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JHIIE |2, onpefensieMEX H3MEHEHHAMH TpPeX HYKJeOTHAOB. Takoe
pacnpesenesHe coryacyercssi Kaxk ¢ ABOHHHM (40 KoA0HOB), Tak H
¢ TpoiiHEM (60 KOJA0HOB) paBHOMEpPHHIM BhIpomJeHuem [13]

Hrak, reneruueckHii KOA SBISETCH TPUNAETHLIM, Henepexkpol-
BAOWUMLES, AUWEHHbIM 3anAaTblx U sbipoxcdentbim. TlonHas pac-
mrdpoBka Koma norpedoBasia NPAMEX OHOXMMHUECKHX OMNLITOB,
CTaBUIMX BO3MOMXHLIMHM JHIIb TOCJe pacKphITHA MexaHH3Ma GHo-
CHHTe3a Genka.

§ 9.2. BUOCHHTE3 BEJIKA

CoBpeMeHHass MOJEKyJAsipHasi GHONOrHsi GENKOBOFO CHHTE3a H3-
Joxena B MoHorpaduH [14] (cM. takxke [2]).31eck MH orpaHHuHMCH
KPaTKUMH CBeleHUAMH, YJEJHB B NOCAEYIOUIEM H3JIOKEHUH [JaB-
HOe BHHMaHHe {H3HYECKHM BOMPOCAM.

Hudopmanus, conepxamascsa 8B JJHK, nepenaercs MmPHK B8 npo-
uecce Tpanckpunyuu. Henok cuuresupyercs Ha MPHK u, takum 06-
pa3oM, B 3TOM INpouecce peanusdyercds HHQOpPMalMOHHAS HENb
JIHK — PHK — Benok.

[lepsbie 3KcrepUMeHTaslbHbIE JOKAa3aTENbCTBA CYLIECTBOBAHHS
MPHK nonyunnu Bemnozepckuit, CHpHH H X COCTPYAHHKH [15, 16].
Onu nokasasnu, uto cocraB TotansHoli PHK Gakrepu#i koppenupyer
¢ cocraBoM ux JJHK u npumnu K 3akMIOUEHHIO O HAaJHUHH MO Kpaii-
neii Mmepe aByx tunos PHK, oxun u3 kotopuix (60abuasi ¢ppakimus)
.MMeeT cocraB, He oTpaxatowuii cocraBa JJHK, a BTopoil Bocnpous-
Bogutr cocraB [HK. B nanvHelitneM BHiCHHMAOCH, 4YTO INepBast
¢paruusa sro pubocomansnas PHK (pPHK), a Bropas —mPHK.
Marpuunas ¢yuruvonanbaocte PHK cnenosana u3 onmToB ¢ pac-
TUTENbHEIMU BHpycaMH. Busio ycranosaeno, uto PHK, Boiiesnennas
u3 BTM, obnagaer uHQUUUPYIOUIMM JelcTBHEM. DTC 3HAYHT, YTO
moneryasl BupycHoR PHK, nomamas B KJeTKH pacTeHHs, OpraHu-
3YIOT cuHTe3 HOBmIX HacTH BTM, T. e. cHHTe3 HX Gesros [17, 18]
®peHkens-KoupaT BocCcTaHOBHA ~HHGHIMDYIOLUIHE CBOHCTBA YaCTHIY
BTM, cmeurnBas PHK BTM ¢ GenkoM, ¥ noayuua ruGpHiHbIE BH-
pyce, koM6unupya PHK oanoro mramma BTM ¢ 6enkom apyroro
mraMMma [19].

BosgruH ¥ AcTpaxaH H3yuasnH COOHTHSA, NIPOUCXOAALINE B KIETKR
E. coli nocne 3apaxenns garom T 2. Ilpu pasmHoxkenuu dara cuu-
Teaupyercs Hekotopoe Koanuectso PHK, o6nanatouieit nopHmeHHoM
MeTabONHUECKOH aKTHBHOCTBIO: OHa OwicTpo BRiwouaer P32, Cocran
cunresupyemoii PHK cxonen c cocraBom ¢arosoir JHK [2€, 21]

B manvheiiiiem MPHK 6rbina o6nHapyXKeHa H B He3apaKeHHBIX
6akTepHadbHBIX KJAeTKax [22]. Ee cocras anajoruyeH coctaBy Gak-
repuansnoil JJHK. Buso mokasano, uro MPHK menocpencreenno
cunresupyercs Ha JTHK kak na marpuue. D10 JOKa3bIBaercs, Bo-
nepBhIX, HalHuHeM cieuuanbHoro depmenta — PHK-nonumepasn



§ 9.2. BUOCHHTE3 BEJKA 561

[23]. Bo-Bropuix, ycranoBiena ruGpuausandss JHK ¢ kommiemen-
tapaoll eii MPHK [24—26].

MoXHO TNOABEPrHYTb KDUTHKE YTBEpPXKAEHHE O TOM, UTO 5Ta
vPHEK BoinoJHser QyHKUHIO NepeHoca reHeTHYeCKOH HMHMOpMamuy
or JHK k 6eaky (cm. [5]). Crporo ycTaHoBseHO, YTO JHLIb HEKO-
topasi noas xiaerouHoii PHK nefictBuresnbno komupyer Gesok. Tem
He MeHee BCSl COBOKYHNHOCTb 3KCHEDUMEHTAJbHBIX [AHHBIX COTJa-
CYeTcsl C MPEeACTaBJEHHEM O TPAHCKPHIIUA U HET OCHOBAHHH COMHE-
BaTbCsl B €ro NpaBHIbHOCTH.

Takum o6pasoM, MPHK — nepenocuuk undopmannun or JHK
K pubocomam, T. €. CHHTE3HpyIOlleMy Oe/loOK annapaty KJIETOK.
MPHK o6ecrieunsaer nporpammy Ouocunresa. Ho nas GuocuHTe3a
HEOGXOMHMBl aMHHOKHCJOTH H Deaju3alus HaAJexalux TepMolH-
HAMUYECKHX U KUHETHUYECKHX YCJIOBHUH.

AmunokucnoTH (QUIypupylOT B KJeTke B CBOGOAHOM BHJE.
Hx npsamasi HOoJMKOHIEHCALHS SIBISIETCS SHIEPTOHUYECKUM MPOLec-
COM H CONPOBOKJAeTcsl yBeJAHUEeHHeM CBOOGOLHON SHEPTUH NMPUMEPHO
Ha 3 xkaa/moap npu obpa3oBaHUH NMENTHAHOH cBSI3H. B kJIeTKe no-
JUKOHJEHCAIMS aMHHOKHCJIOT COUpPSIJKEHA C 3K3ePrOHHYECKoH peak-
uueir nedocpopunupopanns AT® (cm. crp. 103) AmuHoxkuciaora
BCTyNaeT B peaKiuio GHOCHHTe3a B aKTUBHPOBaHHOH (opme [26—28]:

Aumunokncaora 4 ATD 4 bepMeHT —— AMEHOANHJIRAEHHIAT + pepMeHT 4 O

(@D — nupodocpar) AMHHOALMIANEHHJAAT MpeicTaBAsieT coboli
aKTUBHPOBaHHYIO aMHHOKHCJOTY. ETo cTpoenue
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PepMent amunoanuy — TPHK-cunrerasa Gudyukuuonanen. Ou Ka-
TaJHU3UPYeT peaknuio o0pa3oBaHHS aMHUHOALWJafeHHJaTa ¥ Iepe-
HOC aKTHBHPOBAHHOW aMHMHOKHCJIOTHI Ha KOHEI[ MOJIEKYJIb-aJanTopa
TPHK. Cxema 310l BTOpo#i peaKuuH 3anucblBaeTcsi CaeLyOLiuM. 06-
pasom;
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Dueprud, Heo6xoaumas Ias OGHOCHHTE3a, 3anacaercs B XUMH-
YeCKOH CBsI3U Mexay amunokucioroil u TPHK.

L5t Kam ol aMHHOKHMCAOTH CYIlECTBYET 11O KpaiiHell Mepe onHa
cnenuduueckas TPHK. Takum o6pasom, uucio paziHuneix TPHK
IOJIXKHO GbiTh He MeHee 20 U COOTBETCTBEHHO JOJIKHO CYLIECTBOBATDh
ne menee 20 pasauuHBIX aMHHOanMJCHHTeTa3. B nefictBHTE/bHOCTH
gucao TPHK 6Goapme 20. OTtHocutesnsHo GEpMEHTOB 3TO elle He
YCTAHOBJIEHO.

Buocunres 6eska npoucxogut Ha pubocomax. Pu6ocoMmbi npen-
CTaBASIOT cOGON HYKJeONPOTEHAHBIE YACTHIE, COCTOSAIHE U3 GEIKOB
u pubocoMaibhoii PHK
(pPHK). B pacrywei kiaer-
ke £. coli cogepxuTCs NpH-
mepro 15000 puGocom c
MOJIEKYJISIPHBIM BECOM OKO-
a0 3-108, Ouu cocTaBagIOT-
no 0,25 Bcell macchl KJaer-
ku. Pu6ocoMsl ofecreun-
BAalOT HajJeXxalnee B3ad-
moneicreue MPHK c xomn-
JIEKCOM aMHHOKHCJIOTBl C
TPHK. B sTom cMmuicie pH-
6ocoma rnopo6ra  dep-

TPHR

MEHTY.
PuGocoma npHCOenUHS-
QS , ercs K 5-xonuny MPHK, xo-
Puc. 9.4. Cxema npucoennuenns AK~r1PHK  AHPYIOLEMY HayaJjlo HOJIH-
k MPHK ¢ yuacT#eM pugOCOMHL. nenTUAHON Ienu —ee N-

KoHen. Pn6ocoma  nBu-
xKercd Broab Henu MPHK, «uutast Teker» TakuM o6pasoM, UTO KO-
JoHbl B kKomnjekce MPHK — pu6ocoma nocienoBatesbHO NPUCOERH-
0T AK ~ TPHK. TPHK, Hecyias aMUHOKHCIOTY, KOMILJIEMEHTAD-
HO B3auMoneiicTByer ¢ kogoHoM MPHK cBoum anruxodoron. Cnenu-
¢duueckas aasg ganHol amuHokucaorh TPHK comepXuTt antHkogon—
TPpHILJIET, KOMIlTemeHTapHblll Kopony MPHK. B panno#i puGocome,
B nanHoM Jokyce MPHK npoucxonuT nmocnemoBaresbHOe NpUCOenH-
nenne 18yx AK ~ tPHK k n-my u (n -+ 1)-my kKomonam MPHK.
Ilpu 3ToM o6pasyercss nelTHAHAsi CBI3b MeXAY #-H H (n-+1)-i
amuHOKHcaoTaMu, n-9 TPHK ormensiercs u pubocoma, Hecymas
(n+ 1)-i0 TPHK c¢ npucoennnenHoli k Hell pacTyiiell Hosudnerl-
TUAHON Henblo, nepeMentaercs saoib MPHK wa omnn komoH. B gHo-
BOM IoJjioXeHHH pubGocoMa B3aumonedcreyer yxe ¢ (n+ 1)-m a
(n+ 2)-m xomonamu MPHK. 310T npomecc uzobpaxen cxemaru-
yecku Ha puc. 9.4, Broab opnofi menn MPHK nepememtaercs ne
oniHa, a psin puGOCOM, HAa KaXKNOH M3 KOTOPBIX pacTeT cBOSI GeJIKO-
Basi nenb. Cucrema MPHK — pu6ocoMbl, noxoxas Ha HUTKY c Gy-
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caMM, HA3BIBAETCH HOAUCOMOL. Takum o06pa3oM, Ha OIHOH Heru
MPHK cunresupyercst psin oauHaKoBbiX OenkoBuix wuerneil. O6mas
cXxeMa cHHTe3a OenKa NIpeicrasieHa Ha puc. 9.5.

O6pasoBanue NMeNTHAHOH CBSA3H TPeGYeT yUaCTHsi MAKPOIPruda-
ckux MoJjiekya ['Td.

TaxkuMm oOpasoM, GelloK CHHTe3Upyercst de nOUO W3 aMHHOKHC-
JIOT, a He IlyTeM COOpKHM 3apaHee H3TOTOBJEHHBIX HOJHNENTHAHBIX
6mokoB. OnucaH#ast NOCAEAOBATENBHOCTh COGBITHR [pU GHOCHHTE3E
JOCTATOUHO CJIOXKHA, HO XapaKiepH3yeTcsl eNUHBIMU NIPUHIIUTIAMH.
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Puec. 9.5. O6mas cxema cunresa GeJka.

Yerrlpe THNA HYKJIEHHOBBIX KHCJIOT Y4acCTBYIOT B GHOCHHTE3E —
IOHK, MPHK, pPHK u tPHK. ®yuxiuu ux pasiuuHbl, HO CTPYK-
TYpPHBIE OCOOEHHOCTH HMeIoT MHOro ofuero. B 6uocHHTE3e BHOBb
peasnusyercs dyHiaMeHTaJbHBIA AJs1 GHOJOTUY B 6HODUIUKH MpUH-
LU CTPYKTYPHOrO COOTBETCTBUS, KOMIJIEMeHTapHOCTH B3auMojei-
CTBYIOILUX MoJieKysa. KomisieMeHTapHbl [Be ILielld B JABOHHOH CIIH-
pamt JHK, mens OJHK u nene MPHK, antukomonn TFHK u xo-
nonsl MPHK. Komnaementapus JTHK u TPHK, IHK u pPHK, rak
kak ati PHK rakixe cuuresupyiorcs na IIHK kak #a MaTpHIe.
B stoM cmuiciie JIHK comep:ur reHs! ABYX THIIOB — CTPYKTYPHEI®
reHsl, orBercTBenHble 3a cunte3 MPHK u coorBercTBylomiux 6enKOB,
u rensl, orBercTBennbie 3a cuures TPHK u pPHK.

BsauMoaelictBiusi MeEXAY KOMIUIEMEHTApHBIMU MOJIEKyIaMH —
caabuie B3auMonelicTBus. Ho ciaoxHasi urpa 3THX caabblX CHJE

1/73%
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NPHROAMT K OOGPa3sOBAHMIO CHJBHBIX XHMHYECKHX MENTHAHBIX
cBszedl.

Buocunres Geaka — MaTpHUHBIH cHHTE3. 30€Ch Mbl BCTPeUaeMcn
¢ AByMd THIAMH dTeHUs Jguneiinod marpuun. Cunres MPHK, TPHK
u pPHK na HHK, nomo6uo peaymaukaunu JHK, npoucxomut ny-
TE€M HeNOCPEeACTBEHHOTO pOCTa HOBOH Hend BAOJb HUCXOMHOH ienu
HHK c yusacruem ¢pepmenra PHK-nomumepass, Mosekyia KOTOpoi
nepemelaercs BROJb HCXOAHOH MaTpHusl. CHaTes 6Gex0BOH wHenH
6osee cioxeH, B HeM yuacTtBylor mosekyian TPHK, a Bposns mar-
puiubl nepememalorca pubocompl. Cama GenKoBas Nelb He Haxo-
IuTCcsl B KomyiemeHTapHoM coorTBercrBuu ¢ MPHK. 3xecs npoucxo-
IUT He TpaHCKpUnuHs Hykaeoruauoro rtekcra JJHK B teker MPHK,
a TPAHCAAYUS HYKJCOTHAHOTO TEKCTa B aMHHOKHCJOTHHI,

Bce st mponeccsl TpeGylOT 3arparhl HEPTHH, pacXOLyeMod
fipex e BceTo Ha o6pa3OBaHHE XMMHUECKHX CBSI3€H — HENTHAHBIX U
MeXHYKJICOTHAHHX. B 10 Xe Bpemsi. Nepememenne PHK-nomiume-
pasw BROJb -mend JHK wiu nepemeiienne pu6ocoMpl BIOJb HelH
MPHK — mexanudeckue npalueccel, B KOTOPHX XHMHUYECKAs 3HEPTUA
npeBpalllaercs B MexaHH4ecKylo paGory. McrounukoM sHepruu AJjs
BCEX 3THX [POLECCOB CIYXKAT MaKpO3pTrHYECKHe HYKJIeozunrpudoc-
dbaTw.

HccnenoBanue GuocuuTesa Genka BblABUraeT pal (GU3UYECKHX
npoGiaeM. Heo6xonumo ocTpodTh TEOPHIO MATPHUHOTO CUHTE3a, HE-
06X0AUMO IOHSATH CTPYKTYpPHBIE M JAMHAMUYeCKHe 0coGeHHOCTY
PHK-nosumepassl, pu6ocom U QepMeHTOB, yuacTByIOIUX B GHOCHH-
tese. Heo6xoauMo HccaeoBaTh CTPYKTYPHBIE OCHOBH GHO3HEPTETH-
qeCKHX IIPOLECCOB, ONpPeNeoUX GHOCHHTES.

Hosble 3amaun BO3HHKAIOT B CBA3M C OTKphiTHeM cuureza JIHK
ga PHK. «lenrpanbHasi normMa» MOJIEKY/ASpHOH OHOJOrHH Bbipa-
sKaercs cxeMol (cM. crp. 560)

JAHK —‘"‘ PHK —> Beaox. (A)

B neficTBUTETHHOCTH 3TO He «JOTMa», a 3aKOH NpHpoan. OnHako
Yy HEKOTOPBIX OHKOIeHHbIX BHPYCOB 6bl/ia yCTAHOBJIEHA Hepejaya HH-
dopmanun or PHK k JHK (cm. [29—32]). D10 o3Hauaer cyuiecTso-
Banne PHK-zaBucumoit JHK-nomumepasn. JIHK u3 sapaxennnix
BUpycoM kJjerok ru6pumpusyercsi ¢ BupycHoii PHK. ITo-punumomy,
B cHcTeMe HOeHCTBYeT HECKOJbKO (epMeHTOB — «06paTHBIX Tpau-
ckpurnrasy. ITosanee PHK-zaBucumas IHK-nosumepasa Gouia or-
KphiTa W B HeMHOUIHUDOBAHHBLIX KJETKAX MBIIIH M YedoBeKa [33].
dtoT QepMeHT MOXKET KONHpOBaTh cHHTeTHUecKHe matpuisl PHK —
" PHK u PHK — OHK. Eme B 1960 r. I'epurenson oGHapy»Kij, 910
supyc JHK-Tuna, BbI3biBalOMMH SAepHbIH NOJHIAPO3 ¥ HACEKOMBIX,
cospaer B kierkax xossuHa MPHK. Mubekuus stot MPHK 3mopo-
BbIM HAaCEKOMbIM BHOBBH BbI3bIBaeT nojausfpos (cM. [34]). Bcee nepe-
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YHCHEHHbIE (DAKTH HE HapyWIAlOT «IOrMy», HO TpeGyioT ee monoJ-
HeHusi. BMecro cxeMul A clefyer NOJb30BATLCH CXEMOM

JHK == PHK ——> Beaox (B)
HJH
PHK’ —> JOHK —> PHK —> Beaox. (B)

OcHoBHOE NOJIOKEHHE MOJNEKYJ/IsIPHOH GHONOTHH, COTJIACHO KOTO-
poMy NPOHCXOAMT Hepenaya HHQOPMAIHH OT HYKJIEHHOBOH KHCIOTH
K OesiKy, HO He O6paTHO, €CTECTBEHHO, OCTAETCS] CIpPABEAJHBLIM.
HyxkienuoBble KHCAOTH 06/1a1al0T <«3aKOHOAATENbHOH», a Gejlkd
«ACHOJIHATENbHOH» (yHkuuel. Ilpuuune storo moapobHO paccMoT-
penbl diirenom [H7]. :

§ 8.3. TPAHCKPHTILHA

Cunre3s PHK ua marpuue JHK npoucxonur ¢ nomompio PHK-
floJinMepasbl. BoJbUIMHCTBO HecstefoBauuil nposeleHo Ha PHK-no-
qumepase u3 E. coli unu vus Gaxrepuu Azotobacter vinelandii. Stn
{epMeHTH SBJFIOTCH CBOETO POAA MOJEKYJAPHBIMH MAaLIHHAMH —
OHH HMEIOT CJAOKHYI0O UETBEPTHUHYIO CTPYKTYPY W BHIIOJHSIOT pPsiil
(yHKUHA: y3HABaHAE HAYaJIbHOTO JIOKYCA CHHTE3a H clelHpHUYECKOS
cBi3biBaHHe B 3ToM Jokyce INHK, uuunuanuio cunresa PHK (o06-
pasoBaHHE MEPBOH MEXHYKJIEOTHIHOH CBSI3H), HENOCPEACTBEHHO
cuures PHK u tepmuuanuio — o6puiB cuuresnpyemoii nenu PHK
B KOHIE Te€HA WJIH JHHEAHOH HOC/IefOBATENbHOCTH MEeHOB (IIPH CHH-
rese noaunucrponnoll PHK) u «cBanuBanne» gepmMeHTta ¢ MaTpHIHL.

Ilpu uuskux HoHHbix cujgax PHK-nonumepasa sipisiercst pumep-
HBIM (EPMEHTOM C MOJIEKYJSIDHBIM BECOM, HECKOJIbKO MeHbiuuM 109
H KoHcraHToH cenumentamuu 23 S. Ilpu HOHHBIX cHiax, 6OABIIUX
0,1 M, ¢epment o6paTHMO pacnajgaercsi Ha [Ba MOHOMep4;
21 8§ == 2-13 S. Ilokasano, uto MoHoMep 13 S siBasercs depmenra-
THBHO aKTHBHOH ¢opmoil [35], Ho oTHOcuTenbHO ammepa 21 S mue-
aust pacxoasitest (cM. [14]). ,

Monomephpiii ¢pepMmert 13S B cBowo ouepeab COCTOHT H3 CyOb~
eIMHAIN: ABYX Gobmux cyGbenuuun B u f7 (M.B. 150000 u 165000
COOTBETCTBEHHO), ABYX OJAHHAKOBbIX MEHbIIMX CyGbenHHHI o (M.B.
kax ol okoso 40000), u rtax HasbiBaeMoro o-gakrtopa (M.B.
80000). Takum o6pasoMm, PHK-nonumepasa 13 S moxer ObiTh cum-
BOJIHUECKH [pe[cTaBieHa B Buie oazfp’ [36].

Bornpoc o posn cy6beAHHHL HE pelleH, HO H3BECTHO, YTO o-Qax-
TOp oGecleuHBaeT crelHPHIECKoe «CUHTHIBAHHEY OlpeJe/eHHOH CH-
crembl renoB. Ecan or PHK-nonumepass oraenuts o-(pakrop, To
3()(PEKTHBHOCTH TPAHCKPHIIUH TaK Ha3bBA€MbIX [PEJPaHHHX TE€HOB
(para T 4 nounmxaercss Ha [Ba NOpsiiKa, TOIAA Kak Ha Hecnenugd-
yecKoll asis storo ¢epmenra marpune (tumycHoll JIHK) Bausinume
o-hakTopa nesnaunteabso. B camom cuurese PHK o-dakrap ne





