rNABAs
BHOCHHTES BEJIKA

§ 9.1. NPOBNIEMA TEHETHYECKOr0 KOAA

Fen (umcrpon, cm. [1,2]) ectp uwactb Makpomosekynw JIHK,
OTBeTCTBEeHHAs 3a CHHTe3 GenkoBo# uend. Spasierca au poab JTHK
MHCTPYKTHBHOH HJIH paspemaomeli? MHorouucaeHHbie JaHHbIE CBH-
[LeTenbCTBYIOT B NMOAb3y NepBoi BoaMmokHocTH. CHHTE3 Genika npo-
rpammupyerca mMonekynoil JIHK, conepxameli unpopmanunio o nep-
BHUHOH CTPYKType OeNKOBBIX Hemnel, HHaYe roBOPfA, FeHETHYECKYIO
nadopMaunio. 3ta HHPOPMAaNHA 3anucaHa B NepBHYHOH CTPYKTYpe
IHK, 1. e. B nocefoBaTeIbHOCTH HYKJA€OTHAOB. B uacTHuax BHpY-
coB PHK-THna reHeTHuyeckas nporpaMMa 3ajiokeHa 8 MOJEKYJax
PHK.

KakoBo cooTBeTCTBHE MEXIYy NOCAEN0BATEIbHOCTbIO HYKJIEOTH-
108 B JJHK (u Bupycroii PHK) u nocienoBaTenbHOCTbIO aMHHO-
KHCJIOTHBIX OCTaTKOB B OenkoBof uenu? B 3ToM m cocToHuT npo-
67eMa reHEeTHYECKOro Kojfa. ,

3rto dusnueckas mnpobiaema. Bo-mepBrIX, CTaBHTCA BOMNpoc ©
cooTBeTCTBHH HHQopMauHonHoro comepxkanus IHK n Genka, Bo-
BTOPBIX — O KOJHYECTBEHHBIX B3aHMOOTHOUIEHHSIX MEXKAY HYKJeo-
THAAMH H aMMHOKHCJOTAMH, oNpefie/ieMblX B KOHEUHOM CUeTe B3a-
HMONEACTBHAMHE MOJEKY] B MaTPHYHOM cHHTese Oenka. B-tpeTbHX,
BO3HHKAeT BONpPoC o ¢H3HYECKOM CMEICTIE TeHETHYECKOIO KOoJa, T. €.
O CTENeHH HEeCAYYalHOCTH 3TOrO COOTBETCTBHs. XapaKTepHo, 4YTO
npo6JjeMa reHeTHYeCKoro Koja Obina BHepBhe chopMyJanpoBaHa
dusnkoM [aMoBuM [3], ¥ psii GH3NKOB NPHHAN yYacTHE B ee pemie-
nud, OfHako KoL Obll paciungpoBaH GHOMOTHYECKHMH ¥ XHMHYe-
CKHMH METORAMH.

ITocTaHoBKa BOTPoCa O KOJE, ONPeAe/sIoIleM ATOMHO-MOJEKY-
JSpHOE CTPOEHHE H CBOHCTBA BelIECTBA, THNHUHA JAias Gu3uky. XH-
MHUECKHE CBOHCTBAa aTtoMoB (T. €. CTPYKTypa NepHOAHYecKCH cH-
cTeMn MeHjlenieeBa) 3aKONHPOBAHBl UHCIOM 3JEKTPOHOB B aTOME
B COOTBETCTBHH C MPHHIHMIAMM KBAaHTOBOH MexaHHKU. To ke oTHo-
CHTCSL K aTOMHBIM CleKTpaM. 3Has MOCJAeNOBATENbHOCTb KBAHTOBBIX
YypOBHEH, MBI NMOJYy4aeM KOJOBHIE YCJIOBHS I/t XHMHHM H ONTHKH,
Uncsao M NpHPOLA HYKJIOHOB B aTOMHOM f/ipe KOAMPYIOT cBOMACTBa
aapa. CHcTeMaTHKa 37E€MEHTAPHBIX YacTHL, M HX NpPEBpalleHHit —
OfHa M3 aKTya/bHBIX INpo0JeM COBpEMEHHOH (H3UKH — TaKKe
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O3HayaeT HaxoXKJeHHe HekoToporo Koxa. ns xonoBex npobiem xa-
paxkTepHa 0053aTeNLHOCTh pPeanH3yeMHX KOJHYECTBEHHHIX B3aHMO-
OTHOIIEHHH. )

[leppag nonbiTKa HaXOXK/EHHsI T€HETHYECKOro KOJa, npHHajjse-
xapmas [amoBy [3,4], 6mna npeanpuHsiTa cpasy ke Iocie O7F-
kpuiTHs ABycnupanbHo# cTpyktypel IIHK. T'unortesa I'amoBa oka-
3anach HecocroaTenbHo#A. Tem He MeHee OHa 3aciyKHBaeT BHHMa-
HHSl, TAK Kak eio ObIA MOCTaBJeH pPSAJ BaXKHHX npoGiem. Pabora
['amoBa ceirpana 6onbliylo Ponb W B NPHBJAEYEHHM BHHMaHHs Oli-
3HKOB K MOJEKYJAPHOI GHOJIOTHM.

Benxosuifi TexcT HanucaH 20-6yKBEHHBIM asipaBHTOM, TEKCT
JOHK (uan PHK) — 4-6yksennniM. M3 snemMeHTapHBIX cooGpaKe-
HHH CJEeLyeT, YTO KOLOBO€ OTHOIIEHHE, T. €. YHCJAO HYKJAEOTHAOB,
KOJHPYIOIHX OJHY aMHHOKHCJOTY, HE MOXeT GHTbL MeHbIIE Tpex.
KonHnuectBo nudpopmauu, npuxoidiiefics Ha OAHY aMHHOKHCJIOTY,
paBHO iy =l0g;20 = 4,322 O6ur, 'a Ha OAHH HYKJIEOTH] Iy =
=logy 4 = 2,000 6ur. CnenoBaTesLHO, HAHMEHBIIEE YHCIO HYKJEO-
TH/OB, NPHXOASIIeeCs] Ha ONHY aMHHOKHCJOTY, PABHO ia/iyx = 2,161.

AMHHOKHCTIOTA He MOXKET KOJHPOBAThCA HEUENIhM HHCAOM
HYKJEOTH/ 0B, 3HAUHT, KOJJOBOE OTHOIICHHE JOJKHO OHTH He MEHBIIE
Tpex. B caMoM Jese, YHCHO pa3MelieHHH ¢ MOBTOPEHHSIMH M3 ue-
THpeX 1o ABa paBHo 16, uro MeHblie 20 — yncsia aMHHOKHCTOT.
Yucio pa3MelieHdil ¢ NOBTOPEHHSIMH H3 YeTHIpEX 1o TPH pasHo 64.
Tpex HYKJEOTHNOB B KOLOHe, T. €. B COBOKYIHOCTH HYKJEOTHJOB,
KOAMPYIOUHX OAHY aMHHOKHCJOTY, GoJiee ueM J0CTaTOUHO.

IamoB npepgnosarajn, 4To GenxoBas Lenb CHHTE3HPYETCS HENo-
cpencrBeHHo Ha ABoinofi cnupanu JHK, npuuem kaxpass amMuHO-
KHCJIOTA PACloJiaraeTcs B BRIEMKE MEXIY YeThIPbMS HYKJIEOTHAaMH.
DTa BeieMKa HMeeT NpHMepHO poMmOHueckyio ¢opmy. JIBa Hykneo-
THAA NpHHALNERKAT ofHo# uenu, paBa— apyrofi. Opun wu3
HYKJICOTH/OB IepBoH lenH 06Gpa3yeT YOTCOH- KPHKOBCKYIO mapy
C OJHHM HYKJIEOTHAOM BTODOH LIElH.

«By6HoBHE koa» ['amoBa ofecneunBaer uMeHHO 20 «GyxB».
Kaxpas «6ykBa, T. e. poM0O, COCTOHT H3 UeTHIPeX HYKJIEOTHIOB.
‘Uncno coveranui u3 4 no 4 pasHo 256. Ho 3necs HanoXeHH orpa-
HHUeHHS — MaJsasg AuaroHajb pom6a coeaunsier A ¢ T wnu I ¢ L
Ecnu cuHTaTh TOXKAECTBEHHBIMH NPaBLE H JieBhie (GOPMBI HECHMMET-
PHYHHIX POMOOB, Hanpumep

r r
A---T=T---A,
A A

to nojyuutcss 20 passHuHBIX POMOOB.

«By6HoBHI kKom» nepexpnBaroiiufica. Tak kak B KaXKIbifi poM5
BXOMST HYKJEOTHAH H3 TPeX HOC/TeNOBAaTeNbHHIX Hap, ABa HYKJeo-
TH/JAa, HaXOAsI(HecA Ha OJHOH cropoHe pomba, SIBAAIOTCA OOHIHMH
AN ABYX cocenHHX poMOoB. TeMm caMbiM, BO3HHKAeT KOppessauHd
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MEXAY COCEIHHMH aMHHOKHCAOTAMH. 3a JAHHHIM OCTATKOM MOXeT
cnenoBath He jawo6oifl u3 20, Ho auIbL HekoTopbie (cM. [1]).

'aMoB nonsitancs npoBepHTh NPABHABHOCTE CBOETO KOJAd, COMO-
CTaBHB BO3MOXHOCTb COUETAHHS POMOOB C H3BECTHOH NepBHYHOM
CTPYKTypOli HHCYJHHa H ajpeHokopTuxorponHua. Ilpm atoM Bo3-
HHKJIH HepazpemuMble nporHBopeund. JlanpHefimine HccneloBaHHs
NOKa3anH, YTo HHKaKHe NepeKphIBaIOIHecs KOJAbl HeNAb3sl COTJaco-
BaTb ¢ onsiToM. Hannuue nepexpHiTHA B KOJZOHAX MOXKET BHIpa-
KaTbCsl B KOPPEASNHAX MeXKAY COCeIHHMH AaMHHOKHCIOTHBIMH OC-
TaTKaMH. VIHBIMH CJOBaMH, HEKOTOpPbIE MapHbie COYETAHHS OCTATKOB
LOJKHBL OblTb 3anpeiedbl. AHAanH3 NEPBHUHHIX CTPYKTYp Oeskon
MOKa3aJ, 4TO TaKHX Koppensinui HeT — n1060H oCTATOK MOXKET che-
J0BaTb 3a JIOOLIM, XOTA pa3Hbie OCTATKH BCTPEYAIOTCsS C pasfui-
HBIMH uactoTami [4, 5]. MoXHo, oRHaKo, NpelcTaBHTb cebe mepe-
KpBIBAIOLIHECS HYKJIEOTHJIHBHIE KOABI, JonyCKawiiue a6y nocie-
JOBAaTEeNLHOCTL AMHHOKHCAOT [6].

JlonycTuM, 4TO KOAOH CONEPXKHT HeThHpe HYKJEOTHAA, HO IMo-
CTEeNHHA HYKJIEOTH] AaHHOrO KoJoHAa OJHOBPEMeHHo fIBJseTCH mnep-
BHIM B CJelyolieM KopoHe. KonoBoe orHolWeHue paBuo TpeM. Ecnu
BCE KOMMPYIOLUlHE KBApTEThl HAYMHAWOTCs, cKaxeM,!c I' uwam ¥, To0
OHH J0/JKHBI 3aKaHuuBaThcA Takke I' w V. O6uiee uncno Takux xo-
J0OHOB paBHo 64 (2.16:2). D1 KomoHH pacnpefensiorcs no 20
aMHHOKHCJIOTAM TAaK, 4TO KaXKJas M3 HUX HMeeT O KpaliHeH Mepe
ONMH KBapTeT, HauuHatomufica -c¢ I, u onuH, HauuHalougufica c Y.
Tak xax Kaxaplfi KBapTeT AOJKeH 3aKaHUHBAThCS TaKke [ mau Y,
BO3MOXKHBI JI00ble MOCHeNA0BATENLHOCTH AMHHOKHCOT.

OrcyTcTBHE KOPPENANHil B NOJHNCNTHAHBIX [eNsIX, TAaKHM o6pa-
30M, HeJb3s CUHTATbh PeliaioNIHM apryMeHTOM [POTHB IepeKphIBalo-
muxcsa xoXoB. Ho orcyTcTBHe koppensinHi JeflaeT HeBO3MOMKHOMH
YMO3pHTENbHYIO PAacH(]POBKY Koaa. .

BoJsiee cyuiecTBEHHBII apryMeHT COCTOHT B TOM, YTO HE YIaercd
Ha6/I0)laTh MyTaHOHHbIE 3aMEICHHS JBYX COCEHHX aMHHOKHCHOT-
HBIX OCTAaTKOB B Genke. MeX1y TeM MyTauHs HYKJeOTHaa, obiiero
IAs JBYX COCENIHHX AMHHOKHCIAOT, LOJXKHA NPHBOJUTL K TAKOMY
IBOMHOMY 3aMelleHHI0. YOoJJ NpHBeX cooOpaKeHHs,, CHHIKAIOUIHR
cuny storo aprymenta [6]. OnHako, nmockonbKy He Gbio HafiIeHO
HH OIHOTO 3KCNEPHMEHTAJbHOIO MAOKAa3aTeNbCTBA INEepeKpLIBAHHA,
€CTb BECKHE OCHOBAHHS CYHTATh T€HETHUYECKHH KOJ HeNepexphiBalo-
wuMca. [Tonnas pacmudpoBka Koja 3TO NOATBEpAMJA.

H3yuenne MyTalHii noxasano, 4TO KOJA KOJJHHEapeH, T. €. KO-
JOHbI B HYKJEHHOBON KHCJOTE H COOTBETCTBYIOUIHE AMHHOKHCIOT-
Hble ocTaTKH B OesiKe PacnosoXKeHsl B TOH Ke JIHHEHHON nochepo-
BaTENIbHOCTH. PsjJ N0Ka3aTeabCTB 3TOro MNOJOXKEHHS TPHBEAEH B
smoHorpaduu Muaca [5]. TaM Xe onucaHst APYrHe NONBITKH YMO3DH-
TeJbHOro HAaXOMXKEHHS KOJa, MPEeJCTAaBNAAIOLUHe CErOfHs HCTOpHYE-
ckufi uurepec (cM. Taxxe [I, 7]).
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KopoBoe oTHomeHHe Moxer GHTH HaiAEHO JIHIIL 3KCHEPHMEH-
TalbHO. DTO OHJIC CIEMaHO B Pe3ynbTaTe I€HETHYECKOrO HCCJeN0-
BaHHs, nposBefeHHoro KpukoMm ¢ corpyanudkamu (8], H3yuasuiamu
nuctpod B B obmactu r Il Gakrepuodara T4, napasurupyiouiero
na E. coli. Panee BeHsep neTa/bHO NPOaNaTH3HPOBAJ TreHETHUECKHE
cBoiictBa cucreMul par T4 —E. coli [9]. Cpenn ToueuHBIX MyTauH#
rI1 ectb Myrapum, cocrosiniie B BHiNAajJeHHH HYKJI€OTHI0B (nene-
uuH) u B HX po6asnenun kx uend JHK. Taxue myrauun moryr
OLITb BHI3BAHLI AKPHAMHOBHEIMH KPaCHTEJNSMH.

Huxufi tun ¢ara w pasmMHOXKaercs Ha wmrammax B u K12
(A) E. coli. MytaHTHbIe Qard r pasMHOKAKIOTCA TOJBKO Ha B-mram-
Max, o6pa3ys pe3ko orpaHuueHHble Gnsimkd. Myrantst FCO, unpny-
uHpyeMule npodpaBHHOM, OTHOCsiTCA K Tuny 7. Onu o6sagaior cno-
COGHOCTLIO CIIOHTAHHO PEBEPTHPOBaTh, BO3BPALIATBCT K JHKOMY
tuny @. eHeTHueckHHA aHANH3 10Ka3aJj, 4TO TaKHe pPeBEPTAHTH
BO3HHKAIOT He B pe3ynbraTe 006paTHOH MyTaluH r— W, HO BCaed-
CTBHE IIOfiBJIEHHSI BTODOH CYHPECCOPHONH MyTaluHu BOJH3H NepBOfi
MyTauMd @ —r. Cynpeccopbl OTHOCATCA K TOMY Xe (eHOTHmy f,
4TO M cynpeccHpyeMble uMH MyTauuu. Kaxkias ua ABYX MyTauui
NOPO3Hb NPHBOJHT K YTPaTe CriocOOHOCTH CHHTE3HPOBATb COOTBET-
cTBylOUIHHA 6eMoK, 1o coueraHHe ABYX MYTallHH B OZHOM IHCTPOHE
3Ty CHOCOGHOCTH BOCCTaHABJAHBaeT. Bcero OHIIO H3yYEHO OKOJO
80 r-MyTaHTOB, B TOM 4HCJIE JBORHHIE H TPOHHBIE HX KOMOHHANHH —
Cynpeccopsl CYNPECCOPOB H CYNPecCOPH! CYNPeccOpoB Cylpeccopos.
Bce cynpeccopsl Oka3aJuch OTHOoCAUMMuCH K ABYM Kiaccam: -
(noGaBneHue HykneoTHaa) H — (denenus). Ecau ucxojHas MyTauus
r ectb 4, TO ee cynpeccop — u HaoGopor. Jukuit ¢penorun naer
xombuunapyuu + —, — +, + + +, — — —, HO He + +, — —,
t++++ ————wT L

OTH (akTH HETPYAHO OODBACHHTb, €CAH AONYCTHThb, 4TO KO[
TPHIVIETHH Y, HENEPEeKPHBAIOIKIACA H «UHTAEMBIi», HauHHAs C He-
XoTOoporo (uxcupoBaHHoro Hykneoruaa. [IpeiacraBsum uenb JHK
nocnenosaTensnocteio 6yks ABC ABC ... (puc. 9.1). Urenne xona,
HAuMH2A C OnpeNeNeHHOH 6YKBH, 3KBHBAJEHTHO HAJOXKEHHIO Ha 3TY
10C/Ae0BATENLHOCTE PAMKH € Npopeabio. EciH onHa H3 OYKB BHi-
nana (—) WaM, HanpoTHB, foGaBujach HOBas (-+), TO BcA nocse-
JOBaTENbHOCTb, HauWHAs C MECTa MYTAlMH, HCKaXKeHa, T. e. HOp-
ManbHBEIE GEeNOK JHKOr0 THna He MOXeT CHHTe3HpOBaTbCH
{puc. 9.1,6). Eciu nosBusack cynpeccopHas MyTrauus (— 4+ Hau
“+ —), TO mMOCTef0BAaTENEHOCTh HCKAXKeHa JHIIb B 00/IACTH MeXLy
aBymsa Myrauusmu (puc. 9.1,2 u 0). Ecan uckaxenHas obiaacrth
He CJAHIIKOM [AJIHHHA, TO CHHTE3HPyeMHBIH GelOoK MOMXKeT COXPAaHUTh
coto dyHkuuio u Gyner nabmonatsca pepepcusa. Puc. 9.1, ¢, a co-
OTBETCTBYIOT PEBEPCHH NPH HATMUWH TPex OAHOTHMHBIX MyTaumii
— — — uau + + . IlousaTHO TaxkXKe, noueMy ABOHHHE, HeTBep-
HHEe ¥ NATepHHEE OAHOTHNHbIE MYTAlUMH He NAIOT DEBEPCHH.
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M3 3THx pesynbTaToB clelyeT KOIOBOE OTHOIIEHHE, KpaTHOe
TpeM. EcTecTBeHHO NPEANOJIOKHTE, YTO OHO PAaBHO HMEHHO TPEM.
Bnpouewm, Yonn nokasad, 4To gaHHbie KpHKa H COTPYIHHKOB COr/a-
CYIOTCA H ¢ MPEeNJOKEHHHM HM KBAaPTETHHM I€PeKphHBAIOMIHMCA
koaom [5, 6]. OpHako xoj YoJsa HENPUIOfeH No JAPYruM IpH-
YHHAM.

Psin nerane#, OTHOCAILHUXCA K ONHCAHHHM «MyTalHAM CIBHIa
pamgu» (frame shift mutations), conepxures B opuruHanbHO# pa-
6ore [8] u B MoHorpadusx [I, 5]. Buavasne orcyrcrBoBaNH mpsMbie

o asc [ asc [ asc [ asc | asc | asc [ asc [ asc [ o
o | aBe PASGCABCA L BCA W RCAL BEA N/ BCA N BEA B, 0)
c| asc [ ac | aBc | asc PASABAZCHE A Che 7 CAB 7 C”
c | ABc PASCAZJ/BCA BCAZ] +ABC | ABL | ABC | ABC [4 ¢
o asc | aBc AAB P CABLGAG A -804 asc | Asc |4 4]
o | ABc DAGABCA K B-ABJ CAB Lt 8] ABC | ABC | A ¢)
o | ABc ABYB A/ CAB N CA-AZ/BCAN/BC+(/] ABC | ABC | A %)

Puc. 9.1. Texctor JHK.
a) lukufl Tan; 6) MyTaHT (nenelHd); 8) MYTauUT ¢ Ao6amienneM; 2), 4) ABOMMEIE MyTaHTH
tHna 4+ —; ¢) TpofHO# MyTaHT =---; oc) TPORHOM MYyTaHT +++. 3aMTPUXOBAHH HCKaA-
KeHHble YUaCTKH TexcTa.

=

J0Ka3aTeNbCTBa OesOK-CHHTe3Hpylouied poau obnacta rll un-
crpoHa. B nanvHefimeM Tepsarn u corpyamuxu [10] #3yunau aHa-
JIOrHYHBIe MyTanHu uMcrpoHa dara T 4, npoxyuupyomero JH30LHM.
Oxa3anoch, YTO «CABHIH PAMKH» NeHCTBHTEIBHO HCKAaXaloT GeNKo-
BuIfi TexkcT. JIBofiHOH peBepTHPOBAHHBIA MyTaHT JIH3OLMMa OTJH-
YaeTCs OT JAHKOIO THHAA HOCAeL0BATENLHOCTLIO IIeCTH OCTATKOB

Jnkuit w-tun ... Tpe—Jlusg—Cep—IIpo—Cep—Jlefi—Acu—Ana ...

PeBepTaHT
(ncepao w-tun) ... Tpe—JIna—Baa—Tnt—~Tnc—Jlefi—Mer—Ana ...

OTH GHOJOrHYECKHE HCCHENOBAaHHA TNPHBENH K pelleHHIO PALa
¢U3HYECKHX BONPOCOB. YCTAHOBJEHO KOJ0BO¢ OTHOILEHHE, elle Pas
JoKa3aHa KOJJHHEapHOCTh KOAA, JOKa3aHo, YTO KO YHTAaeTcd, Ha-
UHHAs C ONpPEeleJeHHOro HYKJIEOTHAa H He HMeeT 3aNlATHIX, T. €. Ma-
TepHaJbHHIX €IHHHI, PA3JeNA0NMX KoJoHb. M3 onHcaHHHX paboT
CJIeN0BaNo, YTO KOJOHOM fIBJSIETCS JIMHEHHas NOC/]eI0BaTeNbHOCTh
Tpex HykJeoTHoB. O6lee YHCAO Pa3HBIX KOLOHOB PaBHO 64.

B cBs13H C 3TMM BCTaJ BONPOC O BHIPOXKJeHHH Koja. Tak Kak o06-
iee YHCIO KOLOHOB (64) Gonblue yucaa amuHOKHCAOT (20), TO
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HYX)XHO BBISICHHTL, CKOJbKHMH DAa3/HUHBIMH KOLOHAMH KOJHPYETCA
Kaxjas aMHHOKHCIoTa. Cienyer o6paTHTh BHHMAHHE HA THIHYHO
($H3HUECKYIO MOCTAHOBKY BONpoca H (PH3HYECKHH TepMHH «BLIPOXK-
JeHHe» B OTJHYHE OT GHOJOTHYECKOrO CMEICHAA 3TOrO CJIOBA.

To xe HccienoBanve MyTalMil CABHra PaMKH CBHAETENbCTBYET
B N0JIL3Y BHIPOXKJEHHOTO KOia. DTO clelyeT C 0COOeHHOH ACHOCTLIO
u3 paborn [10]. Ecin kox He BhipoxjeH, To o6a xomoHa aJsa [uc
B peBepTaHTe JH30IHMA JOXKHEI ObITh OJHHAKOBBIMH, cKakem ABC.
Ecau caBur BmiabiBaercss fo6aBlieHHeM HYKJIEOTHAA CJIEBAa H KOAOH
anasa Ilpo ectb BCA, To cooTHOmeHHe MeXAy AMKHM THIOM H pe-
BEPTAHTOM H300pa3HTCH TaK: .

... IIpo—Cep ...

A BCA BCA
ABC ABC

«.. F'uc—Tue ...

Ho otciona crenyer, uto xomon ajsa Cep ecTh TakKe BCA. Ilpo-
THBODEYHE MOXKHO YCTPaHHTH, TOJIBKO AONYCTHB HaJHYHe pAa3JIui-
HBEIX KOJOHOB aAs 'uc.

BhIpoXKjeHHe KOja [0Ka3LIBAETCA H TeM, YTO HPH 3HAYHTEJNb-
HelX Bapuauuax B cocraBe [IHK pasinnunbix OpraHusmoB poJs
I' + 11 Bapeupyer ot 25 no 75% (cm. crp. 90), cpenuuii cocras
6GesnKOB MeHseTcss MaJjo. Bmecre ¢ TeM psil (akTOB yKasblBaeT Ha
VHHBEpPCAJbLHOCTE KOjaa. IIpeanosnoxeHue 0 TOM, YTO 3HAUHTEILHAS
gactb HyxaeotruaoB JHK He QyHkumoHanbHa, TPYANO COrJdacoBaTh
¢ onHopoxHocThio cocraBa JIHK y maHnoro 6HOJIOrH4ecKOro BHpa.
Hanporus, 3TH (axTh HaXOAAT €CTeCTBEHHOE OODbsICHEHHE, eC/IH KOl
CHJBHO BLIPOXKJEH.

Ilpyrie KOCBeHHble [aHHLIE, YKa3blBAaIOUIHe HA BLHIPOXKeHHE
KOJa, NMOJyUeHH NPH H3YYeHHH MYTAlHH, KAK HHAYLUHDOBAHHLIX XH-
MHUECKHMH areHTaMH, TaK H CIOHTAHHLIX. BHTTMAaH HCC/Iel0BaN MY-
TanHu B Genke BHpyca TaGaunofi mozauxku (BTM), Boi3BaHHBIE Hil-
tputoM [I1]. [Tox neficTBHeM a30THCTOR KHCJIOTHI aMHHHAs Cpynana
3aMeHsIeTCS Ha THAPOKCHILHYIO

—NH; 4+ HNO; —> —OH + N, + H,0.

Tem camblm HATpHT npespamaer 1L B ¥, I' B xcautHa 1 A B ru-
nokcanTuH. Ilocie penyiMKAamuM KCAaHTHH H THIIOKCAHTHH 3aMe-
matorcs Ha I'. CienoBarenbHo, npoucxogsAtr 3aMeun LI—-VY ©
A —>T': 64 TpHIUIETHLIX KOJOHA MOXKHO NpEJCTaBHTL BOCEMbIO OK-
teramd. Ha puc. 9.2 n3o6paxeHsl 3TH OKTeTH H CTPEJKAaMH IOKa-
3aHBl HHTPHTHBHIE TOuYeyHEle MyTauud. Habuaionaembie 3aMenieHus
B 6eixe BTM COOTBETCTBEHHO paclnojaraioTcsd [0 TeM e OKTEeTaM.
BuTrT™MaH ycraHosua, uTo no kpaineii Mepe Cep u Hie pomxnbi
KOJIHPOBATLCS HECKOJIbLKHMH TpHIeTaMH (pHC. 9.3), T. e. KOL BhI-
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poxaed. DTH JaHble OQHOBPEMEHHO MNOKA3BIBAIOT, 4YTO 60Jbiuasn
4acTh 3aMelieHHii B GejlKe NPOHMCXOAMT B pe3yJbTale 3aMeHbl Of-
HOTO HYKJIEOTHJAA B KOJOHE.

Bcero Moxer Obite 190 (20-19:2) 3ameuiennii ogHoét aMHHO-
KMCIOTH Ha Jpyryio. YacTe U3 HUX ABASETCS Pe3yIbTaTOM 3aMeHb
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Puc. 9.2. Knaccudukanus KOJOHOB HO OKTETaM.

OJHOTO HYKJEOTH]A B TPHIJIETHOM KOJOHE («pa3pelleHHBe» 3a-
MEeHbI), OCTaNbHblE 3aMelleHHsT TPeOYIOT H3MEHEHHSI JBYX HJH Jaxe
TpPeX HYKJEOTHJ0B. DKK NpOoaHaJH3HPOBaJk OOJbBIIOE 4YHCTO H3Be-
CTHHIX MyTauuii B OeJKax, CUHTasi, YTO <«pa3pelleHHbIe» 3aMEHLI
HONMXKHH OhITE pacnpenenenst pasHomepHo [12]. Tlo ero ouenxe

Npo Cep AcH —  Tpe Hne Acn — Iy
Je Cep — Hie o Mer Am Tau —_
Pen Ban -

Puc. 9.3. OTHeceHue aMMHOKHCJOTHBIX OCTaTKOB K OKTeTaM Ha >CHOBaHHH
HUTPUTHBIX MyTanuit BTM.

YHCMO paspelieHHBIX 3aMellleHHH, NPAKTHYECKH peasH3YIOUIHXC S
B Genkax, 75 % 20. Bonee noapoGHLI cTaTHCTHYECKHH aHAJH3 Tak-
Ke nan 3umauenue, Gauskoe K 70 [13]. Camo no cebe 3To YHCTO
CBHJETENLCTBYET O BHIPOXKJIEHHH KOJa, HO He YKa3biBaeT cTeleHb
BHIPOKIEHHSA — YHCJIO KOJIOEOB, MPHXOAAUINXCS Ha ONHY aMHHOKIC-
noty. OgHaKO CTAaTHCTHYECKMH aHaNH3 NOKa3HBAaeT, 4TO Hapany
c 75 paspelieHHBIMH 3aMeHaMH HMeeTcs npuMepHo 103 3amens, omn-
pejleiseMble H3MEHEHHSIMH JBYX HYKJICOTHAOB B KOJOHE H BCero
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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





