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C TOYKM 3peHnst TepMOAMHAMWKM KreTka SBMSETCS OTKPbITOM CUCTEMOW,
yOaneHHoW OT TEPMOAMHAMUYECKOro paBHOBECUS, U ANS MOAJEpXaHWs ee
KU3HededTenbHOCTM  TpebyeTcs  onpedeneHHbid  MOTOK — OTpuLaTenbHON
SHTpOMWK. VHbIMM cnoBamu, NS YAOBNETBOPEHWS MOTPEOHOCTEN KNeTkm,
CBSI3aHHbIX C OOHOBMEHWEM €€ CTPYKTYpbl, POCTOM U  BbINOSTHEHWEM
cneyyanmampoBaHHbIX (yHKUM, TpebyeTcs onpeaeneHHbl MOTOK HyKHbIX
KOMMOHEHTOB.

B OTCYTCTBUW KNETOYHBIX HAPYLUEHUIA 1 MPK ONTUMANbHBIX BHELLUHWX YCIOBUSX
KneTka Kak CaMOOpraHu3ylLasca cuctemMa Npou3BOaNUT  Heobxoaumble
CTPYKTYpPHble W (PYHKUMOHANbHble  3NEMEHTbI, T.6.  MPOU3BOAMT
NPEACTaBNSIOLLYHO LEHHOCTb YNOPSR0YEHHOCTb.

KayeCTBEHHbIA M KOMMYECTBEHHbLIA COCTaB KMNETOUHbIX 3MEMEHTOB 3agaeTcs
reHeTMYeCKUM KOZOM,  MO3TOMy MOTPeOHOCTM KNeTkU B noTpebnsembix w3
OKpy>XaroLLen cpeabl KOMMOHEHTax SBMAKTCA reHeTNYEeCKM
3anporpaMM1pOBaHHbIMHU.

Mpy BO3HUKHOBEHUM OrpaHWUYEHNA NPOU3BOACTBY YNOPAAOUYEHHOCTU B KIETKE,
BCMEACTBME YMEHbLUEHWNS! B OKpYXaloLlei Cpeae BaXHbIX KOMMOHEHTOB WM
YMEHbLUEHUS CUHTE3a HYXHbIX KOMNOHEHTOB BHYTPW KNETKM W13-3@ KIETOYHbIX
HapyleHuin unu  BCMEACTBME WCYEPNaHUs OUMOCUHTETUYECKMX MOTEHLMN
reHoma, nosBnseTcs HeobXOAMMOCTb  Takoro WM3MEHEHUs  JKCTpPeccum
FEHeTMYEeCKoro Koga, Mnpu  KOTOPOM TEHETUYECKM 3adaHHbIi  YpPOBEHb
NPOW3BOACTBA YMOPSAOYEHHOCTM KMETKM MPUBOAWTCS B COOTBETCTBME K
(haKTUYECKOMY YPOBHIO.

WHbIMK cnoBamm, NOTPEBHOCTU KNETKW LOIMKHbI LenecoobpasHo CHMXaThCs C
YMEHbLLUEHMEM BOIMOXHOCTEN ee obecneyeHus.

Ecnu reHeTwdeckas nporpaMma 3afaeT  CTPYKTYpy, KOTOpas MOXeT
cywecTBoBatb TOMbkO npu  6onee  BbICOKOM  YpPOBHE  HEOBXOAMMbIX
KOMMOHEHTOB, 4YeM TOT, KOTOPbIA KneTka MOXET MOoMnyuuTb Mpu OaHHbIX
OrpaHMYeHusx, TO CO BPEMEHeM B eauHuue ee obbema yBenmuMBaetcs
KONMNYeCTBO AeMEKTHBIX CTPYKTYPHBIX 3MEMEHTOB, T. €.  YBENUYMBAETCH He
NPeacTaBnsoWas  LUEHHOCTM  YNOPSBOYEHHOCTb, WM,  MHadve, pacter
CTPYKTYpHast — pa3ynopsiiOYeHHOCTb  KNMeTKW. JTO  BeAeT K CHUKEHMIO
9(h(PeKTUBHOCTU €€  (PYHKLUMOHUPOBAHMS, YBENWYEHUIO BEPOSTHOCTU ee
rnbenu.

B kayecTBe npuMepa MOXHO NPUBECTU HeC6aJ'IaHCVIpOBaHHbII7I pocTt



Oaktepuit wnu knetok Hela B KynbType npu HegocTatke TUMMAMHA,
WHAYUMPOBAHHOM OAHUM U3 [BYX areHTOB aMeTONTEPUHOM UMK

5-chnyopoypauun-2-ge3okcupnbosngom (54). Mocne Toro, kak cuHTes OHK
Brnokupyetcs n knetku nepectaioT aenutecd, PHK n 6enok npogomxatot
akkymynuposatb. Akkymynsuus PHK npoucxoput B TeyeHue 24 yacos, 3atem
MOMHOCTLIO NpekpallaeTcs. benok npopomkaeT akkyMyMpoBaTh CBEPX 3TOr0
nepuoga, HO C MeHblUen CKOPOCTbIO. Pa3smepbl KNeToK yBenuumBatoTcs Ha
npoTshkeHUn 72 yacos 1 6onee. Mocne 24 yacoB HecOanaHCMPOBaHHOMO pocTa
ObICTPO pacTeT BEepOSTHOCTb rnbenn KNeTok. AMUHOKUCIOTHOE rofioaaHue
n3baBnseT Knetkn OT cmepT OOYCNOBMEHHOW HeJocTaTKoM TUMWAMHA.
HecbanaHcupoBaHHbIi POCT OTCYTCTBYET,  MOMHOCTBIO NpefoTBpaLlaeTcs

akkymynsums PHK n 6enka (54).

Mbenb 0T HecbanaHCMPOBaHHOTO pocTa 0O BSACHAETCS TEM, YTO B OTCYTCTBUM
yaBoeHns [HK orpaHuyeHHble GUOCMHTETUYECKME MOTEHLMN TEHETUYECKOro
mMartepuana He COOTBETCTBYKOT POCTYy  KNETKM. Mocne 24 wyacoB
HecbanaHcMpoBaHHOIO pocTa YBENMYEHIE Pa3MEPOB KMETKM COMPOBOXAAETCS
yBenuyeHnem otHoweHust 6enok/PHK. Hepoctatok PHK, 06ycrnoBneHHbIi B
cBOK ovepedb Hepoctatkom [HK, BeAEeT K CHIMKEHWKO CKOPOCTY 0BHOBMEHUS
OenkoB M poCTy HakonneHus [edekTHbIX NEenTuaoB.  AMMHOKWUCIOTHOE
ronogaHue npeaoTBpallaeT HecbamaHCMPOBAHHOCTb, aKTUBMPYS MEXaHU3Mm,
KOOPAMHVPYIOLMIA  poCT W 6enok CUHTE3MpyloLMe MOTEHLUMN KNETK C

AO0CTYNHOCTbIO NUTaTEbHbIX BELLECTB.

Bbligenum aBa BO3MOXHbIX nyTM apgantauuu, KOTOpble peanbHO MoryT
OCYLLECTBINATLCA KeTKOM OJHOBPEMEHHO. I'IepBbu7| NyTb - KOrga KrneTka UMeeT
BO3MOXHOCTb M30exaTb Wnm  060NTU OorpaHn4yeHnA, YMeHbLUarLme

npon3eoacTeo ynopAano4eHHOCTA B He.

Hanpumep,  Gaktepun Paracoccus denitrificans umetoT  knaccuyeckyo
LUTOXPOMHYIO LIenoyky nogobHy MUTOXOHApWanbHOW. [pu MHrMbuposaHuu
OblXaHWS  UMaHMOOM B HUX paspabaTbiBaeTcs anbTepHaTUBHbIA  MyTb
OKUCMEHWS C MOMOLLBIO BKIIOYEHUS B LMTOMMa3MaTUYeckylo MembpaHy
[OMNOMHUTENBHOMO NEPeHOCYMKa - UMT. a. Takum obpasom, baktepum obxoasT
OrpaHuyMBaroLlee AblxaHue MpensTcTBUE, CTaHOBATCA K Hemy

PE3NCTEHTHbIMM (29).



Btopoin nyTb - korga BO3MOXHOCTM KMETKM HEeJoCTaTOuHbl, 4TOObI 060MTM
OrpaHNyeHmns, 1 BO3HMKAET HEOOXOAMMOCTb COOTBETCTBYIOLLENO 3MEHEHNS ee

reHeTUYeCkI 3anporpaMmM1pOBaHHbIX NOTPeGHOCTEN.

BroNorMYecknini CMbICI 3TOrO 3aKMOYAETCs B TOM, YTO FEHETUYEeCKM 3adaHHbIN
YpOBEHb Npon3BoAcCTBa CTPYKTYPHbIX 3N1EMEHTOB KNeTKn [OIMKEH
U,enecoo6pa3Ho CHWKaTbCA B COOTBETCTBUM CO CHMXEHMEM NOCTYNNEeHnd
He3aMeHNMbIX KOMMOHEHTOB, HEOOXOAUMbIX AN KX NOCTPOEHUA. B NPOTMBHOM
Ccny4yae yBenuMynBaetTcA  KONMM4ecTBo ,El,edi)eKTHbIX, He3aBepLLUEHHbIX,

HeCnocoGHbIX HOPManbHO (PYHKLMOHMPOBATL CTPYKTYPHbIX 3EMEHTOB.

OCHOBHbIMY CTPYKTYPHBIMI 1 (YHKLMOHAMBHBIMY 1IEMEHTaMU KIeTKI SBNISOTCS
Genku. CnekTp GenkoB 3a4aeTcst reHETUYECKIM KOLIOM KNETKM 1 OnpeaensieT ee
cneuucnyeckme CBocTBa. BenkoBble KOMMOHEHTLI ONPeAensoT NoTPeGHOCTH
KNeTKM B Opyrux HeGEenKkoBbIX CTPYKTYPHbIX 3reMeHTax (Hanpumep, nunuaax,
BXOLSALUMX B COCTAB BCEX KNETOYHbIX MeMbpaH). [1oaTomy, npu OTCYTCTBMU
BO3MOXHOCTW YCTpaHUTb [edUuMT HeBemnkoBbIX KOMMOHEHTOB W3MEHEHUEM
accopTiMeHTa WM KONMWYecTBa COOTBETCTBYHOWMX (DEPMEHTOB, adanTauus
KMETKM (aKkTU4ecKk CBOAUTCA K COOTBETCTBYHOLLEMY YMEHBLUEHUIO TEHETUYECKN

3ajaHHO YNOpPSA0YEHHOCTH €€ 6EMKOBOI YaCTU-CHIKEHMIO NOTPEOHOCTEN.

MHorue He3aMeHUMble KOMMOHEHTbI W NPEALIECTBEHHUKI SBASIOTCH 06LLMMI 1 B
OOMHAKOBOW CTerneHn HeoOXoaWMbIMW ANS peanu3aumn BCEW WM OCHOBHOW
YaCTW TreHeTUYeckon WHdopmauuu.  Hanpumep,  AeuUUT He3aMEHUMbIX
aMWUHOKUCIOT MMM BHYTPUKIETOYHbIX KOMMOHEHTOB, Takux kak AT®, pPHK|
(haKTOpOB MHULMALMK, HEKOTOPbIX pubocoMarbHbIx 6erkoB 1 T.4. , 3aTparuBaeTt
obwwmit cuHTe3 Genka.  [pu LenecoobpasHOM YKOPOYEHUM TEHETUYECKON
nporpamMmbl 3a CYeT M3bupaTenbHOW Aenpeccu unu aeneunin (CM.  Huxe)
FEHETUYECKNX Y4acTKOB,  KOAMPYIOLMX HaWMeHee CyleCTBeHHble Genku,
[eULUMTHBIA  KOMMOHEHT COXPaHSeTCs [N YCKOPEHUS CUHTe3a NpPOJYKTOB

Oonee BaXHbIX reHOB.

Takum  0bpasom, obocTpeHne  "KOHKypeHuun"  Mexgy — CTPYKTYPHbIMM
SNeMeHTaMn KIeTku npu AeuumuTe HyXHbIX KOMNOHEHTOB U ee ocrabnexue B

npoLecce afanTauum COCTaBNSIOT CyTb CHOPMUPOBAHHOTO



BbllLE TEPMOAMHAMMYECKOrO MPUHLMNG, BbIMOHEHWE KOTOPOro HeobXoanMo
ans  obecneyeHnst MakcUManbHOM CTabUMBbHOCTU TeHeTUYeCKU 3afaHHON
CTPYKTYpbl KNeTKM WnM,  APYrMM CroBamM,  MUHUMAMbHOTO  YPOBHS

HaKOMNEHUs B HEW NMOBPEXKAEHMI.

MpuMepoM MexaHu3Ma ajanTtaumu Knetok K Aeduuuty  He3aMeHUMbIX
KOMMOHEHTOB MOXET CMyXWTb MexaHu3M cTpororo oTBeta baktepuit (59) unm
CXOOHbIA C HUM MEXaHU3M MNEeNOTUNMYECKOTO OTBETA KIETOK XMBOTHbIX (31).
BakTepum 6bICTPO KOOPAVMHUPYIOT CBOW POCT M rEHETNYECKM 3aaHHbIN YPOBEHb
CuHTE3a 6ernka B COOTBETCTBUAW C AOCTYMHOCTbIO aMWHOKWUCIIOT, 3HEprin 1
APYTVX NUTaTenbHbIX BELIECTB. Tak, Y aMMHOKACIOTHBLIX ayKCOTPO(OB npu
HepgocTaTke TpebyemMon amMMHOKMCNOTbl B POCTOBOW CPede MOCTENeHHO
3aMeanseTcsa pocT, W OHU NEPEXOAsT B CTauuMoHapHyt dasy. Mexanuam
CTPOroro OTBETA 3aKMYaEeTCA B TOM, YTO B YCMOBMUSX AeduumTa B HakTepusix
aKKyMynupyeT ryaHosuH-5-gudocdat-3-gucpocat (pal ), BbI3biBatOLLMiA
MHOXeCTBO agpchekToB. Hapsgy cO CHuxeHuem obwero cuHTesa Genka,
orpaHuumBaeTcs obwmin cuHTes PHK,  cenekTMBHO nopaBnsieTcs CUHTE3
KOMNOHeHTOB 6enok cuHTesnpytowero annapara: p u TPHK, pubocomanbHbIx
GenkoB,  (haKkTOpPOB TpaHCNAUMM W Ap., aKTUBMPYeTcs npoTteonms (59).

AHanornyHbIn 0TBET HabntoaaeTcs B KneTkax XmBOTHbIX (16, 31, 56).

Bcneactene  cbanaHCMpOBAHHOMO  YMEHBLUEHUS  TEHETUYECKM 3adaHHOro
YPOBHS MOLLHOCTW BenoK CUHTE3UpYHLLero annapata, C O[HOW CTOPOHbI -
COKPALLAKTCA HeOMpaBaaHHble MaTepuanbHbIe 1 SHepreTuyeckue 3aTpatbl Ha
ero cofepxaHue,  C [pyrol - COKpallaeTcs KOnmM4ecTBO NenTUOOB,
O[HOBPEMEHHO Haxogswwmxcs B npouecce cuHTe3a. B pesynbrate
YMEHbLLIAETCA "KOHKYpeHUMs" Mexay nentugamy 3a AeULMUTHBIA KOMIMOHEHT,
YTO BEAET K YCUINEHNIO CUHTE3a MHAMBWAYaNbHbIX NENTUAOB.

YMEHbLUEHNIO HaKOMneHus AedeKkTHbIX OenkoB W YCKOPEHMo CuHTE3a
nenTugoB cnocobCTBYeT Takke aKTMBMPOBaHWE npoTeonusa, Gnaropaps
KOTOPOMY YBENUUMBAETCS MyN aMUHOKUCIIOT.

OcnabneHue "KoHKypeHUun" aBnseTcs LenecoobpasHbiM He TOMIbKO Ha YPOBHE
CMHTE3a MEenTWAOB, HO W Ha [PYruX YPOBHSX CTPYKTYPHOW OpraHusauuu
KNETK.

Mpn cbopke KOMMNEeKcoB cOanaHCMpOBaHHOE YMEHbLUEHWE CMHTE3a BCEX
9NEMEHTOB npu feduunTe OHOrO U3 HUX YMEHbLUAET —aKKyMySSLMio

ﬂeq;)eKTHbIX KOMMNEKCOB.



CHuxXeHWe nog OenCTBMEM CTPOrOro KOHTPONS OAHOBPEMEHHO C CUHTE30M
Genka cuHTE3a nmMnMaoB M chocdonmUnuaos, BUAWUMO, oTpaxaeT
CKOOPAMHWUPOBAHHOE UM3MEHEHWE NPOM3BOACTBA CTPYKTYPHBIX 3MEMEHTOB

KNeTKn.

B oTnuume oT npokapuoToB, npefcTaBnsOWMX CcoOOA CaMOCTOATENbHbIE
OpraHm3Mbl, KNEeTKM BbICLUMX 9yKapuOTOB OPraHN30BaHbl B CIOXKHYKO CTPYKTYPY,
W WX KM3HEOeATenbHOCTb 3aBWUCUT [pyr OT Apyra. OyHKLMOHarbHas
aKTUBHOCTb KNETOK B OpraHM3Me He HanpaBneHa TOMbKO Ha peLleHne X
co6CTBEHHbIX NPOBeM, Kak 3TO MMeeT MeCTO Y NPOKAPUOTOB. 3HAUMTENbHYHO
YacTb paboTbl OHW COBEPLUAIOT B MHTEPECAX BCEro OpraHm3ma.

BcrnencTere cneunanusaumn pasMHOXEHWE KNETOK TOPMO3UTCS, MW 3TOM B
XpoMaTiHe yBENWYMBAETCS COAEPXaHWe [UCTOHOB, NOBbILLAKLLMX
crabuneHocts  [HK. TopMOXeHME pa3MHOXEHUS KIETOK B npouecce
cneyyanusaumn obycroBneHo He KpUTUYECKUM CHUKEHUEM CUHTE3a benka n3-
3a HepoctaTka Kakux-nmbo He3aMeHUMbIX KOMMOHEHTOB, @ MPOMCXOLUT
BCMeacTBME nepepacnpefeneHns  MeTabonmueckux pecypcoB  KNeTku C
npouecca pocta Ha CHHTE3 HOBbIX (PYHKLUMOHANbHBIX SNEMEHTOB Ans
BbIMOMHEHNS  KNETKO paboTbl COOTBETCTBYIOLIEN €€ HasHauyeHuo B
opraHu3me. fAcHo  noatomy, yToO  Ana  noAAepXaHus
ManoangdepeHUMpoBaHHOr0  COCTOSHUSA  KNeTkn  (6e3  BOCMpOU3BEAEHNS)
TpebyeTca MeHblle MaTepuanbHbIX W SHEPreTUyeckux 3atpar, 4Yem ITo

Heobxo4MMO AN15 ee TePMUHANbHON auddepeHLmaLmm.

B npouecce paseutus opraHu3ma OanaHc Mexgy nponudepaumen w
avddepeHLmaumen cmelaeTcs B CTOPoHy auddepeHumaumn. 370 03HavaeT
HecbanaHcUpoBaHHOE yMeHblueHne cuHTeda [JHK no OTHOLIEHMIO K YPOBHIO
cuHTesa PHK u 6enka. B atom 3akniouaetcs OCHOBHOE CXOACTBE Mexay
TEPMUHaNbHON AnddepeHunaumen n HecbanaHCUpoBaHHbIM POCTOM KMETOK,
00yCnoBneHHbIM HELOCTATKOM TUMUAMHA.

YMECTHO  OTMETUTD, YTO  CHIDKEHWEe  CMHTE3a  TUMMOMHOBbIX
NpeALLeCTBEHHUKOB, B OTNM4ME OT Apyrux npegwectseHHukoB AHK, urpaet
KMoYeBylo ponb B genpeccun pennukaum OHK  auddepeHumpyrowmxcs
knetok (24, 25). Akkymynsums PHK u Benka B npouecce
TepMUHanbHOW  audbdepeHumaLmm CcBs3aHa c pasBuThEM

CcneLmanmapoBaHHbIX (OYHKLMIA.



PocT kneTok npu 3TOM TOPMO3MUTCS, YTO OTAMYAET AnddepeHUmMaumo ot
HecOanaHcMpoBaHHOrO pocTta. AHTaroHM3Mm wmexgy auddepeHumaumen w
nponudepawnen KNeTok MMeeT MeCTo BO MHOMVX TkaHsx (21, 24, 27, 35, 62,
71).  OH cBuaeTensCTBYyeT O TOM, YTO OAHM U Te e MeTabonunyeckue

pecypcbl BOBekatoTcs nubo B mpouecc nponudepauun, nmbo B mpouecc

andbepeHumaLmn.

MepepacnpeneneHne Npou3BOAMMOI KNeTKo paboThbl ¢ mpolecca pocTa Ha
BbINONHEHME CMeLManu3npoBaHHbIX (OYHKUNA BEAET K YMEHbLUEHMIO CKOPOCTM
pocTa KMeTku W, CcregoBaTenbHo, K yBEnMuYeHuo paboTbl NMpOU3BOAMMON B
eauHnue ee obbema. OTO npeanonaraeT MOBbIWEHNE  KOHLEHTpaLum
MUTOXOHZPWANbHOrO MaTepuana W yBenuyeHue noToka KOMMOHEHTOB 4epes
eaMHNLY KNETOYHON NOBEPXHOCTM NS NOAAEPXKAHUS! HOPMATBHOTO COCTOSIHUS
MUTOXOHAPWaNbHOro MeTabornuama. Mo3ToMy Mpu HU3KUX KOHLIEHTpaLWsSX B
OKpyXalolleih cpede  BaXHbIX AN (DYHKUMOHMPOBAHUS  MUTOXOHAPWNA
KOMMOHEHTOB,  MepepacnpeaeneHe MeTabonmMyeckux PecypcoB KMeTKM ¢

npoLecca pocTa Ha creumaniaaumio He SBRseTcst NPeanoYTUTENbHbIM.

B camom pene, B pesynbTaTe Takoro nepepacnpefeneHvs yMeHbluaeTcs
NOTOK HE3aMEHUMbIX KOMMOHEHTOB B  MUTOXOHZPWM, YTO CHWXaeT
SHepreTnyeckoe  0becreyeHne  KNeTKu. Knetka moxeT u3bexarb
3HEepreTUYeCcKUn HegocTaToK, OTAaBas NpeanoyTeHue nponudepauun, nmbo
npucnocobuTbCs K Hemy, cokpallasi M3bbITOK MeTabonnyeckux Pecypcos,
BbICBOOOXKAAIOWMXCS BCMEACTBME TOPMOXEHMS ee pocTa. 3TO,  OAHaKo,
NpensTCTByeT NPOrPECCUPOBAHMIO CMELManu3aumm Knetkn,  YTo genaet
BeccMbICneHHbIM NepepacnpeaeneHe pecypcoB Ha andepeHumaLmno, Kak
npouecc, He fatlnii B AaHHbIX YCNOBUSX HYXHOTO pesynbTaTa U BMecCTe C
TEM  COKpaLjalLMA  MPOM3BOAMMYKD  KNETKOW nonesHytd  paboty u
3amegnslowmin ee poct. B oTtcytcTBMM Ke Takoro poga agantauuu
nporpeccupoBaHne  auddepeHumaumm  BedeT K poCTy  CTPYKTYpHOM
pasynopsifoOYeHHOCT  KNEeTKW, BBMAY HECOOTBETCTBMS ee noTpebHocTen

BO3MOXHOCTAIM 0BecneyeHus, Yto yBENUYMBAET BEPOATHOCTb €€ rnbenw.

Takum obpasom, B YCroBMSIX HeJoCTaTka B OKpyxaloLLen cpese Heobxoanmblx
Ans (OYHKUMOHMPOBAHUS  MUTOXOHAPWUIA  KOMMOHEHTOB, MPEANOYTUTENbHEE
ABNSeTCA cMelleHne 6anaHca Mexay nponudepaumein u auddepeHuralmen

B CTOPOHY nponudepaumu. 310 0cnabnseT "KOHKypeHUM" Mexay



MUTOXOHOPUAMKM 3@ HedoCTarwue KOMMOHEHThI, YTO YyBENNYMBaET

dHepreTnyeckoe obecneyeHmne KneTku.

B npouecce cneuuanusauum MOXeT NMPOUCXOAWTL nepepacnpefenexve He
TONbKO SHEPreTUYECKUX, HO W JPYruX KMEeTOuHbIX pecypcoB.  Hanmpumep,
ycuneHue CcuHTesa crneuuduyecknx 6enkoB 3a CYET YMEHbLUEHMS CUHTE3a
OenkoB pocTa BefeT K yBENUYEHUIO YPOBHS CUHTE3a benka B egnHuLe obbema
KNeTKW, 4TO COOTBETCTBEHHO TpebyeT Bonee BbICOKOro NOTOKa He3aMeHUMbIX
aMWUHOKMCAOT ¥ APYr X KOMMOHEHTOB Yepe3 eanHULY KIETOYHOW NOBEPXHOCTH!.
£CHO, 4TO B 3aBMCUMOCTYW OT CrEeUMMYECKON PYHKLMM MOXKET NPOUCXOOMUTb
yBenMyeHne noTpebneHns Tex WM MHbIX KOMMOHEHTOB W3 OKPYKatoLen
cpeabl. OpHako nbas cneumdudeckas QyHKUMs TpebyeT SHepreTM4eckmx

3aTpar 1 OTBNeKaeT 3HepreTUYeckie pecypehl OT MPoLiecca pocTa.

MoaToMy npu pasHbIX BMAax Crneuyuanusaunn Knetok Hambonee obwwm B
npouecce cmellenus 6anaHca mexay auddepeHumaumen n nponudepauyen
B CTOPOHY audpepeHumaLmn  SBRSETCA  YBENMYEHME  KOHLEHTpaLum
MWUTOXOHAPUANbHOTO MaTepuana B KNeTkax M yCurieHne notoka KOMMOHEHTOB,
HeobXxoanMbIX ans noaaepxaHms HOpMarbHOro COCTOSHMS
MWUTOXOHAPUANbHOrO MeTabonuama, 4epes eanHuLy KNeTOYHOM NOBEPXHOCTMU.
OT0 npugaet 0coboe 3HaveHe MUTOXOHAPUSM B KOHTPONMpoBaHuUM 6anaHca

Mexay npoueccamu auddepeHumaLmm n nponudepawmn.

PaccmoTpum  crnegytolyne SKCNepUMEHTanNbHbIE [JaHHbIe. Mposoannuch
UCCNesoBaHMsA in ViVO 32XMBINEHUS paH U pasBUTUS 3KCMEPUMEHTArbHOM
rPaHyMPYIOLLEN TKaHW Y KPbIC NMPU Pa3nnyHbIX HANpsKeHNsX notpebnsemoro
kucnopoga (42). B rpanynupytowen Tkanu otHolweHne PHK-pubosa/QHK (PHK
nccnepoBanacb  kak  pubosa) oTpaxaeT  cnocobHocTb  ubpobnacTos
CUHTe3MpoBaTh Benok W, Kpome TOro, MOXET paccMaTpuBaThbCA Kak WHAEKC
KNeTouYHOW auddpepeHumanmn. MHranaums rasoBoi CMecu C COAepaHWeM
kucnopopga 12%, 18%, 35% u 70% accouuvpyet C COOTBETCTBYHLLUM
yBenuyeHnem Ha 15¢ geHb oTHoweHus PHK-pu6osa/HK v yBennyeHuem

CKOPOCTY CUHTE3a crelndnyeckoro 6enka kannorexa.



Okenoanumsa 12% 02 nHrnbuposana knetouHyto anddepeHumpoBky. CKopocTb
nponudepaunn ¢ubpobnactoB cyas no koHueHTpaumm OHK B rpaHynomax
Obina Huwxe Ha 151 geHb npu 12% 02, uem npu 18% 02. Bmecte ¢ Tem,
fonee 3HauuTenbHOE WHrMOMpOBaHME nNponudepauuMn MO CPaBHEHMO C
akcnoauuven 12% 02 Habnioganock Ha 15/ AeHb NMpU COOTBETCTBYHOLLEM
NOBbILLIEHNM NapLUManbHOro AaBnexns kucnopoaa ot 18% mo 35% v ocobeHHo
npu 70% (46). B ppyrux 9KkcnepuMeHTax WCCnefoBanoch  BrMsHME
WHrMOMTOPOB TNMKOMM3a Ha Nponudepaumo anuaepMnca Yy JMYMHOK K
B3poCnbIx  yrpen (51). WopaueTtat HaTpusi M OTOPUCTBIN  HATPU,
no6aBneHHble B OKpY)XaloLLyto pblb cpedy, pesko yCUnvMBarT MUTO3bl BO BCEX
cnosix annaepmuca. I dekT MHMOUTOPOB MMNKONM3a HE NPOSIBANCS, €cru
OLHOBPEMEHHO C HUMK AoBaBnanmM nupodocdat HaTpusi, NUpyBaT HATPUS Unn
B 1Ba pa3a NoBblLany napynanbHoe AaBfeHne KUCnopoaa. ABTOPbI CYMTAKOT,

YTO CHWXXEHWEe SHEepreTuyeckoro HanaHca NPUBOANT K YMEHbLUEHWUIO KNETOYHOM

A hepeHLMpOBKA.

B aToM Xe acnekTe nHTepec NpeacTaBnstoT SKCNEPUMEHTBI MO UCCIEeLOBaHWIO
3HaYeHUss METMOHMHA B AuddepeHumalmm 3a4atka nomKenyaoqHon Xenesbl
3apogblILLeN MbILK W KPbICbI B OpraHHou KynbType (49). PocT nomkenyaoyHou
Kenesbl B cpefe AeUUMTHON MO METWOHMHY Obin B OTHOLIEHWW Beca U
pasmepa NOYTM TaKUM Xe, YTO M B KOHTPOMBHOW CPeae (C SKCTPaMETUOHWHOM),
npu 3TOM OTCYTCTBOBana CKOMb-HUBYAb CyLleCTBEHHas AuddepeHumnalms.
[lobaBka METMOHWHA WNM S-afeHO3NNMETUOHWHA B 3HAYUTENbHO Bonbluel
cTeneHn cnocobeteyeT nporpeccy audidbepeHumaumuu, Yem nponudepaumu.
Takum  obpasom, npu Hepoctatke MeTUOHMHA GanaHc — Mexay

auddepeHLmaLen v nponudepalLimein CMeLaeTes B CTOPOHY nponudepamu.

C [Opyroi CTOPOHbl,  AeuUMT KakoW-nnbo OpHOW M3 [ecatn Apyrux
aMWHOKMCIOT TECTUPOBAHHbIX B AaHHOW paboTe (FMULMH, UMCTEWH, apruHWH,
MU3NH, NENUWH, W30NENUMH, TUPO3WH, (heHunanaHuH, cepun u TpUnTogdaH)
He umen nogobHoro adpekta. HanpoTus, HOMKOAANOCH 3HAYMTENBHOE
yMeHbLUEHNE pOCTa 3KCMnaHTaTa, accouumpoBaHHoe ¢ AnddepeHumaLmen
BbIKMBaEMbIX KNeToK. KonnyectBo HEKpO30B Npu 3ToM Bbirio ropasgo 6onbLue,
yeM B cpefe AedmLMTHON N0 METUOHWHY (49). HegoctaTok METUOHWMHA MOXET

3artparneBaTb MHOrne KIeTo4HbI€ NPOoLUEeCChbl: TPAaHCAMUHUPOBAHNE, CUHTE3
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Benka, nonuamuHoB 1 Ap. BmecTe ¢ TeM, METUOHUH UMEET 0Ccob0e 3HaYeHne
B NoAAepXaHU1 HOPManbHOrO PYHKLMOHUPOBAHNS MWUTOXOHAPWIA, MOCKOMbKY
N-cbopmunmetnoHnH-TPHK UHULMMpyeT CWHTE3 nenTnaoB Ha

MUTOXOHAPWanbHbIX 70s pubocomax.

B cymme aTn akcnepuMeHTanbHble AaHHble CBUAETENbCTBYIOT B NOMb3Y TOrO,
YTO  MWUTOXOHAPUM  MPEACTABMAT  OAHO M3 OCHOBHbIX  3BEHbEB,
KOHTponupytowmx  GanaHc  mexgy npoueccamu  auddepeHusanmm  u
nponudepauynm, W YTO OrpaHNyeHne MoTOKa He3aMEeHUMbIX KOMMOHEHTOB,
nMerowmx ocoboe 3HaueHue ANS  MOAAEPKaHUS  BbICOKOrO  YPOBHS
MUTOXOHAPUAmnbHOrO MeTabonmama, cnocobCTBYeT CMeLleHnio banaHca B
CTOPOHY npornudpepaumn.  MoXHO nonaraTb, 4YTO HEKOTOPbIE MyTaLuw,
BEAyLMe K MOBPEXAEHMO MUTOXOHAPUANbHBIX (OYHKLMW, BOCMPUHUMAIOTCA
KNeTKOW KaK CUrHan, CBUAETENbCTBYIOWMA O HEAOCTaTKE MOTOKA HE3aMEHUMbIX
KOMNOHEHTOB B MUTOXOHAPWK. CTpemschb n3bexaTb 3TOT HEAOCTATOK, KreTka
"npeanountaet" nponudepupoBaTh. [eHeTNYeckn AeTepMUHUMPOBaHHOE
cMeLeHne banaHca mexay anddepeHumualmen n nponmdepaumen B CTOPOHY
nponudepaLm JOMKHO 0CnabnaTb MHMOMPOBAHNE PA3MHOXEHMS KIETOK npu
YBENMYEHUM WX MAOTHOCTM WAM  HeJocTaTke  CbIBOPOTKM B cpede
KynbTUBMPOBAHWA W MOXET OblTb  MPUYMHOM  UX  3MOKAYECTBEHHOrO

nepepoxaeHus.

MWTOXOHZPWM B OTAMYMM OT APYTUX OPraHOMAOB KNETKA UMEKT COBCTBEHHBIN
FeHeTUYEeCKNA maTepuan W pa3MHOXaTCH  JeneHueM. Obpasytotcs
MWUTOXOHZPUM,  BCMEeACTBME  accounaumm  6GenkoBblX  KOMMOHEHTOB,
CUHTE3MPYEMbIX Ha MUTOXOHAPUANbHbIX W  LMTO30MbHbIX — pubocomax.
BOnbWWHCTBO MUTOXOHAPUAnbHbLIX GENKOB KoauMpyeTcs B siape M ABNSeTcs
0bLWMM Ang BCEX COAEPXALLMXCA B KNeTKax MWUTOXOHOPWUWA, Cpeau HuX Bce
(hepmMeHTbl,  Heobxoaumble Ans  pennuvkauuu  MuToxoHapuansHon [HK
(MtOHK) u pna cuHtesa PHK, a Takke 6enkw, Bxogswume B COCTaB
MUTOXOHAPUArbHbLIX pubocoM 1 BenkoBble (hakTopbl, Y4acTBYHOLLME B CUHTE3E
GenkoB. MTOHK 3akniovaeT nuWwb HE3HAYUTENBHYI YacTb TEHETUYECKON
WHopmaumm.  Ha Hel kogumpytotca gee pPHK mutoxongpui,  TPHK
amuHokucnoT u MPHK HekoTopbIX CyObeauHUL KOMMMEKCOB AblXaTemnbHbIX

tepmeHToB (5). Pnnukaums mTOHK nponcxoaut He3aBMCHUMO OT pennmkaLum
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soepHon [OHK, a pa3mMHOXEHME MUTOXOHOPUA 4YacTUYHO aBTOHOMHO OT

pa3MHOXeHMs KneTok (44,45,67,34,63).

310 00bACHAETCS M3OBLITOYHbIM CUHTE30M B uuronnasme 6bICTpO pacTyLmx
KneTok Gernkos, H606XOJJ,I/IMbIX aOna pa3MHOXeEHUA MVITOXOH,El,pMI7I. 3amenneHue
Pa3MHOXeHUA KNETOK, BCNeACTBUE CTPYKTYPHbIX N3MEHEHUI HE CBS3AHHBIX C
OrpaHn4yeHnemM noToka HedaMeHNMbIX KOMMNOHEHTOB B HUX, HE COMPOBOXAAETCA
TOPMOXEHNEM POCTa nonynauun MMTOXOHﬂpMIZ 00 TeX nop, noka yeernMyeHne

MX KOnn4yecTBa B KNETKkax He ynpas3aHnT aToT 13BbITOK.

B kneTkax, pasMHOXatoLMXCA 3KCMOHEHLMabHO, KONIMYECTBO MUTOXOHAPWA Ha
KIETKY OCTaeTCs NOCTOSHHBIM (42,26). [pn TOPMOXEHNN PA3MHOXKEHUS KITETOK
B npouecce auddepeHuMaLmM, KONMYECTBO  MUTOXOHAPUA B HUMX
yBenuumBaetcs. lMccnenoBaHus, npoBedeHHble Ha CMekTpe rematom ¢
PasnNUYHbIMK  CKOPOCTSMM  POCTa, MPOAEMOHCTPUPOBANK, YTO KONMWUYECTBO
MWUTOXOHAPUIA B MELNEHHO pacTywux KneTkax Oornblie M0 CPaBHEHMIO C
ObICTPO  pacTywmumu  ManoauddepeHUMpoBaHHbIMM  kneTkamn  (48). Psg
nccnepoBaTenen NPOAEMOHCTPUPOBAN YBENWYEHWE B NEPUOS  PaHHEro
NOCTHATarNbHOr0 OHTOreHe3a KOnm4ecTBa MUTOXOHAPUI B KNETKaX XMBOTHBIX.
Pocc u Mnu nokasanu, 4to B ne4eHn KpbiCc NMuHWM Buctap B Bo3pacTe 4x
Hedenb,5-6 mecaues 1 21 Mecsla KONMMYECTBO MUTOXOHOPUA Ha OQHO SAPO
npuxogutes cooteeTcTBeHHo 303 * 36,623 + 39,603 + 25 (53). Mo gaHHbIM
OHTKO (47) KONMYECTBO MUTOXOHZPUA Ha eauHULYY Beca NEYEHU KpbIChl PE3KO
YBEMNMYMBAETCS B PAHHEM MOCTHATaNbHOM OHTOreHese, JOCTUraeT nnato B 5-
[HEBHOM BO3pacTe M NOCfe OCTAeTCs MOCTOSHHbIM. Y B3POCHbIX KpbIC
KOMMYECTBO MMTOXOHAPWA Ha eAMHWLY Beca nevyeHn B Tpu pasa bonblue no
CpaBHEHMO C HOBOPOXAEHHbIMU. BBMAY TOro, YTO B paHHEM NOCTHaTanbHOM
OHTOreHe3e YBENMYMBAKOTCA Takke pas3Mepbl KNEeToK, aBToOp Nonaraet, 4To
YBENMYEHNE KONMNYECTBA MUTOXOHAPWIA Ha OFHO SAPO AOMKHO ObITh 6onee Yem
TpexkpaTHoe. B cepaue KpbiC KOMMYECTBO MWTOXOHApUanbHoro Oenka Ha
e[MHULY CbIPOro Beca TKaHW YBenuumBaeTcs ¢ 26,6 Mr/r y HOBOPOXAEHHbIX [0
80,7 mr/r y 14-gHeBHbix (33). CamcoH ¢ coTpyaHukamu (55) goknagsisanu o
NATUKPATHOM YBENWUYEHUN KONMYECTBA MUTOXOHAPUI B KNETKax Mo3ra KpbiCbl B
nepuog Bo3pacta ot | 4o 21 gHS. YBenuyeHne MUTOXOHAPUANBHOTO reHesnca B
PaHHEM NOCTHATaNbHOM OHTOreHe3e OTMEYEHO Takke B Apyrux pabortax
(19,14,48, 68,18).
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WTak, yBenmyeHne KOHLEHTpaLUWM MWTOXOHAPWUA B KNeTkax SBRsSeTcs
HeoOXOAMMbIM ~ YCNOBMEM  ANS  peanu3auun  npouecca  TepMUHaNbHOM
AndhdepeHumaLmm 1 Npu OTCYTCTBUM MPOYMX OrPaHUYEHNI MOXET ONnpeaensTb
CKOPOCTb €€ MpOorpeccupoBaHis. TOPMOXEHNEe Pa3MHOXEHNS MUTOXOHZPUNA B
BblCOKOANM(EPEHLIMPOBAHHbIX ~ KNeTkax  OCYLLECTBMSETCS M0 MpUHLMNY
OFpaHMYeHnst MOTOKa  OTPULATENbHOM  SHTPOMWW, T.e.  MOCPELCTBOM
YMEHbLUEHUS COAEPKaHWUS B  MMUTOXOHAPMAX MO Mepe YBEeNNYEHWs WX
KOMMYecTBa CUHTE3NPYEMbIX B LUTONNA3Me He3aMeHUMbIX KoMnoHeHToB. [IHK
MWTOXOHAPWIA MpK 3TOM He cTabunuaupyetcst 6enkamm, nogobHo JOHK B gapax
knetok. B OTHOWeHWW opraHu3aumm reHoma U COBGCTBEHHOM CUCTEMbI
6enkoBOro CMHTE3a MUTOXOHAPUN UMELOT BOMbLIOE CXOACTBO C NPOKapUOTaMu
(30), HO reHOM MMTOXOHAPWIA ropa3ao MeHblUe reHoma bakTepuit. [oTpebHOCTL
B KOMWYECTBE  CUHTE3MPYEMbIX B  LMTOMMAA3Me  MWUTOXOHAPUAIbHbIX
KOMMOHeHTOB 3ajaetcs konudectsom MTAHK. C yBenuuyeHnem copepxaHus
MTOHK B KkneTke yBenuumBaetcs U KOnM4ecTBO Koaupyembix Ha MTOHK
KOMMOHEHTOB, KOTOPbIE B YCROBUSX Aechuumuta MOryT "KOHKYpMpoBaTh" Mexay
coboi1 3a KOMNOHEHTbI CUHTE3MPYEMbIe B umTonnasme. Hanpumep, pPHK moryt
"KOHKypMpOBaTL" 3a CHHTE3MpyeMble B LMTOMNa3Me pubocomanbHble Genku,
mMTOHK - 3a OHK-pennuumpytowme komnnekcbl. CHKEHWE MOCTYNNEHUs B
MWUTOXOHAPUM, NO MEpe YBENNYEHNS UX KONMYECTBA B KINETKE, CUHTE3NPYEMbIX
B LMTOMMa3Me MUTOXOHAPWAmNbHbIX KOMMOHEHTOB [AOMKHO MPUBOAUTL K
YMEHbLLEHUIO NPOM3BOACTBA YNOPSA0YEHHOCTN B MUTOXOHPUSIX, CHYKEHWIO NX
(DYHKUMOHANLHON  aKTUBHOCTU U 3aMEANeHno  pasMHOXeHWs. [1ockonbky
MUTOXOHAPUM Pa3MHOXAIOTCS B "OrpaHUYEHHOM XU3HEHHOM MPOCTPaHCTBE", TO
NOTOK HE3aMEHWUMbIX KOMMOHEHTOB B HUX OyaeT yMmeHbluaTbCs A0 Tex mop,
noka He MPeKpaTUTC POCT MOMYNALMM MUTOXOHAPUI B KNeTke. ACHO, YTO B
YCNOBMSIX OCTPOro Aeduuuta B MUTOXOHAPUSX [OOSMKHO YBENMYMBATLCS
KOMMYeCTBO AedEeKTHbIX CTPYKTYPHBIX KOMMMEKCOB, HE CNOCOBHBIX HOPManbHO
(DYHKLMOHMPOBATb BCMEACTBME HEAOCTaTka CHUHTE3MPYEMbIX B LuTOMNasMe
MWUTOXOHAPUANbHBIX KOMMOHEHTOB. 3aMeasnieHne Pa3MHOXEHWS MUTOXOHLPWNA

CrieqyeT paccmaTpuBaTh
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Kak BblpabOTaHHbI B MpoLecce 3BONIOLUMA MexaHu3M agantauuu, Gnarogaps
KOTOPOMY, MPW  YMEHbLUEHUM TMOTOKA He3aMeHUMbIX KOMMOHEHTOB B
MWTOXOHAPUM, COOTBETCTBYHOLMM 00pasoM CcHuxaeTcs cuHTes MTOHK u
KoaMpyeMmbix et NpoaykToB. MexaHu3m afantayum peanusyeTcs Y MUTOXOHAPUI
yepe3 MembpaHy M WMeeT 3HauyeHWe B nopdepxaHun LenoctHoctn MTAHK
(CM.HWXe). Y MWUTOXOHOPWA OTCYTCTBYET CUCTEMa CEemneKTUBHOW perynsauumn
TpaHcKpunumu otgensHbIX yyactkos AHK (5), noatomy MUTOXOHZPUM He MOryT
afanTMpoBaTbCA K YMEHbLUEHUIO MOTOKAa HE3aMEHWMbIX KOMMOHEHTOB MyTeM
[Enpeccu reHoB, He SBNSIOWMXCS HeoOXOAMMBbIMIA NPWU AaHHbLIX YCOBMSIX.
CnepoBaTenbHO, OCTAaHOBKA Pa3MHOXEHUS MUTOXOHAPUIA MPOUCXOANT NPY TakoM
KPUTUYECKOM YPOBHE HE3aMEHUMbIX KOMMOHEHTOB, KOTOPbIA  (PaKTUYECKM
COBMagaeT C KPUTMYECKAM YpPOBHEM [N  CYLEeCTBOBAHUS  CTPYKTYpbl
MUTOXOHOPUNA, 3agaBaemoir ¢ nomowbto MTOHK. 310  3Hauut, 4t0 B
HepaamMHoxarowwmxes MutoxoHapusx MTOHK gomkHa HaxoguTbes B nabunbHOM
COCTOSHUM U erko pacnagatbcs. B mpouecce pacnaga moryT o6pasoBarbcs
XM3HECMOCOOHbIE ~ MYTAHTHbIE  MWUTOXOHZPWW, Y  KOTOPbIX OCTamacb U
pennuuupyeTca TOnMbko 4YacTb Monekynbl MTOHK, u koTopble, 6narogaps
CTPYKTYPHOW NPUMWTMBM3ALMM, MOTYT UMETb CENTEKTUBHOE NPEVMYLLECTBO Nepes
HOpMarbHbIMA MUTOXOHAPUSMMW, NS MOAAEPXaHUS LEenoCTHOCTW CTPYKTYPbI
KoTopbIx TpebyeTcs BonbLLIMIA NOTOK OTPULATENBHOM SHTpOMMK. Takum 0b6pasom,

yCUIneHne MyTareHesa W "AapBUHOBCKMIA" OTOOP 0Opasyrolmxcs BCMEeAcTBUE
AENEeHNN Haumy4wm obpasom NpUCNOCOBNEHHBIX MyTaHTOB MOXET ObiTb OLHUM
M3 OCHOBHbIX CMocoboB "apanTauuu' K KPUTUYECKOMY CHIDKEHWKO YPOBHSA
He3aMeHWUMbIX KOMMOHEHTOB XWBbIX CUCTEM (MOACKUCTEM) C TakoW MPUMUTUBHOM

opraHu3aLuen reHoMa, Kak y MATOXOHAPUIA.

Xopowwmin 0bbekT Ana uccnenoBaHus GuoreHesa W MyTareHesa MUTOXOHZPWNA
npeacTtaenstoT coboi hakynbTaTUBHbIE aHadpobbl Saccharomyces cerevisiae. Y
3TWX JPOXOKEN U3BECTHBI LUTONNasMaTnyeckue petite-MyTaHTbl U MHave

p -MyTaHTbl, B MTOHK KOTOpbIX OTCYTCTBYET rho AETEpPMMHAHTA, OnpeaensioLLas
[bIXaTeNbHYI0 KOMMNETEHTHOCTb MUTOXOHOpUA (10). p -MyTaumn obpasyloTes
BcreacTame o6wmpHbix Aeneumn MTOHK M nocnegyroweit KOMNEHCATOPHOM
amMnnndmKaLmMM  OCTaloWMXC Y4acTKOB Monekynbl. brnarogaps TaHgeMHOMy

MOBTOPEHNIO COXPaHMBLLETOCS y4acTka, pa3mepbl MOMEKY bl CTAHOBSTCS
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CpPaBHWUMbI C HOpMasbHbIM reHoMoM. Ecnn amnauduumpyowmnin dparMeHt
COOEPXMT y4acTOK MHMUMaUMW pennukauum (rep- obnactb), TO ¢ GOnbLIOK
BEPOSTHOCTBIO MOXET OKasaTbes, uTo rho -MT[IHK Gyaet obnanate GonbLIMM
cpoacteoM K MTAHK-pennuumpyroliemy KoMnnekcy no cpaBHeHuo C rho*-
MTOHK 1 B "KOHKypeHUMK" CMOXET BbITECHUTL MOCMEAHIO U3 KNeTKM, Koraa
9T [eTepMMHAHTbl OOHOBPEMEHHO HaxofdaTcs B Heil. B aTom 3akniovaetcs
(DEHOMEH CYNPECCMBHOCTM, KOTOPbIA MPOSIBASIETCA NPWU  CKPeLmMBaHum 2X
FOMONOTMYHbLIX KIOHOB P W P* W CTeMeHb KOTOPOro LUMPOKO BapbupyeT Y
pasHbiX p KroHOB (12). [MosiBNIEHME CYMPEcCUMBHbIX P -MUTOXOHOPUA B
haKynbTaTMBHBIX aHaspobax Sacch.cer. He COMPOBOXOAETCS MMOenblo 3TUX
knetok. O4eBMaHO, NPOTUBOMOMNOXHLIM ByAeT pesynbTaT B Cryyae NosBeHNs
MYTaHTHbIX MUTOXOHAPWIA, NOAOGHBIX CyMPEcCUBHBIM rhO -MUTOXOHOPUAM Y
Sacch.cer. B kneTkax adpobHbIX OpraHW3moB. B CBSi3W C 3TWM, WHTEPECHbI
9KCMEPUMEHTbI MO W3yYeHM0 BEreTaTMBHOrO cTapeHus rpuboB Podospora
anserina (9,17). Uccnegosanue caomcte MTOHK cTapeix kynbTyp Podospora
anserina BbISIBUMO WX 3HauuTenbHoe cxoactso ¢ rho -mtHK Sacch. cer.
ABTOpbl  BbICKa3blBaAKOT runoTesy, 4To crapeHue Podospora anserina
0GyCMOBNEHO  CMOHTAHHBIM MOSIBNIEHMEM CYMPECCUBHBIX P - MOAOGHBIX
MYTaHTHbIX MUTOXOHAPWA, AONS KOTOPbIX C BO3PACTOM YBENNYMBAETCS, YTO, B

KOHLIe KOHLIOB, NPUBOAMT OpraHuam K rubenu.

OTM  9KCMEPMMEHTbl JalT OCHOBAHWS npegnonaratb, YTO aHamnormyHble
SBNEHUS MOTYT MMETb MECTO B BbICOKOAN(GEPEHLMPOBAHHbIX KNeTKax
BbICLUMX OPraH13MOB 1 YTO MHULMMPYIOLLMM MEXaHW3MOM AMs 3TOro SBMSETCS

pacnag MTHK BcreacTBME TOPMOXKEHNS PA3MHOXEHNS! MATOXOHAPUIA.

A3 coobpakeHunin TepMOAMHAMUKM CriedyeT TakkKe BbIBOA, YTO MPUYKMHON petite
-MHOYKUMN  SIBNSIETCS  CHWXKEHWe MOTOKa OTPULATENbHOM  QHTPOMMM B
MUTOXOHAPUM HUKE HEKOTOPOTO KPUTUYECKOTO YPOBHSI, KOTOPLIN Heobxoaum
ONS peanusauun CTPYKTYpbl MATOXOHOPWIA 3afaBaemoit ¢ nomoubio MTOHK.
Opyruvy  cnoBamu, npu - KPUTUYECKOM  YMEHBLUEHUM  NPEACTaBNSIOLLEN

LIEHHOCTb YMOPSABOYEHHOCTN eANHNLbI 0BbEMa MUTOXOHAPWIA, HANPUMED,
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BCMeACTBNE WHIMOMPOBaHWS AbIXaHUsi, UK MHIMBMPOBAHWS TPAHCKPUNLMK 1
TpaHcnAyUnM aHTMbakTepmanbHbIMU aHTUOMOTIKaMK, U BCRIEACTBUE OCTPOrO
feuumta Takmx He3aMeHWMbIX KOMNoHeHToB kak AT®, pPHK, daktopos
NHULMALMN, HEKOTOPbIX pubocoManbHbIX OenkoB 1 Ap., 4acTb M3 KOTOPbIX
KogupyeTca B AApe U cuHTesupyetcs B uutonnasme, MTOHK  pomxHa
nepexogute B NabunbHOe COCTOSHWE W pacnajatbes,  CnocobCTays
00pa3oBaHWI0  AENEUMOHHbIX MYTaHTOB. JTOT BbIBOA MOATBEPXAAETCA

MHOTOYMCIIEHHBIMI 3KCMEpUMEHTaMM Mo MHAYKUuK petite -myTanTos (70,64,43).

MomoGHo GaktepuanbHon [HK, koTopas accouuvpyeT ¢ MemBpaHom Ha
yyactke Havanma pennukaumn, MTOHK moxeT oBpasoBbiBaTb KOMMIEKC C
Oenkamn BHYTPeHHen MemOpaHbl, KOTOpbIi MMeeT Oonblioe 3HaveHue B
perynauum pennukauyun MTOHK (6,45,4,52). Takne KOMMNEKCb U30NMPOBanCh
W3  MUTOXOHOPWM MEYeHU KpbiCbl, W Obina NPOLEMOHCTPUPOBaHA  MUX
cnocobHocTb  ocywwecTBnaTe cuHTed MTOHK in vitro (57,58). WHTepecHo
OTMETUTb, YTO B ObICTPO Pa3MHOXAKOWWMXCA KMeTkax yYalle BCTpeyaTcs
mMTOHK, npucoeouHeHHble K MembpaHe, 4eM B MUTOXOHAPUSX
BbICOKOAN(hEPEHLMPOBAHHBIX TKaHe (45). Or COCTOSIHMS
MWUTOXOHAPUANbHOM MembpaHbl 3aBUCUT CKOpOCTb pennukaumn MTOHK (28).
BwmecTe ¢ Tem, membpaHa BOBreveHa B mogaepxaHue uenoctHoct MTAHK
(70,8,43). Camble pasHooOpasHble areHTbl, uMHAyuMpylowme  petite,
OfHOBpEMeHHO npepbiBatoT cuHTe3 MTAHK. C apyroi cTopoHsl, 6rokuposka
cuHtesa MTOHK conposoxgaeTcs petite -MHOyKUMENR, Npu 3TOM CHUKAETCS

cogepxanue MTHK, Bcneactane ux gerpagauun (70,43).

Beuay wckniountensHoit ponu membpaHbl B NOAAepXaHuy LenoCcTHOCTU M
cnuTesa MTOHK BbicKasbiBanochb NPEANoNOXeHWe, YTO MUTOXOHOpUanbHas
MembpaHa ycTpoeHa Takum 06pa3oM, YTO MOAWU(ULMPOBAHME KOMMOHEHTOB
BOBJIEYEHHbIX B OAHY (PYHKLMIO MCKaxaeT MemOpaHy, BCreACTBIE Yero apyras
OTAENbHas (YHKUMS Takke MEHSIETCS, M UYTO Takoe B3aWMOLEWCTBME, MO-
BUOMMOMY, MMEET MECTO MEXOy PasfuuHbIMKU 3H3MMHBIMK KOMMMEKCaMm

OTBETCTBEHHbLIMM 32 PENMKaLuio 1 nogaepxanue uenoctHoctn MTAHK (65).
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NraKk, JKCnepumMeHTanbHble AaHHble CBUOETENbCTBYIOT O Hann4mMm ConpaxeHna

yepes membpaHy cuHTesa MTHK ¢ nogaepxaHnem ee LenoCcTHOCTY.

CornacHo  MOCTynMpyeMoMy — MexaHusMmy —ajantauuym  MATOXOHOPUA K
YMEHbLLEHMO MOTOKA OTPULATENbHOM 3HTPOMUKM, MembpaHa BbIMOMHSET
(YHKUMIO — JaTyuka,  PErucTpupylollero  CTeneHb  pasynopsiaoyeHHOCTH
MWTOXOHAPUIA  BCReAcTBME  Aeduumuta  HeobXoaWMbIX  KOMMOHEHTOB, W
nepegaet MHopmaLmio 06 9TOM Ha COOTBETCTBYHOLLME SH3UMHBIE KOMMEKCHI.
B cBeTe CUMOMOTMYECKON TMNOTE3bl MPOWUCXOXAEHWUS MUTOXOHAPUA MOXHO
CneKynmpoBaThb, YTO 3TOT MexaHu3M Obin BbipaboTaH B NpoLecce 3BOMOLMM Y
CBOBOHOXMBYLUMX NPEAKOB MUTOXOHAPUI 1 COXPAHWUIICS Y HUX NPpW nepexoae
K JKM3HW BHYTPU KneTok. BMecTe ¢ TeM, JOCTaTOMHO 3PGEKTUBHBIX CPEACTB
Ans  gononHutensHon crabummsaum MTOHK M nukeugauun conpsikeHus
GrokupoBkn cuHTesa MTOHK ¢ ycuneHnem ee pacnaga B KneTtkax, no-
BUOMMOMY, He OBHapyxwunock. [loaTomy, mpyU 3HAYUTENBHOM TOPMOXEHWM
pa3MHOXeHUs MUTOXOHAPUIA, npoucxoguT aerpapaums MTOHK, yto asnsetca

MPUYMHOI CTECTBEHHOTO CTAPEHMS 1 TMben opraHn3moB.

Heobxogumo OTMETUTb, YTO B KIETKax MMEKTCS MEXaHW3Mbl yTUIM3aLmum
MWTOXOHZPUIA, C MOMOLLbHO KOTOPbIX OHW MOTYT YAansTh M3BbLITOK opraHenn B
cnyyae CHxeHus notpebHocTen B dHepreTnyeckom obecneyeHun. OpHako B
npoLecce TepMmuHanbHOM guddepeHUmaumMn nepecTpoiika Metabonusma
KNeTOK HanpaBneHa Ha pas3BUTME CMeunanu3npoBaHHbIX — GYHKUMA, K
YBEINMYEHNE COLEPXKaHUS MMUTOXOHAPWA NPOMCXOAMT B COOTBETCTBUW C

yBenuyeHnem noTpebHOCTEN KNETOK.

MpuBedeM  HekoTOpble — 3KCMEPUMEHTanbHble  [aHHble O  BO3PACTHbIX
N3MeHeHnsIX BuoreHesa MWUTOXOHZPUA B neyeHn kpbic. Cuntes MTOHK B
MUTOXOHOPUSX NEYEHUN KPbIC CHUKAETCH C MOMEHTA OTHATWS 0T MaTepu 10 210
aHs (41). Obwee konnyectBo MTOHK B neyeHm kpbic Bo3pacTaet oT 1 go 12
MECSYHOro BO3pacTa, a 3aTeM CHUXAEeTCs K 24 mMecsyHoMy Bo3pacTy Ha 35%

(61). Konuectao MTHK (B MKr), npuxogsiieecs Ha 1 Mr 6ernka MATOXOHAPHIA,
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BO3pacTaeT OT opHomecsyHoro BospacTa (0,56 + 0,04) k 3x mecsyHomy,
jgocTuras B 3TOM BO3pacTi makcumanbHoi BenuumHbl (0,735 = 0,04) u
3HAYNTENbHO CHWUXAETCA B NOCMeAyHoLWmMe Nepuodsl oHToreHesa (12 mecsues-
0,394 + 0,05; 24 mecsua- 0,316 £ 0,03) (3).

Ha neyeHu KpbiC BbIN0 YCTaHOBNEHO, YTO NPU CTAPEHUN XMBOTHBIX CHUXKAETCS
cKopocTb 060poTa GenkoB MUTOXOHAPUIA, KOAUPYEMBIX MWUTOXOHAPUANbHBIM
reHoMOM. Bpemsi n3HM MUTOXOHZAPWanbHbIX GEnKoB, KOAMPYEMbIX SAEPHBIM
FEHOMOM, HE 3aBWCMT OT BO3pacTa XMBOTHbIX (2). OTW  AaHHble
CBMOETENBCTBYIOT O TOM, YTO TOPMOXeEHUEe OMoreHe3a MUTOXOHAPWUA He
SBNSETCA pesynbTaToM AEnpeccun CUHTEe3a MUTOXOHAPWanbHbIX Oenkos,
KOAMPYEMbIX SiAEPHBIM TEHOMOM, a ckopee OOyCMOBMEHO AeULMTOM STUX
BenkoB, 0bpasytoLLerocs BCreaCcTBIE YBENNYEHNS KOMMYECTBA MUTOXOHAPUA B

KIeTkax.

CHuxeHne ¢ BO3pPacTOM  CKOPOCTW  OBHOBMEHMS  CUHTE3UPYEMbIX B
MUTOXOHAPUSX BenkoB mpoucxoaut nogobHO TOMY, Kak 310 MMEET MECTO B
OakTepusx noa [LeicTBMEM XNopaMeHukona, B KneTkax XWBOTHbIX MO
[eicTBMeM Luknorekcummaa wnu npu  geduumte PHK B ycnosusx
HecbanaHCUpOBaHHOMO poCTa, Korga OAHOBPEMEHHO C 3aMeffIeHNeM CUHTe3a

3ameansetca v pacnag 6enkos (31).

B otnuune ot penctens MHFI/I6I/1TODOB CWHTE3a nenTtuaos, MNpu ,El,e(i)VILlMTe
adMWHOKUCNOT  MPOUCXOAMT  aKkTuBauuMa npoTteonnsa, T.€. BKMAKYAKOTCA
KNeTo4Hble MEXaHU3MbI afganTaluu. Ecnu HegocTaTok aMMHOKIUCTOT SIBNSIETCS
HE3HauYNTENbHbIM U KNETKa MOXET K Hemy l'IpMCI'IOCO6VITbCﬂ, TO, 6narop,ap$|
YCKOPEHWUIO YTUNM3aLU KNETOYHbIX CTPYKTYP, B TOM YnCne 1 MVITOXOH,D,pVIVI, nX
o0HoBNEHE nogaepxmnBaeTcad Ha YpPOBHE Bbllle KPUTUYECKOrO. 310 MOXET
NpPenAaATcTBoBaTb  aKTUBMPOBAHWUIO COBCTBEHHBbIX MEXaHU3MOB apantaumm

MUTOXOHZPWIA BeAYLLEro k 06pa3oBaHni0 MUTOXOHAPHATbHBIX MyTaHTOB.

CHuxeHne C BO3pacTOM OGHOBMEHWS CUHTE3NPYEMbIX Ha MUTOpPMOOCOMAaXx
OernkoB [aeT OCHOBaHWe cuuTath, 4T0 pacnag MTOHK npu crapeHum
MPOMUCXOAMUT MO TOMY Xe MexaHusmy, 4to W pacnag MTOHK nog peicteuem
XrnopamdeHukona B aKcnepumeHTax BunbsmcoHa ¢ cotp. (70) u, 4to
obpas3oBaHue [eneumoHHbIX MyTaHTHbIX MUTOXOHAPUIA MOXET UMETb MECTO,

I'IO,D,O6HO TOMY, Kak nog [eiCTBMEM XJ'IOpanDGHVIKOﬂa MHOYLNPYHOTCA
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petite-mytaumm  (70).  CHwKeHMe  OKMCMMTENbHOTO  (hoCOpUnMpOBaHNS
Bcnegctene perpagauvy MTOHK, npuBogut K MOCTENEHHOMY YMEHBLUEHMIO

npoussoacTea AT® B kneTkax. Bo3MOXHbI ABa NyTy 3BOSIOLMM KMETOK.

MepBbli, €CTECTBEHHbIN ANS KNETOK OpraHu3ma nyTb - CTapeHue, BbipaxaeTcs
OH B MOCTEMNEHHOM CHWKEHUW (DYHKLMOHAMNBHOM aKTUBHOCTU KMETOK [0
HEKOTOPOro KpuThyeckoro yposHsi. OBrnagas Xopowo pa3BWUTOM CUCTEMON
perynsumm aKCnpeccun reHoma, Knetku (B OTAUYME OT MUTOXOHAPWIA) MOTYT
npucnocabnueateest Kk HepgocTatky AT® penpeccueil MeHee CyleCTBEHHbIX
FEHOB, B YaCTHOCTYW COKpaLLast N36bITOYHYH0 MOLLHOCTbL GEMoK CUHTE3VPYIOLLEro
annapara.

Tak, 6610 NokasaHo, YTO NpK CTapeHuu cepaua y niogen U XWBOTHbIX AONS

reHoB, yyacTaytoLmx B TpaHckpunuun pPHK ymeHbwaetcs Ha30% (32).

5naro,u,apﬂ Takoro poda agantauuu npoaneBaeTCa XuU3Hb CTaperoLmx KNeTok,

OHaKO B KOHEYHOM UTOre OHN FI/I6HyT.

Btopon nytb, - geauddepeHumpoBka, Gnarogapst KOTOPOW CTapble He
pa3MHOXalLLMeCs KNeTkh, cnabo (yHKLUMOHMPYHOWME BCMEACTBME HM3KOrO
nponssoactea AT® aedeKTHbIMU MUTOXOHOPUAMMW, MOTYT, TEM HE MEHee,
nepeiT B COCTOSIHME pocTa. bonee TOro, MUMTOXOHAPUAMbHBI AEedeKT,
COrnacHo  CAenaHHoOMy — paHee  BbIBOAY,  MOXeT  MPensaTcTBoBaTb
peanddepeHLMpoBKe  KNETOK, cMmelas BanaHc Mexagy  npoleccamu
AnchepeHLMpoBKA U Nponudepalum B CTOPOHY Nposndepaumn, Ha Haw

B3rnA0 3710 NyTb 3N10KA4€CTBEHHOIO NEPepoOXXaeHUA KNETOK.

PaccmoTpuM BTOPYHO BOMOXHOCT.

HekoTopble petite-MyTaHTbl MOryT cofepkaTb OYEHb MareHbKUA CerMeHT
MTOHK ¢ rep-obnactblo. Y HWX MOXET COBEPLUEHHO OTCYTCTBOBATbH
MUTOXOHAPUArbHbLIA CUHTE3 Benka 1, TEM He MEeHee, OCTaBLUMIACA parMeHT
MTOHK MOXeT ycnewHo pennmuymnpoBaThCs, KOHKYPUPYS U BbITECHSS U3 KIETKM
HopmanbHyto MTOHK. OueBugHo, uto Takue petite-myTauum - aKCTpeManbHbIi
cnyyal, KOTOpbIi CBWAETENbCTBYET O TOM, YTO [N  CyLUeCTBOBaHUS
MUTOXOHAPUIA He siBNsieTcs Heobxoammon Bonbluas YacTe MTOHK, ecnu knetku
MOTYT XWUTb aHadPOOHO. OKCMEPUMEHTbI MO MCCNELOBaHMIO 3KCTPOSAEPHbIX

MYTaHTHBIX JIHUA 06rMraTHbIX adapoboB Neurospora crassa 4eMOHCTPUPYHOT,
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YTO HEKOTOpble MUTOXOHAPUANbHbIE TEeHbl HE ABMSOTCS HEOBXoaUMbIMU AN
NOAAEPKaHNS XW3HecnocobHOCTU Takke W adpobHbix kneTok. N.crassa
00naganT LMTOXPOMHOM CUCTEMOW, TAKOM X, KaK y MIEKOMUTaOLWMX, W
3aBMCAT OT OKWUCINEHWS BOCCTAHOBMTENbHBIX SKBMBANEHTOB M CuHTE3a AT
OKUCnMTENbHOM Lenoykor. Y N.crassa W3BeCTeH knacc stopper-MyTaHToB,
KOTOpbIN XapakTepuayeTtcs Oonblumm aeduyutom LMTOXpOoMOB b n aal.
HasBaHue 3aT1x MyTaHTOB MPOMCXOAMUT OT HEOObIYHOTO POCTOBOTO (heHOTMNA,
KOTOPbIA MPOSIBNSETCA B HEPaBHOMEPHOM YepefoBaHWUM MEPUOLOB POCTa W
ocTtaHoBok pocTa (11). Y 3x stopper-mytantoB gedektol MTOHK 0bycrnoBneHbi
peneumamn. MTOHK ogHoro u3 Hux- (stp) npeacTaBneHbl NPeMMyLLECTBEHHO
OeMEKTHbIMU  MONEKyNamMu, KOTOPbIE COXPaHSOT NPUBNN3UTENBHO  OaHY
BTOpyto YacTb MTOHK aukoro tvna. ABTOpbI BbICKa3blBalOT MPeanoroXeHue,
4TO HEOObIYHbIA POCT Stopper-MyTaHTOB MPOUCXOAMT BCNEACTBNE KOHKYPEHLMN
pasnuyHblX  BapMaHTOB  AedeKkTHbIX W MeHee dedekTHbix  MTOHK
O[HOBPEMEHHO CyllecTBylWMX B knetke. B aToir pabote Apeneumm
Habnoganucs Takke B MTOHK y Tpex Apyrix BHEXPOMOCOMHbIX MYTaHTOB
N.crassa, He nposBnsaowWwwMX "cTon-cTapT" adpekTa. Y ABYX U3 3TUX MYTaHTOB
(poky-HI-IO n SG-3-551 ) coxpaHeHbl pasHOr0 pa3Mepa CErMeHTbl TOW Xe
obnactn MTAHK, koTopas coxpaHeHa y (stp)-MyTaHTOB. ABTOpPbI CUMTAIOT, YTO
obpasoBaHue aedektHbIx MTOHK y N.crassa HOCWT HecrnydalHbIN XapakTep,
Tak YTO MNPEAnOYTUTENBHO COXPaHSAETCS OMPEAErneHHbI CerMeHT. JTOT
CErMeHT COEPXWUT reHbl Ansa MutoxoHgpuansHon pPHK u Gonbliyk vacTb
MUTOXOHApUanbHbIX reHoB ansa TPHK (11). Buaumo, 9TW reHbl SBASOTCA
HeobxogumbiMu  Ans cywecteoBaHns  N.crassa.  PesynbTathbl  3TUX
9KCMEPUMEHTOB  CBMOETENbCTBYIT O TOM, YTO HEKOTOpble BapuaHThl
MWUTOXOHAPUANbHBIX AENeLMOHHbIX MyTaLum COBMECTUMbI c
KU3HECNOCOBHOCTBIO  adpobHbIX  kneTok.  Otyactm 310 06BACHAETCH
CNOCOGHOCTBIO  KMETOK B HEKOTOPOM  CTeneHn npucnocabnmeatbCs K
HapyLWeHUsM  MWUTOXOHApMAnbHOrO  Metabonmama,  COOTBETCTBYHOLLWM
N3MEHEHWEM FEHETUYECKON AKCNPEeCCcum B sape.

B npusegeHHoMm Bblilwe npumepe Ha Baktepusix Paracoccus denitrificans 6bino
NPOAEMOHCTPUPOBAHO, Kak OHM  0BXOL4AT — OrpaHWyMBaloLiee  AblxaHue
npensaTcTame. Y MUTOXOHAPUIA Gonbluas YacTb reHEeTUYECKOM WHGOpMaLK
HaxoguTca B sigpe, NO3TOMY A1 KOMMEHCaLWUM MUTOXOHAPWarbHbIX AeeKTOoB

0coboe 3HayYeHne MeeT A0EPHO-MUTOXOHOpUanbHoOe B3aMOLENCTBYE.
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Tak, y N.crassa 0gHUM 13 OCHOBHbLIX OTBETOB Ha MOBPEXAEHWE LIMTOXPOMHOM
Lenu SBNSETCA WMHOYKUMS anbTEePHATMBHOMO MyTW OKWUCIIEHWS, KOTOPbIN
OTBETBNISETCA Ha YPOBHE (HIaBOMPOTEMAOB, LYHTUPYS LIUTOXPOMHYIO LieMb.
OcyLwecTBnsiemMbln N0 3TOMY MyTU MPOLECC OKUCMEHUS He WHrnbupyetcs
AHTUMMLMHOM, LMAHWOOM W a3vaoM, HO YyBCTBUTENEH K Cneumduyeckomy
WHrMOMTOPY  LMAHWA-HEYYBCTBUTENbHOM  OKCWAA3bl  HEKOTOPbIX  BbICLUMX
pacTeHuin — canuuun TrMOPOKCaMOBOW KUCMoTe. AnbTepHaTMBHBIA NyThb
okucneHus paspabatbiBaetcd B N.crassa B OTBET Ha 06pabotky
xnopamdeHukonom  (37), aHTUMmumMHOM  (36) BCNEACTBME  HEKOTOPbIX
PECnMpaTopHbIX MyTauui. Hanpumep, y 9KCTpOsSAEpHbIX pPOKY-MyTaHTOB,
MNOMYyYMBLLMX CBOE HasBaHWe 3a MeASfIeHHYK CKOpOCTb pocTa, HabnogatTes
HEHOpMasnbHO HW3KME KONW4ecTBa LMTOXPOMOB aas, b n Ci 1 3ameTHbIN
n3bbiTok uuToxpoma C. AnbTepHaTUBHLIN NyTb OTBeYaeT 3a 70% AblxaHus B
MUTOXOHAPUSX poky (37a). Poky-theHOTUN CBSA3aH C AeEKTOM B CUHTE3E WK
cbopke pubocomancHon 30s cybbearHWLbl MUTOXOHAPUIA, OaUH W3 6enkoB
KOTOpOi- S-5 CMHTE3MpyeTCs B MUTOXOHAPWSX W, NO-BUAUMOMY, KOAMPYeTCs
mTOHK. Mpeanonaraetcs, 4to S-5 UrpaeT Ko4eBY0 porb B perynsauumn coopku
30s cybbeanHuubl, cTabunuanpys CBs3blBaHWE OCTanbHbIX PUBOCOMAnbHbIX
BenkoB, a Takke yckopsis mpoueccuHr npealectseHHuka 19sPHK (39). Mpw
pocte N.crassa [OWKOro Tuna B MPUCYTCTBMM  XNTOPaMEHMKONa OHM
npuobpeTarT PEHOTUN POKY U Y HIX, KaK W Y POKY, HaBMoAaTCa HENoMHble
30s cybbeamnHnupbl (39). ABTOpbI MPUXOZAT K BbIBOAY, YTO WHrUbMpoBaHue
CO3peBaHMs Maroit cybbeanHuLbl NPOUCXOAWUT, MO-BMAMMOMY, BCREACTBUE
WHrMBMpOBaHUs CuHTe3a Benka s-5 1 YTO 3TO ABMAETCH NPUYNHON NOSBEHNS
theHoTMNa poky. MiccnenoBaHne MexaHuamMa MHAYKLUMK arnbTepHaATUBHOMO NyTy
okucnenms y N.crassa obpabotkamu XxnopameHNKONOM, LMKIOreKCUMLOM
aktuHomuumHom [l (20) nokasano, YTO OH BMMCbIBAETCA B MOLENb, ANS
perynauMm  sOepHbIX  TEHOB  CMeuMUYeckUM  MUTOXOHAPUANbHbIM
reHeTuyeckum annapatom N.crassa (7). CormacHo aToi Mogenu, B
MUTOXOHAPUSX CuHTE3upytoTcs kopupyemble MTOHK 6enku, kotopble moryT
TPaHCMOPTMPOBaTLCS B AP0 M PEMpeccupoBaTb  SAEPHbIE  TEHbl.
WHrMbupoBaHMe MWUTOXOHAPUANMBbHOTO CUHTE3a MPUBOAWT K [epenpeccuu

PEeNpPecc1poBaHHbIX FEHOB.
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BaxHo oTMeTUTb 4TO cocTosiHWe, B KoTOopoMm Y N.crassa uHOyuupyetcs
anbTepHATMBHbLIN MyTb OKUCNEHUS, CreadyeT paccMaTtpuBath Kak "aBapuiHoe",
NOCKOMbKY 3h(HEKTUBHOCTL anbTepHATUBHOM OKkcuaasbl B npoaykuun ATO u
nogfepxaHunm pocta ropasfo MeHbluie dQGEeKTUBHOCTU LUTOXPOMHOMA Lenu
(60). Bmecte c Tem, nosiBneHWe anbTEPHATMBHOrO MyTM B OTBET Ha
NoBpexaeHne AbixaTenbHON Lenu UMeeT, KaK nomnaraioT, No KpanHen mepe,
ABa nonesHblx 3ddekrta: a) nomoraet K3bexaTb HEHOPMarbHO BbICOKMX
YPOBHEN BOCCTAHOBIEHHbIX MUPWUAWH HYKNEOTMAOB U ApYrux MeTabonmyeckux
WHTepMeanaTopoB M 6) ctumynupyeT npogykumio AT® B nyHkte | 1 Ha
cybCcTpaTHOM ypoOBHE, [aBas BO3MOXHOCTb rnmkonu3y 1 umkny Kpebea

AencTBoBaTh ¢ 6onee BbICOKUMY CKOpoCTAMN.

LLlyHTUpOBaHME MOBPEXAEHHBIX MUTOXOHAPWArbHbIX MeTabonnyeckux nytemn
OblN0  NPOAEMOHCTPUPOBAHO Takke B  AWGGEPEHLMPOBaHHbIX  KneTkax
9KCnepuMeHTamm Ha nonuTeHHbIX TkaHsx Drosophila hydei (40). B nonuteHHbIx
xpomocomax Drosophila hydei Habniopaetca nosiBneHWe  KOMMnekca
cneumduryeckux nyddos B OTBET Ha Pe3koe MOBbILLIEHWE TEMMepaTypbl. ATOT
KOMMIIEKT Ha3blBAETCS TeMnepaTypo-4yBCTBUTENbHbIM. PasnuyHble 06paboTku
3aTparvBatoLLme MUTOXOHAPManbHbI MeTabonuam: 6ok pecnupaTopHon Lienu
POTEHOHOM, aMmuTarioM, aHTUMWUMHOM A, asngom, 6noK uukna MMMOHHOM
KUCNOThl  apCeHUTOM, [eicTBMe  pasobwmTteneir  auHUTpodpeHona U
OVKyMapuHa  MpoayuupytoT — nosiBieHue  crneuuduyecknx  nyddos U3
TEMnepaTypo-4yBCTBUTENLHOrO koMnnekTa. Bcnen 3a atum, B TeueHue
npubnuantensHo 30 MUHYT, CTAHOBMTCS SIBHbIM YBENMYEHWE aKTMBHOCTM
ONpeAeneHHbIX MUTOXOHAPUASbHBIX 3H3UMOB, YTO ObINIO NPOAEMOHCTPUPOBAHO
ona  HAOH-gerngporeqassl (EC 1.6.99.3), HAL 3aBucumon wusouutpat
nervaporenasbl (EC 1.1.1.41) n TupoanH ammHoTpaHcdepasbl (EC 2.6.1.5).

C nomowpto akTuHoMMuMHA [, umknorekcumuga n xnopamdenukona 6bino
YCTAHOBIEHO, YTO YBENMYEHNE aKTUBHOCTW 3TUX SH3MMOB 3aBUCUT OT CUHTE3a
APHK, uutonnasmatnyeckoro cuHtesa 6enka, 1 He 3aBUCUT OT CHHTe3a Benka
B MUTOXOHAPUSIX, BMECTE C TEM, aKTUBaLMS FTEHOB KOMMIIEKTA TENMOBOIO LLOKA,
COMPOBOXAAeTC MOSIBNEHWEM (hakTopa CrnocobHoro moauduumposaTtb a-
rnuuepodpochat germagporeHasy (EC 1LL8), B pesynbtate yero Km atoro

thepmeHTa 4na a-rnuuepodocgata ymeHbluaetcs (69).
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OTO [OMKHO BecT K ocnabnenuto [lactepoBckoro adekta, YCUNEHMIO
rMUKONW3a, adpoBHOMY HakoMneHWo nakrarta.

B cBA3M C 9TUM WHTEpecHo 3ameTwTb, 4To ocnabreHne [lacTepoBCKOro
appekTa B paKOBbIX  KMeTKax Mpoucxoaut  bnarogaps  CHKEHMIo
9((EKTUBHOCTU  (PYHKUMOHUPOBAHUS  rMNLEpOdocaTHOr0  YEMHOYHOMO
MeXxaHW3ma, BCNeACTBIE HedocTaTka UUTonnasmaTinieckoin a-rnuuepodocdat
fervaporenassl (13). Mo MHeHWI0 aBTOPOB, MOMUMO M3MEHEHUs YPoBHA ATO,
cneunduyeckummn - MHOYKTopamu OaHoro  unu  Gonee reHoB  KOMMNeKTa
TENNOBOrO LUOKA ABMSKOTCA MaKPOMONEKYNsipHble CyObeanHWLbl HEKOTOPbIX
annocTepuyecknx (HepMeHTOB, KOTOPble AWCCOLMMPYIOT U BblAEnsioTCs
MWUTOXOHAPUSIMI, BCMEACTBME PE3KOTO CHIKEHUS COoAepkaHus cybCTpatos,
NMLakoLero sHaumbl cybertpatHoit npotekumn (40,68). Takum  oBpasowm,
Mozaenb SLePHO-MUTOXOHAPNANBHOIO B3aMMOLENCTBMS ans
AndEpEHLMPOBaAHHBIX  KNETOK HECKOMbKO OTINYaeTCs OT TakoBOW Ans
N.Crassa, BMecTe C TeM, pe3ynbTaT 3Toro B3aMMOoAenCTBus B 000MX Cryyasx
OZVHAKOBbI - SIAEPHbIA FEHOM KOPPEKTUPYET AePULMT MUTOXOHAPUANBHOMO
meTabonuama, 6narogaps 4emy knetka ctaHoBuTca 6ornee aganTMpoBaHHON K
HOBOW cuTyaLuu. 3MeHeHWe akTUBHOCTW NepeymncnerHbIX Bbllle (hepMEHTOB B
OTBET Ha TENnOBOW LIOK M Pa3fnnyHble MOBPEXOEHWS MUTOXOHAPUANbHOMO
MeTabonuama, 04eBMaHO, CNOCOBCTBYET CHUKEHWIO YPOBHS BOCCTAHOBMEHHbIX
NUPUANH HYKNEOoTUA0B, a TaKKe YCKOPEHUO (PYHKLIMOHMpOoBaHus Lmkna Kpebea

1 rnnkonusa.

M3 atoro Hebonblioro 0630pa  CHO, UTO 9KCTPOSAEPHbIE  MyTaLum
COBMECTUMbI  C  JKM3HECNOCOOHOCTHI0  @3pOBHbIX  KMETOK, €crm  OHK
OETEPMUHUPYIOT HapyLEeHUs MUTOXOHAPMAnbHOr0 MeTabonusma K KOTOpbIM

KNETKWU MOryT adanTlpoBaTbCA.

B OTCYTCTBMM KECTKUX OrpaHUYEHNI Pa3MHOXEHUKO MUTOXOHZPUIA B KNETKaX,
HOpPMarbHblE MUTOXOHAPWM, Haflo nonaratb, 6onee KOHKYPEHTOCMOCOBHBI Mo
CPaBHEHWID C AedekTHbIMA cnabo  (PYHKLUMOHMPYIOLLMMU MUTOXOHOPUSIMU,
MO3TOMY COXPAHEHME CMOHTAHHO BO3HWKAKOLMX MYTAHTHbIX MUTOXOHLPMIA B
OTCYTCTBUW CMELManbHOr0 BO3LENCTBMS, YCKOpsitoLero 1x obpasoBaHue Unm
CO3Jal0LLEr0 CeneKTMBHbIM NPecc, AAOLLEro UM CEeneKTUBHbIE MPEUMYLLECTBA,

NnpeacTaBnAeTCAa MarioBEPOATHbIM.
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BmecTe ¢ Tem, Kak Mbl yKe BULENM, OTPaHUYEHNS, BEyLUME K 3HAUNTENBHOMY
YMEHBLLUEHMIO YPOBHS KOMMOHEHTOB B OAVHAKOBOW CTENEHN HEOBX0aUMbIX Ans
peanusaunn Bcex cogepxawymxcsd B MTOHK reHoB, YCKOPSIOT MyTareHes.
OLHOBPEMEHHO OHM CO3[AlOT  CENEKTUBHbIE MPEUMYLLECTBA  MYTaHTHLIM
MUTOXOHAPUSM, YTPATUBLLMM BCREACTBUE AeNeLuni OnTUMarbHoe KOu4ecTBo
FEHETUYECKUX Y4YaCTKOB, HaWMEHEe CYLIECTBEHHbIX B YCMOBUSX [AHHOrO
cenektuHoro npecca. Obnapas Gonee NpPUMWTWUBHOWM CTPYKTYPOW, OHM B
yCroBuax geduumuta HesaMeHUMbIX KOMMOHEHTOB 6ornee KM3HECNOCOBHbI
pa3MHOXalTCs  ObICTpee HOpManbHbIX  MUTOXOHAPUA.  O4yeBMOHO, 4TO
HECYLLECTBEHHbIMM SBNSOTC MWUTOXOHOPUANbHBIE TEHbl, KOTOPblE B CUITY
MUTOXOHAPUAIbHbIX HAPYLUEHWI, BO3HUKAKOWWMX B YCMOBUSIX CENEKTUBHOIO
npecca, He BbIMOMHSAKT BO3MOXEHHYI0 Ha HUX (DYHKLMOHAMBHYIO Harpysky, T.e.
HOpMarnbHbIE MWUTOXOHZPWM B JaHHbIX YCMOBUSX MO (DEHOTUMY CXOXM C

MYTaHTHbIMW, YTPATUBLLUUMW 3TU TEHbI.

Hanpumep, HeZOCTaTOK HEKOTOPbIX MMUTOXOHAPUAnbHbIX PUBOCOMANbHbIX
OenkoB CUHTE3MpyeMbIX B LuTOMnasMme unu obpaboTka XrmopammeHnKonom,
kak aTo umeeT MecTo y N.crassa npuBoauT k fedekTy B cOOpKe M 3aMeaAneHmio
co3peBaHus pubocomarneHbix 30s cybbeauHuy. K Takomy xe pesynbraty
NPUBOAUT M HEOOCTATOK MWUTOXOHZPMANbHO KOAMPYEeMOro pubocomarnbHOro
Benka (s-5 y N.crassa ). [loaToMy 3HauMTENbHbIN AEPUUMT HEKOTOPbIX
LMTONNA3MaTUYECKN CUHTE3NPYEMbBIX MUTOXOHAPUAMbHBIX  PUBOCOMANbHBIX
OenkoB MOXeT CnocobCTBOBaTb WHAYKUMM U CENEKTUBHOMY oT6Opy
[ENEUNOHHbIX MYTAHTOB MUTOXOHAPWA, B KOTOPbIX MyTaLWsMi 3aTPOHYT

pubocoMarbHbI 6enok, kogupyembin MTOHK.

Takum 06pa3om, MOXHO YTBepXaaTb, YTO BO3LENCTBMS Bbli3blBaAtOLME
HapYLLEHNS MUTOXOHZPUANbHbIX (PYHKLMIA, KOTOpbIE KNeTka MOXET 0BOMTH, 1
KOTOpble  MPUBOAST K 3HAUMTENbHOMY  YMEHbLUEHWIO  CTPYKTYpHOM
YNOpSiAOYEHHOCTM  MUTOXOHAPWA, CO3AatoT GraronpusiTHble  YCroBust Ans
BO3HUKHOBEHMS 1 CENEKTUBHOTO 0TOOpa MyTaHTHbIX MUTOXOHAPWHA, Y KOTOPbIX
9TV HapyLLEHWs! TeHETUYECKN AeTePMUHMPOBAHLI Aeneumsmu. Obpasyiolmecs
MYTaHTbl B COCTOSHUM CaMOCTOSITEMNbHO MOALEPXWBATL KWU3HECTOCOBHOCTL
KMeTKM B OTCYTCTBUM HOPMAsbHbIX MWUTOXOHAPWIA, KOTOpble, MpW YCIOBUM
[OCTAaTOYHO ANMUTENBHOrO  CENEKTUBHOTO BO3AEACTBMS, OHM  MOSTHOCTbIO

BbITECHAIOT.
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B pesynbTate B KneTke CTabUNM3NpyeTcs COCTOSIHWE, KOTOPOE COXpaHsieTcs
Nocne CHATWS CEmNeKTUBHOrO BO3OENCTBMS, UM KOTOpoe B KneTkax C
HOPMarbHBIMIA MUTOXOHAPUAMM WUCMOMb3YETCA 0BLIYHO TOMBKO B ABaPUMHBIX
CUTYalMsX, kak Mepa, NoOMorawwas en u3bexaTb KpaTKOBPEeMEHHbIe
HapYLLEHUS MUTOXOHAPUANbHbIX (OYHKLMIA. Kak yxe oTMeyanochb Bbille, 3TO
COCTOSHIE XapaKTepU3yeTcsl ycuneHneM aspobHOro rInkonuaa, HakonneHuem
nakrata. FeHeTMYeckoe [eTepMUHIPOBaHIE TaKoro COCTOSHUSA, SBMseTCS, Ha

Hall B3rnsaa, I'lpVI‘-IVIHOVI 3/10Ka4eCTBEHHOI0 NepepoXxaeHns KreTok.

Mpy CTapeHuM CenekTWBHOE [JaBMEHME OCYLLECTBMISETCS OrpaHUYeHneM
POCTOBbIX (DaKTOPOB, TOPMO3ZALLMM PA3MHOXEHWE MUTOXOHAPWA. DBOIOLMS
MTOHK nog pOenctBMeM Takoro npecca MOXET NPOMCXOAUTb TOMbKO B
HanpaBneH! yMEHbLLEHUS ee NIMHENHOW ynopsagoyeHHocT. CTUMynupoBaHue
CTapoil KNeTkn K pocTy B TOT MOMEHT, Koraa 6onbluas 4acTb MMTOXOHZPWN
npeacTaBneHa MyTaHTHbIMK, CMOCOBHBIMM  CaMOCTOSTENBHO — 06ecneynTb
CYLLECTBOBAHWE KINETOK, (DaKTUYECKN 03HAYAET CHATME CENEKTUBHOM Npecca un
nepexoq ee B CTabumnbHOe "aBapuiHOE" COCTOsiHME. B 3TOM COCTOSHWM
BO3MOXHOCTW  KMeTKW afanTuMpoBaThC K TEMnoBOMYy BO3AENCTBMIO B
3HAUNTENbHOM CTENeHU WCYEepnaHbl, MO3TOMY pPaKOBblE KMETKM MEHEe
YCTOMYMBbLI K [OEACTBMIO TENMOBOrO LIOKA MO CPaBHEHWIO C HOPMarbHbIMM.
Takum 0Bpa3om, CXO4CTBO MEXAy CTapon 1 PaKoBOW KNeTkamu B HapyLUEHWN
SHepreTMyeckoro obMeHa HaM  NPEACTaBMSETCs  [MABHOW  MPUYMHON
MOBLILEHNS C BO3PACTOM BEPOSTHOCTM 3/10KAYECTBEHHOMO MEPEPOXOEHNS

KNeToK.

MpuvBegem  moGonbITHBIN  hakT.  POTEHOH — SBRSETCA  MHIMOUTOPOM
okucnuTenbHon uemu Ha yposHe Mexay HAOH u Ko Q w okasbiBaet
KaHLEepOreHHoe AEeNCTBME Ha KPbIC, MHAYLUMPYS Y HUX OMyXOnu NEeYeHn W
MOroYHoM xenesbl (23). C apyroi CTOPOHbI, ANS ABYX renaTokapLyHOreHoB
pasHbix knaccos AA® 1 3-Me-[JAB Ha Kycoukax nedveHu 6enbix KpbiC Gbinio
NPOAEMOHCTPUPOBAHO POTEHOHONOZOBHOE AercTBIe Ha AblxaHue. OHU Takxe

WHrMBMpyLOT okucnTenbHyto Lenb mexay HAOH n Ko Q (1).
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WHTepecHo, 4TO B MWUTOXOHOPMSX M30MMPOBAHHBLIX K3 OMYXOMM MOMOYHOM
Kenesbl, MHOYLMPOBaHHOM Y KPbIC POTEHOHOM, HabnioaaeTca anbTepHATUBHbIN
NyTb TPAHCNOPTa 3NEKTPOHOB HE YYBCTBUTEMbHBIN K POTEHOHY, aHTUMULIMHY W
uvanngy. CogepxaHue LMTOXpOMOB 6nM3ko K Hopme. Bmecte ¢ Tem noytw
OTCYTCTBYET [blXaTefbHbIi KOHTPOMb 1 OKUCTMTENBHOE  (HOCCHOPUNMPOBHUE
(22). Kak nokasanu akcnepuMeHTbl Ha CrOHHbIX xenesax Drosophila hydei
cneumcuyecknii  OTBET XPOMOCOM Ha POTEHOHOBbIM 6foK CBA3aH C
n3meHeHneM metabonuama a-rnuuepodocdarta, BCNEACTBUE M3MEHEHNS peq.-
okc. coctosHua Ko Q (40). Buagumo, 3HaumtensHoe okucneHne Ko Q Begert k
HapyLIEHUSIM MUTOXOHAPUANbHBIX MeMOpaH M MUTOXoHApHansHon ATd-asbl,

KOTOpPbIE FEHETUYECKN AETEPMUHMPYIOTCS.
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