MaTtepuanusauus

3NUreHeTUKM,

nin
HeOonbLUe U3MeHeHUs

c OonbWwMMU nocneacTesMsMv IS

XX BEK NpuHec HaMm MHOXECTBO rpPaHAnN03HbIX COOLITUY B eCTecTBO-
3HaHun, Cpeaun KOTOpPbIX HE NOCEAHEE MECTO 3aHUMAET OTKPbLITHE
ABoviHou cnvpann JHK. B npoLwunom rogy vcrosiHnaocs poBHO 50
JIET € TOV nopekl, koraa YoTcoH n Kpuk (puc. 1) npennoxunan mupy
cTpykTypy AHK B Bune Heobbi4HOW TOrAaa ABOViIHOM crimpanun. Uc-
KJIIOYNTENIbHOE 3HAYeHMe 3TOro COObITUS MNPexae BCero B TOM,
4TO OHUW 3TOM CTPYKTYPOV OO6bSICHWIN MUPY, KaK MPOUCXOANT rne-
penava HacenCTBEeHHbIX CBOKCTB. Ha fese peann3osascs rnpuvH-
Uunn KOMIAeMeHTapHOCTU (MaTpuL), NPeasoXeHHbIV BblAaoLwLmm-
csa pycckum ectectBoucnbiTatenem H.K.KonbLoBbim. Tenepb kax-
AOMY LUKOJIbHUKY M3BECTHO, 4T0 B [JHK cywecTByoT ABe «cnaj-
Kne napo4kun» OCHOBaHWV af€HUH-TUMUH (AT) u ryaHnH-uUnTo3nH
(ry) (puc. 2): A B ogHovi yenu [JHK cootsetrctByeT T B ApPYyro#,
aHanoru4HeIM ob6pa3om Benet cebsi v apyras napa Y.

Ha npumepe AHK npuHUmMn KOMMaeMeHTapHOCTU MposiBASIETCS] B

R o/

OTBEeTbl M BONPOCHI ﬂ

OTkpblTeM aBonHoi cnupann OHK Ha-
Yyanocb No6ef0HOCHOE U OLIENOMUTESb-
HOEe LeCTBME Hayku, 3aTpOHyBLUEe BCe
CTOPOHbI Halen Xu3Hu. A He Bepychb
npenckasbiBaTh, Kak Aanblle pa3BepHyT-
cs cobbITUS B ecTecTBO3HaHUN. beccnop-
HO OLHO: OHW 6yayT pa3BopavYMBaTbLCS
ropasgo ObiCcTpee U MHTEHCUBHeEE, Y4eMm
[0 cux nop. Yxe BO BECb rONOC 33BN
0 cebe uenble HoBble 06M1aCTN 3HAHUSA:
reHocucTemMarumka, reHoMmka, MpPoTeoMu-
Ka, BuounHxXeHepus, BuonHdpopmaTmnka,
anureHeTunka u gpyrve. 1 B 3ToM NoBuWH-
Ha AHK. Tak yX cny4nnocb, 4TO y BCex
OpraHn3moB HacneacTBeHHas nHdopma-
LMsa 3anmMcaHa MMEHHO B 3TOI MOekyne.
(BmpycChbl, y KOTOPbIX 3Ty POSib MOFYT Bbl-
nonHate PHK, — He opraHuamebl.) HukTO
He 0O6bACHUT Ham, NOYeMy NpMpoaa B Ka-
4yeCTBE HaCnNenCTBEHHOro maTtepuana
Bbibpana AHK, a He noxoxyto Ha Hee PHK.
MoxeT ObITb, 3TO CBS3AHO C TEM, YTO Ca-
xapo-pocohaTtHbln KOCTSK Yy monekybl JHK
6onee yctoiume, Yyem y PHK, — ycToi-
YMBOCTb BaxKHa A5l COXPaHeHUs Hacnea-
CTBEHHOCTW.

Kak 6bl TO HY 6bl10, IHK — 04eHb 3Ha-

LokTop 61ONorMyeckmx Hayk
Bb.®d.BaHioWWH

TOM, 4TO of4Ha nosoBuHKa (uerno4ka) AHK cTpykTypHO [OMOIHAET
apyryto. [1oaTomy pepMeHThI N0 Kax4ou U3 OTAE/IbHbIX M0JI0BUHOK
(MaTpuLy) MOryT AOCTPOUTL HEAOCTAIOLLYIO [TOJIOBUHKY; Takum obpa-
30M, B K/IETKE U3 OAHOW ABYTSxXeBov monekynsi [JHK Bo3HukaoT
ZBe AoYepHue, Kak ABe Kariv BOoAbl MOXOXNE Ha MaTepuHCKYyo. Ha-
KOHeL|-TO 06pes1 0csi3aeMble HepThl [N1aBHbIV MPUHLUNIMT FreHEeTUKN —
HacnencTBeHHOCTb. [lpy 3TOM mMaTtepuaan3oBanack Mo-HOBOMY U
cama reHetvika, rnosiBuIMChb MOJIEKYJISIPDHAs FreHeTuka n MoeKkyasp-
Hasi 6uonorus.

OTKpbLITUE ABOVHOM Crivpaau CTanao TOPXECTBOM eANHCTBA Ha-
YK, OHO rpoun3oLusno 6aarogaps 06beANHEHHbIM YCUINSM U 3Ha-
HUsSM OUOI0roB, U3NKOB, XUMWUKOB, MaremaTukoB. [loucTuHe,
Mexu Hayku — camble r040poaHbIe, U, BOSMOXHO, B 3TOM ca-
MbIU r1aBHbIVE YPOK, KOTOPBLIK npernojasa Ham ABOKMHAasi Crvnparsb:
3HaHUs1 y4lie 00beanHsITb, a He Ae/UTb.

ynmas buonoruyeckas cybcrtaHums. bna-
rogaps pacwudpoBke ee CTPYKTYpbl
packpbiTa NpUpoaa reHeTU4eckoro Koga
n MyT3LI,VII7I, NMOHATbI MPUYUHbI MHOTUX
HacneacTBeHHbIX 6onesHen, chbopmMmpo-
BaHbl 0OCTOATENbHbIE npeancrtasneHna o
coOCTBEHHO OpraHu3aunn reHos n re-
HOMOB, NMOJIHOCTbIO pacwndpoBaHa HYK-
neoTngHad nocnenoBaTesibHOCTb FeHo-
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MOB MHOrmx 6akTepuii 1 noka eLie He-
MHOFOYUMCNEHHbIX TPNUOOB, pPacTeHun,
XMBOTHbIX U YyenoBeka. bonee Toro, Mol
Hay4YMINCb KOHCTPYMPOBaATb MPUHUMMAN-
a/lbHO HOBbIE€ T€Hbl U FEHOMbI W, rnaB.-
HOe, CO3JaBaTb TPAHCIreHHbIE OPraHu3-
Mbl. MHOIrMe n3 HUX (HanpuMep, MUKPO-
Obl) yXXe NI0AO0TBOPHO TPYAATCS Ha Halle
6naro.

1
Jlnc.Yomcon u D.Kpux, 1953 e.

OpHako [OCTUMXEHUS MOJIEKYSISPHOM
6ronorMmM NPUHOCAT BCe 6oJbLLE BOMPO-
CcOB. B yacTtHOCTM, Mbl O4eHb Mano 3Ha-
€M 0 TOM, Kak paboTalT reHbl, No4YeEMy
OHW MON4YaT B OOHON KNeTKe opraHn3ma
M aKTMBHbI B Apyron. KakoBbl MOnekynap-
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Hble MEXaHN3Mbl Tak Ha3bIBAEMOW KNeTou-
Ho ouddepeHumnpoBkn? Kak 3actaBuTb
paboTaTb NONE3HbIE FEHbI UK NPUHYANUTb
UX 3amonyatb, €CAn OHM BpeaHbl? Bo
MHOIMX CJly4asiXx MMEHHO NOTOMY, Y4TO Mbl
He 3Haem OTBETOB Ha 3TU BOMPOCHI, HO-
Bble MEHbl, BCAXWBAEMbIE B KNETKY, He-
3 PeKTMBHBI MO0 CUNBHO NCKAXAIOT ee
npupoay.

Henb3s 3abbiBaTb, 4TO Y OPraHN3mMoB
CYLLEeCTBYIOT MOLLHblE PEerynatopHbie
3NeMeHTbl (B FreHOME 1 Ha YPOBHE KneT-
K1), KOTOPbIE KOHTPONIMPYIOT paboTy re-
HOB. OTW CUrHanbl HaknaablBalOTCHA Ha
reHeTuKy M 4acTo MNOo-CBOEeMy peLuaioT,
«OblTb MM He ObiTb». [axe camas OT-
NNYHaAs reHeTrka MOXeT BOBCE U He pe-
annusoBaTbCs, €cnn anureHetuka Oyner
Hebnaronony4Hol: no o6pa3HoOMY Bbipa-
xeHuto . n O.MepaBapoB, «reHeTuka
npegnonaraet, a aNUreHeTrka pacnona-
raet».

Jonroe BpemMs anUreHeTuky He npu-
3HaBanu, CTbIAJNBO NN JAXE HAMEPEH-
HO ymanimeanm O Hel — Kak Mpasuio,
NOTOMY, 4TO NPUPOAA SNUTEHETUYECKNX
CUTrHanoB 1 NyTW NX peann3aumm B opra-
HMU3ME Ka3annCb O4EHb PacnbiBYaTHIMU.
CyuMTanocChb, 4TO reHeTUKa — 3TO CBATOE,
a anureHeTuMka — OT IyKaBoOro.

lMop anureHeTkon (He nyTaTb C TeO-
pven anureHesa O MOSBAEHUM MPU3Ha-
KOB B X04e pa3BuTug opraHu3dma de
novo, B XVIll Beke ycrnewHo NnpoTUBOCTO-
awel npedopmMnamy) 06bIHHO NOHMMaA-
I0T 06NacTb 3HAHWI O COBOKYMHOCTM
CBOMCTB OpraHn3ma, KoTopble He 3ako-
OMPOBaHbl HEMOCPEACTBEHHO B reHoMe,
HO MOFYT W OOMXHbl MepepasaTtbCsd NO
HacnencTey. K.YOOMHITOH, 3anyCTUBLUWNA
B 06MX0[ B COPOKOBbIX roAax npoLunoro
BEKa TEPMUH «3MNUreHeTuka», BKIYaeT
B HEe M BCe pa3BuTue opraHm3ma. A B
1990 rogy P.Xonnupeih nucan: «dnure-
HeTMKa MOXeT OblTb OonpenesieHa kak
N3y4YEeHME MEXaHN3MOB KOHTPONS aKTUB-
HOCTW FE€HOB BO BPEMEHU W NPOCTPaH-
CTBE B MPOLECCE PasBUTUA CIOXHbIX

2

Kanonuueckue yomcon-kpuxosckue
(WC) napot ocnosanuii ¢ /[HK.
Cmpeaxamu noxazanst mecma,
Kyoa npuenocsmcs

MemuabHble ePynnbL

opraHnamoB». OH Oblf1 B Yncne nep-
BbIX, KTO yKa3an Ha BO3MOXHYI0 6uo-
XMMWYECKYI0 Npupoay Hacnegyembix
3MUreHeTNYECKNX CUrHANOB.
CerogHs cTano §CHO, YTO OOVH U3
Taknx CurHanoB — GepMeHTaTUBHOE
(3aH3nMaTn4yeckoe) MeTUIMpoBaHue
CaMOW FreHeTM4YeCcKom mMaTpuubl, TO
ectb OHK. XapakTtep aton mogudu-
KauMn reHoma HacnefoyeTcd, U OHa Tak
WM MHAYe KOHTPOJIMPYET BCE FEHETUYE-
ckue npouecchl. OgHako NyTb K pacwmng-
poBKe npupoabl, cneumdPrn4HoCTn 1 no-
HUMaHWIO BNONOrMYECKON PONU 3TO MO-
andukaummn OHK 6bi1 04eHb HEMPOCT, U
Mbl pagbl OCO3HaBaTb, 4TO HA 3TOM TPyL4-
HOM MyTW 3aMETHbI N HaLUW BEXW.

Man 30n0THUK, Aa gopor

Yxe 60onee nonyseka M3BECTHO, YTO Ha-
paay € K1aCCUYECKUMUN YETbIPbMS OCHO-
BaHMAMMU (OEHWH, TyaHWH, UUTO3UH U
TumnH) B OHK moryT BCTpeyatbCcs He-
00Obl4HbIE METUINPOBAHHbLIE OCHOBAHUS:
5-meTnnuuto3nH (m°C) n Né-metunape-
HUH (MSA), nonyynBlIne Ha3BaHUE MU-
HOPHbIX. Mbl HE 3HaeM, CKOJIbKO KPOBU
nonopTuAM 3T MUHOPbLI aBTOpaM ABOWN-
HOW cnupanu: B TO BPEMS OHU yxe Oblnn
HalgeHbl B AHK, HO OblNO HEMOHATHO,
oTkyaa oHu 6epytcs. Jluwb B 1961 rony
y BGakTepuit, a 3aTem y 3ykapuoT obHa-
pYyXnnn GepmMeHThbl, KOTOPbIE B MPUCYT-
CTBMW A0HOpaA METUbHbIX rpynn S-age-
HO3UJIMETUOHUHA M30MpaTenbHO MeTu-
NNPYIOT OTAEeNbHble OcTaTkKU LMTO3uHa
nnn apeHunHa B uensax AHK. Ctano icHo,
4TO MUHOPHbLIE OCHOBaHUS He BCTpaunBa-
iotca B JHK B rotoBOM BUAE, a BO3HU-
KaloT B pe3ynbTarte 3H3uMaTU4eCckom Mo-
anounkaumm (MeTUNNMpoBaHus) o0bIYHbIX
OCHOBaHUI B yXxe ChOPMUPOBAHHbLIX NN
dopmumpylowmxca uensx (puc. 2). OgHa-
KO [0/Ir0e BpeMs O0CTaBasioCb HEACHLIM,
3a4eM 3TO HYXHO KNeTKe U MOYEMY MO-
ANGULMPYIOTCS He BCe, a TOJIbKO HeKOo-
TOpble afEeHUHbl U LUTO3UHbI.

My Hac, 1 3a pyb6exom NpuHATO 6bI1o
CYUTaTb, YTO 3T MUHOPHbLIE OCHOBAHUSA
HE UrpalT CYWECTBEHHONW PONN HWU B
ctpyktype OHK, H1 B ee OYHKLMOHMPO-
BaHMW. B kauecTBe pgokasatenbLcTea npu-
Bnekanu na3nobyieHHbIn 00beKT Kinaccu-
YeCKMX FeHETUKOB — MOOO0BYIO MYLLUKY
nposoduny. B reHome 3T0ro Hacekomo-
ro AONr0 HMKOMY He yAaBanoCb HaWTu

MNPOBJIEMbl U METObl HAYKW

MWHOPHbIE OCHOBaHUSA. 3TO gaBano no-
BOJ, rny6okoyBaxaeMbIM CTONINAM reHe-
TUKN (MX UMEHA 1 HAMEPEHHO HEe yno-
MUHaK) yTBEpXAaTb, YTO eCnu Apo30-
duna npekpacHo xvBeT 6e3 METUANPO-
BaHusa OHK, To aTa mogndunkaumsa reHo-
Ma BOOOLLE HE JONXHA UMETb 3HAYEHMS
B XN3HEAEATENIbHOCTU 3yKapUOTUYECKUX
OopraHM3MoB. [lonrve rofbl 370 3aMeTHO
oxJlaxaano MHTepec K METUIMPOBAHUIO
OHK y MHOrux 6nectawmx 6MOXMMUKOB
N MONeKynsipHbix 6MONOroB Mupa — 1
no3Bonunio Ham B 6GONEee MU MEHEE CMo-
KOMHOI 06CTaHOBKE Liar 3a LWaromMm uatm
no NyTu UccnegoBaHna MeTUANPOBAHMUA
OHK.

Mono6HO BENNMKOMY PYCCKOMY YYEHO-
My W.M.MaBnosy, NOCTaBMBLLEMY NAMSAT-
HUK cobake, 1 MHe cnepoBano 6bl OT-
NUTb NamMaTHUK apo3odune (n3-3a He-
60NblWNX Pa3MEPOB MYLLKM 3TO ObINO Bbl
3HauyMTenbHO pewesne). N He Tonbko
NOTOMY, 4YTO OHa ClyXuna n cnyxmt 6ec-
LEHHbIM OMONOrM4eckMM 0OBLEKTOM, a
NOTOMY, 4TO OHa NO3BONWA MHE, MOUM
Konneram n ydyeHukam pabotaTtb 6e3
NPUCYLLEr0 Halemy BPEMEHU axuoTa-
Xa 1 roJIOBOKPYXUTENbHOM roHKK. KcTa-
TN, cenyac 4okasaHo, Y4To Uy Apo3odu-
nol AHK meTunuposaHna n ata moandu-
Kauma reHomMa BaxHa Ans pasBuTUS Ha-
CEKOMOTrO.

Mbl Bcerpa 6binn yoexaeHsl B TOM, 4TO
MUWHOPHbIE ocHOoBaHug B JHK u cama aTa
3H3MMaTMyeckas mogmoukauma reHoma
0693aTeNbHO A0JKHbI CKa3blBaTbCS Ha
Guonornyeckmx GyHKUMSX reHoma. «Ecnm
3BE34bl 32XNUraloT, 3HAYUT, 3TO KOMY-TO
HYXXHO».

®dusuka, opraHmyeckas
XUMMUS, SH3UMOJIOIUS. ..

Jna Hayana HecKonbKO CIOB O BAUSHUMN
MeTuUnMpoBaHusa Ha cTpykTypy AHK. Ham
yOanocb HaliT Takylo HeoOblYHYIO Mpu-
poaHyio asyTtsxesyto AHK (y 6akTepuo-
dara AR9 Bacillus brevis), B koTopon
BMecTO 06bl4HOro ans HK TumunHa npum-
cyTCcTBYyeT xapaktepHoe ang PHK ocHo-
BaHue ypauun. 'py6o roeops, ypauma —
TOT X€ TUMUH, HO 63 MeTUNbHOI rpyn-
nel. Ypaumncoaepxauas AHK 6aktepu-
odara nnaeunace (oeHatypuposana) npu
ropa3go 6onee HM3KOW Temnepartype,
4yeM MOEeHTUYHasa el No COCTaBy HOP-
ManbHas, TuMnHcoaepxauwaa AHK. Cta-
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T BT H PO i S SO R B s
LInToamnH . S-METHN UMTOANH  — (S-wetan ypausnt 1 HMHH
cCG . m3C v G - TsG
B (]
JI0 SICHO, YTO METU/IMPOBaHME OCTATKOB TA GC
LMTO3MHA Hebe3pasnunyHo ang camoinn 3
cTpykTypbl AHK: oHo cTabunusupyetr Hesnsumamuuecxoe
OBYTSXEBYIO crinparib. memuauposarnue JIHK.

Ewe cunbHen npuBnekno Hac To, 4TO
meTunmposaHne OHK owyTtnmo ckasbl-
BaeTCH Ha ee B3anMOOeNCcTBMN (CBA3bI-
BaHMM) C pa3nmyHbiMu 6enkamu. Bo MHo-
rMX cnyvyasx MeTUIMpoBaHWe no UUTO-
3MHOBbLIM OCTaTtkaM MpensaTCTBYeT CBS-
3blBaHMIO CNeundUYHO pearmpymloLumnx ¢
OHK anepHbix 6enkoB (dpakTopos), KO-
Topble, COOCTBEHHO, M OCYLLECTBASIOT
pa3Hble reHeTUu4Yeckne NpPoLeccehl, B ToM
yucne TPaHCKPUMUUIO, penukaunto n
penapaumnio. C opyron CTOPOHbI, Tenepb
y>X€e M3BECTHbI N Tak Ha3biBaemble m°C-
cBsi3blBaolWMe 6enkm, KoTopble, NPUCco-
€4VHUBLUNCL B METUIMPOBAHHbIX y4aCT-
Kax Kk JHK, cneundunyHo apaHXumpyoT Ha
Hell BeCb aHCcamMOJib CNOXHbIX BENKOBbIX
KOMMNEKCOB, KOHTPONMPYIOLLMX 3KCNpec-
ccuto reHoB. CnoBO «apaHXMpoBaTb»
MonekynsapHble 6uonorn ynotpebnsawoT
NPUMEPHO B TOM Xe CMbIC/ie, YTO My3bl-
KaHTbl U cOCTaBMTENN OYKETOB: B OCHOB-
HOM COXpaHsis cogepXaHue n Bapbupys
dOpMYy, M3MEHSATb CMbICT U XapakTep
nencrteus. Bot Bam 1 «He urpaet ponu»...

A ecnn 6e3 BCAKUX OeNlkoB B3ATb Aa
npounHkybuporaTtb AHK ¢ MeyeHbiM no
METUNbHON rpynne S-ageHo3UIMETUOHN -
HOM (OOHOPOM METUJbHbLIX TFpynn), TO
yepe3 HEKOTOpOe BPEMSA pPafunOKTUB-
HOCTb OBHapyXMBAETCH yXe B cocTaBe
OHK B BMOe BHOBb BO3HUKIUUX B HEWn
oCTaTkoB 5-MeTUAUMTO3MHA N TUMUHA
(puc. 3). Tak 66110 OTKPLITO HEDEPMEH-
TatneHoe metunuposaHue AOHK. NHTe-
PEeCcHO, 4TO Me4eHblii TuMNH B AHK 06-
HapyXxueasncs npu 3ToM B ropasno 60-
fiee 3aMeTHbIX KonnyecTBax, 4em me°C.
Tem cambiM OblfIO BbISIBIEHO, YTO HE3H-
3umaTtunyeckoe metunuposaHne OHK B
BOJHOM pacTBOpE COMNpPOBOXAaeTcs Obic-
TPbIM OKUCNUTENbHLIM 083aMUHNPOBAHN-
€M BO3HUKLWMX ocTatkoB m°C ¢ npespa-
LWEeHNneM nux B ocTaTku TUMUHA. OTO A0-
Ka3blBano, 4To MeTUIMpoBaHWe ocTtaT-
KOB umTOo3nHa B HK mMoxeT npuBoanTh
K CoT-TpaH3numn (B pesynbrate 4ero
napa GC npespaTtutca B napy AT), cne-
[0BaTeslbHO, OCTaTKM 5-MeTnnuUMTO3nHa —
ropsyne MyTaumoHHbIE TOYKU. ITO ABne-
HVe NeXuT B OCHOBE LMPOKO pacnpo-
CTPaHEHHOro MCYE3HOBEHMS (Cynpeccun)
HekoTopbiX (CpG)-nocnenoBaTeNbHOCTEN
13 reHOB 1 FreHOMOB pa3HO0bpa3sHbIX opra-
Hn3moB. Cynpeccus CpG — oaouH 13 ma-
rMCTPanbHbIX NyTen NPUPOOHOro MyTare-
He3a 1 3BOJIUMN.
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Kozoa yumo3sun npeepawaemcs
6 MemuAyumo3uH, «i100606b»
MexHcdy HUM U 2yaHuHom
cmanosumcs eue kpenye (%),
HO nocae 0e3aMUHUPOBAHUS

U 603HUKHOBEHUSA MUMUHA

Ha cmeHy «at008u» npuxodum
«NUKO0GbLI unmepec» —
OCHOBaHUsL Ooabue He cnapeHbl.
Imo npueooum k 3amene napot
CG na napy TA, mo ecmo

K Mymauyuu

Konb ckopo meTunmposaHune AHK Bo3-
MOXHO, NO-BUOMMOMY, OHO W ObIIO UC-
NMOJSIb30BAHO NOSIBUBLUMMUCS B 3BOJIIOLIUMN
depmenTamun OJHK-meTtuntpaHcoepasa-
MU, 3TK PpepMeHTbl yMET MeTUINPOBATb
LNTO3MHOBbIE NNV aflEHWHOBbIE OCTATKM
HE XaOTU4YHO, Kak B NpeaplayLiem cnyyae,
a B CTPOro onpefefieHHbIX nocneanosa-
TenbHoCTsX. [lanee atn pepMeHThl 5 Oyay
Has3biBaTb npocTto AHK-meTnnazamu.

Ha puc. 4 MOXHO BMAETb, KakK NMX0
ofHa n3 baktepuanbHbix AHK-meTnunas
pacnpasnsetca ¢ OHK. CHauyana ¢ep-
MEHT y3HaeT nogxoaawmm yyactok JHK,
B 3TOM MECTE KOBAJIEHTHO CBA3bIBAETCHA
C Heill n BykBanbHO BblBOpayMBaeT LU-
TO3WH HapyXy ABOMHOW cnupanu, Haca-
XMBas Ha Hero MeTunbHyilo rpynny. 3a-
TeEM hpepMeHT oTwennaerca n mogndun-
LMpOBaHHOE OCHOBaHMe BO3BpalLaeTcd
Ha mecTo. Bce aTu nogpoBHOCTM cTanm
M3BECTHbl HeaaBHO Gnarogaps Gnects-
LEeMy PEHTTEHOCTPYKTYPHOMY UCCneno-
BaHuo kpuctannos AHK-bepmeHT Hawm-
MU aMepukaHckumm konneramm (Anpa
WnnepokpayT n gpyrue). B ceBoe Bpems
Mbl paclumndpoBanu ogHy N3 cambix nep-
BbIX Takux nocneposatensHocTen JHK y
6akTepuin. Okazanocb, YTO B KjeTkax
Bac. brevis JHK-meTunasa metunupyet
LMTO3WHOBbIE OCTATKN B NOCNenoBaTefb-
HocTn (5°) NG CTGCN... (3). (Noa-
YEepPKHYT OCTaTOK, NOABEPralLWnncs me-
TUnnpoeaHuio.) MNosaHee 3To GbINO NoA-
TBEpXaeHo B pabotax HoHBeneBcKoro
naypearta P.PoGepTca.

MeTtunuposanne OHK y 6akTepuin ne-
XUT B OCHOBE §IBNIEHNS TakK Ha3blBAEMOW
XO39NCKOWN pecTpukuum-mognbukaumn.
BakTepuodar, BblpalleHHbIN B KIeTKax
TOr0 UKW MHOTO WTamma 6aktTepumn, Npu-
obpeTaeT x034aliCKyl0 cneunduHHOCTb:
OH crnocobeH 3apaxaTb TONbKO KNeTKW
aToro wramma, nockonbky AHK 6akte-

Komnaexc pepmenma
UUMO3UHOBOI
JHK-memuampancgepasot
c JIHK

puodara obpabotaHa OHK-meTunazamu
6aKkTepun-xo3samMHa 1 TeM cambiM 3aliu-
LEeHa OT pacLLenieHns Xxo3anckumm dep-
MEHTaMKn 3HJOHyKNea3amu. Mbl ycTaHo-
BUIN, YTO METUNINPOBaHUE afeHUHOBbLIX
ocTaTtkoB y Gaktepuodara T, n ero xo-
3q9uHa E. coli pencTtBuTenbHO UAET B
OOHUX 1N Tex Xe nocnefoBaTenbHOCTAX
(81O M 3HAuMno, 4to Hag AHK 6akTepun
n dara, ckopee Bcero, NOTPyaAuICs 0guH
1 TOT Xe depmeHT). Eule oo atoro Mol
yb6eaunucb B ToM, 4To AHK y pasHbix
OakTepuii METUINPOBaHa MNO-pasHOMY,
TO eCTb Oblna ycTaHOBJIEHA LUTaMMOBas
cneumduryHOCTb ee MeTUINPoOBaHUS.

OTo ObIIO TOJNILKO camMoe Hayano.
[MpencTosano eule BbISCHUTb, KakoBa Xu-
Muyeckast n 6uonormnyeckas cneunduy-
HOCTb MeTunuposaHuna OHK y aykapuo-
TUYECKMX OPraHn3moB, B TOM 4yucne y
pPacTeEHUN N XUBOTHbIX.

O crapeHuu, pake
M He TOJIbKO

MpakTnyeckn ogHOBpeMeHHO ¢ A.Pasn-
HbIM (M3paunb) Mbl YyCTAaHOBWMAWU, 4TO B
OHK aykapnoT mMeTunupyloTcs umTo3u-
HOBbIE OCTaTKM B ABYX TUMax CUMMET-
puyHbIX nocneposatenbHoctTenn — CG un
CNG (3pecb N — nwobon HykneoTuna)
(puc. 5). Tem cambiMm Oblna ycTaHoBne-
Ha NpUpoAda XMMUYeCcKkor cneundunyHo-
cTn meTunmpoBaHna OHK y pacteHuin n
XMBOTHbIX. YTO KacaeTcs 610/10rn4eckor
cneyndunyHocTn metTmnmpoBaHma OHK
3yKapuoT, TO Mbl yX€ 3Hanu, 4TO OHO
HEOOMHAKOBO Yy pa3HbiX BUAOB. Y HEKO-
TOpPbIX BECMNO3BOHOYHbIX CTENEHb METU-



m...CG... m
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ENG.

Mon. %
5-mMeTnnunTo3unH N6-meTunageHuH

Bupychl (6aktepuodarmu) + +
BakTepun 0,01-1,53 0,02-0,70
Bopopocnu 0,20-3,50 0,10-0,60
pnOGkI + 0-0,5
MpocTenwne 0,3-1,0
PacteHuns 2,0-10,0 0,3-1,0
becno3BoHO4YHbIE 0,1-2,5 ?
[MO3BOHOYHbIE 0,7-3,5 +
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Codepucanue munopnoix ochosanuti ¢ JIHK

IMPOBaHNS reHOMa OYeHb Mana; Hanpu-
Mep, Yy 4p0o30dubl, Kak Mbl yXe roBo-
punn, 5-MeTUNUMTO3MH J0Aroe Bpems
BoOOLE He MornM oBHapyXuTb, a y No-
3BOHOYHbIX B JJHK OH BCerpa BbigBnseT-
Ccs B owWyTuMbIX konuyectBax. B AHK
pacTeHulA ero yxe BOBCE HeJb3sl HAa3BaTb
«MWHOPHbLIM» OCHOBaHWEM: 4aCTo No KO-
IN4eCTBY OH BMOJIHE COMOCTaBUM C Ln-
TO3NHOM (puc. 6). Kpome TOro, mbl OT-
KpbINM TKAHEBYIO (KJIETOYHYIO), cyOKkne-
TOYHYIO (OPraHoMAHYI0) M BO3PACTHYIO
pa3HOKa4YeCTBEHHOCTb METUAMPOBAHMUA
AHK y pacTeHuin n XnBOTHbIX.

3necb 6yneT ymMecTHO NpUBECTU Npwu-
3HaHWEe OJHOro U3 HalMX amepuKaHCKnX
konner, Kperira KyHn, nnogoTBopHO pa-
6oTatoLlero B 370 06nacTu 3HaHUSA U
Hanucaslero kHuUry «Maruyecknn me-
Tun» (Craig Cooney, «Methyl Magic»,
Andrews McMeel Publising, USA, 1999).
«Pycckue nokasanu, 4To MeTunnpoBaHue
AHK y XMBOTHbLIX YMEHbLUAEeTCa C BO3-
pacTtoM. 3TO ObII0 MHTPUIYIOWNM yKa-
3aHMEeM Ha TO, YTO CTapeHne N yMeHb-
weHne metunuposaHuna OHK nayTt pyka
06 pyky. O3HayaeT nu 3TO, 4YTO Cylle-
CTBYET CBSI3b MEXAY CTapeHMEM KeToK
1N YMEHbLUEHMNEM YPOBHS METUNPOBAHMS
OHK? Ckopee Bcero, na. bopuc BaHio-
WWNH 1 ero coTpynoHukn B MockBe nep-
BbIMM nokasdanu ewe B 1960 rogax u
onybnukosanu B 1967 roay, 4to y rop-
Oywmn yposeHb mMetunuporaHus OHK
yMeHbLlaeTcs ¢ Bo3pactoM. OHUM xe no-
Kasanu, 4TO 3TO MPOUCXOAUT Takxke U B
OONbLWIMHCTBE OPraHoOB Yy cTapelowmx
KOPOB 1 KpbIC. [1034HEE HECKOJILKO rpynn
yyeHbix B CLUA n dnoHun obHapyxunu,
YTO U Yy MbILLEN NPU CTaPEHUN Takxke
yMeHbliaeTcsa metunuposaHue OHK».

Tenepb BO3pacTHOE AEMETUNNPOBAHUE
OHK ctano BnonHe o4yeBuaHbIM GakToM,
1 HEKOTOPbIE NCCNEeAOBATENN AAXE CKITOH-
Hbl CYMTaTb, YTO CTENEHb METUIMPOBAHNS
OHK MOXeT cnyxumTb 6UON0rnyecknmn ya-
camu, Mo KOTOPbIM BO3MOXHO CyAUTb O
BO3pacTe 1 NPOrHO3MpoBaTb NPOLOIIKN-
TEeNbHOCTb XW3HU. He nCKI4YeHo, 4TOo
nckaxeHme metunuposanumsa HK npmeo-
OUT K NpexaeBpemMeHHoMy ctapeHuto. 06
3TOM Hag0 NOMHUTBL M, MO KParHeEn Mepe,
He gonyckaTb B efe 0OblYHOrO y Hac ae-
duumta GonmeBon KNCNOTbl U BUTAMMU-
Ha B,,, KOTOpbIE, Kak M3BECTHO, y4acTBy-
10T B 06pa3oBaHNN aMUHOKUCIIOTbI Me-
TUOHMHA — OOHOPa METWUIbHbLIX FPynn B
KNeTKe.

Mbl 0OGHApPYXMKN, YTO B pa3HbIX KIeT-
Kax OgHOro u Toro xe opraHuama OHK
MeTUMPOBaHa No-pa3Homy. 970 NO3BO-
nuno Ham B 1970 roay nepBbiMKU 3as-
BUTb B XypHane «Nature» o TOoMm, 4TO
metunuposaHne OHK perynupyeT akcn-
pPeccuio reHoB U KNeTO4YHYI0 AnddepeH-
uMpoBKy. Hawm paboTbl NpUBAEKN BHU-
MaHMe MHOIMX y4eHbIX Yy Hac 1 3a pybe-
XXOM M NOCAYXMWAN TOMYKOM K MHTEHCUB-
HOMY WCCNEeAOBaHUID METUINPOBAHMUS
OHK B mupe.

Mexay Tem Mbl npogonxanu pasbou-
paTtbca ¢ meTunupoBaHmem AHK noytm
«B ropaom oamHo4vecTse». B nocnenyto-
wme 10 netT Mbl yCTaHOBWAN, YTO Aaxe B
MUTOXOHOPUSX U 94pe OOHOW U TOW Xe
knetkn OHK meTmnupoBaHbl no-pasHo-
My. Okasanocb, 4TO xapakTep pacnpe-
neneHns 5-MeTunIunTO3mnHa No NUPUMMU-
OVHOBBLIM BI0KaM B MUTOXOHAPWaNbHOM
n anepHoin AHK Obika pasnunyeH. Mel
BblAENUAN uMTO3MHOBYIO AHK-meTunasy
M3 MUTOXOHAPUI Bblka N Nokasanu, 4To

Xumuueckas (caiimosasn) cneyugpuunocmo
Mmemuauposanus yumosuna ¢ J/IHK syxapuom

MNPOBJIEMbl U METOAbI HAYKU

3TOT PepMeHT METUNMPYET UUTO3NHOBbIE
OCTaTKM He B Tex MecTax (nocnenosa-
TEeNbHOCTAX), YTO aOepHbii. Tak B 1976
rogy Oblna oTkpbiTa cybkneToyHas —
opraHennbHasa cneumdu4HOCTb METUNN-
poBaHus.

Mockonbky Mbl Bone cyneb okasanuchb
OOHVMW 13 NepBbIX, KTO 3ajancs BOnM-
pocoM o ponu metunnposanua AHK, Ham
Xe npuwnock 1 BelGupatb ans paboTobl
Ouonornyeckne mogenu. Mbl ncxogunum
M3 NPUHLKUNA, 4TO €CNU METUNMPOBAHME
OHK nmeeT kakne-nnb6o 6uonornyeckune
®YyHKUMN, TO OHO CaMO, CKOpee BCero,
HEe MOXeT 0CTaBaTbCH PaBHOAYLUHLIM K
3TUM PYHKUNAM N O0MXKHO cneundurnyHo
N3MEHATLCA MPU UX UHAYKUUU. Tak Mbl
NPULWAN K MOAENSAM «ITMAPOKOPTUIOH —
nevyeHb» N «0by4yeHne (NamMaTb) — Hel-
POH».

[encTBMTENBHO, OKa3anocb, YTO NOC-
ne BBeAEHUS XXMBOTHOMY rMApPOKOPTU30-
Ha B €ro rneyYeHn CUJIbHO WU3MEeHseTcs
xapaktep metunuposaHua OHK u npwu
3TOM aKTUBUPYIOTCS pasHble reHbl. Kak
Mbl nokasanun B 1977 rony, nameHseTcs
Xapaktep MeTUINPOBAHUA U B HEMPOHaX
(HO He B Apyrmx kneTkax mosra) npu
00y4eHnn — 370 6bIIO0 OOHO N3 NEPBbIX
yKasaHui Ha yyacTue reHoma B Gopmu-
poBaHuM namaTtu. Y pacTeHuin mMetunm-
poBaHne OHK cunbHO M3MeHseTCs npu
npopacTtaHumM CEMSAH, NMpu nepexone K
LBETEHUIO N MOC/e 3apaxeHus pasHbl-
Mu rpubamu n Bupycamu. Ctano noHaT-
HO, 4YTO WMHQEKUMOHHbIE areHTbl MOryT
TOHKO BO34elCTBOBATb Ha OPraHuam,
NOAYNHSAS €ro CBOMM «MNPUXOTAM» NMyTEM
MOOYNAUNN METUINPOBAHUA XO3ANCKOMN
OHK.

«Ewe B 1977 rogy pycckume cpaBHUAN
xapaktep metunmposaHusa OHK B knet-
Kax KpOBW Yy HOPMalbHbIX U BGONbHbIX
numdonernko3omMm kopoB. B uenom ypo-
BeHb meTunupoBaHua AHK y X1BOTHbIX,
00/IbHbIX 3TUM BUAOM paka KpOBM, OKa-
3ancs Huxe» (Craig Cooney, «Methyl
Magic», Andrews McMeel Publising, USA,
1999, p.44.).

Mbl nokazanu, 4To Ha OHE 0YEeHb
Bbicoko JHK-meTunasHo akTMBHOCTMU
(TO ecTb depMEHTbI Y BOJNbHBLIX XUBOT-
HblX OblIM aKTUBHEE, YEM Y 3[40POBbIX)
AHK B nenkosHbIX knetkax no cpaBHe-
HUIO C HOPMalibHbIMW B LLENIOM MEeTunn-
poBaHa MeHbLLE, HO NaIMHAPOMHbIE NO-
cnenoBaTeNlbHOCTM (NepeBepTbiwn) B
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atorn OHK, HanpoTmB, MeTUNMPOBaHbI
cunbHee. lNpn pakoBOM NeEPEPOXOEHUN
KJIETOK N TKAHEW, TOPMOHaNIbHOW NHAOYK-
LUN U CTAPEHUUN Y MIEKOMUTAIOLWMNX TaK-
X€ NBMEHSETCA METUIMPOBAHNE MOBTO-
paoWmMxca nocnefoBaTeflbHOCTEN, Npu-
4YeM B pasHbiXx TKaHAX no-pasHomy. B
1978 rony H.H.BypueBa B Hawei na6o-
patopun Hawna B aapax n1MmMeooumnToB y
NelriKO3HbIX KOPOB MO KpanHen mepe gse
AOHK-meTmnnasbl, ogHa U3 KOTOPbIX pes-
KO OoTnmMyanacb no cantosonm cneumnduy-
HOCTW OT PEPMEHTOB M3 KNETOK 340P0-
BbIX KOPOB.

Bce 970 N03BONMAO HaM 3asBUTb, YTO
HapyleHne metunmposaHusa JHK — Bep-
HbIA NyTb K paky. Tenepb 3TO cTano o6-
LEenpuU3HaHHOM NCTUHON, NONYYNUI0 NO4-
TBEpPXAeHne n pa3Butue B pabdoTax
C.bennuHa, N.OxoHca, P.Exnwa (CLUA)
MU Opyrvx, a CBeAeHUs O xapakTtepe me-
TUNNPOBAHUSA FTEHOB WCMOJNb3YIOT Kak
pPaHHNI ANarHOCTUYECKNIA NPU3HAaK paka.

MeH§ yacTo cnpalwnBaloT, YTO Nyylle:
CUNbHO unuM cnabo MeTunMpoBaHHas
AOHK? Mo OTBET — HUM TO U HU OpPYroe:

OHa fomkHa 6blTb METUIMPOBAHA HOP-
manbHO. Korga mon konnera n3 Hauyuo-
HaNlbHOr0 TOKCMKOJIOTMYECKOro LeHTpa
CLA NawnoHen [lNyapbe ucknwo4vaeT 13
pauvoHa aMUHOKUCAOTY METUOHUH (uc-
TOYHUK METWUNBbHBIX Fpynn), y BCEX MO-
[ONbITHBIX KPbIC Yepes3 ABE HeLeNn Heo-
TBPaTMMO pa3BMBAETCH paK NeyeHn —
renatoma. Ho pak passuBaeTcs 1 B TOM
cnyyae, Koraa y TPaHCrEeHHbIX Mbllen
aKTMBMPOBAH reH yenosedvyeckonm AHK-
MeTunasbl, 4TO NPUBOAUT K CynepMeTun-
nupoBaHuto reHoma! B peaynbTate HO-
Kkayta ogHoro n3 reHos [OHK-metunas
OoCTaHaBNMBaeTCs pa3BUTNe aMOPUOHOB
LUINOPLEBOM NArYLLKN N BKIOYaeTcH 3an-
porpamMmmMupoBaHHas rubenb KNeTok
(anonTo03). Kak HM KpyTn, K METUANPO-
BaHuto OHK HyXHO OTHOCWUTLCS C yBa-
XEHNEM N OCTOPOXHOCTHIO.

K cyacTblo, KNeTkn MOryT perynmpoBsartb
3TOT 3ANUreHeTn4Yecknin curHan. Kak yxe
ynoMuHanocb, metunmposaHue OHK y
XXMBOTHbBIX KOHTPONNPYETCH FMOPOKOPTU-
30HOM. [10 HawuM JaHHbLIM, ero Takxe
MOAYNMPYIOT aHTnokcupanTel. [.A.Poma-
HoBY B 1979 roay yaanocb nokasatb, 4TO
BbICOKOOYMLLLEHHbIE OeKcaMeTa30H-pe-
LLeNTOPHbLIE KOMMIEKChl U3 NeYeHn Kpbl-
cbl cneundunyHo ceasbiBaloTca ¢ GC-
ob6oraueHHbiMM yyacTkamm OHK: atoT
cambln NEPBbIN HAMEK Ha To, 4yTo B AHK
eCcTb 0cobOble caliTbl CBA3bIBAHUS rOp-
MOH-peuenTopHbix konnekcos (IMPK),
okasancs ClopnpusomMm paxe Ans OTUOB
«MMnepun ropMmoHoB» [>)koHa Bakctepa
n bepta O’Mennn (CLUA). Mbl ycTaHo-
BUN, YTO MeTunmpoBaHue agepHon JHK
neyveHu kpbicbl AHK-mMeTnnasom npenaT-
CTBYET CBS3bIBAHWUIO C HEW FOPMOH-pe-
LenTopHbix komnnekcos — HK ctaHo-
BUTCS «INYyXOW» K NPU3blIBAM FTOPMOHOB.

PacTteHnsa Takxe ymeloT ynpasnsTb
meTunmpoBaHnem AHK. B yacTHoOCTH,
Hawumm paboTaMu YCTAHOBIEHO, 4TO
nop pencrenem GUTOropmMOHOB 3aMeT-
HO yMeHbluaeTcs rnobafnbHOEe MEeTWUIn-
poBaHune OHK B kneTto4yHom uumkne pac-
TEHUN.

Tak uyTO Xe
Cc HacnepoBaHnem?

Bonpoc o Tom, Korga n B Kakom crene-
HU metunupylotcad AHK B knetoyHoMm
LUKIIE Y PACTEHUI U XMNBOTHBIX, HAC UH-
TepecoBasl B 0COOEHHOCTU. M3BECTHO,
4TO CUHTE3 ogHom u3 uenen OHK npwu
pennukaumn apytsaxesbix JHK npouncxo-
ONT HeMpepbIBHO, a APYro — npepbiBn-
cT0, ¢ o6pasoBaHMEM OTHOCUTENbHO
KOPOTKUX dparMeHTOB, KOTOPbIE 3aTEM
CLUMBAIOTCSH B O4HY HEMNPEPbLIBHYIO Lenb
(puc. 7). Mbl 3aganncb LENblO BbIOENNTb
3TN GparmMeHTbl U BbISCHUTb, METUIMPO-
BaHbl 1N OHWM mnu HeT. Okasanocb, 4TO
MNPy BblPaLLLUBAHUN PACTUTENBHBIX U XN-
BOTHbIX KNIETOK B KYyNIbTYpPE, KOraa Ux KOH-
LLeHTpauns B cpefe BbiCOKa, CUHTE3 O4-
Hon n3 uenen AHK orpaHunynsaeTtca 06-
pasoBaHMeM KOPOTKUX dparMeHTOB: Nn-
rMpoBaHug (CLUMBAHNSA) HE NPOUCXOAUT.
OTn pparMeHTbl HaM yaanocb NoNyyYnTb
B OLLYTUMbIX KOIMYECTBAX U U3Y4UTb UX
MeTunuposaHme. OHM Ha caMoM pene
npeactaensnm coboit pparMeHThbl, onu-
CaHHble ANOHCKUM y4yeHbiM Okasaku. Tak
BOT, Mbl BbISCHUNN, 4TO pparmeHTbl Oka-
3aKM METUNMPOBAHbI Kak Y XUBOTHBbIX, Tak
N Yy pacTeHUN — CnefoBaTeNlbHO, METU-
NIMPOBAHME HAYMHAETCS YXEe MPU «POX-
neHnn» OHK.

Ho kpome 3TOro, Mbl YCTaHOBUAU, H4TO
no cTeneHn n cneymdPu4HoCTn MeTUIn-
poBaHua dparmeHTol Oka3aku oTnmya-
I0TCS OT NUFMPOBAHHbIX UHTEPMELNATOB
penaukaumun n ot 3penon AHK. B otnun-
yune ot nurmposaHHon AHK meTunmposa-
Hue ¢parmeHToB OKasaky yCTOMYMBO K
0EeCTBUIO Pa3/INYHbIX MHIMOUTOPOB U He
noaaBnsieTcs ropMoHamMu (ayKCuHbI y pa-
cTeHun). Mbl npuwnn K BbIBOAY, YTO B
aape nmeetcs Heckonbko HK-meTnnas,
KoTopble obcnyxmatoT JHK Ha pasHbix
cTaguax penaukaumm., 3TO MOJIHOCTbIO
COrnacyeTcsi C COBPEMEHHbIMU AAaHHBIMU.

Bmecte ¢ M. .KnpHocom u H.N. Anek-
CaHAPYLWKMHOW Mbl NPeanoXunm n onu-
cannm HOBbLIN MEXaHU3M NPUPOAHON pe-
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rynaunn penavkaumm ¢ noMoLLbio METU-
MpoBaHus. YCTaHOBNEHO, YTO B pe3yfb-
TaTe pennukauMm y pacTteHuin obpasy-
I0TCA MONYMETUANPOBAHHbLIE AYNAEKCHI
AHK (kak Ha puc. 8): ogHa uenb MeTu-
JINPOBaHa 3HAYNTESNIBHO CUITbHEE APYrOi.
OTa acMMMeTpus Leneli yMeHblLIaeTcs K
KOHLLY KNIETOYHOro LMKfia, U nepesn Ho-
BOW penavkaunen nonyMeTuinpoBaHHbIe
CalTbl CTAHOBATCHA MOSIHOCTLIO METUNN-
poBaHHbIMK. Pennukauusa noaymetunn-
poBaHHbIX AHK B KNneTke, no-BMANMOMY,
3anpetleHa, Tak Kak oHa npusena Obl K
yTpaTe 3nMreHeTu4eckoro curHana.
MHoro nosxe 6blJI0 NOKa3aHO, YTO Ta-
Kas perynauua penavkaumn peannsyert-
cs y 6akTepuii.

Tenepb ctano 6onee wunn MeHee no-
HATHbIM, Kak MMEHHO 3nuUreHeTu4yeckui
CUrHan (xapakrep MeTunMpoBaHWUd) ne-
pepaetcsa no HacnencTsy. pu pennn-
Kauum BO3HMKAIOT NONYMETUIMPOBAHHbIE
OHK (kak Ha puc. 9). B Takom cocTos-
HUK (puc. 8), no-engmmomy, n paboTa-
eT 60NbLMHCTBO FrEHOB B MHTEP(A3HOM
aape, TO €CTb B TEYEHWEe BCEN XU3HU
KneTkn mexay genednamun. Nepepn ode-
peaHbIM payHAOM pennaMkauum reHoma
1 neneHnem knetkm ocobole AHK-meTn-
nasbl, 3aa4a KOTOPbIX — NOAOEPXMBATb
CTaTyC METUNMPOBAHUS (UX TaK U Ha3bl-
BalOT: NOALEPXMBAIOWEro Tuna), npe-
BpaLLAT MONYMETUINPOBAHHbLIE CaNThI
B MOJIHOCTbIO METWUIMPOBaHHbIE. 5-Me-
TUNUWTO3UH B OOHOW LENnu CAyXuT OT-
INYUTENBHBIM NPU3HAKOM U YCIOBMEM
ONg METUAINPOBAHUS LMTO3MHOBOrO OC-
TaTka B KOMnjaemMeHTapHom uenu. lNocne
3TOr0 reHbl MHaKTUBUPYIOTCA (C HUX
Gonblwe He cuymTbiBaeTcd PHK), u pas-
peweHa pennunkaumnsa OHK (puc. 8, 9).

Takum 06pa3om, xapakTep MeETUINPOBA-
Hua AHK Hacnepyetcsa! U aTo gokasaHo yxe
MHOIMMK onblTamu. Hanpumep, ycTaHoB-
JIeHO, 4TO 006paboTka PacTEHUn WUHIMOW-
Topom metunuposanua OHK — 5-azaum-
TUAMHOM — NPUBOOUT K HACNELyeEMOMY B
HECKOJIbKMX MNOKOSIEHNSX CUABHOMY (MHOT -
na 6onee yem Ha 30%) yBenuueHuio 6en-
KOBOCTW 3epHa. Takoe n He CHUAOCH re-
HeTukaM n cenekunoHepam. O6bIYHO
reHbl 3anacHbix 6efKOB CUNbHO 3apen-
peccupoBaHbl, A npopacTaHus n Ha-
YanbHOro pas3BUTUS PaACTEHUS BMOJIHE
[OCTAaTOYHO TOro KOJIMYECTBA 3anacHo-
ro 6enka, KOTOpPOe CUHTE3UPYETCS Mpwu
paboTe reHoB «Bnofacunbel». Moa nemn-
cTteuem 5-azaumtnguHa AHK pemeTtmnnu-
pyeTcs, U 3TU TreHbl 3KCNpeccupyoTcs
ropasfno uMHTeHcuBHee. PacteHuio B
NPUHLUUNE 3TO N HE HYXHO, 3aTO HaM —
6onbluas BbIroga: 3epHo, xebyLuko Hal
HACYLWHbIA, 0COBEHHO LLEHHO ANs Hac
6enkoM, a kpaxmasn Mbl U3 KapTOLLKK
noJiy4ynm.

He ucknio4YeHo, 4TO HenpaBWJIbHbIN,
WNCKaXEHHbIN XapakTep MeTUINpPOBaHMUS
AHK nHorpa Hacnepyetcs MpoOYHO UM
paxe Hascerpa. B ogHux cnyyasax 910

MPOBJIEMbl U METOAbI HAYKW

MOXeT OblTb 61arom, a B Apyrux — 60nb-
WMM 3/10M, TOPEM, HACNEeOCTBEHHbIMM
6onesHamn. OgHako kneTka Bcerga
CTPEMUTCH BEPHYTLCHA K UCXOOHOMY, npa-
BUJIBHOMY «MOPTPETY» Moandukauum ee
reHomMa, U y Hee CYLLEeCTBYIOT 0coOble
TOHKME MeXaHU3Mbl 4719 NONpPaBkKu Takmnx
yoapoB cyabbbl 1 cpeabl. K coxaneHnuto,
Mbl eLLle O4EeHb Masio 3HaeM 06 3TUX npe-
MYOPOCTSX XUBOTO.

Kak 6bl TO HU BbINO, CerogHsa OONoA-
JIVHHO M3BECTHO, YTO METUINpOBaHME
AHK B KneTke — He NyCcTSAK: OHO KOHTPO-
NIMPYET BCE reHeTUYECKME NMPOLECCHI, B
TOM 4YUCNEe Takue, Kak TPaHCKpuNuu4,
pennukauus, pekoMmounHauus, TpaHcno-
31MUMe reHoB, penapauus, nHakTmeaums
X-xpomocomsbl (nonosas auddepeHum-
poBka). HeyamBuTenbHO, 4TO K N3Y4EHUIO
39TOl HebGOoNbLWOK 3H3NMATMYECKOW MO-
andovkaumm reHoma rnpukoBaHoO BHMMaA-
HMEe MHOrux uccnegosaTtenen.

34ecb peyb Wwna Nub 0 MeTUINPo-
BaHMM UUTO3NHOBLIX ocTatoB B OHK.
HepaBHO Ham yganocb nokasaTb, YTO Y
3yKapuoT FreHOM METUNUPYETCHA U MO
afJeHNHOBbIM ocTaTkam. A 3TO elle 3a-
yem? lloka Mbl He 3HaeM OTBeTa, HO
npegnonaraem, 4To 3ta mMogudunkauma
Takxe KOHTponupyet penaukaunio AHK,
a MOXeT ObITb, Kak y 6akTepuii, oHa pe-
rynmpyeT 1 3KCNpeccuio reHos. Noka Mol
LEPXMM B pyKax Nuvlib OAVH N3 pacTu-
TenbHbIX GEPMEHTOB, KOTOPbLIN MEeTUNN-
pyeT aAeHMHOBbLIN OCTATOK (BHYTPEHHUN
A B nocnepoBaTensHocTn TGATCA, npen-
noYTUTENBHO Yy oaHoTaxeBbix AHK). Mo-
BUOMMOMY, 3TOT HPEPMEHT y4aCTBYET B
KOHTPOJE 3a penavkaunein MMTOXoHOpu-
anbHbix OHK.

Y10 AeHb rpsaywmin
HaM roToBuT?

JlymaeTtcs, O4eHb Henerkylw HayyHylo
XW3Hb, CYNSLLY0 HOBble MOWUCKU N Ha-
XO[KW, ropeyb Heyday U Heonucyemyto
PafoCTb MO3HaHUS.

Mbl nocTapanucb 30ecb pacckasaTb
BCEro Nnwb 06 0AHOM U3 anureHeTu4e-
CKUX CUrHanoB, KOTOPbIA 3aTtparvsaeT
cTpyktypy AHK n Hacnepyetcs, HO He
3aKoaVpoBaH HENnocpeacTBEHHO B NreHo-
Me. OyeHb X04eTcsl MPUHECTU WUIBUHE-
HMS 3a YacToe yrnoMWHaHuWe Halunx pa-
60T1. TakoBa yx cyabba u posib NepPBO-

NPOXOALEB; Hapaay C OTPUUAHMEM MO
NMPUHLUMY «3TOro HEe MOXET ObITb, MNOTO-
MYy 4TO He MOXeT OblTb HUKOrAa» BCe Xe
MHOr4a NpuUXoauT U 3aCNyXeHHOoe npu-
3HaHue. B wbuneiiHom ana OHK 2003
rogy umkn atux paboTt Obln OTMEYeH B
MIY nepsoin npemunen nmenn M.B.Jlo-
MoHocoBa. Cpasy Xe noa4yepkHy, YTO 3Tn
nccnenoBaHna Hadatbl BMECTE C MOUM
yuntenem akagemukom A.H.Benosep-
CKVM U BCE OHW HEPa3pPbIBHO CBA3aHbI C
ero UMeHem 1 ¢ NnamaTbio 06 3TOM Bbl-
LAWEMCH Y4EHOM U YOUBUTENBHOM,
6oraTom AyWO N CEPALEM YeNloBeke.

lMocne Toro kak 6blfa packpbiTa UC-
KNlo4YnTeNnbHas poJib MeTUNNPOBaHUS
AHK B Xn3HM opraHn3moB, No cyTu aena,
BMNEpPBbIE NPON3oLLNa U Matepmanusaums
CaMOl 3NUreHeTuKn Kak oTpacnu 3Ha-
HUS, HAyKN. YBEPEH, 4YTO B KIETKE UMe-
I0TCA N ApYyrue CUCTEMbl 3NuUreHeTu4ye-
CKUX CUFHANOB, UX MHOIO U OHW Pa3Ho-
o6pa3sHbl. BaxHas posib B HEKOTOPbLIX M3
HUX OOJKHA npuHagnexatb He OHK, a
6enkam, B TOM yncne 6enkam xpomatu-
Ha. FoBOPAT Aaxe 0 «r’MCTOHOBOM KOAE».
(FTMcToHbl — BEenkn, KOTOPbIE Yy4aCTBYIOT
B CTPYKTYPMPOBaHUM XpOMaTMHa — yknapg-
ke HuTKM JHK B KOMMNakTHYI0 XPOMOCOMY.
YacTto nx mogmdukaummn «tyga n obpat-
HO» — MeTunmpoBaHue, pochopunnpo-
BaHuWe, aueTuaMpoBaHne, youkBUTUHUPO-
BaHMe 6e3 NpUCTaBku «ae» U C Hen —
onpenensioT, 6yayT N1 reHbl akTUBHbIMUI
UM Het.) A Bedb eCTb ele N MHOXe-
CTBO HErMCTOHOBbIX PErynaToOpHbIX 6er-
KOB, GpOpMUPYIOLLNX 3aTENNNBBIE KOMM-
nekcol Ha OHK, koTopble 3amanymBaioT
reHbl Un, HaNpPoTMB, 3anyCKaloT UX B pa-
60Ty. Mbl — Ha nopore pacwndpoBKn 1
3TUX NIOONBLITHLIX cUrHanos. OgHako 3To
yXe oTtaefibHas NecHs...

B Havane ctatbm 9 yNnOMsHYN, 4TO BEK
nBaguaTblii Obl1 BEKOM TOPXECTBA reHe-
TUKW. HET COMHEeHNI B TOM, 4TO BEK Hbl-
HELWHWA NO NpaBy — BEK 3MUTEHETUKMN.
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