyYeHns B COOTBETCTBUW C paHee pa3paboTaHHbIM
TpaguunoHHeiM - metogom  (Ozkinay, Mitelman,1979). [ina atoro npoBogsT
cneaytowme npoueaypb!:
1. Tepen okpawwmBaHMeM npenapaTbl MeTadasHbIX XPOMOCOM

nomeLLatoT Ha Houb (18 4) B TepmocTart npu Temnepatype +60 °C .
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3. ObpabatbIBatoT npenapaTbl PACTBOPOM TPUMNCUHA Ha BOASHON DaHe
npu Temnepatype +27 — 28°C B TeyeHne 1-3 MuH, Bpems 0BpaboTku
noabupatoT IMNUPUYECKy.

4. Mocne obpaboTkn TpUNCMHOM npenapaT cnonackueatoT B Oydepe
GKN (10 mn 6ycepa GKN, 90 mn H,0) u okpalumMBaloT pacTBOPOM KpacuTtens
lMm3a Ha dochatHom Oypepe B TeveHne 10-20 MMH Npu  KOMHATHOM
Temneparype.

[ns npuroToBneHuns paboyero pacteopa kpacutens MN'mmsa CMeLInBatoT
5 mn 0,1M pactsop Na;HPO4, 5 mn 0,1M pacteop NaH2POs, 90 mn H,O 1 2 mn
kpacutens Mmasa.

5. [lpenapatbl cnonackMealT B AUCTUANMPOBAHHOW BOdE U
BbICYLLMBAIOT.

6. Mocne BbICyLIMBaHWA NpenapaThl 3aknoyatT B kaHaackuin banb3am
W @HanM3npyoT NOA MUKPOCKOMOM.

lMonyyeHHble pe3ynbTaTbl COCTOAT W3 2-X YacTeil: KONMWMYECTBEHHbIN
Kapuonmornyeckuin — aHamuad  (MoganbHOE — YMCAO  XPOMOCOM,  Npedenbl
W3MEHYNBOCTU MO YMCNY XPOMOCOM, KOMMYECTBO MOMMMAOUAHBIX KNETOK) W
CTPYKTYPHbBIA KapuonorMyeckuin aHanua (onpegenieHne MomnoBbIX XPOMOCOM,
HanuuMe XpOMOCOMHbIX abeppauuii  pasHoro Tuna). [anee pesynbTaTthl
NCMONb3YHOT B 2-X HanpaBneHusX: 1. BHECEHWE OnncaTerbHbIX AaHHbIX B NacnopT
“ccneayemMon KOSMEKUMOHHON KIMETOYHOM fIMHMKM, C LieNblo NMOMELLEHNs ee B
(OOHObI  KOMnekumu; 2. WCMOMb30BaHWe NOMYYeHHbIX Pe3yrnbTatoB  ANs
nccnegosatenbckon paboTbl. B aTOM Cryyae momuMo onucaTenbHOM YacTu,
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NPUBOAATCS MUKPOChOTOrpah  aHanM3MpoBaHHbIX KApUOTUMOB C yKasaHWEM
noKanu3aLym XpoOMOCOMHbIX abeppaLyi.
3.5.4.3 AHanu3 npenapaTtoB MeTachasHbIX XPOMOCOM

1. [ns nonyyeHns KONMWUYECTBEHHbIX XapaKTEPUCTUK KapuoTumna:
MOAANbHOMO Yucna XPOMOCOM B KMeTKax, WHTepBana M3MEHYMBOCTM MO YuChy
XPOMOCOM W 0NV MONMNMOUAHBIX KNETOK B MOMYNALMA NPOBOASAT MOACHET Yucna
xpomocom B 100 pyTMHHO OKpaweHHbIX MeTacdhasHblX MAacTUHKax ¢
COXpaHMBLLEACA LMTOMMa3von M XOpowwmMm  pasdpocom  xpomocom. [ornio
NONMNIIOMAHLIX KNETOK B MONynsiyum oueHusaloT npu npocmotpe 500—1000
MeTadhasHbIX MNacTuHoK. Kak npaBwmio, Ans MoAcYeTa UCMOMb3yioT HECKOMbKO
npenapaTos.

2. AHanmu3 CTPyKTypbl KapuoTWna: 4ucro MeTadasHbIX MRacTUHOK,
HeobXoaWUMbIX /151 XapaKTEPUCTUKW kapuoTuna KieTok, BapbupyeT ot 20 go 100 B
3aBMCUMOCTW OT MOCTaBMEHHOW 3aauu, CIIOXHOCTU BbISBASEMbIX CTPYKTYPHbIX
NepecTpoek XpOMOCOM, @ TaKkke BO3MOXHOCTW COCYLLECTBOBAHUS B KyrbType
KNeToK C pasHbIMKU CTPYKTYpHbIMW BapuaHTammu kapuotuna (MonsHckas, 2000;
Polianskaya, Vakhtin, 2003). [nd KapuoTMMpoOBaHWS  KNeToK  yaobHO
UCMonb3oBaTh CUCTEMY aBTOMATMYECKOrO aHafiM3a XpoOMOCOM  YernoBeka C
COOTBETCTBYHOWMM NporpamMMHbiM obecnedernem («Apryc KAPUO», ArgusSoft,
Poccus; «lkaros», MetaSystems, lepmanus u gp.).

LinToreHeTnyeckme pesynbTatbl (puc. 5) BKMKOYAKOT  Kapuorpammy,
NPeaCTaBNSOLLYI0 MOLaNbHbIA KapuOTUN KINETOYHOM NIMHUKA, U ero OnucaHue B
COOTBETCTBMM C MexayHapoaHO HOMEHKNATypoi xpomocom yenoseka ISCN 2013
(Shaffer et al., 2013). Mpu onucaHWm CTPYKTYPHO NEPECTPOEHHBIX XPOMOCOM
NPUHATLI cregytolume 0603HaYeHNs:: p — KOPOTKOE MNeYo, q — ASIMHHOE Mrevo,
ter—TepMuHanbHEIN paiioH, cen—LEeHTPOMEpPHBIA paioH, add—aononHUTENbHBIN
MaTepuan Heu3BECTHOrO  npoucxoxaeHus, del—peneuns, der—paepwsar,
dic—auueHTpuyeckas  Xpomocoma, i—M30xpoMocoma,  ins—uHcepLms,

inv—1HBEPCHS, t—TpaHCroKaLWs, mar—MapKepHasi XpOMOCOMa.
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Puc. 5 MetadhasHas nnactuHka u kapuorpamm knetku nuHu MCK nonyyeHHo
13 TkaHu aecHbl yenoeeka MSC-GING, ¢ napaLgHTpUYeCcKon MHBEPCHEN

xpomocomb! 10 (cmperku):
46,XX,inv(10)(pter—0q21.1::925.1— q21.1::025.1—qter).

MpoTokon

Ne

4.

Monyuyexue

XapaKTepPUCTUKKN

HEeMMMOPTanuU30BaHHbIX (AUNNONAHBIX) KNETOYHbIX TIMHUNA
PacwupeHue ¢oHgos KKKM WHL, PAH Bcerga onpegensnocb

3anpocamu (byH,ElaMeHTaJ'IbeIX uccnegoBaHuin u npakTu4ecknmMmn 3agavyamu
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3apaBooxpaHeHns. B cBsisu ¢ atum B nocnegHee Bpems 60Mblioe BHUMaHWeE
YAENSETCS NONYYEHUIO U XapakTEPUCTUKE AUNMOUAHBIX HEMMMOPTANN30BaHHbIX
NUHWIA YenoBeka. ATW nuHUM Bonee npuOnMKeHbl MO CBOMM CBOWCTBaM K
HOpMarnbHbIM  KNeTKaM  4YenoBeka, 4YeM MMMOPTann30BaHHbIE, BKIKOYas
onyxonesble knetkn. B cBA3u ¢ atum pabota Komnekuwn HanpaeneHa Ha
MomnyyYeHne HOBbIX  KOMMEKUMOHHBIX HEMMMOPTANM30BaHHbIX  (AMNNOUAHbIX)
NINHWIA, KOTOPbIE, KaK MPaBKO, UMEIOT CTATyC ME3EHXUMHbIX CTBOMOBbIX KNETOK
(MCK) uyenoBeka, BblAENEHHbIX U3 pasnMyHbIX WCTOMHWKOB. Y4uTbiBas pasHoe
MUKDPOOKPY)XEHME KIETOK, HAXOAALWMXCS B PasHbIX TKAHAX OpraHu3Ma YenoBeka,
CYLLECTBEHHbIN WHTEPEC NMPEACTABNSAET NPOBEAEHWE CPABHWUTENBHOO aHanmsa
XapaKTepuCcTuK, SBNAIOWMXCS Onpeaensiowmmm B nogaepxanumn cratyca MCK,
cornacHo TpebosaHuam MexayHapogHOro o6LecTBa KMNeTOYHOW Tepanuu
(Dominici et al., 2006; Sensebé et al., 2010), a Takke psga AOpymmx
XapaKTEPUCTUK, OTBETCTBEHHbIX 3a BaXHeWWWe KneToyHble npouecchl. K
HaCTOSILLEMY BPEMEHM HAKOMUIOCh MHOTO paboT Mo CpaBHUTENbHOMY aHanuay
MCK uenoBeka, BblgeneHHbIX 13 pasHbIX B3POCHbIX 1 3MOPUOHANbHBIX TKaHERN,
W3 BHE3APOAbLILLIEBbIX OPraHOB YenoBeKa, a Takke W3 3MOpUOHaNbHbIX
cteonoBkIx knetok (Fong et al., 2007; Hsieh et al., 2010; Nekanti et al., 2010;
Fong et al., 2011; Konbuosa v ap., 2015; Kpbinosa u gp., 2012, 2014, 2015,
2016, 2017; Balasubramanian et al., 2013; Bongso, Fong, 2013; Lian et al., 2016;
MycopuHa u ap., 2019). KoHeuHbiM pe3ynbTaTom NpoBEAEHUS Hay4YHOTO aHanmsa
OCHOBHbIX XapaKTepUCTUK BHOBb MOJTYYEHHBIX NMHWA SBNSIETCS BBEAEHWE B
toHapb! Konnekumu  MOMHOCTbIO ~ OXapaKTEpPM30BaHHbIX,  COMMAacHo
MeXayHapoaHbiM TpebOBaHMUAM, HOBbIX KONMMEKUMOHHBIX KNETOYHbIX NMHMIA. B
CBSA3M C 3TUM, Npexzae Bcero, Heobxoauma pa3spaboTka rpaMOTHON NpoLeaypbl
MomnyyYeHnst 3TUX LEHHbIX ANg  (PyHOAMEHTanbHOM W MPUKNagHOM  Hayku

KNETOYHbIX NMHMIA. A 3aTeM Heobxoauma pa3paboTka Mpouemypbl NOnyyYeHus
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psga xapaktepucTuk, noateepxpatowmx cratyc MCK. Paclumpenve ¢oHzos
KOnnekuun NpeacTaBnseTcs Takke BECbMa akTyanbHbIM B CBA3M C COXPaHEHNEM
W pacwmpenvnem 6uopasHoobpasns reHodoHAa MyTem  KPUOKOHCepBaLum
KNETOYHOro MaTepuana YenoBeka v XKUBOTHbIX Pa3HOr0 MPOUCXOXKAEHNS.
4.1 Matepuan
[ins nony4eHns HEMMMOPTANM30BaHHbIX (AUMONAHBIX) KNETOUHbBIX
NWHUIA UCNONB3YIOT PparMeHTbl pasHbix TkaHern Yenoseka (0.5 -1 rp.). Takke
NCTOYHMKOM 151 NOMYYEHUS AUNMNOUAHBIX KNETOUHbIX JIMHAIA MOTYT CY)XUTb
konoHum JCK.
4.2 O6opyaoBaHue
LleHtpudpyra nabopartopHas LSM-3000, potop R-10/12(BioSan,
NatBus)
WHBepTuposaHHbIn mukpockon Eclipse TS100 (Nicon, AnoHus)
Kamepa lopsiesa (Buonot, Poccus)
NamuHaphein  Bokc  (3AO  «CAMIMO», Poccws) — 2-i knacc
G1onorMyeckoit 3aLuThl
WHkybatop CO, (New Brunswick scientific, lepmanns)
TepmocTat xugkocTHbii (VEB MLW, M'epmanus)
LLlenkep-mHkybaTop ES-20 (BioSan, latsns)
[MporpamMmHbIi 3aMopaxwBaTesib Kryo 560-16 (Planer,
BennkobputaHus)
KpuorenHoe xpanmmuwe ans  6uonpogyktoB  (Taylor  Wharton,
l'epmaHws)
[MVHLET X1Pypruyeckon (CTepunm3oBaHHbIN aBTOKTaBMPOBaHNEM)
4.3 PacxofHble maTepuansl

KynbTypansHas cpega DMEM /F12, a-MEM (Buonot, Poccus)
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AHTMOMOTMK-aHTUMMKOTMK 100X (cmecb  amdpoTepuumHa B,
neHuyunnHa n ctpentomuumna) (Gibco, CLLA)
OmbpuoHanbHas Bblubst ceisopoTka (HyClone, CLLA)
3amenunTens coisopoTku (Gibco, CLLA)
Tpuncuu, 0.25 % (BuonoT, Poccus)
PacTBop BepceHa, 0.02 % (Buonor, Poccus)
®occhaTHo-conesoit Bycep (PBS) 6e3 Ca*2n Mg*2 (Bbuonot, Poccus)
Konnarenasa | Tuna (Sigma, CLUA)
KonnareHnasa IV tvna (Sigma, CLLA)
L-rnytamuH (Gibco, CLUA)
Pacteop NEAA (Sigma, CLLA)
OpHopa3soBas nnacTukoBas nocyaa:
®nakoH kynbTypanbHbin 25 cm? (Nunc, JaHus)
Yawwkm MeTpu cTepunbHble @35 x 10 MM, @60 x 15 mm, @100 x15mMm
(Nunc, Janus)
Mpobupku ueHTpudyxHble 15 M, 50 mn (Nunc, Jaus)
MuneTkm ceponormyeckue ctepunbHble 2 M, 5 mn, 10 mn (Nunc,
[aHus)
CreknsgHHas nocyaa:
Yawwka lMNeTpu cTepunbHas cTeknsHHas Steriplan 60%15 mm (Schott
Duran, l'epmanus)

Munetka cteknaHHas 5 mn, 10 mn (Marienfeld, F'epmanms)

Nesse xupypryeckoe (ckanbnenb) CTEPUNBHOE  OAHOKPATHOrO
npumeHeHus, pasvep 15 (Ueptyc, Kutan)

WHbekumorHas urna 0.8 x 35 mm (SF-medical, Fepmanns)
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TpaHcnopTHas cpefa/oTMbIBOYHas cpeda: nobas KynbTyparnbHad

cpena ¢ AoGaBneHnemM aHTMOMOTMKOB 1 aHTUMMKOTMKA B KOHLIEHTpaLuM B ABa
pasa MpeBbILUAlOLLE KOHLEHTPaLMIO, PEKOMEHOOBaHHYI0 ANs CTaHAapTHOrO
KYNbTUBMUPOBAHMS! KYNbTYP KNETOK.

PoctoBag cpega Ans  HEMMMOPTANM30BAHHBIX _KMETOYHbLIX NMHUNA:

KynbTypanbHas cpeaa DMEM/F12 (unn a-MEM) ¢ 10 % ambproHansHon bbluben
CbIBOPOTKM. Ha nepsbix atanax (4o 2-3 naccaxa) KynbTWBMPOBAHWS KIETOK,
NONyYeHHbIX M3 pparMeHTOB TKaHW, B POCTOBYK cpedy 4oBaBnsT pacTsop
aHTUOMOTUKA-GHTUMWUKOTMKA, B  PEKOMEHZOBAHHOM NPOW3BOAMTENEM  A1s
KyNbTUBMPOBAHWS KNETOK KOHLEHTPaLK.

PoctoBag cpega ang  dopmupoBaHus  aMOPUOMAHBLIX TeneL  u3

9MOpMOHasbHBIX CTBOMOBbLIX KNETOK YeroBeka: 78 % KynbTypanbHOW Cpepbl

DMEM/F12, 20 % 3amenntens coiBopotku, 1% L-rmytamuua, 1% pacTsopa
NEAA.

4.4 Mpoyedypa nony4eHus KNemoYHbIX JUHUl
[ns BbldeneHns KNeTok U3 (hparMeHTOB pasHblX TKAHEN MOXHO

NCMoNMb3oBaTb 2 METOdA: MEXaHW4eckun U pepMeHTaTVBHbIN. ECTb Touka
3pEHNsI, YTO MEeXaHWYeckuin meTog Bonee npeanovTUTeneH ANs AanbHEnLwen
CTabUNbHOCTU  KNETOYHbIX  KymnbTyp, W, B YaCTHOCTW, ANS  FEHOMHOM
cTabunbHOCTU. BO3MOXHO, 3TO CBA3aHO C TEM, YTO NEpeceB eANHNYHbBIX KIeToK
npu (PepMeHTaTMBHOM crnocobe MoxXeT CnocobCTBOBaTb — CEMEKTUBHOMY
MPevuMyLLECTBY aHOMasbHbIX KNETOK, 0b6ragatolimx noBbILUEHHON KIOHOTEHHOM
aKTMBHOCTLI. Kpome 3Toro, qpepMeHTaTMBHBIN METOL OKasblBaeT Ha KIeTKu
Oonee CUnbHLIN CTPECC, YEM MEXaHUYECKUIA, PU NepeBOAE KNETOK B YCIOBUS in
vitro (Hendijani et al., 2014; MonsHckas, 2014; Arutyunyan et al., 2016; Oliver-
Via et al, 2016). Tem He MeHee, OfHO3HAYHbIX PE3yNbTATOB,

CBMAETENbCTBYIOLMX O MOSMHOM MpEenMYLLECTBE OAHOMO MeTofa Hag LpYruM,
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HeT. B HacToswwee Bpems 0ba MeToga LWMPOKO WUCMOMb3YKTCSH AN MONyYeHUs
KNETOYHbIX JTNHMIA.
4.4.1 Mpoueaypa nonyyYeHUs KNETOYHbIX FIMHUA € NOMOLLbLO
MeXaHM4YeCKOro BblAeNeHns KNeTok U3 pparMeHTa TKaHu

1.PparMeHT TKaHW W3BMEKatoT U3 NPOOMPKK C TPAHCMOPTHOW CPEAOoN M
nomewanT B LEeHTpUdYxHyto npobupky Ha 50 mn, copepxaiyo 20 mn
OTMbIBOYHOM cpedbl. KpbIKy 3aKpblBalOT UM WHTEHCMBHO  BCTPSIXMBAKT
cogepxumoe npobupkn B TeveHne 30 cek. Cpeay u3 npobupku cnueaiot, a
(bparMeHT TKaHU MEepPeHOCAT B MPOBWPKY CO CBEXEH MOPLMEN OTMbIBOYHOM
cpenbl. lNpoueaypy OTMbIBKM MOBTOPSIOT TpW pasa. OTO MO3BONSET OTMbITh
TKaHb OT CTyCTKOB KPOBU, CIIM3M U HEKPOTUYECKMX (hparMeHTOB.

2. ®parMeHT TKaHU NepeHoCsT B CTEKNAHHYHO Yaluky Metpu 60 x 15 mm
W, NpuaepkuBas TkaHb MUHLETOM, MpW MOMOLM OOHOPA30BOrO CTEPWUIIBHOTO
ckanbnens parMeHT Hape3aeTcs Ha Menkue Kycouku (He Bonee 1 mm3, nyyiwe
MEHbLLE).

3. W3mernbyeHHyl0 TkaHb MepPeHOCAT B KynbTypanbHyto vawky [letpu
@100x15 MM (agreavBHbIA NNACcTUK) U HAKPbIBAKOT CTEPUITbHBIM MPEAMETHBIM
CTEKIOM (3TO NPENATCTBYET BCMMbITUIO (hparMEHTOB TKaHU MU UX AanbHeweMm
KyTNbTUBMPOBAHUM).

4. B vawky [letpn C npwxaTbiMM CTEKNOM (bparMeHTamMu TKaHW,
pobaenawt 10 mMn pocToBOW Cpedbl, COAEpXallen pacTBOp aHTMOMOTMKa-
aHTUMUKOTHKA.

5. Yawky Metpu ¢ dparmeHTamu TkaHu nomelaroT B CO2-nHkybaTop
(37 °C, 5 % COy, npu BnaxHocT 80-90 %).

6. CMeHy cpefbl NPOBOASAT €XeAHEBHO A0 TeX nop, noka M3 cpedpl He
YWAYT KNEeTKM KPOBW U HEMPUKPENUBLUMECH K KynbTypanbHOW MOBEPXHOCTY

(bparmMeHTbI TKaHM.
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7. Yepes 10-14 pgHel BOKPYr KyCOYKOB TKaHU CTAHOBSATCS BUAHBI 30Hb
pocTa KneTok. Mpn BOCTXEHUN uMKM pasmepa 5-10 MM? MOXHO NepexoamnTb K
npoLeaype NepB1YHOrO nepecesa.

8. [Ins nepBMYHOrO nepeceBa M3 Yallku [1eTpu yaansT pocToByH
cpepy 1 npomblialoT 2-3 pasa Harpeton go 37 °C cmecbto TpuncuH/BepceHa
(1:3). 3atem BHocAT B yawky 1 Mn cMmecu TpuncuHa/BepceHa, paBHOMEPHO
pacnpeaensioT no NOBEPXHOCTU W MHKYOMPYKT B TeYeHue 5-7 MWH 7o
NOSIBNEHNS OKPYIMMBLUMXCS KNETOK, KOTOpbIE Nerko 0TaensiTes ot cybertpara.

9. B vawky ¢ otkpenmBLmMMmUCs 0T cybeTpaTta kneTkamu BHocaT 10 mn
POCTOBOM Cpedbl. AKKypaTHO MNMHUETOM yOMpalT npegMeTHble CTekna.
CycneHamio KneTok UM OCTaBLWKXCA (PparMEHTOB TKaHM NEpPeHocAT B
LEeHTpUYxHY0 Npobupky obbemom 15 mn.

10. CycneHsno KneTok 1 pparMeHTOB TKaHW LIEHTPUMYTMPYIOT 4 MUH
npu 190 g (1000 06./MuH).

11. HapocagouHyto XMAKOCTb CrvBatoT, [00aBnsioT B npobupky K
ocafKy 2 Mi pOCTOBOW cpefbl, AUCCOLUMPYIOT OCaAO0K U NEPEHOCAT CYCMEH3MIo
KNeToK 1 doparMeHTOB TkaHm B yaluky Metpu @ 35 x 10 mm. Yawwky nomeLuaiot B
CO2-uHkybatop (37 °C, 5 % CO, npu BnaxHocT 80-90 %).

12. Yepe3s cyTku NPOBOAAT CMeHY cpeabl, ANs yaaneHus parMeHToB
TKaHMW.

13. KynbTnBmpytoT Ao 0bpa3oBaHms KOHGMIOSHTHOrO MoHocnos B CO,-
nHkyb6atope npu 37 °C, 5% CO, npu BnaxHoctn 80-90 %). 3atemM MOXHO
nepexoaunTb K HapalymBaHWio Heobxoaumoi Bromacchl KNeTOYHOro Matepuana,
COTMacHO  YCMOBUSIM  KyNbTWBMPOBAHUS, WCMOMb3yeMbIM  MPU  MEPBUYHOM
KyIbTUBMPOBAHUM BbIJENEHHON KNeTouHOW nonynauuu. Ha 2-3 naccaxe, npu
OTCYTCTBMM  BW3yamnbHbIX  MPU3HAKOB  GakTepuanbHOW M rpUBKOBOA

KOHTaMWHauuu, K3 pOCTOBOVI cpeibl MCKMYarT aHTUOMOTUK-GHTUMUKOTHK.
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Hapalymeanne 6uomacchl NpoBOAAT B KyNbTypasnbHbIX hriakoHax nnowaabto 25
unn 75 cmZ Takum oBpasom, cobniogaeTcs NyHKT macnopTa KOMMeKUMOHHOM
KNETOYHON NUHUK «YCIIOBUS KyNbTUBUPOBAHUS».
4.4.2 Npoueaypa nonyyeHue KNETOYHbIX JIMHUA C NOMOLLBIO
(hepMeHTaTUBHOTO BbIAENEHMA KNEeTOK U3 hparMeHTa TKaHU

1. ®parmeHT TkaHu (0.5-1r) u3BnekawT U3 NPOOMPKK C TPAHCNOPTHOM
CPERoN U NoMELLaloT B LEHTPUYXHYI0 Npobupky Ha 50 Mn, cogepxallyto 20 mn
OTMbIBOYHOM cpedbl. KpbIKy 3aKpblBalOT 1M WHTEHCMBHO  BCTPSIXMBAKT
coaepxumoe npobupku B TedeHne 30 cek.

2. Cpeny n3 npobupku CrvBatoT, a (pparMeHT TKaHM MNEPEeHOCAT B
NpoBupKy CO CBEeXeil nopuuen OTMbIBOYHOWM cpefdbl. [lpoueaypy OTMbIBKM
MOBTOPSIOT TPU pa3a. ATO NO3BOMSET OTMbITb TKaHb OT CryCTKOB KPOBW, CMN3MN 1
HEKPOTUYECKIX (hparMeHTOB.

3. ®parMeHT TKaHM MEPEeHOCHT B CTEKNsAHHYH valky Metpn @ 60%15
MM. lMpugepxuBas TkaHb MUHLETOM, MpU MOMOLLM OJHOPA30BOr0 CTEPUIBHOIO
ckanbnens parMeHT Hape3aeTcs Ha Mernkue Kycouku (He bonee 1 mm3, nydwe
MeHbLLE).

4. [OMOreHN3NpoBaHHYI TKaHb MEPEHOCAT B LEHTPUYKHYIO npobupky
Ha 15 mn (50 mn) n gobasnstot cveck 0.1 % pacTBopoB kKonnareHassl | u IV
tunoB (1:1) B nponopumn 1:5, T.e. kK ogHomy obbemy ocagka gobasnswT 5
06beMoB pacTBopa (PepMEHTOB.

5. GepmeHTaUM0 NPOBOAST B LUenkepe-HkybaTope B TeyeHne 30-50
MuHYT npu 37 °C, Npu Nerkom nokaynBaHum.

6. lMonyyeHHy KNETOuHY cycneHsuo LeHTpudyrupyoT npu 190 g
(1000 06./MuH). Ocagok AucCOUMMPYIOT B POCTOBOW Cpede W NEepeHOCAT B

KyNnbTypanbHble (hakoHbl NNOLaabio 25 cm2,
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7. KynbTuuposaHue npooast B CO, uHky6atope (37 °C, 5 % CO2 npu
80-90 % BnaxHoctn) go nonyyeHus 80 % MoHocnos. Yepes CyTkuM MpoBOASAT
CMEHy pOCTOBOW Cpefpl.

8. Mpwn goctmxeHun 80 % MOHOCNOS NPOBOASAT PACCEB KNETOK COrnacHo
MeToauKe onucaHHoi B MpoTokone 1, pasgen 1.4.2.

4.4.3 Mpoueaypa nony4eHUs NMHUIA ME3EHXUMHBIX CTBONOBbLIX KNETOK
(MCK) 13 konoHun aMOpuoHanbHbLIX CTBOMOBLIX KNETOK YeroBeka.

CnocobHocTe JCK Kk andbdhepeHLmMpoBKe B YCIOBUSX in vivo u in vitro —
OOHA W3 KOYEeBbIX XapaKTepuCTWK, MOATBEPXAaAlLas CTaTyC CTBOMOBbIX
kneTok. Pa3paboTaHO MHOXECTBO METOAWMK Pa3HOM CTEMEHU CNOXHOCTA U
[OCTYMHOCTMW NS NOMyYeHMs pasnnyHbIX CneLmanianpoBaHHbIX TUMOB KNETOK 13
OCK. OpgHako, camoi MpOCTOil W JOCTYMHOM SBNSIETCS METOAMKA MOnyveHns
NMHWIA HEMMMOPTaNM30BaHHbIX hnbpobnacTonofobHbIX KneTok, obnagatoLmx
CBOWCTBaMM ME3EHXMMHbIX CTBOJIOBbIX KIETOK YeroBeka.

B ocHoBe 3Toro meToga NeXWT MPUHLMN MHOYKUMU HeHanpaBreHHOM
anddepeHumpoBkn ICK, ncnonb3yembld Ans NOATBEPXKAEHWST CMOCOBHOCTM
OCK auddhepeHLmpoBaTLCS B NPOU3BOAHBIE TPEX 3aPOAbILIEBbIX FIUCTKOB.

1. Kononun 3CK, pacTtywme Ha dugepHoM (MUTatoweM) Crioe KneTok
unn cybertpate, K KOTOPOMY OHM afanTMpOBaHbl, AUCCOLMMPYIOT C MOMOLLbIO
pactBopa TpuncuH/BepceHa (B COOTHOWEHUM 1:3) 1 NEpPeHOCHT MOy4YeHHYH
CYCMEH3n0 Ha rnapodobHyI0 KyrnbTypanbHyl0 NOBEPXHOCTb B POCTOBOM Cpefae
Ans popM1poBaHus aMOpronaHbIX Tenew,

2. OuccoummpoBarHble ACK kynbTusMpyoT B TeveHne 10 gHen B CO;
nHkyb6atope (npu 37 °C, 5% CO, npu 80-90 % BnaxHoctn). MapodobHas
KynbTypanbHas NOBEPXHOCTb HE MO3BOMSET KNeTKaM K Hel afresnpoBaTtb, OHU
OCTalOTC B CYCMEH3UW W 3@ BPEMS KyNbTWBMPOBaHUS (HOPMUPYIOT B HeEWl

NnoTHble KnacTepbl Ccdepuyeckoir opmbl — ambpuongHble Tenbua (OT).
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Cuutaetcs, uto OT oTpaxaloT in Vvifro nepBbld  3Tan  KIETOYHOM
AnddepeHUMpoBKIA in Vivo — CTaguio racTpynbl, U UMEHHO 3[0eCb NPOUCXOaUT
pasgerneHne KneTok Ha TpW 3apofblleBbIX NUCTKA — SKTOAEPMY, Me30aepMy W
3HTOZEpMY.

3. CchopmmpoBaHHble ST NepeHOCAT Ha TMAPOPUIBHYIO KyNbTyparbHy0
NOBEPXHOCTb B POCTOBOM Cpeae, COCTOALLEN U3 KynbTypanbHon cpedbl a-MEM u
10 % ambpuoHanbHoOM BblYbel CHIBOPOTKW. Yepes CyTkM KynbTuBMpOBaHWS OT
MPUKPENNSOTCA K KynbTyparnbHOW MOBepxHOCTW. B nocnegytiowme  AHu
Habmogaetca  pocT  AuPdEepeHLMpoBaHHbIX  MPOW3BOAHLIX  BOKPYr
npukpenuaLumxcs AT.

4. W3 nomyyeHHOM MONynsauMM  BbIAENSIOT  OLHOPOAHbIE  30HbI
bnbpobnacTonogobHbIX KMNETOK M, MCMOMb3ys CBETOBOW MMKPOCKOM Ans
KOHTPONS BCEX MaHWNynsuun, MX nepeceBaloT Ha HOBbIW  KynbTypanbHbI
tbnakoH/yaLuky lNetpw.

5. B pesynbrate ANNUTENBHOMO KynbTUBMPOBaHUS/NAacCMPOBAHWS Mpu
1CNoNb30BaHMM CTaHAapTHbIX npoueayp (Mpotokon 1, pasgen 1.4.2), nonyvatot
[OCTaTOMHOE  KOMMYECTBO  KMNETOYHOro mMatepuana Ans  (hopMMpOBaHus
pedepeHTHOr0 6aHka, KOTOpbIi B  AanbHEMeM WCMOnb3yeTcs Kak Aans
npoBeaeHust paboT Mo xapakTepucTuke/nacnopTu3auui Noy4EHHON KNETOYHOM

NWHWK, TaK W 4Ns co3aaHns paboyero BaHka.

4.5 IlIpouedypa nonyuenusn KiemouHvlX chepoudos u3 1uHuil
MCK uenosexa
B HacTosiLee Bpemsi BO3pacTaeT MHTepeC nccnegosateneii k pabote ¢

KNeToYHbIMKM Cheponaamu, MonyyeHHbIMU 13 kneTok nmHniA MCK uyenoseka.
Ycnosusi  3D-kynbTvBupoBaHus MCK ropasgo Onwke K cpmsmonornyeckum
YCrOBUAM TKaHEW B OpraHv3mMe, YeM MOHOCHOMHOE KyMbTUBMpOBaHWe. B cBa3mn ¢

3TUM, KNeTkM B cpepoupax No CPaBHEHMIO C MOHOCHOMHBIMU KyrbTypamu,
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obrnagatoT  yCWUNeHHbIM  aHTWBOCMANUTENbHLIM ~ AEACTBUEM, YBENMYEHHBIMM
A depeHLMPOBOYHBIM NOTEHLMANOM, SKCMPECCUEN psiga LMTOKMHOB M TEHOB
OTBEYAlOLMX 32  MMIOPUNOTEHTHOCTb U, TakuM  0bpasoMm,  ABNSKTCA
NepcnekTMBHbIM 0OBEKTOM, Kak Ans UCCNeaoBaHUs OCHOB OpraHoreHesa, Tak
ANS UCMONb30BaHUS UX B pereHepaTuBHON MeauumHe. Mo3aToMy Mbl MPUBOAUM
OnucaHue MeTOLOB NOMYyYEHNS KNETOYHbIX CHEPON0B, KOTOPbIE MCMOMb3YITCS
B HaLmx uccneposaHusx (Kpeinosa u ap., 2015; BopoHkuHa u gp., 2016, 2018).
KneTouHble cchepouabl NoyyatoT cneayowmm o6pasom:

1. KneTku CHUMAIOT C NOBEPXHOCTM KynbTypanbHOro cnakoHa. Metog
nogpo6Ho onucaH B Mpotokone 1, pasgen 1.4.2, nn. 1-2.

2. TMopcuntbiBatoT obLee KONMYECTBO KNETOK B kamepe [opsieBa
(QononHeHme k MpoTokony 1) u, UCxoas M3 NOMYYEHHOro pesynbTaTa, roToBsT
CYCMEH3NIO KIETOK B POCTOBOM Cpee B KOHLeHTpaumm 1x105 kn/mn.

3. BHocaT cycneHsuio B KynbTypanbHblii dnakoH/yawky [letpu ¢
rgpodobHoi noBepxHocTbio 1 nomewatoT B CO, nHkybatop (37 °C, 5 % CO;
npu 80-90 % BnaxHocTm). Yepes 24 yaca KneTku B CyCNEH3UM aaresvpyroT Apyr K
Jpyry n opmupytoT cceponael pasHoro pasmepa. Bpems KynbTUBMpOBAHMS
ctheponaoB 3aBUCUT OT LIENM 1 3aaay IKCNepUMEHTa.

Ectb n pgpyron nogxod K hOPMUPOBaHWIO CGEPOMAOB — METOA
«BUCSYEN Kanmuy, KOTOPbIA NO3BONSET Mofyyatb cgepouabl CTaHOdapTHOro
pasmepa, BKIovatoLme B cebs 0anHaKoBOE KONMYECTBO KIETOK.

1. Kak n B npegblaylwem MeToAe, FOTOBAT CYCMEH3M0 KeToK C
KOHUeHTpaumen 1x105 kn/mn.

2. Ha pHo vawku MeTpu (d = 10 cm) ¢ ruapodobHOM NOBEPXHOCTBIO Ha
He6OoMbLWIOM paccTosHWW Apyr OT Apyra (5 MM) npy MOMOLLM MeXaHW4YecKoro

£03aTOpa HAHOCAT Kannn cycneHaun no 30 MKn kaxgas. YkasaHHbl 06bem
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[O0CTaTOMeH Ans Toro, YTobbl Kanns He BbICOXNa 3a 24 Yaca KyNbTUBMPOBAHWS B
WHKybaTope 1 yaepxanacb B BUCSYEM COCTOSHUMN.

3. Yawwuky MeTpu HaKpbIBAKOT KPbILIKOW 1 BbICTPbIM TOYHBIM ABKEHUEM
nepeBopaYMBatoT BBEPX AHOM.

4. MepeBepHyTyto Yaluky nometyatot B CO, nHkybatop (37 °C, 5 % CO;
npu 80-90 % BrnaxHoCTU) Ha 24 u. MMNog BO3OENCTBMEM CUMbl TSHKECTU, KIETKM B
00pa3oBaBLUMXCS BMCSYMX Kamnmsix OMyCKAKTCA K €€ «BepLUMHE» W, 3a CYeT
00pa3oBaHNs MEXKNETOYHbIX KOHTAKTOB, (hopMUpPYIOT cchepounabl. Mo ogHOMY Ha
KabKaYHo Kannto.

5. Mpn HeobxoanmMocT AarnbHEnLero KynbTUBMPOBaHWS CHeponaos,
yepe3 24 yvaca YalKy cO COPMMPOBAHHBIMK cdepomgamn [OCTalT W3
nHKybaTopa, nepeBopaynBaloT, 0OABNSIOT CBEXYIO NOPLMIO POCTOBOW CPeabl, 1
NPOLOMKAKT KyNbTUBMPOBAHME.

4.6 Konmpons kauecmea noy4eHHbIX K1emOoYHbIX TUHUIL
lMonyyeHHyld MONyNAUMI0 HOBOM  KNETOYHOW MMHMM  HEeobXxogumo

npoBepuTb (MpOTECTUpOBaThb) MO NapameTpam, NPeaCcTaBASAIOWMM MYHKT
nacropta. [lpexge Bcero, npoBOAAT — MUKPOBWMOMOrMYECKUA  KOHTPOMb
KOHTaMWHALMKN KNETOYHON KyNbTYpbl, COrTaCHO OMCaHHbIM Bbille NpoLeaypam.
Mpn nonyyeHWM OTPULATENBHOrO OTBETa MPOBOASAT  KPMOKOHCEpBaLio
HapaLLeHHON KNETOYHOM MaccChl Ha 2-3 maccaxax. 3aTeM, Yepes HECKONbKO
[HEl nocrne KpUoKOHcepBaLmn, OaHy Kpronpobupky € KreTkamn pasmopaxusaiot
n Ha 0 naccaxe OUEHMBAOT MOPONOrMI0 W XW3HECTOCOOHOCTb KMETOK.
HeynoBneTBopuUTENbHON CYUTaeTCs 3aknagka, cogepxallas meHee 70 % KuBbix
kneTok. [lanee AEeKPMOKOHCEPBMPOBAHHYIO KNETOYHYKO MOMyNALM0 NPOLOMKaT
KynbTuBMpoBaTb [0 6-7 naccaxa. [locre 9Toro NpoBOAAT MOBTOPHbIN
MWKPOBMONOrNYECKUA KOHTPOMb KOHTAMMHALMM KNETOYHOM KynbTypbl. Monyuns

YAOBNETBOPUTENbHbIE  XapaKTepUCTWKM, Ha 6-M  maccaxe npoBoasT
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UuTOreHeTUYecknin aHanua. Takum 06pas3om, B pesynbTaTe npOBEAEHHOM
paboTbl, NONYYAT XapaKTEPUCTHKK, COOTBETCTBYIOLLME 00S3aTENbHBIM MyHKTaM
nacnopta 6O KOMMEKUMOHHON KNEeToYHOW nuHuW. [anee wccnegytot
XapaKTepuCTUKK, onpeaensioLyne ocobblit CTaTyC NUHUK. VX NPUBOLAT B NyHKTe
nacrnopta «apyrue XxapakrepucTuky.

4.7 Onpeoenenue cmamyca noay4eHHvIX K1emOYHbIX TUHUIL.
4.7.1 MaTtepunan

BHOBb MonyyeHHble M OXapakTepu3oBaHHbIE MO OCHOBHbIM MyHKTAM

KONMEKLUMOHHOro nacnopTa AUnnouaHbIe KNETOUHbIE NIMHUM.
4.7.2 O6opypoBaHme

LleHTpucbyra nabopartopHas LCM-3000, potop - 12/10(BioSan, llatsus)

Kamepa lNopsiesa (MuunMeg, Poceus)

MHBepTHpoBaHHbIN ceeToBON Mukpockon Eclipse TS100 (Nicon,

AnoHus)

MpoTouHbin uutodnyopumetp EPIX XL (Backman Coulter, CLUA)

4.7.3 PacxogHble MaTepuansl

®ocatHbii coneson bydep (PBS) 6e3 Ca*2 u Mg*2 (buonor, Poccus)

[MoBEpPXHOCTHbIE aHTUTENA ANs NPOTOYHOM UuTodbnyopumeTtpum - CD44,

CD73, CD90, CD105, HLA-ABC, CD34, CD45 u HLA-DR (BD

Pharmigen)

Stain Buffer (BSA) (BD Biosciences, CLUA)

StemPro® Adipocyte Differentiation Basal Medium (Gibco, CLLA)

StemPro® Adipogenesis Supplement (Gibco, CLLA)

StemPro® Osteocyte/Chondrocyte Differentiation Basal Medium (Gibco,

CLUA)

StemPro® Osteogenesis Supplement (Gibco, CLLA)

StemPro® Chondrogenesis Supplement (Gibco, CLLA)
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PacTBop 1% TonyuguHoBoro cuHero B 50 % M30NpoONUIIoBOM CrnpTe

(Sigma, CLUA; Xummen, Poccus)

BogHbin pacteop 0.1 % cadppanuna O ((Sigma, CLLA)

PacTBop 1 % anbuuaHoBoro cuHero B 3 % ykcycHon kucrnote (Sigma,

CLUA; AHT, Poccus)

10 % pacteop dopmanuHa (Sigma, CLUA)

YkeycHas kucnota (x4 FTOCT 61-75, AHT, Poceus)

MeTaHon (3AO BekToH, Poccns)

OtaHon (000 «[aT4mMHCKuir cnMpToBOi 3aBog», Poccus)

BogHbin pacteop 2 % Hutpata cepebpa (AgNQs) ([leHpeakTtus, Poccus )

BogHbim  pactBop 5%  Tmocynmbpata  Hatpus  (NaxS:0s)

(MpanmKemukancl pynn, Poccus)

Cybctpat ans wenoyHon doccatasel. BCIP®/NBT Liquid Substrate

System (SigmaAldrich. CLUA)

Pacteop 0.3 % Oil Red B 60 % u3onponaHone (SigmaAldrich, CLLA)

MonTupytowas xugkocTb Vectashield (Vector Labs, CLUA)
OpHopa3soBas nnacT1koBas nocyaa:

Yawwkm MeTpu ctepunbHble @35 x 10 mm, @60 x 15 mm, @100 x 15 Mm

(Nunc, Janus)

Mpobupku ueHTpudyxHbIe 15 Mn (Nunc, JaHus)

MuneTkm ceponormyeckue crepunbHble 2 M, 5 mn, 10 mn (Nunc,

[aHus)

Crekno npeameTHoe, paamep 76 x 26 mm (Menzel, lepmaHms)

Crekno nokposHoe, pasmep 18 x 18 mm (Menzel, MepmaHus)
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4.7.4 Mpoueaypa NoAroToBKM KNETOYHbIX KYNbTYpP K OnpeaesnieHuto
3KCNpPeccui NOBEPXHOCTHLIX MapPKEpPOB C NOMOLLbLIO NPOTOYHON
umtochnyopumeTpum

1. CornacHo meToauke, onucaHHon B lNpotokone Ne1, pasgen 1.4.2, nn.
1-3 rOTOBST OQHOPOAHYHO CYCNEH3MIO KIETOK.

2. TepeHocAT CycneH3wio B LEHTPUYXHYIO npobupky Ha 15 mMn u
LeHTpudpyrupytoT 4 MuH. npu 190 g (1000 06./mMuH).

3. HagocapouyHyto xuakocTb cnmeatot, gobaensot 10 mn octaTtHoro
conesoro 6ycepa (PBS) 6e3 Ca*2 n Mg*2 1 ocagok TwaTenbHO AMCCOLMMPYIOT.
Copepxumoe LeHTpudyrmpytoT 4 muH. npu 190 g (1000 06./MuH).

4. HapocagouHyto XuakocTb CIIMBAKOT W AUCCOLMUPYIOT 0Cafok B 1 mn
Bydepa ans okpacku (Stain Buffer (BSA)).

5. lNpoBogsaT nogcyeT KNeTok B kamepe [opsiea (CornacHo MeToauke,
npueegeHHoi B Mpotokone 1, pasaen «[ononHeHe»).

6. Vicxoga U3 noryyeHHbIX AaHHbIX, FOTOBAT CyCrEH3Wto KneTok (B
Oydepe ans okpacku) ¢ KOHUEHTpaLMeR 1 MIIH. B M.

7. [Ina okpacku MOBEpPXHOCTHbIMK aHTuTENamu, 10 MKM cycneHsumn
KNEeTOK MOMELLAT B MUKPOLEHTPUGYKHYIO Npobupky M A06aBnslT 2 MKN
KOHBIOTMPOBAHHBIX C PNYOPOXPOMOM aHTuTen. CMechb MHKyGupytoT npu 2-8 °C
B TeyeHue 30-40 MuH.

8. OTMbIBalOT KNeTkn OT aHTUTen: fobaBnalT K cycrneHsun 1.5 mn
Bydepa Ans okpacku, nepeMeLLMBatoT CyCreH3uo NMNeTUPOBAHWEM W OCaXaaT
ueHTpudyruposanmem (350 g, 6 MuH).

9. Anccouunmpytot ocapok B 100 mMkn 6ydoepa ans okpacku.

10. AHanM3upyHT CYCNEH3MIO KNETOK Ha NPOTOYHOM LMTO(NyopuMeTpe.
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[ns 06BbEeKTMBHON OLEHKM NOMyYEeHHbIX AaHHbIX, aHanu3 npoBoaaT 3
pasa (3 NOBTOPHOCTH).

4.7.5 Mpoueaypa nHAyKUMK 1 naeHTudmkaummu auddepeHLUMpPOBKY B
aAunNoreHHOM, 0CTEOreHHOM U XOHAPOTreHHOM HanpaBneHUsX

CyliecTBeHHbIM npu3HakoM Hanuums cratyca MCK B AaunnouaHbIx
KNEeTOYHbIX MUHUAX SBNSAETCS UX AnddepeHLMpoBOYHbIi noTeHuman (Dominici et
al., 2006). KneTku pomxHbl obnagatb CnocoBHOCTLIO AndhdhepeHUMpoBaThCs B
OCTEOreHHOM,  XOHOPOTrEHHOM M aAMNOTEHHOM  HanpaBnEHWUsSX  Npu
COOTBETCTBYIOLLEN MHAYKUMW. JuddepeHUMpoBKY BO BCEX 3-X HaMpaBReHMsIX
NpoBOAAT N0 MoanduLMpoBaHHoMy meTogy (Reyes et al., 2001).

4.7.5.1 [udpchepeHUUPOBKA KNETOYHON NONYNALUM B aAUNOreHHOM U
OCTEOreHHOM HanpaBneHuAX

OnddepeHumpoBka B ykasaHHbIX HampaeneHusx nposogutes B 2D-
cUCTeMe KyrbTUBMPOBAHUS C UCMOMb30BaHWEM COOTBETCTBYHOLMX (DUPMEHHBIX
AnhepeHUMPOBOYHbIX Cpea,.

1. AHanuanpyemble KneTku pacceBaroT Ha valkm Metpn @ 35 x 10 mm B
KOHLLEHTpaLmm, 06pa3ytoLLen KOHPIOHTHBIA MOHOCHON.

2. Mocne npukpenneHus 1 pacnnacTbiBaHUs KreToK Ha cybcTpare,
NPOBOAAT 3aMeHY POCTOBOM Cpeabl Ha ANt(EPEHUMPOBOYHYIO — aMMOreHHY0 1
OCTEOrEHHY0, COOTBETCTBEHHO (M0 2 M1 Ha 1 yawwky @ 35x10 mm).

3. Yawky nomewaiot B CO2-uHky6aTop (37 °C n 5 % CO,, BNaXHOCTb
80-90 %).

4. KneTkn B andthepeHLMpoBOYHbIX cpedax KynbTUBUPYIOT B TeYEHUe
3-X Heenb, NPOBOAS CMEHY cpeabl Yepes kaxable 3—4 OHs.

Ans maeHTUdmKaLmMM agunoreHHon AucMEpPeHLMPOBKMA  UCMONb3YIOT

METO[ OKPAaCKW KNETOK MacnAHbIM KPACHbIM:

1. KneTkm B yaLuke lNeTtpu npombiatoT 2 pa3a PBS 6e3 Ca*2 n Mg*2.
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2. GukeupyroT CH30H (2 mun. npu -20 °C).

3. Mpombieatot 50 % pacteopom CoHs0H.

4. [lobasnsiot 1 mn pacteopa 0.3 % macnsHoro kpacHoro (Oil Red) B
60 % n3onponaHone.

5. MHKy6upytoT 10 MMH NpK KOMHATHOI TeMnepaType..

6. MpombieatoT 50 % pacteopom CoHs0H.

7. TpOMbIBAKOT HECKOMbKO pa3 AWUCTUNAMPOBAHHOW BOLOW, MOMHOCTHIO
yaanss kpacawymin pacTeop.

8. Hanmgatot B yawky Metpu 1 mn. 70 % BogHOro pacTeopa rnuuepuHa

9. AHanusupyloT C WCMONb30BAHMEM CBETOBOTO Mukpockona. [lpu
AUdepeHLMpoBke B aOuMnOreHHOM HanpaBreHWn B KIEeTKax/BHEKNETOYHOM
NPOCTPaHCTBE OOHAPYXMBAKOTCA OKPALUEHHbIE KPaCHbIE NUMMAHbIE  Kanmu
(pa3mep MOXET BapbKpOBaTh).

Ons noeHTMdmkaumm octeoreHHon audyepeHUMpPOBKM UCTIONb3YIOT 2
METOAA: OKpacka Ha akTMBHOCTb LLenoyHorn docdartasel 1 peakums Von Kossa.
[Ins 3T0ro NpoBOAAT CreayoLye MaHUNynALug:

BbisiBneHne akcnpeccuu LwenovHon docdarasbl:

1. KneTku B vaLuke MeTpu npombiBatoT 2 pasa PBS 6e3 Ca*2 n Mg*2.

2. lo6asnstot 1 mn 10 % pactBopa opmanuHa. HKyBupytoT 15 MuH.
NpW KOMHATHOM TemnepaType.

3. MpowmbiBatoT 2 pasa PBS 6e3 Ca*2n Mg*2.

4. [lobasnsitotr 1 mn. cyberpata BCIP/NBT Liquid Substrate System.
WHky6upytoT 30 MuH. npm 37 °C.

5. MpombiBatoT 2 pasa PBS 6e3 Ca*2 n Mg*.

6. Jobaenstor 2 mn. PBS 6e3 Ca*? n Mg*. AHanuaupytT c
Cronb30BaHMEM CBETOBOTO MuKpockona. AucdepeHUmpoBka B OCTEOrEHHOM

HanpaBneHu WHOYUMPYeT aKTMBHOCTb (hepMeHTa LienoyHon docgarassl,
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KOTOpas Npy B3aMMOAENCTBUN CO cneundmnyHbIM cybcTpaToM, NposiBASETCS B
BME TEMHO-CUHEN/YEPHON OKPaCKW KIETOK.

Peakuums Von Kossa

1. KneTkm B yaLuke NeTtpu npombiatoT 2 pasa PBS 6e3 Ca*2 n Mg*2.

2. GukeupyroT CH30H (2 muH. npu -20 °C).

3. MNpoMbIBaIOT ANCTUNNMPOBAHHO BOAON.

4. [lobasnstot 1 Mn 2 % pacteopa AgNOs,

5. UukybupytoT 1 u. nog namnon 60 Br.

6. lMpoMbIBaIOT ANCTUNNMPOBAHHOW BOAON.

7. Do6asnstot 1 mn 5 % pacteopa NazS;03,

8. MpoMbIBAKOT AUCTUNIMPOBAHHON BOZOMN.

9. Hanueatot B YaLwuky Metpu 1 M 70 % BOAHbLIN pacTBOp rMuLepuHa.

10. AHanuaupyioT C MCMONb30BaHWEM CBETOBOMO MUKpockona. Kanbuui
codepxallue Kpuctansbl B XOA€e peakLiv OKpaluMBaKTCS B YEPHbIiA LiBET.

4.7.5.2 OudchepeHUMpoBKa KNETOYHON NONYNAUUM B XOHAPOTEHHOM
HanpaBneHuu

AndbdepeHumpoBka B XOHAPOreHHOM HanpaBneHUN OCYLLECTBISETCA B
3D-cucteme  KynmbTMBMPOBaHMS  (MeTog  hOPMMPOBAHMS  MUKPOMacc) C
MCnonb30BaHMEM OMPMEHHON A epEHLMPOBOYHOM Cpedbl.

[ns dopmmupoBaHms ogHoro obpasua (Mukpomacchl) HeobXoaNMo B3sTb
1 - 1.5%108 knetok (MPUOMM3MTENBHO SKBMBANEHTHO KOMMYECTBY KIETOK B
KOHCQIIOSHTHOM MOHOCH0e Ha Yaluke MMetpu 100x15 mm.

1. M3 vyawwku MeTpyu ¢ MOHOCNOEM KIETOK, YOupatoT pocToBYyH cpeay W
ABaXzabl NpoMbiBaioT HarpeTon Ao 37 °C cmeckio TpuncuH/BepceHra (o 7 mn Ha

vawwky @100 x 15 mm)
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2. BHOCAT B YaLwky 1 mn TpuncuH/BepceHa, paBHOMEPHO pacnpeaensioT
MO0 MOBEPXHOCTU W WHKYOMPYOT B TeyeHue 5-7 MWH [0 MOSIBNEHMS
OKPYTIMBLLMXCS KNETOK, KOTOpbIe Nerko oTaenstoTcs ot cyberpara.

3. [obaBnstoTr 5 Mn pocToBOM Cpeabl, akkypaTHO AMCCOLMMPYHT
COAEPXNMOE A0 NOMYyYEHNs OGHOPOLHON CYCNEH3NN KNETOK.

4. TepeHocAT CycneH3wlo B LEHTPUYXHYIO Npobupky Ha 15 mn u
ueHTpudpyrpytoT 4 MuH npu 190 g (1000 06./MuR).

5. HapgocagouHyto xuakoctb crveatot, aobasnstot 10 mn. PBS 6e3 Ca*?
n Mg*2 n ocagok TwatensHo auccouumnpyot. Cogepxumoe LeHTpUdyrmpyot 4
MuH npu 190 g (1000 06./MuH).

6. YBupatoT HagoCcaf0uHYH XWUAKOCTb W akkypaTHO, YTOObI He HapyLWNTb
LienoCTHOCTb 0caaka, A06aBnsAT 2 M XOHAPOreHHoW AuddepeHLMpOBOYHOM
cpebl.

7. LleHTpudbyxHyto npobupky ¢ knetkamu nomewyatot B CO2-nHKkyGaTop
(37°C, 5% CO,, npu BnaxHoct 80-90 %). KpbiwKy oCTaBAsoT crerka
MPUOTKPBITON, ANs 06ecneveHns BEHTUNALMN.

8. KneTku KynbTUBMPYIOT B yKa3aHHbIX YCIIOBUSX B TeYeHue 3-X Heaenb,
NPOBOAS CMeHY cpeabl kaxable 3—4 aHS.

XoHaporeHHas augdepeHLMpoBKa onNpeaenseTcsa Mo HanuMunwo BO
BHEKNETOYHOM ~ MaTpukce  CyNnb(haTUpOBaHHbIX  FIMKO3aMUHOTMKAHOB,
NPOTEOrNNKAHOB W KUCTbIX FMMKO3aMWUHOTTIMKAHOB.

NoeHTndrkaums xoHaporeHHon A depHUMPOBKN.

Ons  noeHTMMKaLMM  XOHAPOreHHOW AMddepeHLMPOBKA  NPOBOAAT
cresyoLme MaHunynsayum:

1. ChopMMpOBaHHYK) MWUKPOMAcCy MEpPeHOCAT W3  LieHTPUGYXHON
NpoBupkm, B KOTOPON KINETKW MHKYOMPOBAN1Ch BECH NEPUOA AN dEepPEHLIMPOBKH,

Ha MpeMETHOE CTEKNO.
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2. MNpu nomowyy 0fHOPA30BOM UMbl OT LWNpULA, AeNST MUKpOMaccy Ha
3 paBHble YaCTh 1 2 U3 HUX NEPEHOCAT Ha OTAENbHbIE NPEAMETHbIE CTeKNa.

3. Tol xe Urnon akkypaTHO pacnpeaenstoT CoaepXuMoe MUKpoOMacchl
Mo MOBEPXHOCTM CTekna (penawT Masok). [nowaab Maska He [omkHa
npesblwatb 15 Mm2,

4. B TeyeHne HeCKONMbKMX MUHYT NOACYLUMBAIOT Ma30K Ha Bo3ayxe. He
[OMKHO ObITb NNABakoLWMX B cpeae dparMeHToB.

5. HaHocsat Ha ma3ok 10 % pactsop copmanuua. UHkyGupytoT 15 MuH
NPy KOMHATHOW Temneparype.

6. MpombiBatoT 2 pasa PBS 6e3 Ca*2 n Mg*2.

7. Ha kaxgblil n3 3-X 3a(PUKCMPOBaHHbIX MA3KOB HAHOCAT OTAEMNbHbIN
kpacawwmin pacteop no 300 — 500 mkn: 1 % pacTBOp TONYMAMHOBOTO CUHETO (B
50 % usonponunosom cnmpte), 0.1 % BoaHbIN pacTop cadpanuHa O unm 1 %
pacTBop anbLaHoBOro CUHEro (B 3 % YKCYCHOM KUCNOTE).

8. OkpaLumsatoT 30 MMH NpK KOMHATHOW TeMnepaType

9. MpoMbIBAKT AMCTUNNMPOBAHHON BOAOW, BbICYLLMBAIOT.

10. Ha kaxgblm oOkpaleHHbIn Ma3ok HaHocsT no 10-20 Mkn
MOHTUPYIOLLEN Cpeabl, HAKPbIBAIOT MOKPOBHBIM CTEKIIOM U MOHTUPYIOT Kpas.

11.  AHanusupyloT C WCMOMb30BaHWEM CBETOBOMO  MUKpOCKOMa.
ToNyWauHOBLIA CUHWUI OKpaLMBAET CyNbMaTUPOBAHHbIE MIMKO3aMWUHOTMKaHbI
BHEKNETOYHOro Matpukca B CuHMA  uBeT. CadpaHuH O  okpawwsaeT
NpOTEOrNMKaHbl B MarMHOBO-KpacHbIn LBeT. KMCrble TMMKO3aMWUHOTMMKaHbI

MPOSIBSIOTCA MO CUHE OKpacke arbLMaHOBOTO CUHETO.

Mocne onpeaeneHnst BCeX OCHOBHBLIX XapaKTepuUCTMK nacnopTa M
noatBepxaeHns cratyca MCK BHOBb  MOMyYeHHbIX MWHUIA,  NPOBOAST

pacluMpeHne (hOHAOB KOMMEKUMM NyTeM HapalluBaHWs GOMbLIOTO KonmyecTea
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KNETOK, UX KPUOKOHCEPBALMM W MOMELLEHNN B XUAKAIA a30T, ANS ANUTENbHOTO
XpaHeHns. [N HeMMMOPTanM30BaHHbIX KMNETOYHbIX JMHWA, B CBA3N C
OTPaHNYEHHbIM CPOKOM KW3HM, COMPOBOXAAMOLEr0 MPOLECCaMn KNeTOYHOro
(pennukaTUBHOMO CTapeHmst), HeobXoaUMo NOAAEPXMBATL B (hOHAAX 3aKNaaku C
HebGOMbLIMM KOMUYECTBOM Naccaxeil. B Hallen Konnekuun Ans KaOoh Takoi
NIMHAV UMEEeTCS Myn KNETOK Ha 2-3 naccaxax, a MakCUManbHOe YKCIOo Naccaxei
cocTaBnseTt 6-7.

[ononHutenbHas MHopMaLUsA 0 HEMMMOPTANM30BaHHbIX KNETOYHbIX
NUHMAX

Mpn paboTe ¢ HEMMMOPTANN30BAHHLIMU KNETOUYHBIMW IMHUSMU BaXHO
UMeTb UHGopMaumio 06 UX POCTOBbIX  XapaKTepucTukax W xapaktepe
PEnnMKaTUBHOTO CTapeHus. Hwke Mbl NpPUBOAMM  OMUCaHWE  METOAMK,
MO3BONSIOLLMX NOMYYNUTb 3TY MHPOPMALWIO.

PennukaTuBHOe cCcTapeHue KNeTOK OUEHMBAKT MO
aKTUBHOCTU pepMeHTa B-ranakrosuaasbl. Knetku BoipaliusatoT B Yalukax Metpu
anameTtpom 3.5 cm go obpasoBaHus cybkoHdnoeHTa. 3aTteM cpeay yaansoT u
KNeTKM OKpawmWBawT ¢ nomowpblo Habopa peaktmBoB (Senescence f-
galactosidase staining kit; Cell Signaling, CLLA), cornacHo UHCTPYKLMK. Y KNETOK,
HaxogsawWwmxcs B pase pennvKkaTMBHOMO CTapenusi, uuTtonnasma npuobpertaet
SIPKO-CUHIOK OKpacky. AHanu3 npoBOAWUTCS C MOMOLLbIO MHBEPTUPOBAHHOIO
mukpockona (Nicon, AnoHMs) Ha paHHMX, CPedHNX W MO3aHKX naccaxax. [onto
OKpaLLEHHbIX KeTok (%) onpegenstoT nytem nogcyeta He MeHee 1000 kneTok B
pasHbIX MONSX 3PEHNS HA OFHY BPEMEHHYHO TOUKY.

OPPeKTMBHOCTL KNOHWPOBAHWUSA Ha pasHbiX nNaccaxax
OnpeaensioT B Yalukax Metpu B ycrnosusix peakoro naccaxa (3—4 kn./cm?). Yepes
14 cyT «KkneTkn duKcupytoT, okpawwmBatoT 1 %-HbiM BOAHBIM PACcTBOPOM

KpucTanm-BuoneTa 1 CYUTaKOT YKUCIO KOMOHUIA. DPPEKTUBHOCTL KMOHMPOBAHNS
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OnpesenstoT N0 OTHOLUEHWIO YuCha BbIPOCLUMX KOMOHMIA (KMOHOB) K uucny
MOCEsHHbIX KNETOK B mpoLeHTax. Heobxoanmo onpeaenutb KOnMYeCTBEHHbIN
npesen Y1cna KneTok B KONOHWUW. B HaLLMX SKCNEPUMEHTaX YYMTbIBANM KOMOHUM,
cocroswme n3 He meHee 20 kneTtok. Heobxogumo npoBecT He MeHee 3-x
MOBTOPHbIX 3KCEPUMEHTOB.

MponndepaTUBHY aKTUBHOCTb OLEHMBAKOT MO MHAEKCY
nponudpepauun  (MAM) — OTHOLIEHME 4WCna KMETOK B TEKYLIMA MOMEHT K
NCXOOHOMY YMCIY NOCESHHBIX KNETOK, 3aTeM CTPOST KPUBBIE POCTA KMETOYHbIX
nonynauuin. NS  W3MepeHus CpemHero BpeMEHWM YABOEHWS  KIETOYHOM
NONynALMW Kaxabl 3KCNepUMEHTasbHbIN BapuaHT NOBTOPSIKOT HEe MeHee 3-x pas,
€XeHEBHO cuuTas KneTku B TeyeHue 5-6 cyt (120-144 ). CpegHee Bpems
OOHOMO YOBOEHWUS KMETOYHOW Monynauumn (a,) onpegensnu no opmyne
(Cepoga, 2008):

a=tIn2/In (Mi/M,),
roe M:— 4yncno KneTok B MOMeHT BpemeHu f; M, — HayanbHoe Yncno KneTok; t —
BpemMs niorapudoMmyeckon goasel pocTa KNneTouHoi KynbTypel. B 3aBucumocTyt ot
Llenen WUcCnenoBaHns aHanus nponud)epaTMBHOM aKTUBHOCTWM MPOBOAST Ha
PaHHEM W MO3OHEM Maccaxax WM HECKONbKO pa3 B MpoLEecce ANUTENbHOro
KyNbTUBMPOBAHNS.

Mpn  nOnMyyYeHWM  KONMWYECTBEHHbIX  PEe3ynbTaToB  Heobxoaumo
npoBedeHne  ctatucTuyeckon  obpabotkn. B npeacTaBneHHbIX  Hamu
nccnenoBaHusax ucnonb3yetcs t-kputepuin CtblogeHTa. Pasnuuus cuutaroTes

[OCTOBEPHBIMM MPW BEPOSITHOCTU HyneBow runotessl P < 0.05.

PestoMupyst  COOAEpXaHWe  KHWUMW,  crieayeT  MOAYEpKHyTb,  YTO
MpeAcTaBneHHble B NEpBON MMaBe pesyrbTaThbl, SBNALMECS TOMbKO YaCTbio

“ccnenoBaHun, NPOBEAEHHbIX Ha KNETOYHbIX KynbTypaX, CBMAETENbLCTBYKT O
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CYLLECTBEHHOW W3MEHYMBOCTM  KNETOYHbIX JIMHUIA  pasHbIX  TWMOB  MpU
KyNnbTUBMPOBaHWM in  vitro. BbiBOAOM 13 3TWX pe3ynbTaToB SABNSETCH
HeobxoauMocTb  COBMIOAEHNS MO BO3MOXHOCTM  CTaBWUNbHBLIX  YCrIOBUN
KyNbTUBMPOBaHMS. [1Ns nonyyYeHns BOCMPOU3BOAUMBIX PE3YNbTATOB XenaTenbHo
NCMONMb30BaTh  KNETOYHble  KyMbTypbl, MOSyYEHHblE U3  POCCUACKUX  WUNn
3apy0OexHbIX konnekumit. Mpu paboTe ¢ KONNEKLMOHHBIMM KNETOYHbIMU TMHUSMA
HeobXoaMMO MpUOEpPXMBATLCA YKa3aHHbIX B Macrnopte YCMOBUIA BefeHWs
KOHKPETHOI KNETOYHOW KynbTypbl. B npeacTaBneHHbIX Hamu npoTOKonax,
MOMMMO MOAPOBHOrO OMMUCaHUsA WUCMOMNb3YEMbIX METOLOB, YKadaHbl (HUPMb,
NPOAYKLMEN KOTOPBIX Mbl MOMb3yeMcs npu paboTe C KNeTOUHbIMU KyNbTypamiu.
OTO CcOenaHo HeCnyyalHo, T.K.  KayeCTBO  MCMOMb3YEMbIX  PacXogHbIX
MaTepuanoB MOXeT MOBMMSATL Ha CBOMCTBA KNETOYHbIX NHWA. [oaTomy nydile
Npu AnnuTensHoM paboTe ¢ KynbTypor MCNONb30BaTh PeaKTUBLI, MOMYYEeHHbIE 13

OHOW CHMPMbI.
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