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copbupyiores Ha JJHK u noau-T — 11, Ho wve noau-A — T [158—160).
Tunuynas usorepma apcop6uuu aktuHomuuuna Ha JHK u3 tumyca
npencrasiieHa Ha puc. 8.26. M3 vauanpHoro Hak/oHa U nepeceyeHus
KPHUBOH C OCbIO OpPAMHAT MOXKHO onpenenuts K u m (T. e. pasmep
yuactka JIHK, sanumaemoro onHoit Moseky.oi auranga). Teoperu-
yeckas H30TepMa ancopéuuu paccuuTaHHas o dopmyse (8, 70),
npeacTasJieHa CIJIOMHON Kpusoi Ha puc. 8.26. CoBnaneHue Kpusou
(8.70) c onbiTHON B ofJsiacTH MaJblX y ToJydaercs Hpi m==25 1
K =15-105 a/mose nap ocHosaHuii. Ta Xe oueHka m cOXpaHseTcs
ma JHK us T-yerHnix daros, B KOTOPBIX MOCA€I0BATENbHOCTD
ocHoBaHuUi 6au3Ka K cayvaiHoil, Mioanaep u Kposepe[161] nonyuunu
aHaJIOTHYHYIO OlleHKY m U3 maHHbIX, oTHocsamuxes Kk JIHK ¢ Hecny-
YaiHOH NOC/IeLOBATENbHOCTHI0. JTO NOKA3IbIBAET, UTO CpellHee YHCIO
nap I' —1I, saHuMaeMbIX OJHOM MOJIEKY/IOH aKTHHOMHLHHA, MO-BH-
JUMOMY, OJIH3KO K BeslUUHHe, HANAEHHOH 1Jis MOJMMepa cO cayyai-
Holl TOCJefoBaTebHOCTbIO. 3HayeHue m = 5 corJacyercsi ¢ BaH-
Jlep-BaaJ/bCOBLIMU pa3MepaMU MOJIEKYJ/bl aKTHHOMHUHHA.

Hzotepma aacopObuuu npodaasuna Ha JIHK cornacyercs ¢ teo-
peTHYeCKHM pacueToM, yYUTHIBAIOIIMM B3aHMojelcTBHe afcopOupo-
BaHHBIX MOJIEKYJL an MaJbiX y UMeeM m = 3, K = 16-10¢ 2/noas.
B o6aactu 3Hauenuit 0,2 << y << 0,33 m B cpenHeM y6bigaer 1o 2, a K
no 1,6-10% a/moaxe.

§ 8.7. PEAYNAKKALHKA AHK

B npuHuune BO3SMOXKHH TpH MexaHusma pexpynauxkauuu JHK
[162]: KoBCcepBaTUBHBIE ¢ coXpaHeHHeM HCXOXHOH ABOHHOH cnupanu
H CcO3JlaHHEM HOBOW [OYepHEH cHupadH, NOJYKOHCePBaTHBHbI
(cM. cTp. 496) u mucnepcHbI ¢ paBHOMepPHLIM pacnpexnelieHHeM HC-
XOZIHOTO MaTepHasa MeXAy YeTblpbMs LeNsiMH ABYX LOYePHHUX ABOM-
HoIX cnupaneir (cM. [6]). Mecenabcon u Cragap usyyanaum penyiiuka-
nuio JJHK npu penenuu kiaetox E. coli ¢ noMouipio MeueHbIX aTo-
MOB H cefuMeHTauuu B rpaaueHte miotHoctu CsCl [76]. Boita no-
JydeHa mnonmyJsilust KJaeTok, MeueHHHX N'S. B mepuox uHTepdassl
MHUTO3a 3TH KJETKH MePeHOCHJHCh B Cpedy, COJep¥KaBILIyIO
N!* (Ho nHe N), u B welt penunuce. M3 wucxogHolt mo-
nyasUud «geTeii» U «BHYKoB» uspiekastach JIHK u onpegensnace
ee NJOTHOCTb H papuoaktusHocTh. HMcxomwas JHK umena nHau-
Goapllylo maoTHOCTh U Oblia MedeHa N'S, THK «peteii» okasanach
MeyeHHOH HaNOJOBHHY H ee IJIOTHOCTb PaBHAJNACh cpenHeMy apud-
metudeckoMmy miotHoctedr N!5-JTHK u N!'4-JHK. Haxonmeu, JHK
«BHYKOB» Pa3feNHJIHCh NPH CeJMMeHTAalUH Ha 1Be 30Hbl — Ha 30HY
¢ THK, meuennyio N'4, u 3ony JIHK, comepxamyto o6a tuna JJHK.
ATH pe3yJapTaThl TQUHO COTMIACYIOTCA ¢ MOJYKOHCepPBaTLKBHBIM MeXa-
HU3MOM,
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OrBnekasicb OT BOMPoOCa O CTPYKTyPe XPOMOCOM BLICIIHX Opra-
HH3MOB, yKa)KeM, 4YTO, IOJb3ysCh MeTOLOM aBTopajuorpadu,
Tefinop Hamen, YTO HX XPOMOCOMBI B LEJIOM pELYMJIHIHPYIOTCS
TaKXKe IOJIYKOHCePBATHBHO, U MNPEAJIONKUJ MOZEJb, CBA3bIBAIOILYIO
penynjukanuio xpomocoMm c¢ penymiaukanuein JTHK [163] (cM. Tak-
xe [6]).

MeronoM aBropaguorpaduu Oblsia H3yueHa PeAYIVIHKALUST KOJb-
ueobpasdoit ppokHoi cnupanu JIHK — equHCTBEHHOH XpoMocOMBb
E. coli. Branoyenue TpuTHEBOH MeTKH HIET MOC/ELOBATENBHO OT Hy-
KJIEOTHZA K HYKJIEOTHAYy. XpoMocoMa penyILUIHIHPYEeTCs, HauyuHad
¢ HexoToporo Jsiokyca [164] (cm. Takxe [6]).

Kopubepr nposesn penyniHKamuoHHBIH MaTpuuyublit cudtes JHK
in vitro [165, 166]. Mexy6anuonHas cMech comepkana Tpudocdatst
BCeX YeThipex pesokcuHykieodunos (TTO, LITP, ITO, ATO), uonu
Mg+ (6-10—°M), nonuMepusyiomuil ¢epMeHT, BbIIENEHHBI U3
E. coli, u naruBuyro JHK (u3 Tumyca TeneHka) B KauyecTBe 3a-
TpaBkHd; PH paBHssoch 7,5. B tako#t nonuoit cucreme JHK peny-
naunupyercs. Peaknust He uper B oTcyrcTBHEe XOTA Obl ORHOH U3
KOMIIOHEHT WJIH [OPH TNpenBapuTesbHOH o06paboTKe 3aTpaBOYHOH
JHK nesoxkcupuBonykaeasofi — pepmenrom, paspymawomum JHK.
C nomouibio HYK/I€OTHIOB, MedeHHbIX P32, moKa3aHO, YTO CHHTE3 [IeNU
JHK nonukonmgeHcanuoHHbI — MPH BKIIOYEHHU OLHOTO HYKJIEOTHIA
B Llenb BHAEsIeTCsT ogHa Mosekynaa nupodochara HyP;O;. Cornacuo
3aKOHY JneficTBHUS MacC peakiuss TOPMO3SHUTCS NpH JOOAaBJICHHUH U3-
6oitka nupodocdara. Ecau ero xonuvectso B 100 pas npesbiiraer
obmee kosuuecTBo TpudocdaroB, CKOPOCTb peakIud yMeHbIIAETCS
BaBoe. [loanHee, moJsib3ysick YyJyullleHHOH ¢epMeHTHOH cuHcreMol,
Kopu6epr pepymmunuposaa 3TuM Merogom JHK ¢ara ¢ X 174.
BuoBp nonyuennas JJHK oxasanach obnagaromell uHdHIHPYOIUM
peficTeHeM — MPH ee BBelAeHHH B OakTepuasbHyl0 KieTKY CHHTe3H-
posanuch yactuuel ¢ara [167]. C nomompio JHK-nosnumepasst
yaaercsl CHHTe3UpOBaTh M ABOIHble CMHpPAJU U3 CHHTETHYECKUX IIO-
JUAE30KCUPUOOHYKIEOTH 0B

—~A—-T—A—-T-—
—T—A—-T—A-—
~-r-r-r—-r—-r—-r—-r—-r—
—O—L—U—U—0—~0—0—1—.
B pasbieiimeMm O6blI0 yCTaHOBsieHo, yTo noJumepasa Kopubepra
ABJISIETCS CKOpee pernapasoll — MelJIeHHO aeHcTBYOIUM QepMen-
TOM, 3aNONHAIMUM Opelld B NOJMHHYKIEOTHAHBIX Osokax. In vivo

pa6oraeT uCTHHHad NoJuMepasa. Mbl emie Mano 3HaeM 00 3THX
tdbepmenTax.
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CTaTHCTHKO-TeDMOJHHAMHYECKOE PaCcCMOTpPeHHe peayIJIHKAuH
JHK nposeneHo 8 pa6orax [168, 169] (cM. rtakxke [6]). Mamenenue
cpoBOAHON 3Heprud npH o6pasoBaBUH ABYX ABOHHBIX cnupaseil u3
OMHOH HCXOZHOH NBOWHOM cnupau U Hyk/Aeo3uaTpUdoctaTOB MOXKHO
NpesCcTaBUTL B BHIE

AF =N (2E, + E,) — T AS, (8,83)

rae N —4ucjoO HYK/JIeOTHHOB B uend, E£;— sHeprus, sbiaeseMas
IpY BKJNOYEHHH OZHOrO HYKJEOTHZAA B leNb, E; — CcpejlHee 3HaueHue
SHEPrHH, BHAeJsieMoi B pesy/bTaTe B3aUMOAEHCTBHH, crabH/IH3YIO-
MIHX YOTCOH-KPHKOBCKYIO mapy. Eo 3aBHCUT OT OTHOCHTEJILHOTO €O~
nepxasHus o nmap I'— Li;
Ez=aErn -+ (1 — ) Ear. (8,84)
Hamenenue anTponuu onpenessercs 3aMeHO# HyKaeosuaTpudoc-
dara (HTD) sa nmupodocdar (PP) s pacrsope u yrpartoit Hyk’aeo-
THAOM, BKJIIOYUBIUUMCS B ABOHHYIO COMPajdb, BPAIIATEIbHBIX H [MO-
CTynaTeJdbHBIX CTeNenell cBoGoLb. DTOT NocaefHHi (HakTop sanuimem
B Buze klng. B nedom

AS=2NEln (q i‘xi:i‘i) (8,85)

rie xeo— KonueHrpauus PP B pacrsope, ¥ure — CpedHAs KOH-
uenrpauus HT®, pasnas (xfxfxi~"xi=%)%, xr, xu, xa, ¥r— KoH-
LU EHTPaUHH COOTBETCTBYIOIIHX HTCD. Eum OHH DaBHH APYT APYTY,
TO XHT® == X = X1 == X5 = X1 == '[,Xure. YcCJOBHE pepymiuKa-
UHUH UMEeT BHJ

25, +E,+2kTIn ( T:) >0. (8,86)

Beauuunnl Ey u E, pasubl mpuMepuno 4 u 5 kkaa/mors. Benuuuna
g pasHa Z1Zy/Z\Z3, tne Z, u Z§{— craTHCTHYECKHE CYMMbl s
HT® B pacrsope u pas HT®, npucoenusensoro K MaTpHie BOLO-
pPONHBIMH CBA3AMH, Z; H Z§ — cratuctHyeckue cyMMbl gias PP
B pacreope u ®®, exomamero 8 HT® u npucoeauHenHoro K mar-
pure.

Ouenka paer g ~ 1072, Tlpn 300°K ycaosue pemymiukanuu
(8,86) BHIMOMIHsieTCs, MOKa Xoo/Xure He mpepvicut 400. B kier-
kax u B cucreMax KopuGepra 210 OTHOIIEHHE MHOTO Me¢HbIe. YcJo-
sue (8,86) suimosHsiercs, ¥ penyNJHKalHH, €CIH OHA He HAET, Mpe-
OSTCTBYIOT, BUAUMO, He TEDMOAUHAMHYeCKHe, HO KHHETHYeCKHe MpH-
yuHb Wiax Hexsatka HTO.

AHaJloTHYHOE pAacCMOTpPeHHe [neHaTypauuH IPUBOJAHT K 3Haue-
HHIO Pa3sHOCTH CBOGOZHBIX HEPrHH pasnge/eHHHX leneil H 1BOHHOH
cnupaJji, pasHOMY

AF' = NE, ~2NET Ing’, (8,87)
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rjie ¢/ XapakrepusyeT u3MeHeHHe COOCTBEHHOH SHTPONHH LENH, MpH-
xonslleecs Ha OUH HYKJIEOTHN, ¥CJI0BHe feHaTypaunu ecth AF/ << 0,
g’ MOXHO NPHPABHATb YUCAY KOHQOpManui 3geHa OZMHOYHON LEMH.
B 3BeHe comepxuTCA NATb EAUHHYHLIX CBfA3eH, BPaLICHHIO BOKPYT
KaxKJaoH M3 HHX OTBeyaloT gBe-TPU KOH(opManuu, ¢’ pasHO MO IO-
psaxy BenuuuHel 10—100. U3 (8,87) caenyer, yto TeMnepaTypa ge-
HaTypalHu

E Exp - Epy—E
. 2 ___ Ear ru AT
= kg — kg T . (8,88)

T 2kT Ing’

OkcnepuMeHTaJMbHash 3aBHCUMOCTb I'ny (B rpagycax KesnnBuHa) or 2
Tin=342 + 4la

nonyvyaercs npu Ear=4,7, Ery =253 «&rxas/mors u q’ = 32.

OTu rpybble pacyeTsl HE YYHTHIBAIOT POJIH INPOTHBOHOHOB (CM.
crtp. 524) M, KOHEYHO, CTPOTOrO KOJHYECTBEHHOrO 3HAaYeHHs He
uMetoT. OmHAaKO OHH NO3BOJSIOT ONEHHTbL MOPAZOK Beauuun AH
u AS.

OuesupHO, 4TO Cyabn6a ABOMHOH CHHpa/fd 3aBHCHT OT COOTHOIIE-
Huss AF u AF’. Ecnu AF << AF’ u AF < 0, To BO3MOXHa DefyIJiu-
kauusi. Eciu AF' << AF u AF’ < 0, TO TNpPOHCXOAUT [eHaTypalus,
Ecau AF = AF’ << 0, To 0o6a mpoiecca paBHOBEPOSATHHI, U, HAKOHEII,
npu AF > 0, AF’ > 0 neolinas cnupajb ocTaercs 6e3 u3MeHEeHH.

CraTucruyeckass MexaHuka peaynaukanuu [168, 169] (cm. Takxke
[6]) ucxomur u3 momenu Haunra (cMm. crp. 137). Ilepsoe mpenmnodo-
JKEHHe COCTOSIIO B TOM, YTO NPOHUCXOJZHT paclJeTaHHe CIHpaJd Ha
oboux KoHuax. Ha 3BeHbAx ocBobomuBlIuXcsl Hemneél copOHpyIOTCA
HT®. HykaeotunHas CBA3b HOBOH LeMu BO3HUKAET, €CJIH HA JIOOBIX
JABYX COCETHHX 3BEHbSX MAaTPHULBI COPOHPOBAHbl HYK/IEOTH[bI, IPU-
rogHble Asis o6pa3oBaHus YOTCOH-KPHKOBCKOH napsl. HcciemoBanue
MOJYYEHHOH MPU STUX MPEAMOJOKEHHAX CTATHCTHYECKOH CYMMBI MO-
3BOJISIET HAHTH 3aBHCHMOCTb CTENCHHU PenyNIUKAlHUH OT KOBUEHTpA-
uuu HT®. B cuny ycnoBus xoomepaTHBHOCTH (TpefoBaHus Hanje-
)amero coceacrea copbupoBanubix HT®) pemymiaukanusi goJxea
UATH DU KPHUTHYECKOM 3HAUeHUH X yto/Xoo MO MPHHUHNY «BCE HIH
HUuYero», Kak (pasosniii mepexofs. ITO CNpaBemMBO, KOHEYHO, JHIllb
npu oueHb Goabmux N; mpu N ~ 102 nonyyaercs nums S-o6pas-
HOoCTb. B paMkax To# xe TeopuH Mbl MPUXOAUM K rpy6oMy omuca-
HUIO AeHAaTypaluOHHOrO Nepexoja.

Opnako psag naHHbIX nokasblBaeT, 4to HT® copGupyercs Ha
3BeHbsIX OcBoBomuBIINXCS Hened He cayyafiHeIM of6paszoM. CuHTes
HOBOl Lelld OCYLIECTBJSIeTCS MyTeM I[0CJAeXOBaTeJbHOTO HpHCOeaH-
nenuss HT® k 3-nyknaeosumgHoMmy KoHuy pacrymefi uenu [171]. Cie-
JOBaTeJbHO, NpPOLECC «aHTHNapaJuiesieH» — PefyIVIHKauus MpoHc-
XOMHUT Ha MepBOM KOHLE OJHOM uemu H BTopoMm — apyroit [172]. Ta-
Koif TpOLeCC TakKe KOOMepaTHBEH, Tak Kak chefywowuit HTD
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MOXET IpuCOeIHHHTLCA, TOJNBKO €CJHH NMpeJblfyllee MECTo y¥Ke 3a-
Hsato HT®. Cratucruieckass cyMMa CHCTEMbI HMeeT BHL [169] (cwm.
Takxke [6])

N—1 r N-—l-r N N o
z=3 3 3 St 33 6 (8,89)
r=0 i=0 p=0 I=0 r’==0 r”=0

3nece by ==exp(— EyfkT + 2Ingq), by=ay/a,, ay==exp(— Fy/kT),.
as = exp[— (F, — F3)/kT], Fy = —kTlng, Fy= —Ey—
— kTIn(%y10Z[[Z)), Fy=—E, — kT In(x,,Z;/Z,). Tlepsoe caarae-
Moe B (8.89) oTHocHTCA K COCTOSIHHSIM, B KOTOPBIX LEMH ellle He pas-
JEeJUIHCh M YIepXHBAWTCA BMecTe Xorsd Obl OJHON BOJOPOJIHOR
cesizblo. B kauecrse MpOH3BONILHOrO MNPOMEXKYTOUHOIO COCTOSTHUSI
B3fITO COCTOSIHME, B KOTOPDOM ¢ OJZHOro KOHIA pa3opBaHO r CBA3eH
MEeXIy OCHOBAHHSIMH H BLIPOCJIA HOBas LeMb H3 [ HYKJEOTHAOB, a
¢ IPYroro KoHia pasoppaJjioch p CBsizell H BbIpOCJA lieNb U3 [ HyKae-
otunos. Bropoe ciaraemMoe oTHOCHTCSI K COCTOSIHHSIM, B KOTOPLIX BCE
CBSI3U MEXIY OCHOBAHHSIMH Da3opBaHBl u CHHTE3 WJET HA OJXHHOY-
upix pensx JHK. ITpoMexXyToyHbIM CYHTaeTCsl COCTOSIHHE, B KOTO-
pOM Ha OJHOM Lenu BHIPOCTA HOBAS Uenb U3 r’, a Ha APYTro# — u3 r”
Hyk/J1eoTHR0B. CJI0)KHOE CYMMHpPOBaHHE YIPOIAETcCs, €CJiH YYeCTb,
uTO MPH HEBBICOKUX TeMMepaTypax, KOrfa AeHaTypauus TepMOAHHA-
MUYeCKHu HepbIrofHa, by << 1. Peﬂynnuxauuﬂ HJeT JHUIb [OpH b b§>
= 1. MoxHo npeHeépeqb B HHTepecylomeH Hac oOstactu TemImepa-

TYyp WwieHaMHu MNOpsZKa b’ u b'bY. Torpa

1 (6,63)" 83
LR TP =t T (=6 (8,90)
CpenHee 4HC/IO NMPHUCOGTUHHBIUUXCS HYKJIEOTHIOB PapHO
_ dlnZ

2r=-a—ln—5;. (8,91)

E 2 - 2b1b2
cau biba <1; 10 2F = =55 © ecau b, mano, To MaJo |

- 2
7. Ecnu biby> 1, 10 2F ~ 2N — 2 T & 7 &~ N — penyniaukamus
HAeT A0 KOHLA. Yciosue penynnuxauuu ectb b bi=1. Ono cosna-

naer ¢ (8,86). B Touke nepexona 7 pasHo He !/yN, a npumepuo !/sN.
OT0 OODBACHACTCS POJIbIO POMEKYTOUYHBIX COCTOSIHUA NpPU HENOJTHOM
paspmeJieHHU Melel, KOrfa CHHTe3 HOBBIX LeMell MeHee BbiTOJeH, TaK
KaK paspbis JAHHON MNapbl OCHOBAaHUH MOXeT MDUBECTH K pOCTY
JUIb OfHOH Henu. [lepexol Nno-npekHemy oueHb PE3OK TOJIBKO Mpil
N>l ,

CrarucTHKO-TepMOHHAMHYECKas] TeOpHs peAYIUIHKaLUH He mpo-
THBODEUHT OIBITY, HO He HMeeT U NPsAMBIX MOJATBEpXKAEHHH, TaK Kay
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He HCCNea0BaNoch BAMsHHE Xoo Ha cuHted JIHK in vitro. Bmecre
¢ TeM TeopHs 3Ta rpyba, MOCKONbKY OHA HE YUUTLIBAET POJIH MpPO-
THBOHOHOB M pH cpensl.

Psan ¢akToB feHCTBHTENLHO NOKA3bIBAET, YTO PeLyIIMKALUS Tpe-
6yer pacnseraHuss HCXOAHOH nABOHHOH cnupanu. PennukaTubHbii
CHHTE3 uaeT ¢ HenpeMeHHbIM yuactuem JIHK-nomumepaswl, koropas
NO-BHANMOMY, NepeMeliaeTcs BAOJAbL ABOHHOH cnupasy, pacnieras
€e W CHHTe3HDYsl HOBLIE lenu (MOIeJb «3aCTeXKa-MOaHHS»). Bax-
Tepuodar ¢ X 174 cofepKUT He ABYCNHPANbHYIO, & OAHOCMHPAJb-
Hylo, onnoHutenyio JIHK. CuncxefiMep nokasaj, uro pasMHOXKeHHE
sroro ¢ara HAET yepe3 penyMKaTHBHYIO craguio, B Koropoll JTHK
¢ara cranosutca apycnupadsHoit [173]. CrlenoBarenbdo, B HaHHOM
cayyae pefyNHLHPYeTCsl HMEHHO ABOHHAS COMpanab, DTO OTHOCHTCA
n k¥ PHK Bupycos, npu peaynjiukKauud KOTOPHIX BO3HHKAaeT NpOMe-
JKyTOyHasi AByCnHpaabHas crpyktypa [174]. Oxnonenoueynas JIHK
¢ara ¢X 174 konbueo6bpasHa. B ynoMsuHyThiXx Bhille onbitax Kopw-
Gepra (cM. ctp. b37) ara JJHK cayxuna zarpaskoit. THK-noaume-
pasa cTpousia Ha Hell HOByIO 1eNb, He 3aMKHYTYIO B K0.ibno. Mexav
TeM ToabKO KoJiblieBast JJHK Guosornueckm axkrtusHa, T. €. objgajnaer
uH(pekunonHocToo. KopHGepr Bocnosnb3oBasncs ApyruM  depmen-
TOM — snurasoil (npenapart Jlemana — OnuBepa) a5 3aMbIKaHHS Ho-
Boii menu. HoBble uenu CTpounuch He ¢ THMHHOM, a ¢ GpoMypanu-
aoM. Jlns BuipeneHus cuyureruyeckoii JJHK npemapar KparTkospe-
MeHHO ob6paGartsiBanca JJHKa3zoi Tak, 4To6bl NDHMEPHO V MOJOBHHb
MOJIeKyJ1 B KOJIbLe NMPOHCXOAMJA OAMH Da3phiB. B pesyabrare mony-
yanach CMech, COflepXKamas B PaBHBIX KOJHYECTBAX MaTpUUHEBIC
KOJbia, CHHTETHYECKHE KOJblla, MAaTpHUYHble H CHHTETHYECKHe He-
samknyThie JIHK, a Takxke npofiHbie Koabua 6e3 paspeiBoB. Meto-
JOM CelMMEHTAIHH B TPajHeHTe MJIOTHOCTH BBLISISJIHCh CHHTETHYC-
CKHE KOJbLla, COMEpIKABIIHe TAXKENbH OpoMypauun. ITH KojabLA
0Ka3anuch cnocobubiMu HHPHUUPOBaTh KneTkn E, coli. Panee Cune-
xefimep mokasas, uTo 3aMeHa onHoro n3 5500 nykneorunos JHK wu3
¢dara ¢X 174 npuBoant K yrpare napexkunongoctH. CaexosarenbHo,
cunte3 KopuGepra 6bla1 aGcoiorHo ToyeH. [lanee ynamoch noayauts
H CHHTeTHueckHe [BOHHbIE KOJbLA — PeIVIHKaTHBHYIO (opmy [167].

Kunernka peaynaukapuu JJTHK npencrasasier saHaquTenbHo 60n-
ImHi HHTEpeC, yeM TepMoaHHaMHKa. TepMonMHaMHuecKHe YCJIOBHS
peAyNJHKAlHH HECOMHEHHO peaH30BaHbl B Jlefsiiuedca KaeTxe.
Hccnenopanne KMHETHKH MOMKeT JaTh CBelleHHsi 0 pa6Gore nonume-
pashl — ellle OYeHb MAaJo H3yYeHHOro GeJiKa.

Pacnneranue asoitnoii cnupaas JHK npu oaHoBpemenHof pe-
nymiaukanun (a Takke npu cunrese MPHK, cm. crp. 565) nosxuc
NPOMCXOINTh HE TaK, KaK NPH AeHaTypauud. Beiurpsim cBoGonHO#
3HeprHH NpH OGPa30BaHHH HOBHIX Lenell 06YC/AOBAMBAET MOSBAEHHe
3HAYHTEJbHOTO Bpallaoilero MOMeHTa. JTa npobneMa paccMaTph-
pasnach B [120, 175—177]. Asrop paGotsl {177] ucxonuT H3 TOrO, uTO
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noJiuMepasa, nepeMelnamouascs BAOJb ABOHHOH cnupasm, cosfaer
JIOKaJbHBlE YCIOBHA, Hapylaoiue 6anaHC B3aUMOJEHCTBHI MeX Iy
uensmu. IlpennonoxurenbHo oHa npensTCTByeT rHApoPoOHBIM B3a-
HMOJEHCTBHAM oCHOBaHH. COOTBETCTBYWOIIAsl MoJe]b NOKa3aHa Ha
puc. 8.27. KonuuecTBeHHasi Teopusl Npouecca, OMHAKO, ellle He Mo-
CTpoOeHa.
dneMeHTapHass MoJenb LA M3Y4eHHs KHHETHKH pefyNJjnKanuh
JHK — onHomepHas marpuua, Ha Koropoli copbupylorca HT®, npu-
yeM ¢ OJHOTO KoHIIA HAerT HeoOpaTHMas noJMKoHAeHcauus. Auna/naus
TaKoH MoJeH, YUHThIBaOWeN Heobxond-
MOCTb IHepTHH AKTHBaUHMH 1Js ancop6-
uun u gecopbunn HTO (paspweis Bomo-
pPOAHBIX CBfI3e#l ¢ BomoH npu aacopbuuu
M ¢ MaTpHuell npu pecop6Guuu), npose-
% " IeH B pabote [178] (cm. takxe [6)). I'py-
"~ //Mz/m;ma

Hobeie yeny

6Ele OLlEHKH MOKa3nBaloT, yTo Auddysus
K Marprue HT® m3 pacrBopa nporekaer
6ncTpee NMpoueccoB Ha MaTpHLE H CKO-
pOCTh CHHTE3a JIHMHTHpyercsl He copb-
nuell B gecopbuneir, a GepMeHTaTHBHBIM
npoueccoM. B cornmacun ¢ onbiToM Teo-
pHsl NOKa3biBaeT, YTO CHHTe3 JOJXKeH
HATH Ge3 HHAYKIHOHHOIO HepHoia.

Puc. 827. Mojeas pacnie- Hpyras  koonepaTHBHast  MOJeJb,
Tanus ABokHod criupasy JHK  mpepnonarapouiasi, 4ro COeIHHEHHe HY-
npu peAymadKauxH. KJIEOTHIOB NMPOHCXOIHT B JIIOOGOM MecTe

MaTpHIbL, IAe ABe WIH GoJblliee YHCIAO
COCeIHUX siYeeK 3aHATH COpOMPOBAHHBIMH HYKJNEeOTHIAaMH, NPOTHBO-
peyaT ONbITY, TAK K&K JaeT 3aMeTHHH HHAYKHHOHHBI mepHon.

Bonee cTporoe pacCMOTpeHHe JHMHEHHOTO MAaTPHYHOrO CHHTe3a
GHlI0 MPOBEAEHO B MOCJeRyOHHX paborax [179-——184] Hznoxum
paGory [184].

PaccMoTpuM oxHOMepHYIO MarpHuy u3 m siyeek. Llentp pocra
(noJuMepasa) BXOAHT B MepBYIO fiueliKy M yXOAHT M3 m-i. CuHTe3
HeoBpaTuM, T. €. NIpoLECC NepeMelleHus LeHTpa oT {— |- Kk i-it
suelike npoTekaer BIasu OT paBHoBeCHs. KOHCTaHTa CKOPOCTH pocTa
k, nisa mo6oll siuefikH ofHHAKOBa, KOHCTAHTa CKOPOCTH HMHHIMHPO-
BaHus ko MHOTO MeHble k., ¥YXO# LEHTpa pocTa M3 m-i siuefiky npo-
HCXOLHT GHCTPO H He TMMHTHPYeT mpoluecc. 3ajfaya CBOAUTCA K pac-
CMOTpeHHI0 HeoOparuMoro OnyXaaHHs B OfHOMepHOH cucreme. Ku-
HeTHYeCKHe ypaBHeHHs MMEIOT BHI

Nl = ko — ker,
Ni =k, Ny— — krN’l ’ (8:92)
Nm=’k(Nm—1!
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rie i=2,3,..., m—1, a N;—BeposiTHOCTb TOro, 4T0 (hepMeHT

HaXOQUTCA B i-H siuefike. MiieM cpegHeuHCeHHYIO CTENeHb MOJHMe-

pH3anuu :
m

2 N (1)
Gty=— (8,93)
2N
i=1
npd HayanbHeiX yeaoBuax Ny(0) = ... = Np(0) = 0. Pemenue

cucremu (8,92) ¢ nomomblo npeo6pasosanus Jlamnaca — Kapcona
HMEET BHJ

ko
N(t=k_' )'--’ m—l’

=i
N (D) = 2 fo—m—n Y 10, 699
l=m— I=m-1
rae
f(l (k t)l exp (_ krt)

IMonyuaem

n—

w@—[%t )‘ ORCR 2 URS

=0
romid [0~ mm—1) Y, f(l)]; (8,95)
m-2 m-1

[lpu kit < 1 umeem N;—0, Npn—0, (i) — 1, 1. e. cuntesa uer. [pu
ket >> 1 HaxopuM N; - kolky, Npm—> kot, (i) —>m, T. e. cuure3 uuer
Hauesao. DT pe3yJabTaTh COBNALAKT C NOMAYUEHHBIMH B paborax
[179, 180].

KoncraHrta ckopoctd kb, = wk:, TA€ W — BEPOATHOCTb TOTO, UTO
AYeliKa, HAaXoAALlasACd NHepell LEHTPOM pPOCTa, COLEPKHUT aacopGi-
poBaHHBIH MOHOMep, a k;— KOHCTAHTA CKOPOCTH €ro BKJIOUEHHS
B pacTyllylo unenb. Tak Kak npouecc He nUMHTHPyeTcs: nuddysuei
[178, 184], w uMeeT paBHOBeCHOE 3HauyeHHe M BHIpaXKaeTCsi H30Tep-
Mol JIsurmiopa

Ka
W= Tk (8,96)
rne K =exp(—E/kT), a = exp(u/kT), E — sHeprus copbuun, a —
a6comotHas akTHBHOCTL HT® B pacrBope, p— XumHdecKuil
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noredunan HT®. Tak kak pw= p®+£TIn (yc), a=A¢, A==
= yexp(u%/kT), rae y—Ko3DODHUIHEHT AKTHBHOCTH, ¢ — KOHIEHT-
panpst HT®, yu® — craunaprusit xuMuyeckuil noteHnHal1. Ilpy o <€
€l Kak1lu

w=Ka=Acexp(— E/kT), (8,97)

k., =k;Acexp (— E/RT). (8,98)

Heo6xonuMo peskoe yBsedudyeHHe ¢, 4TOOBI HepeHTH OT MaJoro
K GoabuioMy 3Hauenuro (i). Takoe yBennueHue BPs JAH NPOHCXOANT
BO BpeMs jeseHust kiaeTKd. C Apyroil CTOPOHbI, 3aBHCHMOCTDb (i) OT
E okasmiBaercss S-o6paszHoil, U J0CTAaTOYHO MaJjoro HameHeHusi E
IJ1S1 TIONHOTO CHHTE3a, YTO MOKET ONpefeNsiThCsl KOOIEPaTHBHOCTBIO
npouecca — B3aHMOIEACTBHEM COCENHHX HYKNEOTHAOB Ha MaTpHIUEL.
ITpu mannix 3HaveHusix w ypasHeHuss (8,97) u (8,98) cnpasepnubl
H B 3TOM CJydae.

IlpuBeneHHas TPAaKTOBKA IJKBHBaJeHTHA pPAaCCMOTPEHHIO, OCHO-
BAHHOMY Ha TeopnH aOCONIOTHBIX CKOpocTell peakuuit (oM.
cTp. 354). KoHCTaHTY CKOpPOCTH pDeakudH i-Mepa, BKJIMoYalollero
B LEeNb Cpa3y ABa HYKJICOTHAA, MOXKHO 3alHCaTh B BHJE

k="l (8,99)

AxenepuMeHTanbHbIE 3HaYeHHs A8 cKopocTH cHHTesa JAHK pasHm
ans E. coli 1,8-103, pasi knetok aumbomsr Meimeii 200 MmoHoMepoB
Ha 3BeHo B | cex. D10 orBevaer w = 2,8-10-1° g 3,1.10-11,

+

CpoGopgHas 3Heprusl akTHBapuM F* Bhipaaercss yepe3 KoOH-

CTaHTY PABHOBeCHs AKTHBHPOBAHHOIO KOMILJIEKCa i-Mepa ¢ ABYyMS
HYKJI€OTHIaMH

+ +
Ft= —<RTInK",
rge
) w
K+ =—[i]_¢,"’—2-'

KoHnueHTpauus i-mepa [f] u ¢ Boipaxalorcss B 6e3pasMepHbIX €qHHH-

e
nax (&—uucno monekyn HT® B kaerke). Ouenku gawor F*¥ pias
E. coli 13,0 kkaa/moss, ans meimuu 9,3 Kxaa/mors, Caenyer noi-
YepKHYTb, YTO B 3TOM pacuyeTe 2HEprusd AKTHBALUMH OTHOCHTCA
Toabko K apcopbuun HT®, Ho He K BkJaIOuWeHHIO B nenb. Teopua
TaKXKe He YYHThIBAeT psAxa (aKTOPOB: TeTepOreHHOCTH MaTpHIbI,
KOONepPaTHBHOCTH NpOIECCa, BAHUAHHS pacTBopuTens, TeM He MeHee,
OHa Jaer pPa3yMHOEe TNOJYKONUYECTBEHHOE ONHCAHHE MATPHYHOrO
cHHTe3a M npHMeHHMa TakXKe K cuHTedy PHK na JIHK 1 Kk cusresy
Genka Ha MPHK.

DepMeHTATHUBHLIH CHHTe3 NOJHHYKIEOTHAOB MOMKET HATH n Ges
maTpuubl. B 3TOM ¢tyyae monmmep noayyaeTcst Nocae ANNTENBHOTO



§ 8.7. PEAVIIIIUKALIUA AHK 545

JIaTEeHTHOrO NepHoAa, NPOROIKHTEIBHOCTb KOTOPOro YOHBAET ¢ pOC-
TOM KoHueHTpauun ¢epmeHta [185]. Tak maer, HanpuMep, cunres
IMoan- A — T. Ecnn B KauecTBe 3aTpaBKH BBelleH OJTUTOMED, TO Jar-
nepuon OuCTpo yOniBaer ¢ ero anunoi. [To-spauMomy, faxe KOpOT-
KHe OJIMFOMEpHl MOTYT CJHYXKHTb MATPHHAMH /s PACTYILEro MOJH-
Mepa, ecJH OH COCKa/lb3biBaeT ¢ marpuunl [186, 187]. dto 6Gnao
gokasano B paGore [188], mocBawiennoll cuuresdy Ilonn-A—T ma
ojquroMepax. TeopHsi TaKOrO CHHTE3a, MCXOAsILAsl H3 CKOJIbKEHHS
HOBBIX Hemnef, pa3suta B [189]. Puc. 8.28 nosacuser moneas. Miem

I
I e

9 4 Y

o 00000
O-0-0-0-0
k]& 2

[
'
. 1

Puc. 8.28. CxeMa cuHTe3a NOJMHYK/ACOTHZA HA OJIMIOHYKJAEOTHLE.

BpeMs T, HYXHOe AN NOCTpoeHus llenn u3 N 3BeHbeB HA MaTpHue
n3 n 3peHbeB (n << N). HeobxofiuMo yuecTb TaKiKe BO3MOXKHOCTb
HOJIHOTO yX0J4a HOBOH LeNH C MATPHIBL, B pe3yNbTaTe YeTO CHHTE3
npekpamaercsi. [Tycte B MoMenT { = 0 pacrywasi nenb AOCTHINA
pa3MepoB MaTpHUbL 1 M CABHTaeTCsl Ha oaHy napy csssefi. Cucrema
MOXeT InepedTH H3 3TOTO COCTOSIHHSI B COCTOsfIHHE i, OTBeyamouee
lallbHelllleMy pOCTY mENH H €e CKo/dbXKeHHI0. KoHcranTta cropocTH
k Takoro npouecca naercsi BhIpaxKeHHEM

1k = 1/k; 4 1/kg, (8,100)

rae ki xapakrepudyeT pDOCT uenH, ks — cKoabkeHue, Kpome Toro,
CHCTEMa MOXKeT HepeHTH B COCTOAHHME i OTHeNeHHs LeNH OT MarT-
pHubl, XapaKTepH3yeMOro KOHCTaHToil ckopocTH y. O603Haunm
4ypc10 cybencreM B cocrosiHHM i uepe3 m;(f), B COCTOSHHH i’ yepe3

{8 M. B. Boabkerwrtedtn
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mi(f). Kunernueckme ypaBHeHHs 3alHCBHIBAIOTCA CASAYIOUIUM OG-
pasoM:

g = — (k 4 x) my,
my=km;—, — (k m;,
e i—1 — (& + %) 8,101)
my = Ymi_,,
m; (0) = my; (0) =0. ‘
Pemenns 3THX ypaBHeHHH UMEIOT BHA
my(t) = mo (0) [(k)]'/it] exp[— (k + ) £], >0, '|
i (8,102)
J

me ()= mo@x [ [(:) 7 [G—D)]exp[~(k + ) t] at, i>1.
0

BepositHocTh HaliTH CyGCHCTEMY B COCTOSIHHM [ €CTb
W; = Ami. (8,103)

Koad¢uuueHnt nponopunoHanbHocTd A HaXOMUTCA U3 YCTAOBHS HOp-
MHPOBKH

(0wl =1

Cocrosiiust i u (i + 1)’ orseuaior uenaM, AJHHB KOTOPHIX Ha i nap
cesizell Goabiie n. B cocTosiHMH | Henb cBfI3aHa ¢ MaTpHuell, B co-
croaHun (i + 1)’ ona couna c Hee. [Tonyuaem A = mgy(0)~!. Cpexn-
Hssl JJIMHA pacTyllell umenH paBHa

[+

I =Yi(e, +e),)= Y ilED i exp[— (¢ +2) ]+

= i==0

0
¢ oo
+1) éi[(kf)i/i!lexp[— (k +x) f]dt =1 —exp(— 1), (8.104)

0

H npu { > oo noayunm I-» k/y. Jna BpeMeHH, B TedeHHE KOTOPOrO
1 cranoBurca paBubiM N —n, umeeM

ty—n = - In[1 — k(N — )], (8,105)
AN Cpe[Hero BpeMeHH pocTa LeNH AJHHOH 1 —
t,==n/k, + 1/ks. (8,106)
Bpems ty paBHO cyMMe tn 4 tn—n. Ecin N> n, 10

1:N=—:zln[l — Y NJE (8,107)
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Ha6niopaeMas cuibHasi 3aBHCHMOCTb Ty OT 11 ONpefelIsieTcsl TeM,
4TO % AOJKHO yOHIBaThb C yBeauuenHeM n. M3 onbiTa caepyer, 910
¥ De3Ko yb6HBaer B o6iacTR Mexany n=4 H n=>5. ITo 03Ha-
4aeT, YTo 1 = 4 ecTb KPHTHYECKHH pasMep MAaTPHIH, NPH KOTOPOM
HOBasi LeNb MOXET, No-BHAHMOMY, 0Opa3oBHBATh ¢ MaTpHueft
gBoitHylo cnupadb. OueHkn napamerpoB naior N/k ~ 1 mun, ky ~
~ 30N mun™', ks ~ N munl.

Hosasa NHK cuHTesupyercss in vifro BCerna B HanpasjeHHH
5 —> 3. BMecre ¢ TeM HMeIOTCSl naHHBIE, YKa3blBaloumlMe, uTo In
Vivo PeayNAHUUPYIOTCsS o6e LenH — ofHa B HanpasdeHHH 5 — 3,
apyras B Hanpasienun 3’ — 5’. Okasaku u corpyaHuku [190] npex-
JIOXKHUJM BHIXOJ M3 3TOr0 NPOTHBOpEUYHs, AONYCTHB CYyIIeCTBOBaHHE

Ny
s 17 .7//_—
4 7 74

Puc. 8.29. Boamoxune cxemn pepynaukanus JHK mo Oxkasaxm.

NpepLBHOTO MeXaHH3Ma pelynJIHKallHOHHOTO CHHTe3a. KopoTkme
yuaacTkn ool JIHK cuuTesupyiores Ha onHoH Ham Ha o6eHx Le-
ndx B TO4YKe pemJMKauuW, BCerna B HanpasjaeruH 5 —s3'
(puc. 8.29). Jlamee yuacTKH CoeauHsIIOTCSl, 00pasysl HOBble ILEIH.
Ecnu Monenr npaBH/bHA, TO NOCTENHHE PENJHIUPOBAHHBIE Y4AaCTKU
OonHOA HAM oOeHX nOYepHHX uenmed Moryr OwiThb oTaeneHw. Cenek-
THBHOE H BPeMeHHoe HHrHOHpoBaHHe (pepMeHTa, KaTaJH3HPYIOUIEro
obpasoBaHue ¢ochonnapupHux cBszed Mexny uenamup JIHK,
JOJKHO NPHBOAHTL K HAaKONJEHHIO HOBBIX KODPOTKHX Lemnef.

STH npenckasaHHsl NOATBEPKAEHB IKCIEPHMEHTAJbHBIMH HCC/le-
AOBAHHSIMH, NOKAa3aBLIMMH, YTO MeueHHHl TPHTHEM THMHIHH HH-
Koprnopupyercs B Kopotkue unenu [190, 191], koTophie Anmb no3nHee
00'beIHHSIOTCS: B JJHHHBIE. .

BepHep uccnenoBall penyHKauMio, NoAb3ysicb MeUYeHHIM THMH-
HOM, a He THMHIMHOM, H NOKasaJ/l, YTO THMHH HCHOJb3yercsl 6ak-
TepUSIMH [J1  PENJHKAauHH, a THMHIHH — AJS1  PenapalnHoHHOro
cuntesa {192]. BepHep npennaraer us3MmeHenHyio mogeab: JJHK He-
NpepLIBHO PENJIHUHPYETCs B DasBHJIKE JBOHHOH CHHpaH NOCpex-
CTBOM OJHOBPEMEHHOTO yaJIHHeHHs1 00eHx HobbIx wenell. [Ipenmy-
LIeCTBEHHOE HCNOJb30BaHHE THMHHA NOKas3blBaer, YTO NMpoliece pen-
JMKAaUHH OTJHYEH OT penapalHoHHOro cHHTe3a. KopoTkue nenm,
nafigennse Okasaky, BO3HHKAIOT Mo JeHCTBHEM ChelH(HYEcKHX
Hykaea3. OnHako cxema BepHepa He noaTBepAHJIaCh.

18*
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Touneit mexanusMm penynaukauun JHK noka neabsas cuntath

YCTaHOBJEHHBIM. Pennukauns in vivo HauHHAETCs HA ONpeeeHHO
CTalHH PA3BHTHA KJETKH C yYaCTHEM DETyJATOPHHIX (PaKkTopoB, Mo-
BHIMMOMY, CBAI3aHHBEIX C KJIETOYHOH MeMGpaHol,
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