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UcTtopua ctaHoBrneHuUs NOHATUA «eHHble CeTU»:
KoHuenuua mMmonekynspHo-reHeTU4eckKux cuctem ynpasrneHus (MICY).

[eHHbIE ceTn

KoHuenuua MICY
(Mpodreccop B.A.PaTHep)

e

JNEKTPOHHUKA KnGepuernka MounexyJisipaasi Onoorus
M reHeTHKa

MICY — monekynapHo-reHeTU4eCKue cMcTemMbl ynpaBieHua
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UcTtopua ctaHoBrneHuUs NOHATUA «eHHble CeTU»:
KoHuenuua mMmonekynspHo-reHeTU4eckKux cuctem ynpasrneHus (MICY).

[eHHbIE ceTn

KoHuenuua MICY
(Mpodreccop B.A.PaTHep)

e

JNEKTPOHHUKA KnGepuernka MounexyJisipaasi Onoorus
M reHeTHKa

MICY — monekynapHo-reHeTU4eCKue cMcTemMbl ynpaBieHua



KubGepHeTrnka (0T Ap.-rped. KOBEPVNTIKY] )- HCKYCCTBO YIIPABJIEHHUS

Amrep A. Tpyaer 1834—1843:

KubepHeTnka - Hayka 00 YIIPaBJICHUHU TOCYIapCTBOM, KOTOpasl TOKHA
obecneunTh rpaxkaaHam pasHooopasHbie Onara. (Amnep A., «Onvim o
¢unocogpuu nayx» (1834—1843))

. AHOpe Mapu Amnep (1775-1814),
Hopbepr Bunep, 1948 1. : ¢husuk , Mamemamuk, ecmecmpoucrnbimamers.

Kubepnernka - Hayka 00 00X 3aKOHOMEPHOCTSIX MPOIECCOB YIIPaBICHUS U MIEpPeaaun

nH(dOpMaIuy B MallIMHAX, )KMBBIX opranu3max u obmiectse (Norbert Wiener. Cybernetics
or Control and Communication in the Animal and the Machine. 1948)

JI. Kydduspsaas, 1956 1.

I Ku6eprernka - nckyccrso oGecnieuenns sddexrusroctu aeiicrsus (Couffignal, Louis.

«Essai d’une déﬁnition générale de la cybernétique», The First International Congress on Cybernetics, Namur,
Belgium, June 26-29, 1956, Gauthier-Villars, Paris, 1958, pp. 46—54

Jsrouc Kaydman (Louis Kauffman)

KubepHeTnka - — 3TO HCCJICAOBAHNE CHCTEM U IIPOIIECCOB, KOTOPHIC B3aMMOICHCTBYIOT
caMu ¢ co00i ¥ BOCOPOU3BOIIT CeOs

CoBpemennoe onpenencuue (1989 r.):

KubepHeTnka - Hayka 00 001X 3aKOHOMEPHOCTSIX MOJIYy4YEeHUs, XPAHEHUS, TTepe/layul 1
npeoOpazoBaHusi UHOOPMAIIMK B CIOKHBIX YIPABIASIONIMX CUCTEMAX, Oy/lb TO MAaIlIUHBI,

YKUBBIC OPraHU3MbI Uiin 001mecTBO (Cinosapsv no kubvepuemuxe / Iloo pedakuyueii
akaoemuxa B. C. Muxanesuua, 1989.).




OO6BLeKkTbl U chepbl NPUMEHEHUA KWOEPHETUKM.

Zl——722...
Ynpasnswouwas cucrtema _)W Cucmena __9.Y Obverm
P H - Yupaeienus ynpaeienus
LeHTpParbHbIN OO0 bEKT
Kn6epHeTUkKn /r

X

Obpamnas cés3b (ungopmauus 06 X)

KuOepHeTHKa BKIIIOUAECT U3YyUCHUE 00OPATHOM CBSI3U, YEPHBIX SIIIUKOB U MPOU3BOHBIX

KOHIICIITOB, TAKHUX KAdK YIIPABJICHHUC 1 KOMMYHHKAIIWA.

Cdepsl pacCMOTPEHHUS - KUBBIE OPraHU3MbI, MAIIIMHBI U OpraHUu3aluu

(BKJIIOUAsi CAMOOPIraHU3alINK ).



NMpodgeccop A.A. JlasnyHOB - 0OAUH N3 OCHOBOMNOJIOXXKHUKOB
KNo6epHeTUKH

Anekceli AHOpeesuy JlanyHoe (1911-1973),

Mamemamuk, c 1961 200a paboman e UHcmumyme mMamemMamuku
Cubupckozo omdeneHusi AH CCCP, 20e hakmuyecku co30asi omoesieHue
kubepHemuku: ocHoeasl kaghedpy meopemuyeckol KubepHemuku
Hoeocubupckozo yHusepcumema u sjabopamopuro kubepHemuku

UHcmumyma a2udpoduHamuku CO AH CCCP, komopbimMu pykoeodursi 00
KOHUa ceoel XU3HU.

OnpegeneHve NOHATUA «KU3Hb» B TEPMUHAX KNOEPHETUKMN:

’K13Hb - BbICOKOYCTOMUYMBOE COCTOSAHME BELLECTBa, UCNOJb3yloLiee AnA
BbIpabOTKMU cOXpaHAOLWMX peakuun MHGOpMaLUIO, KOAgUPYEMYIO
COCTOAHUAMM OTAENbHbIX Monekyn. (/lanynoe A.A.)

3mo onpedeneHue nepeknukaemcs co e32nadamu 3peuHa LLipedeHzupa,
Komopblii cesA3bi8asn 0cobbie ceolicmea #uso20 ¢ mepmMooOuHamu4eckol u
KeaHmMoeol ycmoli4yueocmbo MAKPOMOEKY.



NMpodeccop B.A.PaTHep — co3aaTesib HOBOCUMOUPCKOU
LUKOSbl MOSMEKYIIAPHOU KUOEePHETUKHN

o IlIkona B bnarosemieHcke-Ha-AMype

XabapoBckuii MEAUITMHCKUN HHCTUTYT (1 Kypc)

o @usnueckuit GpaxkyabreT JICHUHIPaICKOTO
rOCyapCTBEHHOI'0 YHUBepcHUTeTa (5 KypcoB)

o XabapOoBCKUH METarornaecKruii UHCTUTYT (aCCUCTEHT

o

A.A. JlanyHoe Kadeper)
(1911-1973), o XabapoBCKUIl HHCTUTYT WHKXEHEPOB
Mamemamuk, KEJIE3HOIOPOKHOI'0 TPAHCIIOpTa (IIPETO1aBaTEb)

qrieH-kopp. AH CCCP, o HoBocuOupckuit HHCTUTYT WHKEHEPOB I'eO/IC3UH,
a’podoTOCHEeMKH U KapTorpaduu (aCCHCTEHT Kadeapbl)

o NIul" CO PAH ¢ 1960 no 2002 r.

B.A. PamHep ( 1932-2002) npogheccop, ¢ 1997 2. -
delicmeumernbHbIll YrieH Pocculickoli AkadeMuu ecmecmeeHHbIX
Hayk, co30amesib WUPOKO Uu3eecmHoU u npusHaHHoU
HoeOocubUpPCKOLU WKObI MOTEKYJISIPHOU KubepHemuKu

B.A. Pataep - BeinyckHUK (pu3aka JICHUHTpaICKOTO rocy1apCTBEHHOTO YHUBEPCUTETA.
Pa6oran B UIlul" ¢ 1960 no 2002 rT.

B.A. PatHep mo3nakommiics ¢ A.A. JIsmyHOBBIM B Hayajie 60-X roJioB Ha MIKOJIAX MO
ounodusuke, koropeie npooaua H.B. Tumodee — PecoBckuii. YuacTBoBal B PEryIsspHBIX
CEMHMHapax 1o KubepHeTuke, kKotopbie mpoBoawi A.A.JIsanyHoB. Bocnencrsuu JIsmyHoB
OBLI ONIMOHEHTOM KaHAuJaTCKoU nuccepranuu B.A.PaTHepa, a 3aTeM pelakTOpOM KHUTH
«l'eHeTHYECKHE YIIPABISAIOIINE CUCTEMBD) MO penakuuen A.A. JIsmyHoBa



NMpodeccop B.A.PaTHep:
NPUNOXeHne NPUHUMNOB KNOEPHETUKN K TeoOpeTU4YeCKoOMY
ONMUCaHUIO ABMEHUU XKU3HMW.
[Tpodeccop Bagum AnekcannpoBuu PatHep BriepBbie B MUPOBOIA

HayKe TOTO BPEMEHU MHTEPIIPETUPOBAI TAHHBIE MOJIEKYIAPHON
OMOJIOTUH ¥ TEHETUKH C TTO3ULINI KMOePHeTUKH.

B.A. Patnep — aBTop 390 Hay4yHBIX pabOT, B TOM YHCJI€ aBTOP U
coaBTop 10 moHOrpaduii 1 yueOHMKOB IO MOJICKYJISIPHOM
KHOEPHETHUKE U MOJIEKYJIIPHOW T€HETUKE.

B.A. PamHep ( 1932-2002)
npogheccop, c 1997 a. -

deiicmeumensHbIt 4rieH B tpynax B.A.PatHepa npoaHanu3upoBaHbl 0COOCHHOCTH
Poccutickoli Akademuu

eCmeCmaeHHEIX HayK, YIPABIICHUS B MOJIEKYJISIPHO-TEHETUYECKUX CUCTEMAX, TPUHIIMUIIBI
cosdamernb WUpOKo KOJIMPOBaHUWs TEHETUYECKON MHPOpMAIIUU, TPOOIEMBI

u3eecmmHou u npusHaHHou o

HOEOCUBUPCKOU WKOMbLI MOMEX0YCTOMYMBOCTU F€HETUYECKOTO KOJIa, TEHETUYECKHUE SI3bIKH,

MoneKyNIpHOU KUGEpHEMUKU  yeoNib3yeMble B MOJIEKYJISPHO-TEHETHUECKHUX CHCTEMaX.

OnpepeneHve NOHATUA «KU3Hb» B TEPMUHAX KUOEPHETUKM:

InasHoe ceolicmeo 1uebix cucmem -- cNOCO6HOCMb K CaMOBOCINPOU3BELEHUIO,
m.e. K CUHmMe3y ecex c80UX MAKPOMOEKYAAPHbIX KOMMNOHEHMO8 U
HacnedosaHuro. dmu ceolicmea e KnemkKax obecnevyusaromca npucymcmeuem
MI'CY — moneKkynapHoO-reHeTUYEeCKO CUCTEMbI YNPaB/IEHUA, MOCMPOEHHOI u3
Kodupyrouwux makpomosneKkyn (B.A.PatHep)

=11

http://www.bionet.nsc.ru/museum/index.php?id



CBOMCTBA XUBbIX CUCTEM OO6ecne4YmBarOTCsl MOJEKYNSIPHO-
reHeTn4yeckom cuctemou ynpasneHus (MIrcy).

1965 r. - kanauaarckas quccepranusa «leHernveckue
YIPaBJIAOIIAE CUCTEMbI»

1976 r. - noxkTopckas auccepramusa «MoJjieKyJIspHO-
reHeTU4eCKHe CUCTEeMbI YIIPABJICHUS.

B.A.PATHEP

B.A. PamHep ( 1932-2002)

Patnep B.A. I'eHeTuka, MoJIeKyJIsApHAasA
KuOepHeTukKa, pea.Bacuianesa JLA.,
Hosocubupck, Hayka, 2002, , 272 C.

3HaYNTEJbHASA YaCTh MOHOTPpadguu NMOCBAIIEHA
KJII0YEBBIM MP00JIeMaM IreHeTUKH U TEOPUH
MOJICKYJISIPHO-TEHeTHYECKHUX CUCTEM YIPaBJICHUA,
OCHOBAHHOM U pa3padOTAaHHOW ABTOPOM M €ro
YYCHUKAMM




PatHep B.A. KoHuenuusa MI'CY

KoHuenuunsa MICY (ocHoBHble nonoxeHus, yactb 1)

Hawubosiee Cy1iecTBEHHBIMU MOJIEKYJISIPHBIMU KOMIIOHEHTaAMU
KJIETKHU SIBJISIIOTCS (hpakuyl Koaupywoimmux ounonoaumepon — JJHK,
PHK u GenkoB. C HUMU CBsI3aHbI BCE Han0O0JIe€ BaKHBIC MPOLIECCHI
Y CBOMCTBA KJIETOK : CAMOBOCIPOU3BEACHNE, HACIEAOBAHHUE,
KOHTPOJIb MEeTa00JIN3Ma, PEpMEHTATUBHBIN KaTajau3, HOCTPOCHUE
MOP(hOTOTUYECKUX CTPYKTYP, TPAHCTIOPT BELIECTB, PA3BUTHE,
mudpepeHIMpoBKa, UIMMYHUTET U T.]I.

B.A. PamnHep

EHETHKA
DJIEKYJIAP
(MBEPHETY

Patnep B.A. T'eneruka, monexynsipHas kubepHeTuka, pea.Bacunsesa JI.A., HoBocuOupck, Hayka, 2002, Ctp. 171



PaTtHep B.A. KoHuenuua MICY
KoHuenuunsa MICY (ocHoBHble nonoxeHus, yactb 2)

COBOKYITHOCTH KOJAMPYIOLIUX OHONOJMMEPOB KICTKH 001a7aeT HECKOJIbKUMH
00IIMMH, GYHIAMEHTAJLHBIMH CBOWICTBAMM:

1) Bce moauMephl MOCTPOESHBI U3 MAJIOTO Pa3HOOOpa3us CTaHAAPTHBIX
MOHOMEPOB, HYKJICHHOBBIE KUCIIOTHI — U3 4 TUTIOB HYKJICOTHIOB, OenKu — 13 20
THUIIOB aMUHOKHCIIOT;

B.A.PATHEP

2) OyHKIMHU U CBOMCTBA KOHKPETHBIX MAaKPOMOJIEKYJI ONPECIACTCS MOYTH
VCKJIIOUUTENIBHO X Pa3MEPOM, COCTABOM M MOPSIJIKOM MOHOMEPOB;

3) KnerouHas cucrema KOIUPYIOMKX OMONOIUMEPOB CIIOCOOHA K
CaMOBOCIPOMU3BEACHUIO, T.€. K CHHTE3y BCEX CBOMX MaKpPOMOJICKYJISIPHBIX KOMIIOHEHTOB U
OTHOIIEHUN MEXy HUMHU MPU MOMOIIIM CIEIUATbHBIX BHYTPUCUCTEMHBIX YCTPOUCTB ((hepMEHTOB
peIUTMKayu, TPAHCKPUIILUU, TPAHCISUH, U T.I1.);

4) HCHOJ’IHSIIOH_II/IC VCTDOﬁCTBa OCHOBHBIX 'CHCTHUYCCKUX IPOUCCCOB CaMHU INOCTPOCHBI U3
KOOUPYrOInux 6I/IOHOJ'II/IMepOB U KOIUPYIOTCA B I'CHAX TOM 7K€ KJICTOYHOU CUCTCMBI,

5) B xietkax umeercst cucteMa (PyHIaMEHTAIbHBIX TEHETUYECKUX MPOIIECCOB, BHIMOIHIEMBIX
TUMH YCTPOUCTBAMH (pETUIMKALIMS, TPAHCKPUIILUS, TPAHCIISIIUSA, penapaius, peKoMOUHaIus,
nerpaganus, cerperamus 1 ap.), HaJ BceMu PppakiusiMu OMOTIOJIUMEPOB.

Cucmema 6uononumepos Knemku, obaadarowiaa makumu ceolicmeamu, boina HazeaHa
MOJICKYJISPHO-TEHETUYEeCKOM CUCTEeMOM yIIPaBJICHMS.

[Ipu uHpOpMaIIMOHHO-KUOEPHETUUECKOM ONTMCAHUU ITOM CUCTEMBI Ha MEPEIHUN TJIaH BBIXOMSIT
MPUHLMIBI OPTaHU3AIMU U YIIPABIICHUS, CAMOBOCIIPOU3BE/ICHUE, MHPOPMAITMOHHBIE MPOLIECCHI,
MIOMEXOYCTOMYUBOCTh, KOAUPOBAHUE, MAMAThH, SA3bIKH.

CrpykTypHbI€, (hU3UUECKUE CBOMCTBA OTXOMAST HA BTOPOIl TIaH.

Paruep B.A. T'eneruka, monekymnsipHas kubepHetuka, pen.Bacunsena JI.A., HoBocubupck, Hayka, 2002, Ctp. 171



PaTtHep B.A. KoHuenuua MICY
Uepapxunyeckoe 6novyHo-moayrnibHoe ctpoeHne MICY kneTku

PeanbHble KJIETKU U OpraHu3Mel, a Takxke ux MI'CY uMeror nepapxmdeckoe 0JI09HO-
MOIYJIbHOE CTPOEeHMEe, BOSHUKIIEE YBOITIOIMOHHO.

Uepapxuunocts MI'CY noapasymeBaeT, 4To MOYJIM 00J1€€ BBICOKUX SIPYCOB SIBJISTFOTCS
KOMOHWHAIUSMU OJIOKOB MPEABIAYIIHNX SIPYCOB M COSTUHUTEIbHBIX AJIEMEHTOB, a
BBIJICIISIEMBIC SAPYCHI, OJIOKH U MOJACUCTEMBI UMEIOT MH(MOPMAITMOHHYIO TIPUPOY.

XPpOMOCOMHBIE
CTPYKTYPBI

OnepoHnsl,

TpaHCKpUIITHI,
HwxHue sapychl nepapxuu -> I'ensl, benku ,
anemeHToB MI'CY Kononst

Parnep B.A. T'eneruka, Mojeky/sipHas KHOepHETHKA,
pen.Bacunsena JI.A., HoBocubupck, Hayka, 2002, Ctp. 173



PaTtHep B.A. KoHuenuua MICY
BnoyHo-moaynbHoe ctpoeHne MICY kneTku

biokom (MoayJiemM) CUCTEMBI HA3bIBAIOT ABTOHOMHYO TTOJICUCTEMY C
onpeAeaeHHON (QYHKIIMOHAIBHON HArpy3KOMu.

f LleHTpanbHanA

noacucrema MIrcy

-

Caisep
Pennnkauma,
TpaHCKpunuua,
TpaHCAAUMA U
\\FerperauMﬂ

~

/ Mopgynb apxuBa reHeTUYeCKou MHGopmauum \

J

o

p6KOM6MHaLI,W

XPOMaTMHA U Ap.

/Penapau,Mﬂ,

TpaHcno3nums MOBUbHbIX reHeTUYECKUK
3/1eMeHTOB, 0bpaTHasA TPaHCKpPUNUUA,
XPOMOCOMHbIE NepecTPoiKM, yNakoBKa

f MNepudepuyeckana nogcucremayy MFCV\

J

BNOK KOHTpOANA
meTabonnuyeckux

&IPOU,ECCOB

o

bnokK ynpasneHus
passutuem

(oHTOreHesom) j

3aKOHOMEpPHOCTU OpraHn3auuu
(yacTuuHO 0bycnoBneHHbIE
CTPOEeHMeMm OnepoHoOB)

[ ByXonepoHHbI
Tpurrep



PaTtHep B.A. KoHuenuua MICY

bnoyHo-moaynbHoe ctpoeHne MITCY kneTku: ueHTpanbHas nogcucrema

Hentpansuas nogcucrema MI'CY - 310 MOZynb, COAEPKAIMN NCTIOIHSIOIINAE
ycTpoicTBa (PepMEHTHI U T.J.) U T€HBI BCeX (PyHIaMEHTAbHBIX T€HETUUYECKUX
npoieccoB , oocayxuBaromux Bcro MI'CY, To ecTh YHUBEPCAJIBbHBIX B KJICTKE.
Croma OTHOCATCSA MOAYIY PENIMKALMHY, TPAHCKPUIILUMHA, TPAHCIASALMM,
penapanui, peKOMOMHALMU, cerperauuu u t.4. [leHTpaneHas nogcucrema
ABJISIETCS 0A301 OpraHu3aIuy KIETKU

Bce octanbHble , HeyHUBepcaiabHbie Moayiau MI'CY ectecTBeHHO 0ObEIUHUTH B
nepudepuyeckyro nmojacucremy. OHa oTBEUaeT 3a pazHOOOpa3ue JIpyrux PyHKIUMH,
KOTOPbIE€ 00CITYKHBAIOT BCIO KJIETKY U 00€CIIEUUBAIOT €€ KU3HEACITEILHOCTD,
SHEPreTUKY U MaTepuajbHy0 aBTOHOMHOCTh. B 3T0# wactu MI'CY cocpenoroueHa
uH@popmaius o cneurdpudeckoi apxutekrype MI'CY.

leHbl yHUBepcanb-
HbIX FeHeTUYeCKNX
npoLieccos

g B

Ucnionusromee
YCTPOMCTBO
peIUIuKanuu

HbIX reHeTU4YeCKnX

leHbl HeyHMBepcanb-
npoueccos

)

g
MH\J“_ ‘-'\__["\\JI’H—
& i = 4 Hcnonusroiee
Eemox z 'C;:‘:* T ﬁ YCTPOKCTBO
S =[E TPAHCKPUIIIIUHU
=il ﬁr:‘ﬂi«ﬂ ll PaHCKPHIIL
= 15
s & Nepudepuyeckan
S noacucrtema MCHOHUH’HOIHGG
LeHTpa H:;I S YCTPOUCTBO
Hcre & TPaHCIIALUH

noacuctema

Patnep B.A. T'enetuka, monexynspHas KUOEpHETHKA,

pen.Bacunnena JI.A., HoBocubupck, Hayka, 2002, Ctp. 173



PaTtHep B.A. KoHuenuua MICY
Bbno4yHo-moaynbHoe ctpoeHue MITCY kneTku: cansep

Caiizep (= Syser - System of self-reproduction) — «saapo» LeHTpaIbHON ITOACHCTEMBI,
BKJIIOUAIOIIAs TPYIITY B3aMMOICHCTBYIONIUX OJIOKOB PEIIMKALIMM, TPAHCKPHUIILNH,
TPpAHC/IHAIMUA U cerperaiumm, KOTOpbIC B COBOKYIITHOCTH U BO BSaHMOHeﬁCTBHH 00€ecCIIeYnBaIoT

criocooHocth MI'CY kK caMOBOCIIPOM3BEICHUIO.

Caunsep — yHMBepcaribHasi cucTemMa caMoOBOCINPOU3BEOEHUS.
benku penJimkanyu BOCIIPOU3BOIAT T€HBI BCEX YETHIPEX OJIOKOB, a TAK)Ke JIIO0OBIC APYTHE TeHBI, C TAKOM JKe
MyHKTYyaluen TPaHCKPUIIIUH.

benku TpaHCKPUIIIIUU TPAHCKPUOUPYIOT T€HBI BCEX YEThIPEX OJIOKOB , a TAKXKe JTI0ObIE APYTHE TeHbI C TAKOH
KE TyHKTYalue TPaHCKPUIILINH.

benku Tpancasunu TpancaupyioT ppakiun M-PHK Bcex deTbipex OJI0KOB, a Takke JHOOBIX IPYTUX IeHOBT
TAKOM K€ ITyHKTyalueHu. '
benku cerperammm o0ecriedynBaOT PaBHOE Pa3EICHNE BCEX TEHOB MEXKIY JOUCPHUMU KIETKAMMU.
MIMeHHO YHUBEpPCAIBHOCTh OCJIKOB M 3HAKOB MyHKTYAllMHM 3THUX MPOILECCOB 00pa3yeT MpsiMble U OOPaTHBI
CBA3U MEXy OnokaMH, uto ctadbunuzupyet Bcro MI'CY u oOecnieunBaeT ee CaMOBOCITPOU3BEACHNE

Yem oTiinuaeTCH camsep
OT HEHTPAJIbHOH

.

noacucremsl MI'CY ??

= &

-

I - lleHTpaJbHas moacucreMa

BHeWHMe MI'CY Bkiawuaer 00J1blIIe

KOHTYpb!, IPOLECCOB, HAIIPHUME
HaBelWwlaHHbIe Ha p H ’ p p’

Cakzep - "agpo” causep penapanuno,

Parnep B.A. Teneruka, MosekymsipHas kuoePrernka,
pen.Bacunwesa JI.A., HoBocubupck, Hayka, 2002, Ctp

LEHTPANEHOW NOOCHCTEMEI peKOMﬁl/IHaHI/IIO.



PaTtHep B.A. KoHuenuua MICY

Bno4yHo-moaynbHoe ctpoeHue MICY kneTtku: moaynb apxvBa
reHeTn4yeckoun nHdopmauum (cnavg 1)
Monyjib apXuBa reHeTu4eCKo HH(POPMAIMU COJIEPKUT YACTUYHO MEPECKPHIBAOIINECS
YHHUBEpCaJIbHbIE OJIOKH IPOIECCOB 001ell PeKOMOMHAIIMU, PENaPALUN, PeIJIMKALMN U Ap. , a
TAKKC HCYHUBCPCAJILHBIC OJIOKH MpoucCCOB TPAHCIIO3UIINHA MOOMJbHBIX T€eHETHYECKHX
3jeMeHToB (MI'J), 00paTHO TPAHCKPHUIILUHA, XPOMOCOMHBIX NE€PECTPOEK, VIIAKOBKH
XPOMATHHA U HEKOTOPBIX APYTHUX.

lermrmpyrie: cHoEmM

ey N

leHbI
peKkom-

BNk ap:xMES HACNEACTE EHHOM MHOBODMELYAA

i
|
araep B.A. I'eHeruka, MoneKkynsipHast KHOEPHETHKA,
pen.Bacunnesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 174

DaKTUYECKH ATO CUCTEMA XPAaHEHUS, MO KAHUS, TyOITUPOBaHUS, KOPPEKIIMU, MAHUITYJIUPOBAHUS, T.€ B-
[[EJIOM TTIOMEX0YCTOMUYMBOCTH T€HETUYECKON MHMOpMaLUK. DTOT KE MOAY/Ih 00€CIIEYMBAET U3BMEHUYMBOCTD
reHEeTUYECKOW MH(POpMAITNH, MOCKOJIbKY (QYHKIIUS IOMEXOYCTOMYMBOCTH JOTOJHSIET (PYHKIUIO
MYTHPOBaHMS, KOTOPasi BOSBHUKAET B OCHOBHOM IyTEM OIIMOOK B CUCTEMAaX PEIUIMKALMU U JIPYTUX
Ipoueccax apxusa.



PaTtHep B.A. KoHuenuua MICY

BbnoyHo-moaynbHoe ctpoeHne MITCY kneTtku: Mmoaynb apxmBa
reHeTUn4eckou uHcgpopmauum (cnaupg 2)

Texmrapyrc cauomm

“\J‘-{H—r

= & 8
> <>
1 il

B0k MBS HACNSLETE EHHOM MHORRELA

ApXUB reHeTU4eCKOM HHGOPMALIMK COJIEPIKUT COTHU U THICSIYM OTAEJIHHBIX CEKIIUM
HEHTPaIbHOU U epUPEpUIECKON MOJICUCTEM C aBTOHOMHBIM JIOCTYIIOM K HUM (T€HBI,
onepoHsbl) . OHU BOCIIPUMMYUBBI K BHEITHUM CUTHAJIAM U YEPE3 HUX — K BHEIIITHEMY
YIPaBICHUIO, & TAK)KE CLIOCOOHBI K OTKJIMKY ITyT€M aBTOHOMHOTO U3MEHEHUS TOTOKOB
CUUTHIBAaHUA UHPOPMAIUH.

B cexnusix 010k0B nepudepuueckor CUCTEMBI 3aliCcanbl (PYHKIIMKA KOHTPOJII METab0oIu3Ma,
OHTOT€HE3a, PUBHOJOTUUECKUX MPOIECCOB, UMMYHUTETA U T.7l. OCHOBHOE coliepKaHue OJIOKOB —
MEXaHU3MBbI CTICIIM(UYECKOTO YIIPaBICHUS CEKIMSIMU apXuBa, MPOAYKTHI 3TuX cekuui (M-PHK,
O€JIKM), & TAKKE CXEMBbI ¥ ITPOILIECCHI UX B3aNMMOJIEUCTBUIN MEXK]ly CO00M (MyIbTUMEPHI, KOMILJIEKCHI,
TeHETUYECKHUE CETH U T.I1.) U UCTIOJIHEHHUE (DYyHKIIHIA.

Parnep B.A. T'eneruka, MmonekyasipHas KHOepHETHKA,
pen.Bacunwesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 174



PaTtHep B.A. KoHuenuua MICY
BbnoyHo-moaynbHoe ctpoeHne MICY kneTku: Moaynb KOHTPONA

MeTabonuyeckux n poLeccoB

MoayJib KOHTPOJIsI META00IMYECKUX MPOIECCOB - COCTOUT U3 COTEH U ThICSY
ABTOHOMHBIX CUCTEM META00INYECKOTr0 KOHTPOJIS, padOTaIOIIMX OYTH HE3aBUCUMO U
napajijieSIbHO WJIM BXOJSIINX B CJIOXKHBIE KacKaJHble cCUCTeMbl. CII0KHOCTh OJI0Ka
J0JKHA OBITh OJIM3Ka K CJIOKHOCTH ITyTe MeTabonu3ma. Cnennduueckoe yrpaBieHHe
CEKIIUSIMU OJI0Ka BBIMIOJIHAETCS YEpe3 pa3HOOOpa3HbIE MPSAMBIE U 00paTHBIE CBSI3U
MEX1y reHamu, (hepMeHTaMU, PEryJsITOPHBIMU OCIKaMu, 3HaKaMH YIIPaBJICHUSI,
MeTaboJIMTaMH, CUTHAJIbHBIMU areHTaMu, TOPMOHAMH U JIp.

ABETOHOMHO YNPSENAEMEE TEHEl, KOHTROMMHD e METSS0 NI

Mogy Ne KOHTRONA METS00MSMS (SHAN0MAYHO - oY NE KOHTRON A OHTO rEResE)

dakTHYeCKU aBTOHOMHOE YIIPaBJIEHUE MOXKET OBITh BBEJCHO MOYTH B JTHOOOM
HEYHHMBEPCAIBLHOM 3BeHE MOTOKa nHpopmaruu. Hanbonee cyiiecTBeHHbIE aBTOHOMHBIS
MOJICUCTEMBI ATOTO 0JIOKa KOHTPOJUPYIOT 0a30BbIA META00JIN3M (BKJIIOUAsi CUHTE3
MOHOMEPOB — HYKJICOTHIOB M aMUHOKHCIIOT) , SHEPTETUKY, TPAHCIIOPT BEIIECTB U IPYTHe
IPOLIECCHI.

pen.Bacunnena JI.A., HoBocubupck, Hayka, 2002, Ctp. 172

Patnep B.A. T'eneTtuka, MonexynspHas KUOEpHETHKA,



PaTtHep B.A. KoHuenuua MICY

Bno4yHo-moaynbHoe ctpoeHne MICY kneTku: 6nokK ynpaBneHus

pa3BuTUEM (OHTOreHe30M)
Biok ynpagpiienusi pa3ButueM (OHTOT€eHe30M) KOHTPOJIUPYET BPEMEHHYIO IMHAMUKY U TPOCTPAHCTBEHHYIO
TONOTPaPUI0 OHTOTEHETUYECKUX COOBITUI. DTO CYIIECTBEHHO KaK JJIsl MHOTOKJIETOYHBIX OPTaHU3MOB, TaK U
JUTS1 OTJICNIbHBIX KJIETOK (KJIETOYHBIN IUKI) | JJISI BAPYCOB U (paros, )KUBYIIUX BHYTPH KJIETOK. OHTOTEHE3
3aBepiaercs camoBoctpousBeaenuem ux MI'CY. Ha Bxoje 3Toro 0j10ka HaXoAuTCsl OOJbIasi TpyIia
ABTOHOMHBIX CEKIMI apXuBa (T€HOB), KOJUPYIOMIUX cHeU(PUIECKUe 3BEHbS MPOLIECCa Pa3BUTUS —
nuddepeHupoBKy, MopdoreHes, popMupoBaHus TKaHEH, KJIETOUHOE JieJieHue U T.I. Ha mpoMeKyTOuHBIX
ATarax Mnpolecca UCIOJb3yITCS YHUBEpCATbHbBIE OJOKU PEITMKAIUU, TPAHCKPUIIIIUU, TPAHCIISLINH,
MPOIECCUHTA U JIP.

ABTOHOMHD YMPEEN AEMBE TeHE], KOHTRONMEY K WAE METAG0NM3

Moy Ne KOHTRONA METE00MEME [SHANOMAYHD - MOLY Nb KOHTPONA OHTOreHEsa)

I'eneTnueckas nmporpaMma 3alMcaHa B apXUBeE ONOCPENOBAHHO, YEPE3 B3AUMOIECUCTBHE
MOJEKYJIApHBIX KOMIIOHEHTOB MI'CY. Cxemy B3aumMoaeCTBHSI MeKIy ITUMU KOMIIOHEHTAMHU
00bIYHO HM300pa’KalT B BH/Ie T€HETHYECKUX CeTeil.

pen.Bacunnena JI.A., HoBocubupck, Hayka, 2002, Ctp. 172

Parnep B.A. T'enetuka, MonexynspHas KUOEpHETHKA,

biok ynpaBiieHHsI OHTOTE€HE30M U peanu3yrolias ero auHamudeckas cuctema MI'CY o6manaroT omHIM
YHUKaJIbHBIM CBOMCTBOM : OHHM KOAUPYIOT HEOOpaTumbie PyHKIIMOHATIbHBIE U3MeHeHus moayiaeit MI'CY,
HacJielyeMble Jajiee 1Mo KIeTOYHOM JuHuM. MHade ToBops, OHU 001a4al0T AMUTeHeTHYeCKUMH CBOIICTBAMMU.



PaTtHep B.A. KoHuenuua MICY
BnoyHo-moaynbHoe ctpoeHne MICY kneTku

(noBTOpPEHME, BCE OIIOKMN)

\

Mopaynb apxuBa reHeTU4ECKON MHPopMaL UK \

P

LleHTpanbHanA

nogcucrema MICcy

Caunsep
Pennnkauma,
TPaHCKpUNUMA,
TpaHCcALMA U
\\FerperauMﬂ

~N

J

o

/Penapau,m,

f Nepudepunuyeckan nogcucremay MFCY\

TpaHcno3numMa MOBUNbHBIX FEHETUYECKUK
3N1eMeHTOB, 0bpaTHaA TPaAHCKPMNUMA,
XPOMOCOMHbIE NEePeCTPONKK, YNaKOBKaA

XpomaTunHa un ap. /

DEKOM6MHaLI,W

B/NOK KOHTpOAA bnoK ynpasneHus
meTabonnyeckux passutnem

QPOU,ECCOB (OHTOTEHe3OM) j

o

3aKOHOMEpPHOCTU OpraHMU3aLmm
(yacTMuHO 0bycnoBneHHbIE
CTPOEHuem onepoHoB)

[ BYyXOnepoHHbIH
Tpurrep




PatHep B.A. KoHuenuua MI'CY

BnoyHo-moaynbHoe ctpoeHne MICY KneTku: anemMeHTbl 3NUreHeTUKn

B npeaenax MI'CY M0XXHO BBIAEIUTh MOIYJIH, UCIIOIB3YS IPYyTroi (TOpU30HTaIbHbBIN

MPUHIIMIT) KJIaCCU(PHUKAIIUH.

Mopynb HaCIeICTBEHHOM T€HETUYECKOM MaMSITU - TE€HBI, KOTOPBIE TIEPENAOTCS
JI0OYEpHUM KJeTKam Onarogaps perukaruu JJHK

Monynb onepatuBHOM reHeTrudeckon mamatu - PHK u Oenku. X koHLIEHTpau

u3MeHs0Tcsa co BpemeneM . [Ipu nenenun kinetku PHK u Genku pacnpenenstorcs mno

AOYCPHUM KJICTKAM B PABHBIX COOTHOIICHUX.

P—

Moynb HacaeICTBEHHOM

T€HETUYECKOHU MMaMATH

L Monyib oneparuBHoM o
i l reHeTUYEeCKOU MaMsITh @W\’;:}éd\\}"
Metabonuzm, OHTOMEHE S 0)04“\}“@@

~N

4 ~ Hcnonnsrommee N\

YCTPOMCTBO PEIUIMKALINU

Hcnonnsromiee ycTporucTBO

' TPaHCKPUIILIAH
Hcnonusromiee yCTpoucTBO
\_ J

TPaHCIINHU

Parnep B.A. T'eneruka, Mojeky/sipHas KHOepHETHKA,
pen.Bacunwesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 173



PaTtHep B.A. KoHuenuua MICY
Uepapxunyeckoe 6novyHo-moayrnibHoe ctpoeHne MICY kneTku

(noBTOpPEHMUE)

PeanbHbIe KIIETKU U OpraHn3Mbl, a Takxke nx MI'CY uMeror uepapxuveckoe 0J1I09HO-
MOIYJIbHOE CTPOEeHMEe, BOSHUKIIEE YBOIIOIMOHHO.

Uepapxuunocts MI'CY noapasymeBaeT, 4To MOYJIH 00J1€€ BBICOKUX SIPYCOB SIBJISIFOTCS
KOMOHMHAIUSAMU OJIOKOB MPEABIAYIIHNX SPYCOB U COSTUHUTEIBHBIX AJIEMEHTOB, a
BBIJIEJISIEMbIE SPYChI, OJIOKU U MOJACUCTEMbI UMEIOT UHPOPMAIIMOHHYIO IPUPOY.

XPpOMOCOMHBIE
CTPYKTYPBI

< Omeponel, >

TpaHCKpUIITHI,
HwxHue sapychl nepapxuu -> I'ensl, benku ,
anemeHToB MI'CY Kononst

Parnep B.A. T'eneruka, Mojeky/sipHas KHOepHETHKA,
pen.Bacunsena JI.A., HoBocubupck, Hayka, 2002, Ctp. 173



CTpoeHue perynaTopHbIX pauoHOB onepoHOB (1 reHoB)

NPOKAPUOT. NPUHATAA TEPMUHOJIOI A

Positive regulation

Transcription

- | —

] TERRR
Promoter Operator

RLALLL

L. LI

No

ﬁ transcription
RELLLL CLLHERR

Promoter Operator

ReeLtt LI RRY

(No activator)

Negative regulation

Repressor

Promoter Operator
LEEinaE. s L —— M U U ) | |

No
transcription

AL LLLLLAN

Transcription
L WLIIIIIH

Promoter Operator

LRRNEe. LLLLRRN

(No repressor)

KommeHTapum nekropa:

[1pn onucaHum CTPOEHUST PEryNnATOPHOro paroHa onepoHa y NPoKapuoT, Kak npaBuno,
NCNomnb3yeTcs TEPMUH «onepatopy». «OnepaTtopomM» Ha3blBalOT Yy4aCTOK CBA3bIBAHUS
perynatopHoro 6erika (penpeccopa nnbo aktMBatopa), TO eCTb TPAHCKPUMNLIMOHHOIO
doakTopa.

*Takum obpasom «orepaTop» SABMSETCS CauTOM CBSA3bIBAHUS TPAHCKPUMLUMOHHOIO
doakTopa.

*be3ycrnoBHO, oNepoH MOXeT MMETb HECKOJbKO OMnepaTopoB C pasfniMyHOW fokanusaumen

http://www.discoveryandinnovation.com/BIOL202/notes/lecture17.html



MICY: Moaynb KoHTpons MeTabonmMyeckux rnpoueccoB
OnepoH — 6a30BbIN INEMEHT MOAYNSI KOHTPOJSIA MeTaboNMNYeCKUX
npoueccoB

B kayecTBe MmopenbHbIX 00bLEeKTOB B pamkax MICY paccmaTtpuBanucb aBe
CXeMbl perynsuuu

JTakTO3HbIN onepoH (lac-onepoH) TpuntocaHOBLIN ONepoH (trp-ornepoH)
(MHOYyUMpYeMmblid) (penpeccupyembiit)
. fac-oAnepoll ) rrp—oAnepon
Tpomotop “ p(43) )
Caittr PHK - 0(20) ar(39)
Caiit nonumepass trpR — E D C B A t
BAK (s1) __ Oneparop [] [ [ 1675 T 1675 [ 1250 ] 1a00 [ 800 [ |

Pewm{mp (17) I (35) C‘rpymfpﬂbie uwchoum
: - Penpeccop
[ ] 1040 3510 780 | 825 :

/ / Penpeccop

PHK-

/ noauMepasa
u-AM®-BAK \ — ! :
J[ak-mga l'moxoaa H
PHK-nonumepasa BHYTPCHHSA Tanakroaa 5 :
=
(=9
=

.

JlakT03a BHELIHAS

®-pubo3ni-
AHTpaHHWIarT
L
v
ql)
Wunon-
muepogocdar

AHTpaHMWNaT

Perpounrmbuposanme

XopH3amMoBas KMCIOTa

Puc. 23-1. Cxema CTPOEHMS M PETyASTOPHBIX oTHolueHWil B lac-onepoune E. coli [Patuep,
1983]. OGo3HayeHust: Z, ¥, d — CTPYKTYPHBIE LIMCTPOHBI, KOHTPONHPYIOLLKHE CHHTe3 depMeH-
TOB MeTabONMYeCKOro MyTH pacileruleHrs caxapa JaKTo3bl; | — LHCTPOH-PEry/sTop, Belpa- Puc. 23-4. CxeMa CTPOeHMsi M PEeTYJIATOPHLIX OTHOILUEHMWit B trp-onepone E. coli [Pathep,
GarsiBatowmii Gesok-penpeccop lac-onepona; BAK — 6GeoK akruBauuM KatabonuToM — 1o- 1983). O6osuauenus: A, B, C, D, E — cTpyKTypHbIE UHCTPOHBI, KOHTPOJUpPYoLLHE (hepMeHTH
3UTHBHLIH PEryNsTOPHBIN GENOK, yuacTBYIOWKI B aKTHBALWH TPAaHCKPUIILWK lac-ollecpoHa B MeTabo/IMUECKOro MyTH CHHTE32 AMWHOKMCIOTH Tpumrodana; trpR — uMeTpon perynsitopa;
OTCYTCTBHE TNI0K03bL. Jlpyrue o6o3HaueHus cM. B Tekete. Liudpamu 06o3HaueHO YHCIO HYK~ at — aTTeHIAaTop TPAHCKpHINUWHK. [IpyTie HeoOXoauMble NOACHEHWA W TEPMUWHLBI CM. B TEKCTE.

Penpeccus

MPynnbl CTPYKTYPHbIX LUCTPOHOB: TEHbl,
3HAKMU NYHKTYaUMu TPAHCKPUNLMU: NPOMOTOP U TEPMUHATOP
3HaK ynpaB/ieH1A: onepaTop

Parnep B.A. Teneruka, monekynspHas kubepHetuka, pen.Bacuibesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 220-224



MICY: Moaynb KOHTpoONns meTabonuM4yeckux npoueccos

BUONOInA: NOCTYIMJIEHUE v AETPAOALUA NNTAKTO3bI B KIIETKE

BHEKIIETOYHAS Knetku nmomiomaroT J1akTo3y U3
E = G NIAKTO3A KNETOYHAS cpenbl. TpaHCIIOPT TAKTO36I
e MEPMEA3A MEMBPAHA yepes MeMOpaHy KIETKU
I r ‘ OCYIIECTBIIICTCS MIPH yYACTHN
OeJka repMeassbl.

BHyTpu KieTku nakrosa
BETA-TANAKTO3MOA3SA D pacIICIISICTCS 10 IraJIaKTO3bI U

O\D \ IIIFOKO3BI [IPU YYACTHH

NAKTO3A dbepMeHTa OeTa-rajJakTo31/1a3bl
@ 5ETA rANAKTO3MOA3A >
—~ v FANIAKTO3A [TIOKO3A
- ' BETA-TANTAKTO3UOA3A Y
ANNONAKTO3A - OA3A JNaKkTO3HbIW onepoH
lacZ lacY lacA
| |
TpaHcaueTtunasa (reH lacA) / j
NepeHoCUT aLeTUAbHYIO FPynny OT aueTu- ) \
KoA Ha 6eTa-ranaktosuapl. Ponb npoaykTta BETA-TANAKTO3MOASA ([
reHa lacA B metabonnsme rnoKosbl He ACHA nepmeasa

—> TPAHCALIETUNNA3A

Genetics A Conceptual Approach Benjamin Pierce (Baylor U.), Ch.16, P.442



MICY: Moaynb KOHTponsa metabonuyeckux npoueccon

PErynAauusA SKCriPECCuU reHoOB JIAKTO3HOI'O ONMEPOHA

OTCYTCTBUE NNAKTO3bI
| |
Dpimn
The lac operon _ o r lacO "
(a) |aC| polymerase Cannu‘;\i nper:atnr Structural genes 1
e e bind X lacz lacy lacA
A lacp 4‘
Transcription / |Nn transcriptiun|
and translation

AKTUBHbIU l
PEMPECCOP (i)

B lac-omepone mpomMoTop MOTIHHSICTCS ASHCTBUIO CIIESIIUATBLHOTO 3HAKA YIIPABICHUS —

orreparopa (lacO). DTo GyHKIMOHATBHBINA CAUT pazMepoM 35 11.0., y3HaBaeMbIi PeryasTOPHBIM S,

min Pierce (Baylor U.), Ch.16, P.443

oenkoM-penpeccopom. KoMmruieke penpeccopa ¢ oneparopom MpensiTCTBYET MOCaaKe MoneKynba%

PHK-mmonmumepassl Ha mpOMOTOp U TEM CaMbIM MOJABISIET HAYAI0 TpaHCKpunuuu. Penpeccop

CUHTE3HUPYETCS ITOJT KOHTPOJIEM JIPYTOro IUCTPOHA-PEryisaTopa (omepona) - lacl, koTopsrid
PaCTIONIOKEH CMEKHO C HUAM.

benok-pernpeccop crnocoOeH TakkKe B3auMOJICHCTBOBATh C HEKOTOPHIMU META00IMTaMH U
B PE3YyJIBTaTe U3MEHSITH CBOIO IIPOCTPAHCTBEHHYIO KOH(POpMAIIHIO U akTUBHOCTL. J{iis lac-

OMEepOHA TAKUM META0OIUTOM SIBJISIETCS CyOCTpaT MeTabOINYECKOTO My TH — JIAKTO3a U €r0

a”Hajoru. B OTCYTCTBHMU JIAKTO3bI PCIIPCCCOP AKTUBHO ITOLAABJIACT TPAHCKPHUIILINUTIO

Parnep B.A. Teneruka, MmonekynspHas kudepHetuka, pen.Bacubesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 220-224

Genetics A Conceptual Approach



MICY: Moaynb KOHTponsa metabonuyeckux npoueccon

™
<
N
[a R
o ©
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°5 /
o -
23 OTCYTCTBME
TS JIAKTO3bI
S lacl
o ® e e
o [
© 5 |
g o |
o &) Transcription
Tf) - and translation
S E . I
8 -g AKTUBHbLIU
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and translation
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|
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lacl

AKTUBHbIN
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/

HEAKTUBHbIN
PEMPECCOP

ANNOMNAKTO3A"
1

PErynaAuna SKCnNPECCUN reHoB JTIAKTO3HOI'O OINMEPOHA
nog aencrteuem JIAKTO3bI

DF‘E ron

)

RNA lacO

- - operator g
polymarase Cann;\l

B npucyTcTBUM NaKTO3blI
bind lacZ

lacP penpeccop tepaer
/ penpeccopHyro
|Nn trd
aKTUBHOCTb, U
TPAHCKpUNLUUA
BO30bOHOBAAETCA.
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oparator
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[ ] Transcription
and translation
I

EMA
polymearasa

PerynupyroLmi
meTabonut
Ha3bliBaeTcA

adppeKTopom

onepoHad

{ } Y
Enzymas

BETA-TAJIAKTO3UOA3A TEPMEA3A TPAHCALETWUITASA

! @ TTIOKO3A
o FAHAKTOSy
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MICY: 3akoHOMepHOCTM OpraHu3aumMm MOAymA KOHTPOsNs MeTabormyecKux npoLeccos

q)yHKLI,VIOHaHbeIe COCTOAHUA MHOYLMPDYEMOI'O OornepoHa

/ NunyunpyeMblii oniepoH (Hanpumep, JJAKTO3HbIN ONePOH) SBISIETCS CIEAIIECH CUCTEMOI, KOTopaN
OTCJIC)KMBAET HYJIEBYIO KOHIICHTpAIMIO CyOCTpaTa, TO €CTh pad0TaeT J0 MOJTHOTO €r0 MCU€3HOBEHHUSI.

.~ OnepoH BbiKkNloOYeH OnepoH BKAOYEH
N
o o po 4 B 1 R po 4 Bt
S8 [
X _
QO & l
27 m DepMeHTEI
p — — v
enpeccop

Arlopenpecco:)\ S—» —» P
BddekTop

R —reH perynatop; A wu B — CTPYKTypHble LUCTPOHbI pepmMeHTOB MeTabonnyeckoro nyTu; S - cybetpaT; P — NpoayKT; p — NpoMoTOop;
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Q@Kny KOHIICHTpaUAMU cy6CTpaTaH\ GPICTCMa AMCCT OHO yCTOfI‘H/IB(g

(hepMEHTOB UMEIOTCS TTOJIOKUTEITbHAS COCTOSIHMC — BBIKIIFOYCHHOC. :2::23 :
npsiMasi ¥ OTpHLATeNIbHAsE 0OpaTHas BHEIIHKM BO3/ICHCTBUEM
CBA3U: YpoBeHb hepmeHTa » (mosiBieHUEM cyOcTpara) ee MOXKHO 5
BBIBECTH M3 3TOTO COCTOSIHHUSI
(+) T l (-) (BKJIIOYHTH), HO C HCYC3HOBEHHUEM
cyOcTpaTa oOHa BO3BpAIacTCs B KOHTAKTBI L

YpoBeHb cybcTpaTa
\ } @IKJHO%HHOC COCTOSIHHE. ) KHOMKY

Opranuzanys UHIyUAPYEMOTO ONEPOHA HATIOMUHAET OPTraHU3alUI0 ABEPHOTO 3BOHKA. 3BOHOK ’
YCTOMYHBO BBIKIIOUEH. Ha)karre KHOIKY BBI3BIBAET APYTO€ COCTOSTHUE - 3Bydallee, HO OHO
MOJIIEPKUBAETCS O TEX MOP, MOKa BbI HAXKMMAaeTe KHOIKY, ’TO COCTOSIHUE HEYCTOMYUBO

Paruep B.A. T'eneruka, monekymspHast kubepueruka, pen.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 223



MICY: 3akoHOMepHOCTM OpraHu3aumMm MOAymA KOHTPOsNs MeTabormyecKux npoLeccos

OnpeaeneHune onepoHa B TepmuHax MI'CY

!ac-oAnepon
J1aKTO3HbIW ONEpPOH npeacraBaseT coboi rl fipouorop ’
ynpasasemyto eaMHULY TPAHCKPUNLUU U Cailr nocepans
51 O
COCTOMT U3 rPynnbl CTPYKTYPHbIX remon 3‘;‘,’( — '}3‘;?“’" Crmperymase werpon
LLMCTPOHOB (reHOB), 3HaKOB MYHKTyaLu1K Moo T : o 5] 8:5
TpaHcKpunuum (npomoTopa u /' / Pmpmp
TEPMUHaTOpPa) 1 rpynnbl 3HAKOB Y4
-AMO®-BAK

ynpasneHus ( onepatopa (HeraTuBHas HAMSD / \ farosa_ * | Tniokosa

< PHK-nonumepasa BHYTDEHHSIA Tan ax'roaa
perynayua) u caiita NO3UTUBHOrO I )

ynpasneHusa bAK*), kotopble , B cBOO Jlakrosa BremHss
O‘-Iepe,qb, quCTBMTean bl K anCyTCTBMI,O Puc. 23-1. Cxema cTPOEHMA W DPErYIATOPHBIX oTHoLleHUi B lac-onepone E. coli [PatHep,

1983]. O6o3HayeHus: Z, ¥, @ — CTPYKTYPHBIE LIMCTPOHBI, KOHTPONUPYIOLLIME CUHTE3 depMeH-

mMmeTa 60" MTOB-CUFHaNOo B, COOTBEeTCTBEeHH o’ TOB MCTHﬁOleH‘-JCCKOl"O MYTH pacilUeryieHWs caxapa JaKTo3bl; | — UHCTPOH-Pery/saTop, Bulpa-

GaTwbiBalOLLKi Denok-penpeccop lac-onepona; BAK — 6esok akTuBaumu KataboiuToM — 1o-

na KT03b|, " U,M KN MqECKOﬁ AM CD (U‘AM CD) 3WTHUBHEIH PEryNsiTOPHBIN DENOK, y4acTBYIOLUMI B AKTHBALMKH 'rpaucxpnnu'un lac-onepoHa B

OTCYTCTBUE INI0KO03bl. Jlpyrue o6o3uauenuns cM. B Tekere. Llndpamu o6o3HaueHo Yncio HyK-

* BAK — 6enok akTuBauum Katabonutom

J1aKTO3HbIi ONepoH aBAsAeTcA
npUMepomM UHAYLUPYEMOro
onepoHa

Perynupyrowmu metabonur HasbiBaeTtca
adpPeKTopom onepoHa

Parnep B.A. T'eneruka, mosnekynspHas kubepHeruka, pea.Bacmibesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 220-222



MICY: 3akoHOMepHOCTM OpraHu3aumMm MOAymA KOHTPOsNs MeTabormyecKux npoLeccos

CtpoeHue TpuntochaHOBOro onepoHa
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Penpeccus

Puc. 23-4. CxeMa CTPOeHMs M pPEryJISTOPHBIX OTHOLUEHHWIl B trp-onepoue E. coli [PatHep,
1983]. Obo3HaueHus: A, B, C, D, E — cTpyKTypHble UMCTPOHBI, KOHTPOJUPYoLIHE (hepMEHTHI
MeTab0/IHYeCKOro MyTH CHHTE3a AaMUHOKHCNOTH Tpurrrodana; trpR — uMCTpoH perysisitopa;
at — aTTeH0aTop TpaHcKpunuuu. Jlpyrue HeobXonuMble NOSICHEHHS M TEPMWHBI CM. B TEKCTE.

CurHanom-3pPpeKTopom onepoHa CAYKUT KOHEUHDbIU
NPOoAYKT — TpuntodaH

TpuntodaH aKTUBUpPYET penpeccopHblii 6enok (Koaupyemblit LUCTPOHOM
trpR), 6naroaapa yuemy TPAHCKPUNLMUA CTPYKTYPHbIX LUCTPOHOB CHUXKaeTcA

Parnep B.A. T'eneruka, monekynspHas kuOepHetuka, pen.Bacubesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 224



MICY: 3akoHOMepHOCTM OpraHu3aumMm MOAymA KOHTPOsNs MeTabormyecKux npoLeccos

(DyHKLI,VIOHa.ﬂbeIe COCTOAHUA penpeccupyemoro onepoHa

/ OnepoH BKAKOYEH OnepoH BbIKAOYEH \
~$‘\e (mano npoaykra) (n36bITOK NpoayKTa)
,\o‘?‘ O R po 4 Bt R po 4 Bt
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°ce LN Lo
2 ¥ P
ernpecco
Anopenpeccop DepMCHTS! pe\ Po— _
H3beiTok P
P —3 (3¢dexrop)
IToTrpeGneHue
Puc. 23-5. DyHKunoHaNbHbie COCTOSIHUS PEIIPECCH PYEMOTO ONEPOHa.
\ a — OnepoH BKIKHEH, 6 — BobikmwoyeH. Cocrosiiue a ycToiurpo. OBO3HaYeHMsA TAKME Xe, KaK Ha /
puc. 23-3.

ﬁemﬂy KOHLICHTPALUAMU HpOI[YKTah
(bepMEHTOB UMEIOTCS MOJIOKUTEIbHAS

Cucrema UMeET OJHO YCTOMYNUBOE
npsiMasi U OTpUIaTeNIbHast 0OpaTHast

COCTOSIHHE — BKJIIOYEHHO€e. TOJIBKO

CBSI3U:
YposeHb pepmenTa » MOsIBJICHHE M30BITKA TpUnTodaHa
T l 4) IIOJIaBIIICT CUHTE3 (PEPMCHTOB, a
) yepe3 HUX M caMoro Tpumnrodana.
\ YpoBeHb NpoAyKTa J
@ -
~~ |

TexXHUYECKUM aHAJIOrOM PENPECCUPYEMOTO OTIEPOHA ABJISACTCS TYPHHUKET, y KOTOPOTO
MPOXO/T 3aKPHIT, HAXOISICh MO HanpsikeHueM. Ha)katne KHOMKM WM OIyCKaHUE KETOHA
MO>KHO OTKPBITh MPOXO/I, HO TOJILKO Ha BpEMsI ITPOXOXKICHUS KETOHA B CUCTEME. e



MICY: 3akoHOMepHOCTM OpraHu3aumMm MOAymA KOHTPOsNs MeTabormyecKux npoLeccos

PYHKLUMOHaNIbHAsA 3HAYMMOCTb NMOJIOXKUTESNbHbLIX U OTPULATeNbHbLIW
oOpaTHbIX CBAA3en

Mexay KOHUEeHTpauuamm cybcrpata u Mexay KOHLEHTPaUMAMM NPOAYKTa U
d)epMEHTOB MMeRKTCA NONOXUTEe/IbHAA (I)epN\eHTOB MMEeRKTCA NONOXUTE/IbHAA
npAmMas 1 oTpuLaTesbHaa obpaTHasa CBA3M npAmas u oTpuLaTesbHaa obpaTHasa CBA3M
YposeHb bepmeHTa YpoBeHb pepmeHTa
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PaTtHep B.A. KoHuenuua MICY

BnoyHo-moaynbHoe ctpoeHne MICY kneTku
(noBTOpPEHME, BCE OIIOKMN)

\

Mopaynb apxuBa reHeTU4ECKON MHPopMaL UK \

f LleHTpanbHanA

f Nepudepunuyeckan nogcucremay MFCY\

£
noacuctema MICcy < o
N\l 5 T TpaHcno3numa MOBUNbHBIX FEHETUYECKUK

Caiisep © 2 3NEeMEeHTOB, 0bpaTHaA TPaHCKPUNLMA,

Pennnkaymsa, g % XPOMOCOMHbIE NEPECTPOMKMN, YNAKOBKA

TpaHCKpUnumA, \o- o XpomaTunHa n ap. /

TPaHCAAUMA U

cerperaums Bnok KoHTponA bnok ynpasneHus
- j meTabonnueckux passutuem

o

o

QPOU,ECCOB (OHTOTEHe3OM) j

3aKOHOMEpPHOCTU OpraHMU3aLmm
[ (4acTMuHO 0bycnoBneHHbIe
CTPOEHuem onepoHoB)

[ BYyXOnepoHHbIH
Tpurrep




PaTtHep B.A. KoHuenuua MICY

Bnok oHToreHesa -> [1ByXxonepoHHbIN TpUrrep

Briok oHTOreHesa u peanuaytouiasa ero guHammdeckasa cuctema MICY obnagatot ogHUM
YHUKaNbHbLIM CBOMCTBOM : OHU KOAMPYIOT HeobpaTnuMble OYyHKLMOHaNbHbIE N3MEHEHUS
moaynen MICY, Hacnegyemble ganee no KNeTovyHon nuHun. MiHade rosops, oHn obnagatoT

nnreHeTn4ecknumm CcB

OVCTBaMMW.

XOTS oTAenbHbIE MeHOENEBCKME reHbl He 06nagatoT TakKMMU CBOMCTBaMU, MOXHO MoKasaTb,
YTO CyLLECTBYOT NOACUCTEMbI MEHOEJSTIEBCKUX TEHOB, C O6paTHbIMI/I CBA3AMU (D,ByXOI'IepOHHbIe

Tpurepbl n T.D,.), KOTOpbIE yXXe cnocobHbl HacneaosaTb MYHKUNMOHANbHbLIE COCTOSIHUS, T.€. He

ABNAKOTCA MeHOeNneEBCKMMI B CTPOIromM CMbICJIie. Takue cuctemMbl 6binmM Ha3BaHbl ANUreHaMmu.

Cxema CTpoeHUA ABYXONEPOHHOro TpUrrepa , NpeacraBieHHan

Paruep B.A.

npodeccopom B.A.PatHepom

Onepon 7 Onepow 2

Penpeccop 2

Benpeccap 7

Memadorum 2

Hemabogum 1

Puc.10. Cxema guyxosteponnoro tpucrepa (Pathep, 1975, Ratner, Tchuraev, 1978), amurena,
VMEIODIETO fIB3 ANbTEPHATHBREIL YCTONMHERIX COCTOANHS, KOTOPLIE CHOCOBHLI HACTEHORATRCA TIO

KICTONIOR THEH

MenaeneBcKue reHbl

1) Bcerna JIoKkaau30BaHbI B
XpOMOCOMax 1
2) WX aJUIC]IH BBI3BIBAIOT
aJbTEPHATUBHBIE COCTOSHUS
Ka4eCTBEHHOTO MpU3HAKa

['eneTtuka, MmonekysapHas KnoepHetnka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 174-175



Pathep B.A. Kotuenuna MY YT1o Takoe ABYXONEPOHHbLIN TpUrrep?

Onepon 1

Onepor 2

7z

77

Penpeccop 2

Penpeccap 7

Memmadorum 2 ITopaBnsroT
AKTUBHOCTD

~MMemaboavm ! «— penpecopos

Pue.10. Cxema guyxoliepownoro tpurrepa (Pathep, 1975; Ratner, Techuraev, 1978), snurena,
MMEIOLLETO /IBa ANETEPHATHBRLIX YETORTUBLIX COCTOANHA, KOTOphIE cHoCcoBALL HACNENOBATREA IO

YIETONIEGH TAHIH

®»J[Ba MHIYLHMPYEMBIX OllepOHa 00Pa3yrOT IIUKINYECKYIO CUCTEMY, B3aUMHO

MIO/IABJISISL APYT ApyTra MPU MOMOIIM CHHTE3a PETYIITOPHBIX O0EJTKOB-PEpPeCcCOpPOB.

['eHBI-perynsaTopsl BXOJSAT B COCTAB MPOTUBOMOJIOKHBIX ONIEPOHOB.
»Kaxxnplil penpeccop YyBCTBUTENEH K ACHCTBUIO HEKOTOPOTro METa0O0IUTa-
s dexropa (BHEIIHETO CUTHAJIA) U B €70 IPUCYTCTBUH TEPSIET PEIPECCOPHYIO

aKTUBHOCTL. [1osiBIeHME CUIrHajia, BOCIIpUHHUMACcMOI0 I[CflCTBYIOH.IPIM TPUITCPOM,

MNCPCKIOYACT TPUITCP U3 OAHOTO COCTOAHUA B APYTOC.

CBOMCTBA

'I[Ba OIICpOHA HC MOT'yT pa60TaTB OOAHOBPCMCHHO, TAKOC COCTOAHHC HGYCTOI\/}I‘II/IBO.
s[ImeeTcs nBa YCTOP’I‘IPIBBIX COCTOAHMUA:

- BxiitoueH nepBbIil ONIEPOH, BBIKIIOYEH BTOPOU ONEPOH;
- BKi1roueH BTOpOU OINEPOH, BBIKJIFOUEH IIEPBBIN ONIEPOH

OFF

Tpurrep no aHarIUicKu —
nepexiouarens. [1o atomy
MIPUHIUITY YCTPOECH
AIIEKTPUYE CKUAMN
BBIKJIFOYATEb B KOMHATE.
OH uMeeT Ba COCTOSHUS —
BKJIFOUECHO U BBIKIIFOUEHO.
[Tocne HaxaTust COCTOSTHUE
(bukcupyercs.

Parunep B.A. T'enernka, moJnekynsipHasi kuoepHetuka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 225-226



PaTtHep B.A. KoHuenuua MICY
[1ByXOMNepoHHbLIN TPpUITEp - He MeHaerneBCcKasi CUCTemMa, a INnureH

MeHAEeNEBCKHE TEHBI

1) Bcerna JIOKaJIM30BaHbI B XpOMOCOMAX;

2) UX aJlJIeN A BBI3BIBAIOT AJIBTEPHATHUBHBIE COCTOSHUS Ka9€CTBEHHOTO MIPU3HAKA;

3) HaclienoBaHKE aJUIeNel TAKUX T€HOB U COOTBETCTBYIOIIUX UM BapUallMil OMUCHIBAETCS 3aKOHaMU MeHaenst

® OnepoHbl, COCTABIAIONINE TPUTTED, SIBISIOTCS MEH/IEJIEEBCKUMH T€HAMU, TOJJYMHEHHBIMU yrpaBlieHnt0. Kaxaplil U3 HUX 1O
OTZEIIBHOCTH YAOBJIETBOPSAET KIACCUYECKUM MEHIEIECEBCKUM 3aKOHAM HACJIEIOBAHUS, IOCKOJIBKY UMEET TOJIBKO OTHO YCTOMYUBOE
cocrostHue. Hanpumep, BhIMOAHSAETCS 3aKOH YMCTOTHI raMeT. OJIHAKO caM JIByXOIIEPOHHBIN TPUTTEP YK€ HE MOAUYUHSIIETCS
MEHJICJICEBCKUM 3aKOHAM HACJICIOBAHUSI.

»MexaHu3m Hacyien0BaHus (yHKIIMOHATHLHOTO COCTOSIHUSI COBEPIIIEHHO UHOMW, Ye€M MPU HACJIEIOBAHUH aJUIETLHOTO COCTOSIHHUS,
KOTOpOE€ Hacyenyerca nyrem pernkanuu u cerperanuu JJHK renoma.

*DYHKIIMOHAIHPHOE COCTOSTHUE TPHUITEPA HACIEIYEeTCS IOMUMO TeHOMA, 33 CUET paclpeeieHUs MeKTY JOYCPHUMH KJIETKaMH
MOJICKYJT OeJika perpeccopa, MoJAeP>KUBAIOIIET0 YCTOHINBOE (DYHKIIMOHAIBHOE COCTOSIHHUE

Kak 310 npoucxoaut ???
'O6p3.3y€M JII/IHJ'IOI/I,ZIHYIO KJ'ICTKy, 1€ B KQXXJIO0M ralityJionJHOM I'€HOME UMCECTCs TpI/IFFCI), a (bYHKHI/IOHaJ'IBHI)IG COCTOAHUA OBYX
TPUITEPOB pa3INYHbI (BKIIOUEHBI pa3Hble onepoHsbl). KieTka umeeT o01mumid mya CHHTE3UpyeMBbIX penpeccopoB. CocTosiHUE, KOTAa
pa3HbIe TpI/IITepI)I CI/IHTGSI/IPYIOT paBHBI@ pGHPGCCOpI)I, HCYCTOP’I‘IHBO, IOCKOJIBKY COCTOSAHHA aJ'IbTepHaTI/IBHI)I, HCCOBMCCTUMBI.
Hcxonom OyneT yHudukamus cocTosHus TpUrrepoB. OAHO U3 COCTOSHUN 0053aTeIbHO OYET YTEPSIHO. DTOT pe3y/bTaT MPOTUBOPEUUT
MGHJ]GJ'IGBCKOMY HIPpUHIUITY YUCTOTHI TraM€T, Koria ajJJICJIbHbIC I'CHBI, H06I>IB B O)IHOﬁ 3UIroTC, HE CMCIINBAIOTCA U HE TCpHIOTCSI, a

PACXOoIATCA IIpU CCrperalfii TAKHUMU KC, KAKUMU OHU IIPHUIIJIN B KIICTKY.

Cnusane JABYX rartyIOn AHbIX
KJICTOK, UMCIOIIINX PAa3HLBIC

COCTOSIHUE TPUTTEPOB

[TockonbKy pOMEXYTOUHOE

. OaHo u3
COCTOAHUC HCYCTONYUBO, B .
JAMIUIONIHOMN KIIETKE TPUITEPhI COCTOSIHUM
Tepsiercsa !l

IMPpUXOAAT B OAMHAKOBOC COCTOAHUC

Paruep B.A. T'eneruka, MmonekynsapHas kubepHeruka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 227-228



PaTtHep B.A. KoHuenuua MICY

,U,ByXOI'IepOHHbIﬁ TPpUIrrep - He MeHgerneBckKas cumcrtremMa, a IrMUreH
(npoponxeHue)

™~

ﬂ-ﬂ-@

AnureHbl - NOACUCTEMbI MEHOENEBCKMUX FEHOB, C 0OpaTHbIMU CBA3AMM (ABYXONEPOHHbIE
Tpurepsbl 1 T.4.), KOTOPbIE Yy>Xe cnocoOHblI HacneaoBaTb PYHKUMOHAbHbIE COCTOSHUSA (T.€.
He ABMNATCA MEHOENEeBCKMMIN B CTPOrOM CMbICIE)

pd
~

HemenneneBckoe HacienoBanue GyHKIIMOHATIBHBIX COCTOSHHUM T€HOB OYEHB CYIIECTBEHHO B XOJI€
oHTOreHe3a. JuddepeHnpoBanHble KIETKM BO MHOTHX CIIy4asX HACJIEIyIOT CBO€ HEOOPATUMO
mudpepeHIIPOBaHHOE COCTOSHHUE IO KJICTOYHOM JIMHUHU B TEUCHUE MHOTHX KJIETOYHBIX MOKOJICHHM

Paruep B.A. T'eneruka, MmonekynsapHas kubepHeruka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 227-228



Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

Mpumep AByxonepoHHOro Tpurrepa - cpar namoaa.
XXusHeHHbIN UMKN para namodaa

dar nambaa — BUPYC, KOTOPbIN 3apAXKaeT bakTeputo KuweyHon nanoydku (E. coli). Nocne
NPOHMKHOBEHUA B KNETKU dhar MOXKeET BbIOpaTb ABE aNbTEPHATUBHbIE }KU3HEHHbIE CTPaTermu.

A Life cycle of phage A

Infection Lysogeny

O i —_— Integration CO rprophage) | 4 JIM30T€HHOE COCTOSHUE -

JIHK c¢ara BcTpauBaeTcs B

c“o
(\do T€HOM U PEIUTULUPYETCS
LySIS % Maintenance BMECTE C TEHOMOM
“~ & KJIETKU-XO03s1UHAa

6?%}? <nduction %
v

2 JInTHYECKOE COCTOSTHUE — B KJIETKE
aktuBHO permunupyetcs JIHK dara u
HapabaThIBAIOTCS OETTKU 000JI0UKH,
JacTuIlbl para cooOmparoTcs
(IHK+0emoK) ¥ BBIXOAAT U3 KICTKH, YTO
MPUBOAUT K €€ JIN3UCY

https://biotechkhan.wordpress.com/2014/07/14/lambda-phage/



Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

Cxema oBYXOMNEepoOHHOro Tpurrepa, ynpasrfaloLwero XXU3HEeHHbIM LIUKITOM
dara namobaa, npeacraeneHHaa B.A.PaTtHepom

IIpasblii onepon RIi

(+)
— *‘M‘"

t,rexC;0.ppp,, 0'1'5

(-) pRoRcro...q\ P

’( ,\ R]' \::\1;:1 oeaxoB O u P,

HHUIMUPYIOMIMX PerIuKAINI0

JleBblii onepoH Li

/

TepmuHaTop TpaHCKPUIIIIUKA
omepoHa Li

I'en peryasropHoro

Omnepartop T'en penpeccopHoro 6eka Cro
B TIpomorop pRM Ipomotop pR

Penpeccopubie 0esqku Cl u Cro cB3bIBalOTCA ¢ y4aCTKAMHU IPOMOTOPA
(omepaTropamu Oc 1 OR) m mpenstcTByoT B3anmoneiicreuio PHK-mosmmepassl ¢
npomoropamu PR u pRM.

Parunep B.A. T'eneruka, monekynsipHasi kuoepHuetuka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 226



Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

Tonorpadpuna dpyHKLUUOHANBbHbLIX CAUTOB PErynaTopHOro pamoHa
onepoHoB Li un Ri dphara namo6aa

(+)
L;

— I

a R
1.rexC O,.ppg,, arl—i e ~
' ok =
(=) pRoRcro.\.O PL w ﬁ
Pav e Px ”"W
Cxema peryJiSTOpHOIO
paiioHa, mpeacTaBJIeHHAS
B kHure «l'enerunka,
» MOJIEKYJISPHAS
PeryssitopHbIil kuOepHeTuKa», 2002r.
paiion, o0mMi 1Jist
000HX ONIEPOHOB
A .
( | Tpaswlii onepon Ri
JleBblii onepon Li >
<€ —
— 9\ %/ G
Ci I l I Cro _”_ o) — P
S
Oneparopbi .
(caiiThI CBA3BLIBAHMS Ci, Cro—
MHTHOUTOPHBIX UHeubumopHsie benku
oeaxoB Crou Ci)
Y4acTKH IPOMOTOPA, KOHTAKTHPYIOIIHE ¢ O, P—beskuy,
HK-nonmmepason omeeyaroujue 3a
periiukauuro

Parunep B.A. T'eneruka, monekynsipHasi kuoepHuetuka, pea.Bacunsesa JI.A., HoBocubupck, Hayka, 2002, Ctp. 226



Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

Ba anbTepHaTUBHbIX (PYHKLMOHANIbHbIX COCTOSAHUA ONepaTopoB
reBoro v npasoro onepoHoB (L u P) y chara nambaa

Ecnu akcnpeccupyetca 6enok Cro B

Ecnu akcnpeccupyetcs 6enok Ci B
cocTaBe NnpaBoro ornepoHa

COCTaBe JieBOoro ornepoHa

JKkcnpeccus n\{loaBoro ornepoHa Takxe akcnpeccupyrotca éenkmn Oum P,
MHrMbupoBaHa oTBevyawlme 3a pensmkauuio
HeT 6enkoB, OTBeqilrou.mx 3a pennuvkauuio JKcnpeccus neBoro onepoHa
' MHrMonpoBaHa
/ JlnzoreHHoe cocTosiHMe v
JluTnyeckoe cocrosiHme

A repressor (cl)

strong affinity

for Og2and Ozl
\ cl repressor dimers
- prevents RNAP from binding

and transcribing at Py

R
L3
= \ affinityfor |
strong S Os2and 0yl |
affinity for ~
Prm Pr 0.3 y
- Promoter of repressor maintenance - Promoter of early lytic genes
(lysogenic genes cl, rexA, rexB) — (cro, cll, 0Oand P) Cro

~

4 [18a aNbTepPHATMUBHbIX COCTOAAHUA TMMOTETUYECKOTO TpUrrepa
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Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

leHOMHanA KapTta ¢para nambaa
I'enom comepxut 48,490 map ocHoBanui aByuenodeynon JIHK + nBa ogHOLICIIOUEUHBIX O —
y4acTKa ¢ 00eux CTOpe0H (mo 12 HyKJI€OTU0B) = JIMIIKUE KOHIIHI .

Q\\\p S\ Dyt X Regulator of A Mo <
S\\I\ \I\‘{* A5 repressor and integrase > %
7 .
Q}* ‘{I\ W iz synthesis S \
Q N & Cro, a N
\S) 2, Phage DNA N
M NS , second repressor S N
‘?\‘0 e\e\ 7 /—rephcchon .
ﬂe ’b‘?‘ o Rasth proteins %
?81\ " :gu clnore & A repressor\ o (:;?
’ of early gen
’ X Foag N ol I di | | Regulator of
/l Stabilizer late genes
4 of cll protein—___ \ \ /
'Phage Lysis
Il recombinaﬁon/\ bet OuPL  Or/Pr Ofrigin| ‘ Z > pyroteins
1 i exo ) ofreplication / R
: proteins S P o R,
. Early promoters Pac ot
1 and operators /
I . o /pR
|l Excisionase Lat;'g;::! 5 g __Nul Cutting of
1 Integrase prol ¢ DNA at
\‘ ____A—Terminase cos site
\
Y A
48,502 nucleotides
Head
genes
2
&
<
’O\QJ
QQ‘

Tail genes

https://biotechkhan.wordpress.com/2014/07/14/lambda-phage/



Benok Cll cospgaeT pononHuTenbHbIe perynATopHble KOHTYPbI

XXU3HEeHHoro uukna cpara namopaa
(benok Cll noBbiwaeT ycTOMUNBOCTb IM30reHHOro COCTOAHUA)

B renome dara qam061a uMeeTcs elie OauH IPOMOTOP
PRE, nanuuunpyronmi TpaHCKpUNT , KOJAUPYIOIIHIMA
oemnok Cl.

Kpome toro, umeercst mpomorop Pl, uHUIIMUpyonui
9KCIIPECCHIO MHTErpa3Horo Oejka int, HeoOXo0IUMOro
JUTSI COCTOSIHHSI JTU30TCHUHU

Cll akruBupyet nmpomotopsl PRE u pl, uro npuBoauT k cuHTE3y penpeccoproro Oenka Cl, a Taxke
UHTerpasHoro Oenka (int), He0OXOUMOTO I COCTOSTHUS Ju3oreHun. TakuM oOpa3om, aktusarus Cll
MPUBOJUT K JIM30TEHHOMY COCTOSTHUIO.

CxeMa peryJsiTOpHbIX
B3aHMOOTHOIIIEHU I OKa3bIBaeTcs Gojiee :
CJI05KHO¥i, YeM 3TO MPeACTABJISIJIOCH Int @
B.A.PatHepoM (1ByXonepoOHHBII ~
Tpurrep ¢gara asamoaa)

Lysogeny

MrawHe M 1988 NepekntoyeHne reHoB perynsaums reHHom
aktmBHocTu . ®ar nambaa ctp 71

Robb ML, Shahrezaei V Stochastic cellular fate decision making by multiple
infecting lambda phage. PLoS One. 2014 Aug 8;9(8):e103636.



MrawHe M 1988 NMepekntoyeHne reHoB perynsaumsi reHHOm

akTMBHocTU . Par nambaa cTp 72

Benok Cll - monekynapHbin ceHcOop cocToaHUA para nambpaa, yyacTeyeT B
BblbOpe XN3HeHHOU cTpaTernu

Cll HecTabuneH un pacliennseTca NnpoTeasdamMmn KNEeTKU-X03AMHa

KoHneHnrpanus nmporeas B
KJIETKE MOBBIIIAETCS, €CIN
OaKTepuu pacTyT B CpeJie,
OoraTtoil muTaTeIbHBIMU
BEIlIECTBAaMU

(HflA, etc.)

bakTtepuancHble

npoTeasbl

[Ipn BBICOKOW aKTUBHOCTH
KJIETOYHBIX mpoTea3 Oemnok ClI
pacierisiercs, u dar aamoaa
BCTYIIAET B JUTHYECKUN MTyTh
pa3BUTHSL.

OpHako, Cll moxeT 6bITb
3awmueH gpyrmm ¢parosbim
6enkom ClII.

3apawenne

N Konnenrparus nporeas
CHUKAETCS, €CIIU
IIUTATEJIBHBIX BEIIECTB MaJio,
U KJICTKH TOJIOJAIOT

NMwninc ln3orerna int Cl Cro
4]
“ h

[Ipu Hu3KOM akTUBHOCTH TpoTeas 6enok ClI
UMEET BBICOKYIO aKTUBHOCTB, YTO MOABIISICT
akcrpeccuto Cro u , Ha060PoT,

ctumynupyet skcnpeccuto Cl u uaTerpazHoro
Oenxka int . Peammsyercs JW30Te€HHBI TyTh
’KU3HEHHOTO ITUKJIA.

®ar 3achllaeT B reHOME KJIETKH-X035MHA 710
JTY4IINX, OOJIEE CHITHIX BPEMEH.




benok Clll — ewe ogHO ycnoxkHeHUe PerynaTopHbIX KOHTYPOB
XXU3HEeHHOro uukna cara namoaa

1

j Benok Cll m
3alMLLUEeH Af

oXKeT bbITb
)Yrum
ankom ClIl.

Lysogeny

Lysis

YIPABJIAOIINX ’KU3HEHHBIM IIUKJIOM ¢ara JamMoaa,
OKa3bIBAaETCH ele 0osiee CJOKHOM. ...
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Mpumep peanbHOro Tpurrepa - cucTema ynpasneHus pennuvkauuven y cpara namoéaa

FeHomMmHasa kapTa chara namoaa
(dbparmeHT reHoma, cogepxawmm perynsaTopHble reHbl)

C YY4ETOM TOlIO, 4YTO reHoB, NPUHMMAKOWKUX y4aCTUe B perynaumm xmaHeHHoro unkna , 4oCtato4yHoO
MHOTO, CAOXKHOCTb CXeMbl perynaunm XxMaHeHHOro unkaa MOXET BblpPaCTU Ha NOPALAKHA

" ~ .pRM | |
f————————— | , :
' - : :

sib (t1) -attP-int-xis - = = ¢IIT tL1N nutL

A

/pL — promoter leftward
PR — Promoter rightward
PRE — Promoter for

TepMuHATOPEI TPAHCKPUIILINN repressor establishment.

PRM — Promoter for

Omneparopst OL n OR

=3 PaHHME TPAHCKPHITHI (C €<— AxktuBupyemsbie 6enxom ClI

e npomotopos pL and pR) rpanckpuntsi (pl, pRE, repressor maintenance.
and pAQ) pl — Promoter for
integration
—)  llozamue TpaHCKpHNTHI (C . _
npomoTopa pR’) €——— Axrusupyembiii benxom ClI pR1 — Secondary rightward
Tpanckpunt pPRM Promoter

Court DL, Oppenheim AB, Adhya SL. A new look at bacteriophage lambda genetic networks. J Bacteriol. 2007
Jan;189(2):298-304.
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