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B nocneAH~e roA~ ece 4a~e no~en~~Tc~ pa6oT~, noce~~eHH~e 
~ccneAOBaH~~ B03AeHCTB~~ r~nepTepM~~ Ha KneTK~ ~ TKaH~, 4TO B 
~3BeCTHOH CTeneH~ onpeAen~eTC~ no~CKOM B03MO~HOCTe~ ~CnOnb30Ba

H~~ 3TOrO MeTOAa B OHKOnor~~/1/, noKa3aHo, 4TO KneTK~ Ha~6onee 
4YBCTB~TenbH~ K HarpeeaH~~ /no TeCTY B~~~eaeMOCT~/ B M~T03e ~ 
B KOH~e S-$a3bl ~ TepMope3~CTeHTH~ B CTaA~~ G1/2,3/,4TO MO~eT 
CB~AeTenbCTBOBaTb ~ 0 B03MO~HOM noepe~eH~~ ~AePH~X CTPYKTYP 
KneTOK, BMeCTe C TeM CBeAeH~~ 0 en~~H~~ nOB~WeHHOH TeMnepaTypbl 
Ha XpOMOCOMH~H annapaT KneTOK HeMHOr04~CneHH~. 0TMe4eHo, 4TO 
An~TenbHOe B03AeHCTB~e noB~WeHH~X TeMnepaTyp Ha KynbTYPY Kne
TOK MneKon~Ta~~~x np~BOA~T K yeen~4eH~~ 4~cna a6eppaHTH~x Kne
ToK/4,5/, AaHH~e o en~~H~~ r~nepTepM~~ Ha KynbTypy n~M$o~~ToB 
4enoeeKa eA~H~4Hbl/6,7/, np~4eM ~ccneAoeanocb TonbKO KpaTKocpo4-
Hoe B03AeHCTB~e B~COKOA TeMnepaTypoA. 

HaM~ npoeeAeHo ~ccneAOBaH~e en~~H~~ noe~weHH~x TeMnepaTyp 
B pa3H~X CTaA~~X KneT04HOrO ~~Kna Ha XPOMOCOM~ n~M$O~~TOB nep~
$ep~4eCKOA KPOB~ 4enoeeKa. 

MATEP~An ~ METOAbl 

B ~ccneAOBaH~~ ~CnOnb30BaHa BeH03Ha~ KpOBb 3AOPOB~X AOHOPOB 
o6oero nona e Bo3pacTe OT 22 AO 47 neT. renap~H~3~poBaHHlO ~~OBb 
/20 eA.renap~Ha Ha Mn./pa3BOA~n~ cpeAOA 199 B COOTHOWeH~~ 1:6. 
B cycneH3~~ KneToK Ao6aen~n~ pacTeop <:>fA /"Reanal", BHP/ e cooT
HoweH~~ 500:1. Bo3AeAcTe~e noe~~eHHo~ TeMnepaTypo~ ocy~ecTen~

nocb B A~ana3oHe 38-410C e pa3H~e nep~OA~ KneT04Horo ~~Kna. An~ 
OL~eHK~ nPOAOn~~TenbHOCT~ pa3HbiX $a3 KneT04HOrO ~~l<na ~CXOA~1n~ 

~3 AaHH~x/8/, KneTK~ ~HKy6~posan~ np~ noe~weHH~x TeMnepaTypax 
co 2-ro no 24-26-A 4ac /GJ - cTaA~~/, c 24-ro no 48-~ 4ac /S + 
+ G2/, c 36-ro no 48-A 4ac /G2/, co 2-ro no 50-A 4ac IT- non
H~A KneT04H~A 4~Kn/. Ao ~ nocne B03AeAcTeMn noe~weHHoA TeMne
paTypoA KneTK~ KynbT~B~poean~ np~ 37°C, np~ 3TO~ De TeMnepaTy
pe ~HKY6~posan~ KOHTponbH~e o6pa3~~. 3a 3 4 AO $~Kca~~~ e cyc
neH3~~ KneTOK A06aBn~n~ paCTBOp KOnX~~~Ha AO KOHe4HO~ KOH~eHTpa-
4~~ 0,5 MKr/Mn. r~nOTOH~3a~~~ npOBOA~n~ 0,075 tl paCTBOPOM KCl 
np~ 37°C. CycneH3~~ KneToK $~Kc~posan~ oxna~AeHHoA cMecb~ 3Ta
Hona ~ neA~HOA YKCYCHOA K~cnoT~ /3:1/, npenapaT~ roTOB~n~ nyTeM 
HaKan~BaH~~~ cycneH3~~ KneToK Ha ena>KH~e xonoAH~e cTeKna ~ e~

cyw~ean~ B cTpye Tennoro B03Ayxa,oKparu~ean~ a3yp-3o3~HOM no Me
TOAY PoMaHOBCKoro.OT6op MeTaQa3H~x nnacT~HoK ~ ~AeHT~Q~Ka~~~ 

~:1t·~ .,,;., u ~i~C'tim'f 
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XpOMOCOMHbiX 'a6eppa~YI~ npOBO,(IYIIlYI B COOTBeTCTBYIYI C 0611\enpYIHATbiHYI 

Tpe6oBaHYIAMYI,KpOMe TOro,onpe,qeilAilYI MYITOTYI4eCKY~ aKTYIBHOCTb IlYIM

$O~YITOB,KOTOpy~ O~eHYIBailYI no CTaTMOKYIHeTY!4eCKOMY YIH,qeKCY /npo

~eHT HaKOnileHHbiX MYIT030B/, 

PE3Y Ilb TATbl 11 06CY):(J:IEHHE 

PeaynbTaTbl o~eHKYI TepMo4yBCTBYITeilbHOCTYI IlYIM$O~YITOB 4enoaeKa a 
pa3Hble nepY!o,qbl nepaoro KileTo4Horo ~YIKila npY!Be,qeHbl a Ta6n.1. B 

ycnOBYIAX KYilbTYIBYipoaaHYIA npYI TeMnepaType 41°C a Te4eHYie GJ-cTa

AYIYI He OTMe4eHO CYU\eCTBeHHOro nOBbiWeHYIA 4aCTOTbl XPOMOCOMHbiX Ha
pyweHYIA, Boa,qeAcTaYie BbiCOKoA TeMnepaTypoA Ha /S + G2/-cTa,qYIYI 
Bbi3BailO yBeilYI4eHY!e 4YICila KileTOK C XpOMOCOMHbiMYI a6eppa~YIAMYI, npYI-

4eM 3$$eKT 6b1Il npYIMepHO TaKoA me, KaK Y1 npYI B03,qeAcTBYIYI B Te4e

HY!e acero KneT04Horo ~YIKna. BblcoKo TepM04YBCTBYITenbHoA ABnneTcA 

TaKme G2 -cTa,qYin ~YIKna. B 3TYIX cny4anx rY~nepTepMYIA npYIBOAYIT K yae

IlY14eHYI~ 0611\ero 4YICila o6pa3Y~U\YIXCA XpOMOCOMHbiX HapyweHYIA, nOABilA

~TCA KileTKYI co MHomecTBeHHbiMYI xpm~ocoMHbiMYI noapem,qeHYIAMYI. Cpe,q

Hee 4YICI10 a6eppa~YIA Ha a6eppaHTHY~ KileTKY npYI B03,qeACTBYIYI Bbi

COKOA TeMnepaTypoA BO apeMA G2-, /S + G2/-cTa,qYIA Yl B Te4eHYie 

BCero KileT04HOro ~YIKila COCTaBYIIlO 1,5; 1,7 Y1 2,8 COOTBeTCTBeHHO, 

B TO BpeMA KaK B GJ-CTa,(IYIYI OHO He OTilYI4ailOCb OT KOHTpOilA /OKOilO 

1, 0/ .A6eppaHTHble KileTKYI C 4YICilOM XPOMOCOMHbiX noape>x,qeHYIA OT 2 

,qo 5, o6paaoaaawY~ecA a peaynbTaTe aoa,qeAcTBYIA TeMnepaTypaMYI 40,5°-

410C B Te4eHY!e /S + G?/-cTaAYIYI YIIlYI acero KileT04HOro ~YIKila, co
CTaBYIIlYI OKOilO 40% OT 0611\ero YIX KOilYI4eCTBa, 

Cne,qyeT OTMeTYITb, 4TO BbiCOKaH 4aCToTa a6eppaHTHbiX MeTa$a3 

COnpOBOm,qaeTCA CHYimeHYieM MYITOTYI4eCKOA aKTYIBHOCTYI KileTOK, 0 4eM 

CBYI,qeTeilbCTBy~T HYI3KY!e BeilYI4YIHbl CTaTMOKYIHeTYI4eCKOrO YIH,qeKca, no

CilC,qHee, BepOATHee Bcero, ABilAeTCA CileACTBHeM 6JlOKHPOBaHHH KJle

T04HOrO ,qeileHHA B G2-cTaAHH ~HKila H ~1HTep$a3HOA r1-16eJlH 4aCTH 
KileTOK, 

BecbMa xapaKTepeH Mop$onorH4eCKYIA BHA npenapaToa IlHM~O~HTOB, 

HCnbiTaBWYIX B03,qeACTBHe BbiCOKOA TeMnepaTypoA B TepM04YBCTB~Teilb

HbiX $a3aX ~HKila:HeBeilHKO KOilH4eCTBO fiilaCTHbiX KileTOK,CO,qep~HTCA 

MHOro KileTOK C ryCTO OKpaweHH~M AAPOM,fiOilbWOe KOilH4eCTBO ,qeTpH

Ta.XpoMOCOMbl 4pe3MepHO KOH,qeHCHpOBaHbi,HMe~T He4eTKHe 04epTaHHR, 

Hepe,qKO xpoMaTHAbl ,qaileKO OTCTOAT ,qpyr OT ,qpyra B o6JlaCTH ~eHTpo
Mepb1,Hai1H4He ,qeTpHTa H 60ilbWOrO KOilH4eCTBa KileTOK C nHKHOTH4HbiM 

RAPOM MOmeT CilymHTb noKa3aTeJleM pa3BHTHA ,qeCTPYKTHBHbiX npo~eCCOB, 

npHBOAAU\HX K HHTep$a3HOA rH6eJlH,Ha6n~,qaeMaA 4pe3MepHaA KOH,qeHca

~HA xpOMOCOM MO>KeT ABilATbCil CJle,qCTBHeM TenilOBOrO 6IlOKa MHT03a, 

Dbiila HCCile,qoBaHa 3aBHCHMOCTb BbiXOAa XPOMOCOMHbiX a6eppa~HA 

OT CpOKOB $HKCa~HH KileTOK, nocTaBileHbl OnbiTbl, B Ka>KAOM H3 KOTOpbiX 

KileTKH no,qaeprailH B03,qeACTBH~ BbiCOKOA TeMnepaTypoA B Te4eHHe 

acero nepaoro KileT04Horo ~HKila /0-47 4/,a aaTeM nepeHOCHilH a 

KOHTpOilbHbiA TepMOCTaT /37DC/, r,qe OHH HHKy6HpOBailHCb B Te4eHHe 
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Ta6Jmu;a I 

UHToreHeTH~ecKHe HapymeHHH a IlHM~OIJ;HTax nocne B03AelicT

BHH TeMnepaTypoli 4J°C Ha KileTKH B pa3HNX ~a3aX KileTo~
HOrO IJ;HKila 

CTIWlll Ilpoctm- A6eppaHTHHe lJHCJio a6ep~ CTaTMoKH-

I<JlBTO'!IHOro TaHO I<Jl8TKH, % ( Ha 100 I<Jl8TOK) H8T.Hti8CKHH 

~ I<Jl9TOK . ~exc, % 

ar 160 3,1 ± 1,4 3,1 ± 1,4 1,8 ± 0,2 

G2 138 18,8 ± 3,7 29,0 ± 4,6 1,3 ± 0,2 

8+ G 2 236 33,9 ± 3,8 57,6 ± 4,9 0,6 ± 0,1 

T 38 39,4 ± 10,3 II0,6 ± 17 ,I 0,4 ± 0,1 

KoHTpOJil>, 1676 1,7 ± 0,3 1,8 ± 0,3 1,2 ± 0,2 
37° c 

Ta6nm~a 2 

3aBHCHMOCTb 3~eKTOB OT BpeMeHH KYilbTHBHPOBaHHH IlHM~o
TTHTOR TIOPTIP Rnqnp~rTH«~ TPMnP~~Ty~n~ b0 ~Or ~ T~UPHUP 

nepaoro KileTO~Horo u;HKila /47 ~1 

YcJIOBHR ~onoJIHHT9Jll>- Ilpoctm- A6eppaaT- liHCJio a6ep- CTaTMo-

OIWTa H8Jl HHKy6a- TaHO HH9 I<Jl9T- ~it(Ha KIDJ8TH-

1.I,IDi npH I<Jl9TOK KH, % 100 M9TOK) 'iBCKHit 

37°C, ~ ~axe,% 

!IOBW119HHWI 3 100 15,0 ± 3,9 20,0 ± 4,5 0,8 ± 0,2 

T9Mn9paTy- 6 200 8,5 ± 2,0 10,5 ± 2,3 1,6 ± 0,2 

pa (40,5° c. 9 100 2,0± 1,4 2,0 ± 1,4 1,1 ± 0,2 

12 100 4,0±2,0 4,0 ± 2,0 1,1 ± 0,2 

15 100 4,0±2,0 4,0 ± 2,0 0,9 ± 0,2 

KoHT~Jll> 50- 57 1676 
( 37 c ) 

1,7 .t 0,3 1,8 ± 0,3 1,2 ± 0,2 

paaHoro apeMeHH AD $YIKCa~YIH.Pe3yilbTaTbl 3THX onbiTOB npe,qcTaaneHbl 

B Ta6n.2, H3 KOTOpoA BHAHO, 4TO a6eppaHTHble KileTKH C BbiCOKOA 

3 



4aCTOTOH Ha6n~AanHCb TOnbKO npH paHHHX CpOKaX $HKCa~HH nocne 
B03AeHCTBHR B~COKO~ TeMnepaTypOH, ~X 4HCnO yMeHb~anOCb B HeCKOnb
KO pa3, ecnH nocne rHnepTepMHH KneTKH HeKoTopoe apeMn B~AepmH
aanH npH onTHManbH~x ycnoBHRX pacTa. 

AHanH3 aenH4HH cTaTMOKHHeTH4ecKoro HHAeKca KynbTYP~ nHM$O~H
TOB CBHAeTenbCTByeT 0 XapaKTepHOM H3MeHeHHH HX MHTOTH4eCKOH aK
THBHOCTH. npH paHHeH $HKCa~HH KneTOK, nOABepraBWHXCR B03AeHCT
BH~ noB~WeHHOH TeMnepaTypoH, OTMe4eHO CHHmeHHe MHTOTH4eCKOH 
aKTHBHOCTH, RBnR~~eeCR, 04eBHAHO, cneACTBHeM 6nOKHpOBaHHR BCTyn
neHHR KneTOK B MHT03, 0HO CMeHReTCR noB~WeHHeM no cpaBHeHH~ C 
KOHTponeM aenH4HH~ CTaTMOKHHeTH4eCKOrO HHAeKCa /BC;~ACTBHe CHR
THR 6noKa MHT03a/ H nocneAY~~eH HopManH3a~HeH 3Toro noKa3aTenR. 

JilccneAOBaHHe 3aBHCHMOCTH BbiXOAa a6eppaHTHbiX KneTOK OT TeMne
paTyp~ B~RBHnO /eM, pHCYHOK/ 6onee 6~CTpoe yaenH4eHHe 4HCna 
a6eppaHTH~X KneTOK C pOCTOM TeMnepaTyp~ B~We 38,5°C npH B03AeH
CTBHH Ha KneTKH B CTaAHRX G2 H /S + G2/ HnH acero KneT04HOro 
~HKna, r~nepTepMHR B CTaAHH G) npHBena nHWb K He60nbWOMY yae
nH4eHH~ 4HCna a6eppaHTH~X KneTOK /npHMepHO B 2 pa3a no cpaBHe
HH~ C KOHTponeM/, npe6~BaHHe KneTOK npH TeMnepaType 41°C B Te-
4eHHe 68 4 /T + 4aCTb GJ-$a3~ BToporo ~HKna/ npHaeno K yaenH-
4eHH~ 4HCna a6eppaHTH~X KneTOK TOnbKO Ha HeCKOnbKO npo~eHTOB no 
cpaBHeHH~ C HX 4HCnOM nocne ee B03AeHCTBHR B Te4eHHe TOnbKO nep
BOrO KneT04HOrO ~HKna, 

AHanH3 o6pa3oaaawHXCR xpoMocoMH~x a6eppa~HH pa3H~x BHAOB a 
on~Te H KOHTpone /Ta6n,3/ noKa3an, 4TO npH B03AeHCTBHH B~COKHX 
TAt..AnA~!l!T~~ '-l::ll ~.::l·:u.-11-.IV rT.:::t_n_IARV WnPTnUHnrn IILAKnH OC:H()RHOe KOnvt4€CT-

80 a6eppa~HH /70-80% OT o6~ero HX 4HCna/ COCTaBnRnH XpOMaTHAH~e 
$parMeHT~. napH~e a~eHTpH4eCKHe $parMeHT~ COCTaBnRnH OKOnO 15-
20%, APYrHe BHA~ a6eppa~H~ 6~nH eAHHH4H~MH. 

0co6eHHOCTb~ B03Ae~CTBHR Ha KneTKH B~COKHX TeMnepaTyp RBHnOCb 
nORBneHHe 3aMeTHOrO KOnH4eCTBa XPOMaTHAH~X H XPOMOCOMH~X a6eppa
~HH, o6pa30BaBWHXCR B pe3ynbTaTe pa3p~Ba B o6nacTH ~eHTPOMep~. 
npH B03AeHCTBHH TeMnepaTyp 40,50-410C B Te4eHHe TepM04YBCTBH-
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4an~Cb. noRBneH~e nospemAeH~~ XPOMOCOM B o6nacT~ ~eHTPOMep~ MO
meT CB~AeTenbCTBOBaTb 0 B03MOmHOM TennOBOM nospemAeH~~ APYr~x 
CTPYKTyp KneTK~, Hanp~Mep MeM6paH/9,10/, M~TOT~4eCKOro annapa
Ta/4/ ~ AP· 

nony4eHH~e pe3ynbTaT~ cornacy~TcR c ony6n~KOBaHH~M~ AaHH~M~ 
0 Ha~60nbwe~ TepM04YBCTB~TenbHOCT~ nepeB~BaeM~X n~H~~ KneTOK 
MneKon~Ta~~~x s cTaA~Rx S ~n~/S+G2/ KoTopaR o~eH~sanacb no s~xo
AY cecTp~HCK~x xpoMaT~AH~x o6MeHos/S/~ B~>:<~saeMOCT~ KneToK/2-4/. 
Ha6n~AaeMbl~ 3<!><!>eKT MOmeT 6b1Tb CBR3aH C TeM, 4TO B KneTKaX, Haxo
AR~~XCR B s-~a3e, 6onbwoe KOn~4eCTBO AHK HaXOA~TCR B OAHOH~T4a
TO~ <!>OpMe. nocKOnbKY B KneTKaX aKT~BHO npoTeKa~T, B 4aCTHOCT~, 
npo~ecc~ cnoHTaHHO~ Aenyp~H~3a~~~ AHK ~ AP·/11/, TO np~ B03Ae~
CTB~~ B~COK~X TeMnepaTyp Morn~ YCKOPRTbCR npo~ecc~ AerpaAa~~~ 
TaKo~ /IHK. 

BMecTe c TeM PRA asTopos OTMe4an, 4TO r~nepTepM~R B~3~BaeT 
An~TenbHY~ ~HaKT~sa~~~ penapa~~OHH~x <t>epMeHTos/12/, s 4aCTHOCT~ 
AHK-non~Mepa3/13/, np~BOA~T K TOpMomeH~~ npo~eccos penapa~~~ 
nospemAeH~~ 3H3~MaT~4eCKOrO npo~CXO~AeH~R/14/.3TO MOrno OKa-
3aTb Bn~RH~e Ha Ha6n~AaeMbl~ 3$$eKT, B 4aCTHOCT~ np~ paHHe~ <!>~K

ca~~~ KneTOK nocne B03Ae~cTB~R r~nepTepM~~. CH~meH~e 4acTOTbt 
o6pa3y~~~XCR xpoMOCOMH~x nospemAeH~~ np~ 6onee n03AHe~ <I>~Kca
~~~ MomeT TaKme cnym~Tb yKa3aH~eM Ha Bo3o6HosneH~e npo~eccos 
penapa~~~ Tennos~x nospemAeH~~ xpoMocoM s nep~OA nocneAY~~e~ 
~HKy6a~~~ KneTOK np~ onT~ManbH~x ycnoB~Rx. BKnaA 3TO~ penapa
~~~ Mor nosn~RTb Ha per~cTp~pyeMbl~ 34><l>eKT s pa3Hbte cpoK~ <I>~Kca

~~~ KneTOK nocne B03Ae~CTB~R B~COKO~ TeMnepayypo~. 
KaK 6~no noKa3aHo, np~ B03Ae~cTB~~ Ha KneTK~ noe~weHH~x TeM

nepaTyp OTHOC~TenbH~e 4aCTOT~ pa3H~X B~AOB o6pa3y~~~XCR XPOMO
COMH~X a6eppa~~~ He OTn~4an~Cb OT 3Ha4eH~H KOHTpOnR. 3TO AaeT 
ocHoBaH~e npeAnonaraTb, 4TO o6pa3osaH~e xpoMOCOMHbtx nospemAe
H~~ np~ nos~weHH~x TeMnepaTypax KynbT~B~posaH~R KneToK npo~c
XOA~T no T~ny cnoHTaHHoro MYT~posaH~R. H3secTHo/ll/, 4TO Aene
~~~ XPOMOCOM RBnR~TCR OAH~M ~3 Ha~6onee 4aCT~X T~nOB CnOHTaHH~X 
MyTa~~~. Ecn~ ~CXOA~Tb ~3 Toro, 4TO cnoHTaHHbte a6eppa~~~ s Kynb
T~s~pyeMbiX KneTKaX MneKOn~Ta~l!I~X B03H~Ka~T B nep~OA peAynn~Ka~~~ 
xpoMoCOM s pe3ynbTaTe o6pa3osaH~R speMeHH~x pa3p~soe ~ 6peweH, 
KOTOp~e <!>~KC~PY~TCR TOnbKO B M~T03e, TO, B03MOmHO, np~ B~COK~X 

TeMnepaTypax npo~cxoA~T ~Hr~6~posaH~e 3Tana cw~BK~ Hosoo6pa3o
eaHH~x oTpe3KOB AHK. HMe~~~ecR yKa3aH~R Ha aKKYMYnR~~~ KOPOTK~x 
oTpe3KOB Hosoo6pa3osaHHO~ H~T~ AHK np~ KynbT~B~posaH~~ KneTOK 
np~ nos~weHH~x TeMnepaTypax TaKme cB~AeTenbcTeyeT e nonb3Y 
TaKoro npeAnonomeH~R/5/. 

TaK~M o6pa3oM, nposeAeHHbte ~ccneAOBaH~R ~~ToreHeT~4eCK~x 
HapyweH~~ s n~MOo~~Tax nep~<t>ep~4eCKOH Kpos~ 4enoseKa no3son~n~ 
B~RB~Tb ~X B~COKY~ TepM04YBCTBHTenbHOCTb B Te4eH~e /S + G2/
CTaA~~ KneT04HOrO ~~Kna; Kp~T~4eCKO~ RBnReTCR TeMnepaTypa 
-38, 5°C, npeB~WeH~e KOTOpO~ np~BOA~T K 6biCTpOMY yeen~4eH~~ Bbi
XOAa a6eppaHTHbiX KneTOK. CosnaAeH~e 4aCTOT pa3n~4H~x B~AOB 

6 

XpOMOCOMH~X nospemAeH~H np~ B03AeHCTB~~ B~COK~X TeMnepaTyp ~ B 
KOHTpone CB~AeTenbCTByeT 06 ~X o6pa30BaH~~ B OCHOBHOM no T~ny 
cnoHTaHHoro MYT~posaH~R. Oco6eHHOCTb~ B03AeAcTB~R s~coK~x TeM
nepaTyp RB~nocb o6pa3oBaH~e KneTOK c nos~weHH~M 4~cnoM xpoMo
coMHbtX a6eppa~~H /AO 3-5 Ha KneTKy/, a TaK~e nORBneH~e He BCTpe-
4aBW~XCR B KOHTpOnbH~X o6pa3~aX a6eppa~~H B pe3ynbTaTe pa3p~BOB 
XpOMOCOMbl B o6nacT~ ~eHTpOMepbl. 
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