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PEMAPALIMS THK

XHUMHUYECKUEC MYTarCHBbI

AJIKWJIMPYIOIIME areHThI (HampuMep,
a30TUCTBIC COCIMHEHUSI, aJIKUIICYIb(OHATHI I

1 HUTPO30OMOYEBHHA), KOTOPHIE
MOAU(PUIIMPYIOT MPEATOYTUTEILHO
I'YaHUHOBBIE OCTaTKH

CoenuneHus,
BCTPAWBAIOIIHAECST MEXITY
COCEJIHUMH ITapamMu
OCHOBAHUM U NMPHUBOISIIMNE K
MOSIBJICHUIO BCTAaBOK U
JeJIEUK BO BpEMs
peITNKAILINA
(MuTepkansamus)

budyHKIIMOHAJIBHBIEC areHTHI.
CIIOCOOHBIE 0OPA30BHIBATH
KOBAJICHTHBIE CIIIUBKU MEXY ABYMS
nernsimu JIHK u 6iiokupoBars ux
PACXOXKJICHUE TIPU PEIUIUKALIAN
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PEMAPALIMS THK

duznueckue BO31EHUCTBUS

3‘

Cyclobutyl rng

ki
[Tox AEWCTBUEM MOHU3UPYIOILIECH
paguanuu (HampuMmep, KOCMUYECKHAX
Jy4eil) U pEHTT€HOBCKUX JIyUEH,
MOT'YT 00pa30BBIBATHCS
BBICOKOPEAKIIMOHHOCITOCOOHBIE
CBOOOHBIE PaJIUKaIbI,
okasbiBaromue Ha JIHK camebre
Pa3HOOOpa3HbIE BO3ACUCTBUSA

Ilon nencrBuemM
yIABTPa(UOJIECTOBOTO CBETA
POUCXOIUT 00Opa30BAHUE
ITUKJI00yTaHOBBIX TUMEPOB
MEXTy COCETHUMHU
nupumuauHami (T, C)
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44 OCHOBHBIE TUIIBI PEITAPAIIMOHHBIX ITPOLIECCOB

1) HemmocpencTBeHHOE UCIIpaBlIcHUE MOAW(DUKALIMIA WUJIH
HENPABUJIBHBIX CIIApUBAHUN, HE TPEOYIOIIEE PEILTUKALIIU
11 BOCCTAHOBJICHUSI UCXOAHOM CTPYKTYPHI

2) YnaneHue HyKJICOTUI0B, OKPYKAIOIIUX OITHOOYHO
CIIapCHHbIC WU U3MCHEHHBIC Mapbhl OCHOBAHUM, U PECUHTE3
3TOr0 y4acTKa IyTeM PEILIMKAILU



45 PENAPALIUSA MYTEM PAIMOI'O BOCCTAHOBJIEHUSA
HUCXOJIHOU CTPYKTYPhBI
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46 PEITAPAIIUSA ITYTEM 3AMEHDBI (QKCHHHU3UN)
MOANPUIINPOBAHHDBIX OCTATKOB

BASE EXCISION REPAIR
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PEITAPAIIUA TUMHNHOBDBIX

JTMMEPOB
NUCLEOTIDE EXCISION REPAIR
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BiusiHue HapyImeHuu B
CUCTEME penapaluy Ha
YyBCTBUTEJILHOCTh KJIETOK
E. coli k YO cBety

[TMTMEHTHA S KCEPOIIEPMA
JIromu, cTpagarnmue MMrMeHTHOM
KCEPOJIEpMOI, 0OUCHb YYBCTBUTEIbHBI K
yIBTPA(PUOIECTOBOMY CBETY, M Y HUX
pa3BUBAIOTCS pa3HbIe (DOPMBI paka
KOXKH JTaKE MPHU OYEHb CJ1a00M
BO3/ICHCTBUHU COJTHEUYHOTO CBETA.



49 PEKOMBHUHAIUSA THK
Tunwvl pekomounayuu

1. ObIASA NN TOMOJJIOI'MYHAA PEKOMBUHAIIUA (KPOCCHUHI'OBEP)

HepeuunpokHas pekoMOuHaIusI,
HepaBHblli KpOCCUHTOBED WITM TEHHAS. KOHBEPCHS



50 PEKOMBHUHAIUSA THK
Tunwvl pekomounayuu

2. CAUT-COEHIU®UYECKASI PEKOMBUHA LIS

leHom BakTepuodara A
— (Konbuepan
asyxuenoveyHad AHK)

Cneuuchnyeckme
nocneaoBaTenbHoCcTH,

>— no KoTopbIM
MPOUCXOAUT BCTpauBaHue

XpomocomHara JHK

Benkosblit komnnekc
KaTanuaupyeT CornacoBaHHoe
c6pasosaHue

ABY XUEMNOYe4YHOro paspbisa n
BOCCOEAUHEHWE AYNNEKCOB

BCTpounacs B

' l % NHK 6akTepuochara
xpomocomHyto AHK

[
Cnenuduueckuii CAauT uMeeTcs

TOJIBKO B OTHOM Y4aCTBYIOIIICM B Cneumdudeckue mociIea0BaTeIbHOCTH €CTh B
PEKOMOMHAIK (pparMeHTe ob6eux JIHK, yyacTByromux B pekoMOHMHAIIUN

3. CJIYHAUHAS NWJIN HET'OMOJIOI'MYHASI PEKOMBHUHAILIAS
PexoMOMHaIIHSI MEKTy HETOMOJIOTHYHBIMUA HYKJICOTHUIHBIMH MOCIEA0BATEILHOCTIMU MPOUCXOINUT B
KJIETKaX MPOKAPHUOT U JIPOXKIKEH JTOCTATOYHO PEIIKO, a B KJIETKaX MIICKOIIUTAIOIIMNX BechMa yacTo. K
HETOMOJIOTHYHON PEKOMOMHAIIMY MOYKHO OTHECTH IIPOIECC CIIYyYailHOTO BCTpauBaHUs BUPYCHOM WU
mwiasmugaor JIHK B JIHK k1eTok )KMBOTHBIX.



50.5 I'OMOJIOI' UTYHAA PEKOMBUHALIUA
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(crossing over) events.




51 .. OBIIASI PEKOMBUHALIMA IIPU COITIACOBAHHOM BHECEHUHA
PA3PBIBOB U BOCCOEJVUHEHUU LHENEN JIBYX CIUPAJEIEN JHK C
OBPA3OBAHUEM MPOTSI)KEHHBIX TETEPOJIYIIEKCHBIX
OBJACTEN (MO,Z[EJII) XOJII/II[E}I)
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53 PEKOMBUHALIMS JIHK

[IpoayKkThl, 00pa3yrommecs Npyu HEMPAaBUILHOM CIIapMBAHUU B IIPOLIECCE
TOMOJIOTMYHOM PEKOMOMHAIIMH TTPU perapaluu reTepoyIuieKCoB

FeTepoaynneKcs, 06pasyounecr
3 cTpyKTYp Xonnuiaen




54 PEKOMbBHUHAIIMA JHK

HepenumnpokHasi roMOJI0rd4yHasi peKOMOMHAIIKUS KaK OJUH U3 TAIOB
penapanuu JIHK B MecTe 00pa3zoBaHusI TUPUMUANHOBBIX JIUMEPOB

- 06blyHan
penapauuAa
NUPUMNUANHOBOT O =P
¢ puMepa

JloHOPHbIN cerMeHV ’
UCNONb3YHLMHACA )
ANA penapaunin Gpewu ‘3,




54.5 ®EPMEHTLI, YHACTBYIOIIME B PEKOMBHUHAIIMUN JITHK

RecA-0es10Kk Kataau3upyeT 0OMEH OAWMHOYHBIMHU LEHSIMHU, UCIIOIb3Ys
sHepruto rugapoanza ATP 1o ADP u neopranmyeckoro ocdara. RecA-
3aBUCUMO€E BHeApeHue oanonenoyeunbix JIHK B aymiekc nepBbi 3Tan
PEKOMOMHAIIMOHHOTO MpoIlecca B paMKax 00euX cxeM: XOIUaes H
MEXaHHM3Ma ¢ 00pa30BaHUEM JIBYIICOYCYHBIX Pa3PHIBOB .

RecA. (a) Nucleoprotein filament of RecA protein on single-stranded
DNA, as seen with the electron microscope. The striations indicate the
right-handed helical structure of the filament. (b) Surface contour model
of a 24-subunit RecA filament. The filament has six subunits per turn.
One subunit is colored red to provide perspective (derived from PDB ID
2REB).
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Model for DNA strand exchange

mediated by RecA protein
A three-strand reaction 1s shown. The
balls representing RecA protein are
undersized relative to the thickness of
DNA to clarify the fate of the DNA
strands. 1 RecA protein forms a
filament on the single-stranded DNA.
2 A homologous duplex incorporates
into this complex. 3 As spooling
shifts the three-stranded region from
left to right, one of the strands in the
duplex 1s transferred to the single
strand originally bound 1in the
filament. The other strand of the
duplex 1s displaced, and a new duplex
forms within the filament. As rotation
continues (4 and 5 ), the displaced

strand separates entirely. In this
model, hydrolysis of ATP by RecA
protein rotates the two DNA

molecules relative to each other and
thus directs the strand exchange from
left to right as shown.



RecBCD

enzvine

I TN 78

\ S 1'.." ‘l')' 5 l'l'. | i

b / NS\ S/ANSN L

Helicase and nuclease
activities of RecBCD
" degrade the DNA.

nuclease activity on the
strand with the 3 end is

suppressed. The other strand
continues to be degraded,

generating a 3-terminal
singlestranded end.

= '-.‘_"_-::___ ~ ,-’{:)H 3f

On reaching a chi sequence,

RecBCD-nykiieasa
COCTOMT U3 TPEX OTIICIbHBIX
cyosenunul (B, C u D). Unaynupyer
pa3pbiBbl B nyruiekcHou JJHK u
OJ1arojaps NpUCyIlel el reJInKa3zHou
AKTUBHOCTH BMECTE C T€CA MHUIUUPYET
PEKOMOMHAIMOHHBINA MPOIIECC.

Helicase and nuclease activities of

the RecBCD enzyme

Entering at a double-stranded end,
RecBCD unwinds and degrades the
DNA until it encounters a chi
sequence. The interaction with chi
alters the activity of RecBCD so that
it generates a singlestranded DNA
with a 3’-end, suitable for subsequent
steps in recombination. Movement of
the enzyme requires ATP hydrolysis.
This enzyme 1is believed to help
Initiate homologous genetic
recombination in £. coli. It i1s also
mvolved 1n  the repair of
double-strand breaks at collapsed
replication forks.
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Initiation of homologous recombination by the
coordinated activities of RecBCD enzyme and
RecA protein. An in vitro model depicting
recombination between a linear y-containing
double-stranded DNA (dsDNA) and a
supercoiled plasmid 1s shown. (a—c) First,
RecBCD enzyme enters at a dsSDNA end and
unwinds the duplex while preferentially
degrading the strand corresponding to the 3’
terminus at the point of entry; SSB protein
binds the single-strandedDNA (ssDNA)
produced. (d,e) Upon recognition of y, the 3’ to
5’ nuclease activity is attenuated and a weaker
5’ to 3’ nuclease activity is activated on the
opposite strand. Following the interaction with
w, RecBCD enzyme facilitates the loading of
RecA protein (to the exclusion of SSB protein)
onto the ssSDNA produced by continued
translocation and unwinding of the DNA
molecule. (e,f) This RecA protein—ssDNA
filament then invades a homologous duplex
DNA molecule, producing a recombination
intermediate known as a joint molecule.

DA Arnold, SC Kowalczykowski
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Chi site
The sequence of the Chi site 1s unique to each
group of closely related organisms; 1in E. col1 and
other enteric bacteria, such as Salmonella, the
sequence 18 S'-GCTGGTGG-3'. The existence of
Cha sites was originally discovered 1n the genome
of bacteriophage lambda, a virus that infects E.

coli, but 1s now known to occur about 1000 times 1n
the E. coli genome.

Chi =y (Xn)



54.8 Pe3oabBa3a - GepMEHT, pa3pelIaroniuid y3JIbl B CTPYKTypax
XoJuuaes; Ipy €ro y4acTuu 00pa3yroTCsl JTUIIKUE KOHIIbI,
COCIMHSAEMBIE JINTA30U.

RusA —
pe3odibBaza E. coli

T7 ENDO 1
RESOLVASE

Model of RusA in complex with a DNA HJ. View down the 2-fold axis of the protein dimer
with the locations of the DNA scissile bonds and catalytically critical residues marked with
orange and pink spheres, respectively, and the cytidines from the CC dinucleotide sequence
recognized during sequence specific cleavage highlighted in green (unpaired base) and cyan.

The partner guanosine of the unpaired base is also shown in green.
NAR 2006; 34(19): 5577-5584.



> CANT-CIELIMOUYECKAS PEKOMBUHALIMSI

NocnenosatensHoctn POP’ v BOB'

GCTTTIO————— 3 —(TTATACTAA(

~N
p‘\

(CGAAAAAATATG)\\/ r—— ——— (a7T7( 6]

MocnenosatensHoctn POB’ u BOP’

Int, IHF Int, Xis, IHF

— —— Ty,

NuTerpanus konbiesoit JIHK ¢ara A B xpomocomy E.
coli. [Ins BcTpauBaHusi HeoOXonumbl nHTerpasa (Int),
Koaupyemasi (paroBbIM T€HOMOM M OaKTepHUaTbHbBIMI
oenok IHF. B BhimeryieHud NpuHUMAET y4acTHUE €IIe
ouH (paroBeIii Oenok Xis.

HyxieotuaHsie mociie10BaTeibHOCTH
attP u attB canToB



