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BBEJIEHHE

”B opraHu3Max COBEPUIAETCS HE TONBKO NPOLEct CO3naHus, T.6. MUTaHUS U
pocTa, HO, pyKa oD pyKYy ¢ HUM, UIIET NPOLIECC pa3pylueH s ¥ BEIOENICHUS .
”»OpraHusM HE aCCUMMIIMPYIOLIMK TEPSIET B BECE, — 3TUM ODHapyXHBaeTcsl
ero pa3pyleHUe; HO OHO MOeT ¥ OJHOBPEMEHHO C aCCUMMISANMEN, O UeM MEI
CyOHM II0 NpomyKTaM BeigeneHusi. be3 atoro mpouecca paspylueHus HEBO3-
MOJKHBI [IDOSIBJIEHUS XU3HU. JKU3HEeHHad NesTeIbHOCTE HAaX0IUTCHA, pa3yMeeT-
Csl, B U3BECTHBIX IpEIeax, B NPSIMOM OTHOUIEHNM C 3THUM IIPOLIECCOM pa3py-
nmeHusi. YeM sHEepruuHee Tpara, TEM 3HEpruuHEee JXXHU3HEHHAasl NeATEJILHOCTE.
TolmpKO COBOKYIIHOCTh IBYX IPOILIECCOB, CO3UOaHNs M pa3pylIEeHUd, XapaKTe-
pU3YET KUBOe Tejio. OpraHusM XHUBET TOJLKO IIOKa paspyIllaeTcs .
K.A. Tumupsizes

OBOMeH BellecTB cljlaraeTcsi M3 MHOXECTBa OIOHOBPEMEHHO IPOTEKAaIOLMX
peaKLuii, cpeny KOTOPHIX MOXHO BBINIENUTL NBa BaXHEHIIUX IIPOTUBOIOJIONXK-
HO HAaIpaBJIEHHEBIX MpoIllecca: aHabonnaM M KaTtaboJIMaM — CHHTE3 ¥ OECTPYK-
11Ksi. BONBIIMHCTBO MCCIENOBaHUM HalpaB/IEeHO Ha M3YYEHUE CHHTETHUECKUX
NPOIECCOB, UTO ONpenensieTcd He TOJNBKO MX OUEBHUIHOM BaXXHOCTHIO, HO U
[IOSIBJIEHMEM M COBEPIIEHCTBOBAHUEM 3D DEKTUBHEIX METONOB UCCIIENOBaHUA,
TaKUX, KaK paJloaKTUBHBIE MHIMKATODHI, XpOMAaTOrpapus, aJIieKTpodopes u
...

H3yuenue xKarabonuama ODHONOIMMEDPOB M JIMMIMIOB CONPSKEHO C ropasmuo
DONBINMMU TPY IHOCTSIMH, UEM MX CHHTEe3a. HanmpuMep, eClIy nocTaBlieHa 3a1a-
ya usyuenus MerabonuaMa onpenelieHHoro fenKa, To ero HeoGxomuMo “no-
METHTL” ¢ MOMOLIBI TOr0 WMJIM HMHOTO M30TONAa, BBeCTH DENOK B 3aIaHHBIM
KOMIIADTMEHT KJETKH U 3aTEM IPOCJIeXMBAaThL 3a O0CODEHHOCTSIMHU €ero Iipe-
BpalleHusl.

[IpoBenmenue BCEX TPEX ONEpalMi CBSI3aHO CO 3HAUMTEJIBHBIMM TPYIHOCTS-
MH. ITO r'JIaBHBEIM 00pa3oM U Ipenonpenender HEM3MEPHMO MEHBIIEe UMCIIO
nyoNuKanui, INOCBSIUIEHHBIX IpoieccaMm kKarabonuaMa OHONMOJNMMEDOB M
TUATIAIOB.

Ipyrasi npyunHa — HegoolUeHKa GYyHKIIMOHATILHOM POJIM NPOLIECCOB Jerpa-
nanuM CJIoXHBIX coenuHenuil. I[oxanyi, mume B KaUre Xouauk¥ 1 CoMeEpHI
“BuoxuMuueckas agantanusa’” [1988], roe peakiiny kKnerouroro MerabosnuaMa
IIpENCTAaBJIEHE B BHIE TpeX (QyHKUMOHANbHEIX OJIOKOB — KaraDo/m3mMma, aHa-
DonuaMa, a TaKkXe pocta M nuddepeHIUpOBKH, YTBEPIKIAETCH IOJIOXKEHHE,
yTo ’KaTabonusM CNyXHUT OIBMKYLIEH cHIoN NI QYHKIMOHUDOB AHUA HUBBIX
cucTeM”.
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MO>XHO FOBOPUTH O MHOKECTBEHHOH POJIH NPOLECCOB KaTaboH3ma.

Bo-mepBrIx, poib KoppeKTupymnmero daxropa (puc. 1). Or obecneunsaert
ycTpaHeHHe OHONOJNIMMEPOB C “HEKODPEKTHOH CTDYKTYDOH, BBI3BaHHOM
TpeM$ BO3MOXHBLIMH TIPUUMHAMM: OmMOKaMu B xome o0pa3oBaHusi 3THX COe-
nuHenu#; Oombmiell unu MeHblIed NMOTepeM MX aKTUBHOCTH B pesyJbTare
nocnenymoueit MomuduKanuuy; TaKMM H3MEHEHNEM OKDYJKalomleH CPEMB!, NpU
KOTOPOM 3TH GHOIMOJMMEDH! MM JIMIKMIL HE MOTYT B NOJIHOM MEPE BBHINOJ-

HSTh cBOM byHKuuM [[IuH, 1981].
Hyk/eMHOBBE KUCIHOTH,

denkyu, MNoJucaxapuit, JMUNKIH

F

JHK
%

PHK
" l I Puc. 1. Cxema B3auMocBaAsx Karabonuama u

OnuromMepsl —— aHabonmama, orTpaxamomas cybcrparHyn #

‘T PEryNsTOPHYH QYHKIMEK Katabonusma

-
X ——

MOHOHYKJIEOTHAN, AMUHOKUCIIOTH,

MOHO3M, aueTrar

Bo-BTOphIX, cyDOctpaTtHast ponb. llpoueccel KatabonmamMa ODECIEUHBAIOT
CHHTE3 OHOTIOIMMEPOB MOHOMEPHBIMM cyDCcTpaTaMy, a CMHTE3 JIMIIUIOB — ale-
TaTOM, YTO OCODEHHO Ba)XXHO B YCJIOBHSX HENOCTATOYHOrO HACHILEHHST KIIETOK
3THMU BEleCTBaMHU.

B-TpeThHX, 2HEpreTMueckas pone. Iipu nansHeHwen nerpanauun MoHoMep-
HEIX IDOIYKTOB M aleTaTa ¥ BOBJIEUEHMM MX B NPOLECccH nuixannsi oOpasyior-
cst AT® u HAJI(®)H, o6ecneuupalolpe nporeKanne anabolimuecknx peaKuui.

B-yeTBepTHIX, cCUrHaNbHas yHKuust. HapecTHO, uTO 0COBEHHOCTH CTPYKTY"
Dbl HYKJIEMHOBBIX KUCJIOT, G€JIKOB ¥ HEKOTOPHIX NOJIM- ¥ OJIMrocaxapnuos (B
TOM YKCJIE BXOASIIUX B COCTAB FIIMKOMPOTENHNOB M TIIMKOJININIOB) UCIIONbL3Y*
I0TCS B KJIETKaX IJIsl XpaHEeHus], [Iepeayy ¥ peanusaumuy nHopmaumm.

B mpouecce merpananuy OHONOJIUMEDPCOB NMPOMCXOIOUT NOCTENIEHHOE YMEHB-
LleHHEe 3aKJIIOUEHHOTO B 3THUX MoJeKynlax obnemMa uHbopmaimm. OpHako
TpynHO cebe NpeacTaBuTh, YTO B XOIE 3BOJIOIMK He OBIJIM MCIIOIb30BaHbl MH-
bopMalMOHHEIE CBOMCTBa (parMeHTOB MOJIEKYN GuomnonumMepos, obpa3syio-
IMXCs IIPU NeCTPYKIMOHHOM KacKane B pe3y/ibTaTe OEHCTBHUS 3HIO- M 9K30-
rugpona3. MccnegoBanusi B 3TOM HalpaBJIEHUM [MOKas3alld, YTO, BO-IIEPBBIX,
yacTUuHas Jerpajauus npenobpa3oBaHHEIX MOJIEKYI SIBJISIETCS IIMPDOKO pac-
IpOCTPaHEHHEIM cIlocoboM ¢opMuUpoBaHMST (QYHKIMOHANBHBIX MOJIEKYI

HYKJIEHHOBHIX KHMCJIOT ¥ GENKOB B peakUMsX COOTBETCTBEHHO MOCTTPAHC-
kpunuuoHHoro nponeccrHra PHK u nocTrTpaHCcndumMoHHOM MOIMOMKALMH
fenkoB. Bo-Bropeix, HakannueaeTcss Bce Doiblue MHGOpMAaLMM O TOM, YTO
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HEKOTOPHIE OJIMFOHYKJIEOTHIB!, ONUIONENTUIBI M OJIMrocaxapUibi, SIBIISIIO-
IHecsl NPOOyKTaMM KaTaboJlM3Ma COOTBETCTBYWILNX ITONMMEPOB, 00JanaioT
CBOMCTBaMH FOPMOHOB MJIM aKTHBATOPOB M MHIHOHTODOB pa3iMuHEIX Ipolec-
COB MeTaboNIM3Ma ¥ B KOHEYHOM MTOrE OKa3bIBAKT BIMSIHUE HAa POCT U MOpGhO-
eHE3 pacTeHMH. MOXHO CuMTaTh, UTO CHTHANBHBIE CBOMCTBA ONMCOMEDHBIX
IIPOMEXYTOUHBIX NTPOOYKTOB KaTabou3Ma peajiM3ynTcs NyTeM BO3nelcTBuS
Ha TPaHCKDMIIIWIO, TPAHCISILUI0O UM Ha npenoOpa3oBaHHEIe GEPMEHTHI, CBSI-
3aHHBIE C NpoleccaMy aHaboNM3Ma, a TaKXe Ha MeMOpaHHbIE CTPYKTYpH (cM.
puc. 1).

[IpuBeneHHbIE BHIE pacCyXOEHUS O CUTHANBHBIX CBOMCTBaxX OJIUrOMEp-
HBIX TNPOM3BOIHBIX OMOMOIMMEPOB (IIDO3BYYABIINE BIEDBHIE B OTHOLICHHUM
ojJimrocaxapunoB B paborax IL 3nbepcreiiMa) cipaBemJIMBLE ¥ B OTHOLIEHUH
IIDOMEXYTOUHBIX MNPONYKTOB Jerpamaiyy JHMIKHIOB, B COCTaB KOTOPHIX
BXOHSIT NONUEHOBbIE (HEHACHIIIEHHBIE) KUPHbIE KHUCJIOTH — JIMHOJIEBAasi, JINHO-
JICHOBas, a Yy HU3uX rpuboB u DaKTepui — apaXHIOHOBAA M 3MKO3aleHTae-
HOBasi, 00JIamamoliue COOTBETCTBEHHO IBYMS, TPEMs, UETHIDbBMS M IISITHIO
OBOMHBIMHM CBfI3siMH. CUrHAlIbHBEIE CBOMCTBA MOJIMEHOBBIX XMDHBIX KHCJIOT
OIpEneJIsoTCs peaKuusaMY OKCUTEeHUPOBaHUSA MOJIEKYJI II0 MECTaM IBOMHBIX
CBSI3€H M IOCNIENYWINMMY DPEaKIMsIMU, B PE3yJIbTaTe€ OCYLIECTBJIEHHS KOTO-
PEIX TOSIBJISIETCS MHOXKECTBO MPOM3BOMHBIX KHDHBIX KHCIOT. HeKoTophie u3
3THX NPOAYKTOB OKCUI€HMDOBAHUS SIBISIIOTCS (QU3UONOrMYECKH aKTUBHLIMH
BELIECTBaMHU.

Herpapauyusi MeMOpaHHBIX JUOUIOB MOJMKET NPUBOIMTE K IpaMaTHUECKHM
[TOCTIEOCTBHSAM, B CBSI3M C BJHSIHUEM Ha OU3HNKO-XHMMUUECKHE CBOHCTBA
MEMOpaH ¥ yCJIOBHUS (QYHKIHMOHHPOBaHMS KaTalM3UDYIOIINX pasHOoOpa3HbIe
poreccs! MEMOpaHHBIX DelKoB-(pepMeHTOB, TPaHCJIOKATOPHBIX CUCTEM, pe-
LIENTOPOB U T.[.

CKOpOCTE Herpajalvi ¥ OKUCIMTEILHEIX peaKluii B MeMOpPaHHBIX JIAIH-
Jax uMeeT DOJBIIoE 3HAUEHUE IJISl PEryJIITOPDHOM M MHQODMAIMOHHON pOIH
MeMOpaH B KJIeToyHOM MeTabosnusMme [Bypnakosa, Xoxnos, 1985].

Hexoropkle ¥3 NPOMEXYTOUHEIX NPOOYKTOB MeTaboNu3Ma GHONOIMMEDOB
Y JIMIIAOOB B XOM€ 3BONIOLAY XUBOTHEIX M PACTUTEJILHBIX OPraHU3MORB CTallu
BBINOJIHATE QYHKUMHM TOPDMOHOB — (M3MOJIOTMUYECKN AaKTHUBHBIX BEIIECTB,
BbipaDaTEIBa€MEBIX B OIHUX OpraHax, TPAaHCIIOPTUPYEMEIX B APYTHE B U3MEHS-
IOIIMX B HAX MHTEHCUBHOCTh ¥ HAIPaABIEHHOCTh METabonMiaMa ¥ B KOHEUHOM
MTOre BIMSIOIIMX Ha peajusallio IIpOrpaMM pocTa, MOp(QoreHesa, ycroiuu-
BOCTH M JIp.

[IDHHIMNIMANEHOE OTJIMYME 3TMX CHCTEM Y DACTHUTENBHBIX M XKUBOTHHIX
OpraHM3MoOB B TOM, 4YTO Y HIEDPBLIX OTCYTCTBYIOT IIOJIMNECIITHOHBIEC UK OJINICO-
IIEeNTHIOHEIE TOPMOHBI, @ B DOJIM TOPMOHOB CTAaJI¥ BHICTYIIATh MEHEE CIIOXKHBIE
BEINECTBA, oOpasymwmuecst, HallpuMep, Npu MOIMGUKAIUHA MOHOMEDHBIX IIpO-
OyKToB KarabonuaMa OenkoB (TpunropaH -+ ayKCHH, METHMOHMH - STHIIEH),
HYKJIEMHOBBIX KUCJIOT (MYpHMHOBBEIE HYKIEOTUIBI -~ HUTOKMHHHEEI) [[loneBoi,
1985, 1986] nnu nunupos (KMpHEIE KUCIIOTHL - XaCMOHAT).

bonbuuneTBO XK€ QU3HONOrMYECKH aKTHMBHBIX OJIMTOMEDHHIX NPOAYKTOB
KaTabonusMa OHONONMMEDOB M OKCHI'€HHPOBaHHLIX NPOM3BOOHBLIX MOJIMEHO-
BbIX XHDHBIX KMCJIOT BBINOJIHSIET pOJIb HE TOPMOHOB, a8 BHYTPHKICTOYHLIX
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3HOOTEHHBIX PETYJIATOPOB, HE TPAHCIODTUDPYEMBIX B IpYTUE OpraHbl M TKa-
uy, OHM MOTYT UrpaTh POJIb MUKDPOBHMHTA B KOPPEKTHPOBaHUM MeTabosHuec-
KHX TPOLIECCOB, B TO BpeMs KaK rpy0asi HacTpOWKa OCYLIECTBISIETCHA (GHUTO~
rOpMOHaMU.

Ellle OOyH MpUMED MCIIOJIB30BaHMSA NPONYKTOB Herpananuu OHOIIOIIMMEDOB
U JIUNUOOB, BEIpabOTaBIINICA B X0O€ 3BOJIOLIMHU, — 3T0 INOABJIEHHE CUCTEMBI
BTOPUUHEIX MecCceHmKepoB (MHoauTonTpudocdaroB, qUalMITIIMLIEPONIOB, LIH-
KJIMUECKUX HYKIIEOTHUIOB), GYHKIMOHMPOBAHME KOTOPHIX NOKAa3aHO B pacTe-
HUAX B 00pa30oBaHHME KOTOPBIX €CTh PEe3yJIbTaT B3aUMONEHCTBHSA DELENTODOB
nia3MaleMMBl ¢ TODMOHAMM M THIpOJiM3a MeMOpaHHBIX Gochonunumos (B
cnyuae Ca**-(hochoNHO3NTONBHOM CHCTEMEI), a TaKXKe NpeobpasoBaHUS CBO-
GOmHBIX HYKJIEOTHHOB (CMHTE3 IMKIIMUECKMX Hykneorupos). OHM, B CBOK
ouepenb, BHI3BIBAIT (ochopulupoBaHne DenkoB. MMeeTcss MHEHHE, UYTO B
pe3ynbTare hochonnupoBanusi D€IKOB NIPOTEMHKHHAa3aMU, aKTHBHPOBAHHBIMHU
BTOPHUHBIMHU NOCPEIHUKAMU, IIOBHIIAETCH B 1J€JIOM aKTHMBHOCTh (EPMEHTOB
katabonuuecKnx peakuuit, hochopunupoBaHmne xe dpepMeHTOB aHaboluuec-
KUX peaKiuii moaaBiisieT ux akTUBHOCTS [Ingebritsen, Cohen, 1983].

Oco0eHHO cUllbHAsT aKTHBauuda KatabosmsMa HablwpaeTcss NpH HauMHAaw-
memMcst crpecce. MaBecTHO, UTO OTBETHAsl peaklusl PacTeHMH Ha HmencTBue
3KOJIOro-KiauMaTnueckux (pusnuueckux) ¥ aHTpONOreHHbIX (TIpeuMylecTBEH-
HO XUMMUECKHX), a TakXe OHOTeHHBIX CTPECCODOB BKIHUAET HECKOJIBKO
craguii: 1) TpeBory, 2) aganTanuy, 3) HCTOMEHUS.

OnHO¥M U3 riaBHBIX YEPT MEPBOH CTagMM U SIBISETCS DE3KOE YCUJIEHHE
nponecoB Karaboiu3Ma JIUIMUIORB ¥ OMOTIOIIMMEDOB.

Ilerecoofpa3HOCTh YCHIJIEHMsSI KaTtaboyim3Ma olnpeneisiercs HeoOxonmu-
MOCTBI0 TTOBBIIIEHUS KOHIIEHTpaU¥Ki MOHOMEPHEIX CyDCTpaToB M auerara jjis
CHHTE3a HOBBIX OMOIIONMMEDOB M JHIIMIOB, KOTOpble B OoJibiliedl CTENEHH
COOTBETCTBYIOT YCIIOBHUSIM CTPECCA, a TaKXe HeoOXOmMMOCThI0 IMOmNepKaHNsA
IIDY 3TOM 3HEPreTHKH KIIETOK 34 CYET CropaHMs NpOIYKTOB Karabonu3Ma B
TIpollecce IbIxaHwsi, BeICTpoe . moBbIieHNE KOHUEHTpaluy cybcTpaToB 1OJisi CHH-
TE30B U obeclieucHre X MaKpO3pruueCKuMM COeOUHEHMSIMM M BOCCTaHOBH-
TENEM CO3Ial0T YCNIOBHS IJisl 3aMEelleHUs OOHMX pacnapmamoiuxcsa ¢opM bHo-
MOJIMMEPOB U JIMIIHO0B JIPYTUMH.

Eme onun acnekt KarabonusaMa — BKIIIOUEHUE CUTHAJla TDEBOTH — HMHTEH-
cHBHOE 00pa30BaHuUE OJMUIOMEPHBIX (GHU3UOJIOTMUYECKH aKTHMBHBIX NPONYyKTOR'
KaraOoluaMa TOJIMMEDHBEIX MOJIEKYJI M OKCHIEHHDOBAHHBIX INPOM3BOJIHBIX
JIMIIUIIOB, B TOM UMciie TeX (UTOrOPMOHOB, KOTOpHIE SABISAIOTCA NPOIYKTaMU
KarabonuamMa.

TH CUCHAIBI TPEBOTH IIPUBOIAT B IEHCTBHE CIOXKHYIO CUCTEMY HacTpou-
KH KJIETOK ¥ OpraHH3Ma B ILIEJIOM Ha 3KCTpDEMAalBHBIE YCJIOBUS CyllecTBOBa-
Husti. OoHUM K3 KOMIIOHEHTOB 3TOM CHCTEMBI HACTPOMKM SIBJISIETCS YCUJIEHKE
cuHTE3a cnenubuueckux (LIOKOBLIX) COeqUHEHMH, CIOCOBCTRYI0MMX NOBBIIIE-
HUI0 YCTOMYMBOCTH KIJIETOK. B ciiyuae neHcTBUSI NMaTOreéHOB MOXET Halo-
IaThCs, HA0OOPOT, CUNBLHOE MOBHILIEHUE UYBCTBHUTEILHOCTH KJIETOK BOKDYT
MeCTa BHEIDEHHUS TaToreHa ¥ ux rudess, HO 3TO NOoBbIllaeT YCTOMYUBOCTE Op-
raHMaMa, Tak KaK CO3IaeT NPENsaTCTBUSA IJIS JallbHeHIIero pacrnpocrpaHeHus
UHOEKLNH,
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Ycunenue nerpajanudy NUNUOOB W OMONOJMMEDOB — 3T0 JIMIIE OIOHA M3
MHOTMX HecneuuuuecKux OTBETHHIX peaKluH, OTpaXkawliux CIPYKTYpHO-
(G YHKUMOHANBHYI IIEDECTPOMKY paCcTHUTENILHOrO OpraHM3Ma, MONaBIIET0 B
3KCTPEMAJIBHBIE YCIIOBUS.

BrnonHe ecrecTBeHHO, uTO OOHApyXuBalTCA ¥ CchOelubHuecKHe YepTHI
OTBETa, 3aBUCHINME OT BUaa crpeccopa (B ocofeHnocTr oT GUOreHHoro, oT na-
TOT€Ha), HO 110 MEpe YCHJIEHMS MEpH! ero neficTBUs Ha MEpPBLIM NIaH BO BCE
Oonpmiel CTENEHHM HAUWHAKIOT BBHICTYNATh HecneuupuuecKHe U3MEHEHUS.
Haunbonemee BuumMmanue uMm Opuio yuneneno H.C. BBenmeHcKMM B yueHHHM O
napabuose, 1.C. HaconoBriM 1 B.51. AnekcaHOpoBEIM B YUEHMM O NapaHeKpo-
se, B.4. AnexcaHgpoBhIM B HCCIEHOBaHUSIX MOJIEKYJISIDHBIX OCHOB CTpecca
[1985], T'. Cense [1972] = o crpecce y xuBOTHBIX, JleBuTTOM [Levitt, 1972] B
MCCIIeIOBaHUsIX, IOCBSIIEHHEBIX CTPECCY YV PACTEHHUH,

K uncny Haubornee 3HAUMTEJIBHBIX HECMEIMPHUUECKUX U3MEHEHHUM MOXHO
OTHECTH CIIEOYIOIIUE.

1. ®a3HOCTE B pa3BePTHIBAHUN BO BpEMEHH OTBETA Ha JEeHCTBHE CTpeccopa.

2. Ycunenue KarabonusMa NUIIMOOB ¥ OMONONUMEDOB.

3. 3MeHeHue NpoHKIiaeMoOCTH MeEMOpaH KIIETOK 11JISi UOHOB.

4. lloBbllIEHYE B LIUTOIIA3ME COIEPKAHUSI MOHOB KalbIHsl,

5. IlogKucneHyue UTOoNIa3MEHl.

6. CHrmxxeHue obuleil HHTEHCMBHOCTH CHMHTE3a DMOIIONTMMEDOB U JIMIIUIOB.

7. Cunres ctpeccoBbix (IIOKOBBIX) GENIKOB.

8. UuTeHcuduKanuga cMHTE3a KOMIIOHEHTOB KJIETOUHEIX CTEHOK — JIMTHUHA,
cybepuHa, KyTHHa, KaJJlo3bl, DOraToro oKCHIIpOJIHUHOM DeJlKa.

9. Hakonnenue npojuHa. ABTop OBIJI OOHUMM M3 TIEPBLIX MCCJIEIOBATENIEH,
obpaTHUBLINX BHUMaHUE Ha CUJIBHOE HAKOIJIEHHUE IIPOJINHA B TKaHSX paCTEHMH
IIIIEHUIIB] 1IO]T BIMSIHUEM 3aCYyXH, U CBSI3aHO 3TO C €I0 CBOMCTBaMM OCMOpEry-
naropa [TapueBckuii, 1958, 1964]. Buosoruueckoi poJjid NpPoNKUHA TIOCBAIICHA
pabota E.A. Bputukona [1975].

10. HakomnneHnye OpraHNuecKux [0JIMaMUHOB.

11. IloBriieHye conepkanus abclM30BON U ’KaCMOHOBOM KUCIIOT.

12. IlpopyKuus sTuieHa.

13. Topmoxenue $oTOCHHTE3A.

14. Ycunenue OpIXaHus.

15. Tlepepacnpenenenue yrinepopa u3 COj, yCBOEGHHOrO B npoliecce GoTo-
CHHTE3a, CpeOH pa3IMuHBEIX COEOUHEHHH — YMEHBIIICHNE BKIIUYEHNT METKH B
BEICOKOMNOJIMMEpHBIE coeruHenns (Denku, KpaxMall) U caXapo3y M YCHIIEHHE
(game oTHOCHTENBHE - B MPOIEHTaX OT YCBOEHHOrO yrJI€pona) — B allaHuH,
Marar, acraprar. IloJloxxeHre 0 HeclnenudHuuyecKuX U3MEHEHUIX B YIIIEPOIHOM
MeTaboliu3Me, BhI3BaHHBIX NENCTBHEM pa3/IMuHBIX CTPECCOPOB, M O HEmocpen-
CTBEHHBIX NPHUYMHAX 3THX HM3MEHEHHH ObIJI0 BIEPBHIE BHIIBHHYTO aBTOPOM
Gonee ueTBepTH BeKa ToMy Hasaxn [Tapuesckuii, 1964].

16. IloBrnueHUe comepKanus CBODOOHEIX paaUKaJIoB.

17. Obpa3oBaHuie B OTBET Ha neiictBue 6uocTpeccopos (bakTepwii, rpubos,
BUDYCOB, HACEKOMEIX) 3MIMCHTOPOB U hHUTOaNEKCHMHOB GEHUMPOTIaHOMIHOM 1
TEPHNEHOUOHON NPUPOIbI, pa3HOODpa3HHX NaTOr€HUHOYIKPOBaHHEX DOENKOB,
XUTHHA3, B-1, 3-rMoKaHa3, MHTMGUTOPOB MPOTEUHA 3.



3HaMEHATENBHO, UTO B 0630pHO# crathe HelimanHa u coasr. [Neumann et
al., 1989], oBGcTOSITENLCTBO aHANM3UPYIOIMX OONBIIMHCTBO M3 YKa3aHHBIX
BhIllIE HECTIELMGHUUECKMX OTBETOB Ha NEHCTBHME 3KCTPEMAJIBHBIX $aKTOpOB,
MOYTH HE yIeNnsieTcsl BHUMaHUS KatabonuaMy Kak OOHOMY M3 TJIaBHEIX 3JI€-
MEHTOB HaUHHaIIIErocs crpecca.

HebnaronpusiTHEIE YCJIOBHMSA CYLIECTBOBaHUS — KIIMMaTUYECKHE, aHTpOIOo-
reHHble, OMOTHUEeCKHEe — MEeMCTBYIOT Ha OOMEH BElUeCTB U YJIbpacTpYKTYDY
KJETOK B TOM XK€ HamnpaBJIEHHM, UTO U cTapeHue. bonee Toro, OHU yCKOPSIIOT
ero. MoXHO CuMTaTh, UTO ONMCAHUA ocobeHHOoCcTeH rpoueccoB OpICTPOro crape-
HUS Y TaKuX ODBIUHO MCIOJIL3YEMBIX IJISI 3TOr0 00BLEKTOB, KaK JIEIECTKH
1IBETOB, B 3HAUMTEJILHOM CTEIMEHU OTHOCHTCH M K pPacTeHHsM, ITOOBEpPruInMCH
neificTBMI0 HEDIAronpusiTHRIX (aKTOpOB. JTO B IEPBYX OuE€pensk Kacaercs
OTCEUEHHBIX JIENECTKORB, YaCTO MCIOJNb3yEMBIX B KauyeCTBE MOJENM OJis H3y-
ueHNsl crapenus. Jleno B ToM, YTO OTAEJIEHHE KakKoro-nubo opraHa HIH
BEIUJICHEHHE TKaHM pacTeHMs caMo 1o cebe BHI3BIBAET ¥ HUX COCTOSIHME CTpec:
ca. ITO NPONEMOHCTPHUPOBAHO HA OTHEJNIEHHBIX JIUCTBSAX ¥ OCODEHHO ITOJIHO =
Ha OTCEeUEHHBIX KOpelIKaxX IPOPOCTKOB.

Hanpumep, B pabore JI.X. Fopmona [1992] nokasano, uto ¢a3sl crpecca
(peakius TpeBOrM ¥ peaklus amanTalKy) PEaJU3yoTCs B Mpolecce apanTus-
HOTr'O CTapEHHS OTCEUeHHBIX KopHe#l. OTceueHHE KOpPHA OT IPOPOCTKA BHI3BI-
BaeT B HauajbHbI nepuox (1—2 u mocne oTCeueHMsl) psn U3MEHEHUH B MeTa-
fonusMe, KOTOphIe MOXHO OTHECTH K peaKIMM TPEBOrM MM IIpenalanTalum.
3T0 — najgeHue MeMOpaHHOIrO MOTEHLMala, YCUIIEHHE reHepalMuH aKTHBHBIX
bopM KuCTIOpona, NMOBBIIIEHNE BHIXONA U3 KJIETOK MOHOB Kayus (BEpOsiTHO,
110 KanueBsIM KaHallaM), YBEeJIMUeHUE CoJiepXaHus CBODOOHEBIX XHUPHBIX KHUC-
JIOT, TMIOBHIIIEHHE CTENEHN HEHACHIIIEHHOCTH XUPHOKHUCIIOTHRIX OCTaTKOB MEM-
OpaHHBIX GOCHONUNUIOB, aKTUBALIMA MUTOXOHIPHAJIEHOTO ObIXaHHUS.

Bce 3Th M3MeHEHHsI pacCMaTpPHUBATCS KaK OCHOBA IMOCIEIYIOMMX BOCCTa-
HOBHTENBHEIX MPOLECCOB, KOTOPHIE MOXKHO OTHECTH K CTauMM amanTtanuu. Bo
BPEMS CTaMM afJanTalyy [IPOMCXOOAT BOCCTaHOBIIEHNE MEMOpPAaHHOTO MOTEH-
muana, CHWXEHME TreHepalMM aKTHBHEIX GOpM KHMCNOpOma, NOrJIOIIEHHE
MOHOB Kanusi (BO3MOXHO, BCIENCTBME aKTUBALMM IPOTOHHEIX HACOCOB).
OnHOBPEMEHHO IOBBIIIAETCS CTENEHb HACBHIEHHOCTH JKHMPHOKMCIIOTHBIX
OCTATKOB MEMOpaHHBIX (OCHONUNUOOB, UTO SIBJISIETCS OCHOBOM CHMIKEHMSI
CTENeHH NpoBoaMMOCTH MeMOpan mist monos [Copuon, 1992].

CrapeHue OopraHM3MoOB IPUBOIUT K IOCTENEHHOMY YMEHBLICHHI0 BEIN4u-
HBEl OTHOWIEHHsT aHabonmam/KartabonmmaMm. B pa3nuuHbix OpraHax pacTEHMH
CTEIEHb YCUIeHusa KaTabosimama ¢ yBelmueHHeM obLero Bo3pacra opranusma

MOXET OTJIMUaThCs B 3aBMCHMMOCTH OT CODCTBEHHOro BO3pacTa, HallpuMep, V.

MEeTaMepHBIX OpraHoB (nucTheB). YcuneHue KarabosiuaMa CTaphiX JHMCTHEB
criocoBeTBYeT “nepekauke”  06pa3yomuxcss MOHOMEPOB (M NPOOYKTOB MX
npeBpalleHus B JIEFTKO TpaHCNOpTHpYyeMsle GOpPMEI) ¥ PEYTHIIM3alMM OpraHy-
yeCcKHX coenuHeHni B DoJiee MOJIOOBIX MIIK PENPONYKTUBHEIX OpraHax.

Cpenu HecmeUMGUUECKMX YIBTPACTPYKTYPHBIX M3MEHEHMH, BBI3BaHHLIX
CTPECCOM M CTapEHMEM, MOXHO OTMETUTH M3MEHEHMEe TOHKOMl IDaHyJIsipHOU
CTPYKTYDHl sipa, VMEHBIIEHNE 4YHCJia TOJIMCOM M OMKTHOCOM, HaDyxaHue

MMHTOXOHIDHH ¥ XJIOPOIIACTOB, YMEHbBIIEHNE B XJIOPOILJIACTaX yKcClla THUIIaKO-
MIOB, TIEpECTPOKY nuTockenera [Neumann et al., 1989].

B uayueHMM NpOLIECCOB Ierpafaluy y pacTeHHH BaXXHYI0 POJIb HIDaeT
BEIDOp 00BEKTa MccnemoBaHuil. Hanpumep, cuiibHasi MHTEHCU(UKALIMST KaTa-
fonuamMa OHONOMMEDOB ¥ MUNKNOOB HalbnonaeTcs ¥ NpopacralliX CEeMsiH; B
OpraHax pacTeHMii ¢ OBICTPEIM TEMIIOM CTapeHusi (HanpuMep, y JIENECTKOB He-
KOTODbIX BHUIOB DAaCTEHHN); y 3aTEMHEHHbIX JIMCTBEB; B YUaCTKaX KODHEH,
3aKaHYMBAWIIKX pocT pacTsxenueM [Hsanos, 1987, 1989); B Tkausax u Knert-
KaX, paspylanliuxcs B pe3yJIbTaTé MEXaHHUECKOro NOBPEXIEHNUsI, II0IBED-
rapomuxcs neiicreuio 0aKTepuil, rpr00B, BUPYCOB, 3KOJIOTO-KJIMMATHYECKHUX
WM aHTPOIIOTEHHBIX CTpeccopoB. Bo MHOrux ciyuasix MCHOJIB3YITCS M30J1H-
POBaHHEBIE TIPOTOMJIACTE, KYJNBTYPHl KIETOK MM KaJUTYCHBIX TKaHE# pacre-
HUH.

AHanu3 coOBITHI, COBEPIIAINIUXCS B KJIETKaX C MOMEHTa Hauala JewcT-
BUSI TOTO MJIM MHOr'O CTPECCOpA, 3aCTaBiisieT CUMTaTh, YTO MMEETCsI HeDoNbIloe
ypcsio Hambonee nabunpHbBIX (YYBCTBUTEJNBHBIX) KOMIIOHEHTOB KJIIETOYHBIX
CTDYKTYD W 3BEHBREB MeTabojM3Ma, KOTOpEIE BHIIOJIHSKT pOJIb MYyCKOBOrO
MEXaHNM3Ma, BHISLIBAWOIIETO Iochemyomue rinodanbHbe HapylIEeHUSA, IPOSIB-
NSII0UMECS B BUIE Hecnenu(puUeCKUX M3MEHEHHN B OOMEHE BEIlEeCTB.

Ilo Bcei BEpOATHOCTH, QYHKIINIO CIYCKOBOro KPIOUKa, Ha KOTOPBIX ~ HAXH-
MaiT” pa3HooOpa3HbIe CTPECCODH! ¥ KOTODHIA IPUBOIUT B NEHCTBUE CIIOXKHBIM
MEXaHHM3M OTBETa, B OONBIIMHCTBE Cly4yacB BHIIIONHAKT MeEMOpaHHBIE CHCTE-
MBI.

Tlo NleButTy [Levitt, 1972], MemOpaHnsl — 3T0 “aXMIJIECOBa NSTa” KIETOK, B
IEPBYI0 Ouepenh MOBPEXIAIasics NOoI BIUSHMEM 3KCTPEMAaJIbHBIX (aKTo-
pos. CoBeplueHHO OUEBHIIHO, UTO BO MHOTMX CIIyuasiX, HaNnpuMmep, npyu nime-
HEHUY TEMIIepaTyphbl, POJIb CEHCOPHOro KOMIIOHEHTa MeMOpaH MIDaiT JIMIIH-
obl, OT COCTaBa M COOTHOIIEHMSI KOTODBIX 3aBHCHUT CTEIIEHb BA3KOCTH MEM-
6paH, onpenensnias CTpyKTypy ¥ QyHKIHH MeMOpaHHBIX DENKOB.

UaMeHeHne cocTogHus MeMOpaH IIPpUMBOIUT K BKJIIOUEHUI0 NTpo1ecca nerpa-
Januy JIMIKAOOB, OT KOTOPOrO 3aBHCHUT peajiu3anys IporpaMMel (OpMHpOBa-
HUSI CTpecca PaCTUTEJILHEIX KIIETOK.

2. H.A. TapueBcKui



NETPATAIIVY JIMNENOB

K nunmpaM OTHOCATCH DACTBODMMBIE B HEMOJSIPHBEIX DACTBOPHTEISIX
BENIECTBA: HEWTpalibHEE JIMNUAsl (TpHALMNCIMIEpHE!), TONSDHEIS MK
(boctharuounrmuuepuns, cyibdonunupei, CcBOGOMHEIE XHDHBIE KHCIOTH),
ONUI'ONpPEBUNBHLIE TPOM3BOIHEIE, CAMOCTOSITENLHEIC HIIY BXOHASIINE B COCTan
NPYIMX COSNMHEHWH, HanpuMeD, XJIopodunna, NIaCTOXMHOHA, yOMXMHOHE U
T.J. C ONUIONDEHKNEHEIMI NPOKUZBOIHLIMII TCHETHUSCKY CBA3AaHb CTCDHHEI,
EMeloIMe KEecTKYIo (KaK Npasmno, TETPalHKINUSCKY0) CTPYKTYDY.-

Tunune aAsiioTess o0A3aTeNMbHEIME KOMIIOHEHTaME MEMDpat, ¥ B CBH3H C
3THM OT KH3MEHEHNY COIep/KaHMs ¥ COOTHOMICHNS PasiMUHbIX TUMAIOB 3aBH
CAT IpoTeKanue MeMOpaHOCBA3IAHHHEIX NMPOLECCOB, TaKHX, HalpUMEp, Kai
doTOCHHTES, NbIXaH#e, TPaHCHOPTHHE NPOLIESCCH!, CHHTE3 NONMCaXapHIOB B
njagsMaleMMe M 1.1

OT coOTHOIEHKA HACHIICHHBIX M HEHACHIIEHHBIX XHUDHBIX KUCHOT B MEM-
OpaHaX 3aBUCUT CIENEHb MX “IKECTKOCTM , YEM ONDENENsACTCH HE TOJNBKC
paboTa JIOKANN30BAHHEIX B HEX (epMeHTOB [Bypnaxosa u ap., 1982] u penen-
TOPOB, HO ¥ YCTOMYMBOCTE KJIETOK K NeHCTBUI0 HEONMaronpusiTHEIX QaKTopos.
BLICTpOE M3MEHEHHE COCTaBa JMNUAOE MeMmOpaH NPy M3aMEHEHHH YCHOBHI
OCYLIECTBIAETCS 38 CUeT pacnana OfHUX JINNKNOB MU 3aMEHICHMA MX ApYyTruMi
B NpOLeccax CUHTES4.

OcoBasi poJts MOJIEKYJI JIMNKAOB B NOCTPOEHNH ¥ QYHKIHOHHDOBAHUN MEM-
OpaHbl ONpPEHENAeTcs TEM, UTO B KaXIok M3 HHX MMENTCs ruppodobHas »
ruppodunsuas obnactu. CreneHs rumpopobHOCTY ¥ FEUOPOPUILHOCTH 3THX
ofnacrei onpenensercs MONEKYIAPHBIMY BUOaMU JIMNKUIOB.

B ¢ochornuuepynax, HanpUMEp, OCTATKH CIIMLIEPMHA CO CIOKHOIPHUDHBIMY
cBsiasiMu, oprodochaTa, a TaKKe CIMKO3MIBHBIE umM mHOW ocrarox (X}
obpallleHs K BOIHOM (a3e WM NOTPYKEHHl B HEE M I'MOpaTHpOBaHbl, B T0

BpEMsI KaK OCTAaTKY XUDHBIX KHUCHOT YXOUSAT B rny0db JANUOHOKW Qaski MEM-

Opansl. Mamenenue CTENEHH ruapodMIBHOCTH WM THIpopobHOCTH B
peaynibTaTe GEepMEHTATHBHOR MK XUMUUECKoR MognduKanun dochomununa
npuBeneT He TONbKO K M3MEHEHMI0 MECTOTIONOXKEHUs (OpMEHTALMH) MOJIEKY-
ns1 B MeMOpaHe, HO B COOTBETCTBUM C NPUHIUIIOM KOONEPAaTHBHOCTH B TOR
UK MHOM CTEICHY 3aTPOHET KoHnbopManuio (M pynxKuuu) MeMOpaHs! B LIETOM
MM JOCTATOYHO Gompmux (Mo MoJeKynsapHbLM Mamrabam) ee yuacTkos. Tax
xe, KaK DOTbMMHCTBO GHONOIMMEDOB, JIMITUIE! MEMOpaH NOCTOSHHO ODHOBNA-
I0TCS, T.€. OMHOBPEMEHHO C CHHTE30M NPOUCXOIUT MX pacnan. B 3aBuCHMOCTY
OT COOTHOLIEHHS CKODOCTEH 3THMX NPOLECCOB Y MHIAMBHIYAJLHBIX NHIKIOE
NDOMCXOIUT USMEHEHHE WY COOTHOWEHNS, 2 3HAUNT, ¥ CBOMCTB MeMOpar:.
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Puc. 3. OGpasoBanye B DE3SyIsTATE CKCUTSHHDOBAHKS DASJIMMHEIX DAOWKAJIOB, oTlpenens-
0K MHOroobpasue NPOKYKICE [PEBPALIEHNUA TONHEHOBEIX HUDIEX KHCHOT

CraprossiM COORITHEM, C KOTODOro HauMHaAETICs Jerpajanysi JMNUIOB,
aRasioTes GepMEeHTATHBHEIE DeaKlyuy TUOPONM3a CIOXHOIGMDHBIX CBs3EH.
g Ba¢ HanCONLIIMKA MHTEPEC @3 YEThipEX (PEDMEHTOB, OCYIIECTBISIOLIAX
CYINpOTIS TIOKA3aHHOT) Ha DHC. 2 MEMDOpaHAOIO GOCONMIINGE, IPENCTaBiseT
pochonunasa Ay (®J1Ag), TaK Kak oDsuHO NPU BTOPOM YTIEPOQHOM aroMe
DACMONEranTcsl HEHACKINEHHEIE AMPHBIE KUCIOTH, & EpBHUHAS CIMpTOBas
(pYTa 3TEDNHKUIUDYETCH HACHILIEHHBIMYA KUDHBIMU KHCIIOTAMM. (aChilleH"
4BIE JKWPHBIE KHCHOTHEI II0CHE BiauMopercrBus ¢ HS-KoOA u oODpasoBanus
agni-KoA #cnone3viorcs riapHeiM 00pasoM niisi OCymecTBIACHHSA [ -OKuCHe-
451, B XOHIE KOTOPOro ocBODOKIAIOTCS MONEKYNSsl aueTui-KoA, MCNONbL3ye-
MEIE MJIM B ObIX4TEIBEHOM MeTabonu3Me B MUTOXOHIODHUSX, WM IJIS OCyLIecT-
BITSHEST CUHTE3a HOBAIX XHDHBIX KHUCIOT, HEKOTODBIX aMUHOKHCIIOT, OJIMrO- H
T0IUNpPEHONHEOB (uepea MeBanoHar) ¥ ap.

CcepobomuBuinecs HEHACHILUESHHBIE XKHDHBIE KMCIIOTH IIPEACTABJIAIT Onac
HOCTB IUIS KJIETKH KaK pasobumreny, NpUueM TeM OOMbIIYN, yeM Jonbiie B
YMX NBOMHBIX cBsizei., OmHaKo HAKOMIEHNS CBODOIHEIX KUDHBIX KHCJIOT HE
IDOMCXODMT BeliemcTBue Mx OnicTpo MeTabonmaanum, HaumHawme#Hca c

=AKHAY OXCUTSHHPOBAFVS N0 MECTaM NBOMHEIX CBS3el i1 "pomoiixanieics
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