MonekynapHaa bnonorus:
Nekuma 1. MexaHnambl penapauun

Aomnnosa Vlpuna HukozaaesHa



MexaHn3mbl penapaumm

Penapauma - [lpouecc, no3BONSAOWUA  KUBbIM
opraHM3mam BOCCTaHaBNMBaATb NoBpeXaeHns,
Bo3HUKatowme B JHK.

OkasblBaeTcs BO3MOXHOWM g

bnarogaps OCODEHHOCTAM

CTpoeHua wmonekynol OHK -

Hannums B Heun OBYX

KOMMNI1eMEHTaPHbIX Leneun.

[loBpexgoeHne OOHOM W3 HUX
MOXET  UCMpaBnsATbCA  Npu
NCMonb30BaHUN BTOPOWU LIENU B
KayecTBe MmaTpuubl.




icTopnyeckas cnpaBka

1927 — H. Muller: peHTreHOBCKME NyyYn MHOYLUPYIOT MyTaumn

1928 — F. Gates: Y® unanydeHne Ha makcmmyme nornowenmna OHK npmBoanT K
rmdéenun 6aktepumn

1935 — A. Hollaender u J.Curtis: BocctaHosneHnue [JHK nocne Y®-usnyvenus
1941 — A. Hollaender n J. Emmons: crnekTp OencTBusS = CNeKTPy NornoweHns
Yo

1944 — O. Avery, C. MacLeod n M. MsCarty: [1HK — reHeTnyeckuin matepuan
1949 — A. Kelner, R. Dulbecco: dpoTtopeaktnsauus

1953 — J. Weigle: peaktnBauua dara A

1956 — S. Goodgal: nokasatenbcTBO posim PepMeEHTOB B (poTOpeakTneaLum
1961 — R. n J. Setlow: gumepbl TMKHa NpuBoaAT K nospexaeHuto OHK

1964 — R. Setlow u W. Carrier, R. Boyce u P. Howard-Flanders:
9KCUM3NOHHaga penapauma

1974 — T. Lindahl: akcunsnoHHasa penapayma OCHOBaHUM

1975 — J. Wildenberg n M. Meselson: penapaumsi owmMbO4YHO ChapeHHbIX
OCHOBaHWI



dakTopbl, NpUBOAALLME K OLLMDKaM

AKTHBHLIe thopMbl Kiucnopoga ANKMNMpyowue MNAY,acpnatokcunsIBA, x"°p°"é"a”""""

nepekucu,anokcucoeauHenusn, areHTbl,HUTPOIaMUHBI XnopnpousBoaHbie R DY

XHHOHbI Ap. reTepouUMKNMYeCKHe  reTepouuknuueckux  POH3BOAHbLIE
AMHHbI, 3TUNEHUMHHBI, aMHHOB NNaTuHbI U Ap.

XNOpPaTHNaMHUHbLI U Ap.

5 OHOHWUTHEBLIE MoAuGHUMpPOBaHHbIE ARAYKTHI MEXHHTEBbIE
e paspbIBbl OCHOBaHWA “CLUMBKKH"
1 l HYKNEeOTHAHAA 3KCUMIMOHHAA
penapaumMa | | IKCUWM3MOHHaA penapayma
OCHOBaHWH | | penapauma Y
METUN- | | OCHOBaHWA yyyneoTpHaR
penapauun TpaHcdepasamu IKCUMIMOHHAR | ABYHUTHEBbIE Pa3pbiBhl
ANyPHHOBBIX BOCCTaHOBNEHWE y penapauus
anupumuauHosblx  POCPOPHOAMIGUPHBIX  hykneoTHaHas l l
caiitos cBA3leA JKCUMIUOHHAA penapaLua romMonorMiHaa BOCCOEAWHEHWE
¢ NOMOWLIO  BRHOINLI penapauMa  mpucmatyent PEKOMBHHALMA HETrOMONOTMYHbIX
NONUHHYKNEOTUANKIasbl KOHYOB

HHCepTa3



Tunbl nospexaeHun OHK

Cross-linking

[0 ObpasoBaHue
KOBarieHTHbIX CLLULUBOK
mexay uenamu OHK nog
OEUCTBUEM
O6UYHKLMOHANbHbIX
areHToB;

[0 ObpasoBaHue
LUKNOOYyTaHOBbLIX
AUMepoB, BO3HMKAKOLLNX
npu  nornoweHun YO,
Mexay coceaHNUMM A_djacen't
MUPUMUAMHAMMU B Lienu thymine residues

Cyclobutane
thymine dimer

6-4 photoproduct



Tunbl noBpexaeHnn NHK

Depurination

PaspbiB (3-N)-rnmko3naHeiX cBs3en Mexay nypuHoOM U Oe30Kcupubdoson
(aenypuHM3auma), KOTOpbIM 4alle BCero sBnseTCs CrneacrBMem
NOBbILLEHNA TeMMNepaTypbl. 3a CYTKU B KIeTKe 4YerioBeka coBepluaeTca oT
5000 oo 10000 akTtoB AenypuHM3aLmn



Tunbl noBpexaeHun IHK

£ e
Deamination SRR S
G
H5la i ¢ DEAMINATION
H,_o 4
NH RELROEsenshReas
> | /K G
\' N O l DNA REPLICATION
NH; H " "
Cytosme Uracil —  BuEEE®

G
CnoHTaHHoe Ae3aMnHNpoBaHue

A
OCTaTKOB LIMTO3MHA W adeHWHa C i DNA REPLICATION
obpasoBaHMEM, COOTBETCTBEHHO, T U
OCTaTKOB ypauura v rurnokcaHTuHa == ===s S

g A A
npumepHo 100 coObITUM HA FreHOM
(mp P Mutant
B CyTKM) sequence



Tunbl noBpexaeHun IHK

Je3amuHupoBaHue

Mutational mechanism

New pariner Original Modified
Normal base Mutagen Modified base nucleotide base pair pair Mutation

\
H N N=H H
T/’ Nitrous acid f Transition
v~ \N = 3 "\2/—(“_".."/ \>—H —_ 2 o | mtaion

/ A 53
n={  Deamination converts N }-u T ¢ ¢ |l

M adenine to hypoxanthine H o

Adenine  (H'), which mispairs with Hypoxanthine Cytosine

cylosine



Guanine

Tunbl noBpexaeHun IHK

Oxidation C
O i OXIDATION
GO
NP O:< )\ G
NH, W& =N i DNA REPLICATION
8-Oxoguanine .-E-O-- o e A
(GO) A e
¢ DNA REPLICATION
'I'II‘III &
A A
Mutant

sequence



Tunbl noBpexaeHun IHK

Alkylation (Methylation) e
l METHYLATION
m

_G
NH /4 | |
— < )\ DNA REPLICATION
NH, NH,

-4— 0

Guanine Os-Methylguanine - o
(mG) DNA REPLICATION l
..m.G... A
Mutant
sequence

AnKunupoBaHMe a30TUCTbIX OCHOBaHWUA Mo OENCTBUEM XUMUYECKUX
BeLlecTB 0cob0ro knacca (ankunmpyoLLnx areHToB)



Tunbl noBpexaeHun IHK

AnknnupoBaHue

Mutational mechanism

New pariner Original Modified

Normal base Mutagen Modified base nucleotide base pair pair Mutation
{b) C —CH,
Ethyl methane-
N
N tonat Y & Translon
N/ (EMS) & _Ems T mutation
/ N=H -u H = | | - |l GC— AT)
N =< Alicylation of guanlne ¢ T T _
—H produces “ Heorores
0"~ ethylguanine (G*), /
H which mispairs with H
Guanine thymine 0%-Ethylguanine Thymine



Tunbl noBpexaeHun IHK

dsDNA breaks

ﬂByxuenoqequle pPa3pbiBbl NHOYLNPYHOTCAH

X-rays
BHEKMNETOYHbIMW areHTamu, TakuMKu, Kak
NOHU3NpYytowas pagmaumua n reHOTOKCUYHbIE S ———
XUMUYECKNE  MPOAYKTHI, M CMOHTAHHO #
BO3HMKAIOT B npouecce pennukaumn OHK un

==  — ]

obpa3syloTcs Ha HENpPoOAOIMKUTENbHOE BPEMS | |
B rpouecce Menos3a Wnu pekoMBuHauuu B rragment
NMMMYHHOW CUCTEME oS}

DNA DELETION
UPON LIGATION



Tunbl noBpexaeHun IHK

UHTepkanupylowme areHTbl (EtBr) BcTpamBatotca mexgy ocHoBaHMAMU B
OHK, nckaxasa BTOPUYHYIO CTPYKTYPY Lenn N Bbi3blBasa CTPecc, npmBoadLine
K NOABMEHUNIO K MOABNEHUIO pa3pbiBOB B LIEMNW, a Te, B CBOK o4yepenb, K He
agopeKkTnBHOM penapauum W, Kak cneagcrtene, K MyTaunmsam  pamKku
CUNTbIBAHUS. NH,

‘ Intercalated )
EtBr molecule~ gl |
Chemical stt -
of ethidium | } 3‘4 A pooaao.n
E1Br
—_——
f=N

Sugar- /
phosphate Base pair
backbone

Normal DNA
double helix




Tunbl noBpexaeHun IHK

BcTpanBaHue aHanoroB OCHOBaHMM — XUMMWUYECKUMA BeLllecTB (5-
OpoMOE30KCNYPUONH) CXOXKUX MO CTPYKTYpe C HOpPMasibHbIMW OCHOBaHUSMU
OHK, T.K. He pacnosHatloTca nofiMmmepason Kak HenpasUmbHbIE.

BrdU 0 dar 0
B H
NH o NH
HO— \N/KO HO— \N/KO
O O
OH OH
DNA replication DNA replication DNA replication
cycle 1 cycle 2 cycle 3 Mutant sequence,
DNA base
BrdU Incorporation and DR P e gaene 3 J/aAGcacA][ s substitution,
iring with adenine AT — G-C
JotiE s7[cTcach|[3 — 5 flc¥cacar /] 3
3 |laaac [s5 — ¥ [[anac L5 —> 37[GAGCOIA][ 5 Brdu pairing with
s7][eTeacaT ][ 3 — 5| L3 — s7[cTcacar|[ 3 s [leTca |3 adenine does not
3,-“0!0021,"1-5, produce sequence
Wild-type, BrdU pairs change
no DNA with adenine
sequence
change
3JL9_.L9_‘L¢£AJLS — S -NOAOCOTA ?fs Wild-type, 9
lexcacay [[ 3 noDNA
Wild-type sequence J L 2

change



[TyTn n mexaHn3mbl penapauumn

@ -DNA REPAIR

meaning, definition, explanation...




[TyTn 1 MexaHn3Mbl penapaumm

Direct lesion reversal —» Qf.alkylguanine

Fanconi anemia pathway —» Interstrand DNA cross-links

Mismatch repair —» DNA mismatches; insertion/deletion loops arising from DNA replication

Base excision repair; Abnormal bases; simple base adducts;
Single-strand break repair Single-strand breaks generated by oxidative damage or by abortive Topo | action
Global genome repair (genomewide repair)
Lesions that disrupt the DNA Transcription-coupled repair (repair of transcribed
Nucleotide excision repair —» double helix (bulky base adducts —» strand of active genes)
and UV-induced photoproducts) Differentiation-associated repair (repair of both DNA

strands of active genes)

DSBs; stalled replication forks; interstrand DNA cross-links;

mbination g S ! .
Homologous reco meiotic recombination; abortive Topo Il action

Nonhomologous end-joining —» Radiation- or chemical-induced DSBs; V(D)J recombination; class-switch recombination

Translesion DNA synthesis —» Base damage blocking replication fork progression

XentbiM OTMedYeHbl Knaccuyeckne Myt  pernapauun, npuesogsdwime K
BOcCcTaHoBNeHuo cTpykTypbl AHK ¢ owmbkamn n 6es.

OpaHxeBbIM — MexaHW3M, KOTOpbIN Mo3BondeT 06XxoauTb MOBpeXOAeHue Ha
morsekyrne OHK B npouecce pennukaumu.

Takke HeKoTopble W3 3TUX MyTEW penapauum y4yacTBYKOT B HOPMaSibHbIX
dusnonormyecknx npoueccax, TakKMX Kak MenoTnveckass pekombuHaumsa u
neperpynnupoBka reHOB WMMYHOrnobynnHa ansi obpasoBaHuMa penepTyapa
MONEKY UMMYHOrnobynuHa.



[TyTn 1 MexaHn3Mbl penapaumm

Mpsamas penapauus: nospexaeHHble ocHoBaHus (OP-ankunryaHuH munm
LIMKNOOYTaHOBLIN AMMeEpP NpUMWAMHA) BOCCTaHaBNMBAKOTCA NOCPEaCTBOM

XUMWYECKUX peaKkuui
0 MetuntpaHcdepasa ygander METUNBbHYIO rpynny y MeTUNryaHuHa,

npeBpaLlas ero B HopMarnbHbIN ryaHuH

N OCH; N 0
r ©
/ \ Methyltransferase /
/N G N /N G NH
N=< N==<
NH, NH,
06-Methylguanine S Guanine

HekoTopble anknnupytowme areHTbl MPUMEHSIOTCS NPU XUMUoTepanuu,
T.K. anknnMpoBaHHbIE OCHOBaHWSI ONOKUPYIOT pennukaunio, Npu 3TOM
aKTVBHbIN  MexaHu3Mm penapaumm Ha ocHoBe OP-ankunryaHuH
ankuntpaHcdepasbl (AGT) numutupyet adpPeKTUBHOCTb AAaHHOIo Tuna
Ne4YeHNA PaKoBbIX 3aboneBaHun. 4



[TyTn 1 MexaHn3Mbl penapaumm

AGT ocyujectensier ] ) y:rfg{‘ . ”(g 'reen)
CTEXMOMETPUYECKNN 1N  HeobpaTUMbIN * |

nepeHoc ankunbHon rpynnbl or OF-
anknnuMpoBaHHOrO  HykneotTMaga  Ha
UUCTEUH B CODOCTBEHHOM aKTUBHOM
canTte oes3 NHOYUMPOBAHNSA |
nogpexgeHnn [OHK. T.o. AGT — un Cterminal
TpaHcdepasa M akuenTop ankuibHon domain /o
rpynnbl.  [pucoeamHuB  ankuUnbHYIO (yellow) 1
roynny AGT 0Oonbwe He MOXeT
n3daBnTbCA OT Hee, nMnocne Yero
depMeHT pgerpagvpyet, MNO3TOMY He
COBCEM BEPHO Ha3blBaTb AGT
doepMeHTOM.

Major Minor
groove groove

AGT depmeHTbl 0BHapyXeHbl Yy Bcex 3-X OOMeHax XWU3Hu. baktepun,
Apxen n dykapunot. OgHaKo, HEKOTOPblE OpraHn3Mbl, BKIoYasas PacteHus u
Schizosaccharomyces pombe, nuweHbl dEPMEHTOB C MNOA0OHBIM

(PYHKLIMOHANoM.



[TyTn 1 MexaHn3Mbl penapaumm

[ ddotonunasa, obHapyxeHHas y E. coli 1 MHOrMx aykapuoT (3a UCKMIYEHNEM
NraueHTapHbIX MMNEKONUTalLWMX), paspbiBaeT KOBarleHTHblE CBA3UM MexXay
avvepamm.

(A) (B)

DNA strand

e I | UV IRRADIATION

PHOTOLYASE
BINDING

Blue x> CLEAVAGE
light S~ OF DIMER

DNA backbone

B2y DNA strand




[TyTn 1 MexaHn3Mbl penapaumm

doTonuasza — Oenok, cocTosLnmn
n3 471 AK-tol 1 pabotarowmn B
KOMMnekce Cc 2 Xpomodhopamu:.
FADH un MTHF (5,10-meTuHUnN-

TeTparngpodonunriyramar).
Peakuua penapauumn Bkovaet 4
aTana:

1) cBeTo-HE3aBUCUMbIN 3Tar:
doTonunasa CBsi3blBaeTCH C
nospexaeHHon obnacteto [AHK;

2) CBETO-3aBUCUMbIN 3Tan:
N3nyyeHne B cuHeM cnektpe nornowaetrca MTHF, ¢ nocnegyrowmm

besbi3nyyarenbHbIM NepeHocoM aHeprumn Bo3dyxaeHna ¢ MTHF* Ha FADH';

3) OnekTpoH nepeHocutcs ¢ Bo3byxaeHHoro FADH™ Ha yuknobyTtaHoBbIM AnmMmep
TUMWHA, YTO NMPUBOAUT PacLLENSIEHNIO AMMepa U 0OpasoBaHMIO MHTAKTHOW Lenu
OHK;

4) OnekTpoH nepegaetcss OT BoccTaHosneHHon uenn [OHK Hasag FADH,
3aBepLuada KatanmMTuyeckum LK.

%




[TyTn 1 MexaHn3Mbl penapaumm

JKCLUU3UOHHOE BOCCTaHOBJIeHUue

HYyKneoTunaos (NER):
BOCCTAHOBIeHune OCHOBaHUM,
HapyLlarLWmx HOPMasbHYHO

cnmpanusaunto JHK.

Haunbonee pacrnpocTpaHeHHbIN
MEXaHU3M penapauumn y 3yKapuoT U
NpoOKapuoT, COCTOALLNN U3 4 3TaroB:
1. paspesaHue uenu;

2. Bblpes3aHue NoBpeXOeHHOro
yyacTka (22 — 30 HykneoTnaos);
CUHTE3 KOMMJIEMEHTAPHOM Lenw;
4. nurnpoBaHue.

oo

Damaged site

DAMAGE

RECOGNITION;
ENDONUCLEASE
INCISION (EXCINUCLEASE)
NICKS THE DNA
BACKBONE ON

BOTH SIDES

OF DAMAGE

v ,
HELICASE OR
EXONUCLEASE
EXCISION REMOYVES THE

DAMAGED DNA
STRAND, LEAVING

% A GAP
faﬂ"‘
uﬂ“‘
m 2 s e e SR e SR e S T T Rl
DNA DNA POLYMERASE
SYNTHESIS FILLS THE GAP

SNOETRERT R B R 8 % E D e S S R S R R

DNA

LIGATION IS SEALED BY

REMAINING NICK
DNA LIGASE



[TyTn 1 MexaHn3Mbl penapaumm

NER moXxeT ocyLiecTBnATLCA ABYMSA NYyTAMMN.,

1.B nepsom cny4ae npoucxoaut rugponnid dpocdoanadunpHom ceasm no 3'-
mnn 5'- KOHUY Ha HEKOTOPOM pPacCTOAHMM OT OWubOYHO cnapeHHOoro
(MoBpeXxaeHHOro) HykreoTmaa, KOTopbin garnee uUernvkoM yaanserca nog
gencrtemem 5'->3'- (unun 3'->5'-) ak30HYyKNeas.bl, rmgponuayowen uens OHK
B COOTBETCTBYHOLLEM HanpaBeHnn oT nepBoHa4anbLHOro
odHoUEeNo4Ye4yHoro paspbiBa B penapupyemon uenn. ObGpasytouwancs
bpewb panee 3anonHsetca [OHK-nonumepason. Takon mMexaHU3m
penapauuun peanusyetca y E. coli u Yenoseka.

2.BToponn mMexaHn3M QYHKUMOHMPYET Yy BCEX WCCNnegoBaHHbIX BUOOB
OpPraHM3MoB W 3akKf4yaeTcsa B WUCMOSIb30BaHUM (PEPMEHTHOW CUCTEMBI,
KoTopasi BHOCUT OAHOUENOYEeYHble paspbiBbl MO 00€e CTOPOHbLI OT
NOBPEXOEHHOro HyKneotuMga Ha HEKOTOPOM pPacCTOAHUM OT Hero C
nocnegywowmm  yganeHmem  ogHouenoyedyHoro  pparmeHta [OHK,
cogepxallero nsMeHeHHbIN HyKneoTua.



[TyTn 1 MexaHn3Mbl penapaumm

)

NER y 6akTepum
Komnnekc 6GenkoB UvrA un UvrB
cBaA3biBaetTcdA Cc  Mmonekynou OHK wu

nepeaBuraloTcs o HeM A0 TeX Mop, Noka He =

aoxoaaTt Jale) noBpexaeHuq. UvrA
OuccoumnpyeTt, no3BoMnAs CBA3aTbCA C
uenbto Hyknease UvrC. Komnnekc UvrBC
paspe3aer uUenb C 2-X CTOPOH OT
noBpeXaeHus. [Tocne OTCOeaNHEHUS
Komnnekca xesnuka3a D packpydusaet JHK
ans yoarneHus BblpEe3aHHOro
nospexaeHHoro yyactka. [locne dero JHK
nonumepasza (I v Il) v nueala
OOCTpanBaloT Yy4acTOK.

Damaged site
(containing pyrimidine dimers or
bulky adducts)

S

-

e

iy ,

N

y

UvrAsB TRACKS
ALONG DNA UNTIL
IT RECOGNIZES
DANMAGE; DNA
BENDS WITH THE
HELP OF ATP
HYDROLYSIS

UvrA, IS
RELEASED IN AN
ATP-DEPENDENT

PROCESS; UvrC
BINDS

UvrC NICKS DNA ON
BOTH SIDES OF
DAMAGE: 7—8 nt
TO THE 5°-SIDE
AND 3—4 Nt TO

THE 3-SIDE

UvrBC LEAVES;

D HELICASE
UNWWINDS THE DNA
TO RELEASE THE
DANMAGED STRAND
VWHICH IS BROKEN
DOVVN; THEN DNA
POLYMERASE |
(OR I1) AND LIGASE
FILL AND SEAL
THE GAP

NI SEEETTIIYE 2 2 B € § B B R e A G R S



[TyTn 1 MexaHn3Mbl penapaumm
NER y aykapuor:

[J Global genome repair (GGR)
[J Transcription-coupled repair (TCR).

HanpaeneHbl Ha penapauunto OOHUX U TEX XKe MOBPEXOEHUN BO BCEM
rEHOME UNU TOSNbKO B TpaHcKpubupyembix reHax. TRC Habnogaetca
Takke n y baktepun. GGR Heobxoaum nponugepupyowmm Knetkam,
YTOObLI reHOM Oblf1 NPaBUNbLHO PENIMUMPOBAH N TpaHCKpnbuposaH. B

andpdepeHumpoBaHHbIX KreTkax pabotaetr TRC, NOCKOSbKY B HUX He
NPOUCXOOANT pensinkaunu.



[TyTn 1 MexaHn3Mbl penapaumm

NER y aykapuor:

[l Global genome repair (GGR)
[l Transcription-coupled repair (TCR).
Hannune noBpexaeHun B TPaHCKPUOUPYEMBLIX FreHax MOXET UMETb 2

nocnencTBuA.

1.

2

[MoBpexageHne npuBoAUT K 0Opa3oBaHUIO MMUCCEHC WM HOHCEHC
MyTauuin 1 Kak crieactene HedpyHKUMOHAarbHbIN DENoK;
PHK nonumepasa |l octaHaBnuBaeTca Ha MOBpPEeXAEHUN, Kak
crnencteue otcytcTeyeT npoaykuua PHK mn Genka, ©onee Toro,
nonuMmepasa W3bIMaeTcs U3 Nyna akTUBHbLIX Mofiumepas wu
aerpagupyeT nnu cnyxut curHanom ans Hadana TRC.



[TyTn 1 MexaHnU3Mbl penapauvwl

NER y yenoBeka Ha npumepe nurmeHTHOM Kcepoaepmbl (XP).
AHanu3 pasnnyHblX KneTtodHblx nuHum XP onpegenun 7 reHoB (oT XPA po XPG),
MyTaLMM B KOTOPbIX OTBETCTBEHHbI 3a XP.

XPA — Genok, obnagatowmnm goMeHoM Tuna "UuHKOBbIE NanbLubl”, y4acTBYET B pacno3HaBaHUuU
nospexgeHHoro ydactka OHK. XPA B3aumopenctesyeT cBOMM N-KOHLEBbLIM [JOMEHOM C
rerepoanmepom ERCC1-XPF, a C-koHueBbiM gomeHom — ¢ TFIIH, obnagaet aHOoHyKkneasHon
aKTUBHOCTbIO, cneunduyHon B OTHoLWeEHUK ogHouenodyeyHon OHK.

Benok RPA oGpasyer komnnekc ¢ XPA 1 ycunueaeTr ero cneumpuyHoCTb B OTHOLLEHWUU
nospexaeHHon OHK, Heobxoaum ansa pennukauum OHK n penapatmBHoOro cuHtesa, a Takke ans
npoxoxaeHna atana asonHoro Hagpesa [OHK Bo Bpems NER, obnagaet ymepeHHbIM CpOACTBOM
K nospexaeHHon OHK.

TFIIH - onuromepHbin KOMMMEKCc, OOAWH W3 CEeMU OCHOBHbIX ()aKTOpOB TpPaHCKPUMUUN,
HeobxoanmMbIX Ons  adpdekTnBHoro  dyHKumMoHnpoBaHma PHK-nonumepasbl I,  dakTop
penapaTMBHOW CUCTEMBI.

XPC - 6enok, cyuecTeylowmin B BUae retepogumepa B komnnekce ¢ 6enkom pS8, KOTopbin
aBnsgeTca romosiorom bernka Rad23 gpoxoken (HHR23B). XPC cnabo casbiBaetca ¢ TFIIH u
OY€eHb NPOYHO ¢ ogHoueno4vevHon OHK.

ERCC1 (DNA excision repair protein))XPF — 6enkoBbin KOMMIIEKC, C KOTOPbIM
B3anmoaeuncTayeT benok XPA.

XPG — GenkoBbln KOMMNIEKC, obnagatrowmin 9HOOHYKIIea3HoM aKTUBHOCTbIO, cneunduyHon B
OTHoLweHnn opHouenodeyHoun [OHK; BoBrnekaetca B 3KCUM3MOHHBLIM KOMMSIEKC MOCPEACTBOM

B3anmogencteus ¢ TFIIH n RPA.
o o



[TyTn 1 MexaHn3Mbl penapaumm

NER y yenoBeka

Bbenku cucrembi / PepmMeHTaTUBHaAA PyHKUMA B
BenkoBasa cuctema
CyobANHULbI aKTUBHOCTb penapauum
XPA XPA (p31) Cossbisatme IHK |- 2cnosHasanye
noBpexaeHns
RPA P70; p34; p11 To xe To xe
[NHK-3aBmncmnmas
XPB/ERCC3 (p89)
XPD/ERCC2 (p80) ATPa3a Ob6pasoBaHue
62 JTokanbHoEe NPENHLM3NOHHOIO
P pacnnetaHue OHK Komnsiekca
g'H p 44 dakTo ConpsxkeHune
Cdk7 (p41) T chf NnNUnn T aHpCK NNUMn u
34 KnHasa, penapaumn
P aktmsupyrowwaa Cdk
XPC (p125)/ o
XPC HHR23B (p112) CeasbiBaHne [JHK :
XPF/ERCCA4 (p112) 5’-KoHueBoe
i ERCC1 (p33) DHAOHYKNeasa HagpesaHne JHK
XPG. XPG/ERCCS5 (p135) |» 3 KohicEes

Hagpe3aHve OHK




[TyTn n mexaHun3mbl penapauun

NER y yenoBeka

Global Genome Repair

DAMAGE
RECOGNITION

—
L O

XPC—hHR23B
v

TFIIH
RECRUITMENT

DNA HELIX
UNWINDING;
XPG RECRUITMENT

XPA—RPA
RECRUITMENT

XPF—ERCC1
RECRUITMENT

XPF—ERCC1

INncision complex formed

DUAL INCISIONS
(3" AND 5°)

DNA SYNTHESIS
AND LIGATION

Transcription-Coupled Repair

M ~

Stalled RNA
polymerase

/QCSB

A

Key to factors

XPC—hHR23B damage
recognition complex

Transcription factor IIH;
XPB, XPD unidirectional
helicases of opposite polarity

> XPG, endonuclease cuts
3’ to lesion

O XPA, damage recognition;
orients the other NER proteins

y RPA, replication protein A;
a heterotrimer, damage
recognition; stablizes the
repair bubble

XPF—ERCC1, heterodimer;
endonuclease, cuts 5’ to lesion

CSA, CSB transcription-repair
coupling factors
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Human

Gene
XPA
XPB
XPC
XPD
XPE
XPF
XPG

NER y yenoBeka

Protein Function

Binds damaged DNA
Helicase, Component of TFIIH
DNA damage sensor
Helicase, Component of TFIIH
Binds damaged DNA

Works with ERRCI to cut DNA
Cuts DNA

Analogous
to E. coli:

UvrA/UvrB
UvrD

UvrD

UvrA/UvrB
UvrB/UvrC
UvrB/UvrC
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Perynsauusa NER
[Ona KNeTok XUBOTHbIX He xapakTepeH SOS-0TBET, CBOUCTBEHHLIN KrieTkam E. coli n
npeacTaBnsaloWmMn  cobor CymMMapHylo peakumio OakTepuanbHOW  KITETKM  Ha
nospexgeHme [OHK pasnuyHbiMn  areHTamu, nposBAAWMUCA B YCUNEHUU
TpaHckpunummn reHoB NER. MNocTTpaHcnaumoHHble moandumkaumm 6enkos penapauun,
npoucxogsimne B oTBeT Ha nospexaeHune [OHK, He BnuAOT Ha aKTUBHOCTb

9KcUUMHYyKneasbl Yenoseka. ObHapyXeHo, 4yTo nospexgeHns [OHK
crabunuampyetr 6enok pS3 —

. Endogenous Effects Exogenous Effects
benoxk Cynpeccop OI'IyXOJ'IeB?FO Hormones, free radicals,—» DNA-Damage < — Chemical, physical,
pPOCTa, ABNAKOLLNNCA protooncogenes biological factors

PErynsaTOpOM TPaHCKPUMNLMMN.

@ Mutation
DNA-repair

Nuclear Excision Repair (NER) i

uDS Mismatch-repair

®

Transcription of

Cell cycle-Stop Candidate Genes Oxidative Stress
R Y
Apoptosis DNA-Repair

° Differentiation Angiogenesis
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DNA with bulky lesion (e.g. UV photoproduct)

jerviiAtnn NER T e T

metoTcss gaHHble O TOM, YTO OErnOK xec-hHR23B

P53 MOXeT B3aumogencrTeoBaTb C RPA?;(PA Q—*i recognition of DNA damage
benkamn XPB 1 RPA, HeobxoanmbiMu Xt’(s(pgagg;zs

ona  NER. OpgHako  KnetkMm c m
NHaKTUBMPOBAHHLIMKM  reHamn  p53
(p53(_/_))’ KaKk WU KNeTKW AOMKOro Tura, TFIH :’m: —)"l recruitment of repair complex
9o peKkTUBHO yoanawoT n3

nospexgeHHon [OHK pOBa OCHOBHLIX
doTonpoaykTta, BO3HMKaKOWMX  No4
pencrtemem Y®-cBeta, un obnapatoT
TakoMm Xe YCTOMYMBOCTbIDO K YO,
[ToaTomy cumnTaetcs, 4Yto 6enok p53 He
oKkasbiBaeT npsamoro BnuaHma Ha NER.
benkn Cdk7 n uuknmH H, koTopble /

obpasytoT Cdk-akTUBUPYIOLLYIO KNHA3Y, \
BXodAT B coctaB komnnekca TFIIH, yto / ps3 |
no3BondeT npegnosiaratb  Hanuyime /

cBaA3n penapaumm JHK ¢ dasamm P ——

KINeToO4YHOIo UuKria. Nucleotide Excision Repair (NER) .
Y Y Apoptosis

steps involving
helicases
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AKCUU3NOHHOE BoccTaHoBrneHue ocHoBsaHuu (NEB):

yaoaneHne noBpeXAeHHbIX OCHOBaHMW B CreacTBME  XMMUYECKUX
N3MEHEHUN OCHOBaHUIN: 0bpasoBaHWe ypauuna rnpu gesaMmmHUpoBaHnn
UMTO3UHA, METUIMPOBAHHbLIX OCHOBAHMM W OKUCHEHHbIX (8-
OKCOryaHuH).

NEB aTtanbi:

1. PacwenneHnne rmmko3naHoOn CBA3WU;
2. YpoaneHune oCHOBaHUS;
3. [ocTponka oCHOBaHUS.
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NEB sTansbi:

| .PacwennexHue C NOMOLLbIO N-
[MUKo3nnasbl rMUKO3MOHOW CBA3UM MeXay

NOBpPEXOEHHbIM OCHOBaHWEM 7
ae30Kkcuprndoson;
2.00pasyeTtcs
anypuHoOBbIN/annpMMnUanHOBbIN caunt
(AP), KOTOPbIN pacrnosHaeT AP
9HOOHYKIeasa;

3.Ha ocHoBe OnuHbl yyacTka BbIOESNSoT:
KOpoTkun (3ameHa 1 Hykneotuga; 99%
BCEX Crny4aeB) WU ONMHHLIM (3amMeHa 2 “
bonee Hykneotngos; 1% cny4daes) nyTw,
pasnuyarowmecs y4acTBYHOLWMMN B HUX
doepmeHTamuy,;

4.PochoaunacTtepasa oTwiennset
docdonesokcnpnbosy ¢ obpasoBaHMeEM
Opewn B 1 nnm HECKOSbKO HYKNEeoTUOOB;
5. AHK nonuvepasa BCTaBNsET
HOpMaribHble HYKNeoTUab!;

6. JHK nurasa clumBaeTt KOHLbI.

Damaged base (U)
(usually no distortion of the DNA helix)

N 2

AP
N-GI |
(apyrimidinic) e | N Ll

site E

AP endonuclease CLEAVAGE ON
5’-SIDE OF LESION

5'-dRP
3’-OH
Polymerase 5’-dRP lyase
(Deoxyribo-
DISPLACING phospho-
SYNTHESIS diesterase)

Flap endo-

Polymerase |
Nnuclease;

Ligase Ligase
Long patch Short patch

pathway pathway
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[1nga HEKOTOPbIX anknnMpoBaHHbIX
OCHOBaHU (N-meTunageHuHa, 3-
METUNaAEHNHA, 7-MeTUNryaHnHa) nodTu
BO BCEX KJieTKax eCcTb cneuuduyeckme N-
MUKo3mnnasobil.

BbipesaHna ypauuna ocCyuwlecTBnaeTcs C
nomowbto ypauun-AHK rnuko3unna3sbi

(UNG).
,D,J'IFI BbldBJ1€HNA ypauuia B huenu
npouncxoanT TepMmnyeckoe i’

CnoHTaHHOe nnaeneHne nap T-A n U-A
6e3 akTuBHOro ydyactust dpepmeHTa. locne
4yero ypauwun saxsaTbiBaeTcsd oepMeHTOM
n ynangaetcsa ns uenu JHK.

Crtpykrypa ypauun-AHK
rnuko3unasbl (UNG)
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Penapauusa owum604HoO cnapeHHbix ocHoBaHun (MMR)

Newo DNA
5’ - — A 3
| G | |
m oo mon S I T 1 1 1 1 I 1 O 1 I
T

A mismatch is detected
in newly synthesized DNA.

ternplatve L

° B [ o The new DNA strand is cut,
TTRTTRT. m non and the mispaired nucleotide
T \ and its neighbors are removed.
3 5

replocement DNA

\ A | ]| The missing patch is replaced
L T I 11 | | V1V V[ V[ with correct nucleotides by a
U DNA polymerase.
3 5
\L Seoled qoP
\2
) || HiNle ?
A .
T T T T T T TR L TR TR LTI [ A DNA ligase seals the gap
T in the DNA backbone.
3 5

Y baktepun n aykapmotr MMR Ttpebyet reH Mut. Mytaumn B HeM npuBOAAT K
YBENNYEHUIO YaCcTOTbl CNOHTAHHbLIX MyTauMin B reHOMe MNocre pennukauum.  ©
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Metun-HanpasneHHass MMR y

GakTepumn
PacrnosHaBaHne HenpaBuibHO CNapeHHOoro
OCHOBaHWS OCYLLECTBNSETCA C MNOMOLLbIO
BCerga MEeTUIMPOBaAHHOIO ageHnHa Ha obounx
uenax OHK B GATC (BcTpedaeTrcs Kaxable
256 n.0.). CH3- k HoBOW Lenu gobaBnsieTcs ¢
3anasgblBaHMEM Ha 2 MUH C U Tpebyer
aKTmBaumu Dam MeTunTpaHcdgepasbl.
[emnmeTnnasa pacno3Haetr CH3- Ha cTapown
Luenn n MeTUT HOBYIO.
Y aykapuotT pepmeHT Dnmt1, yyacteyownm B
meTunuposaHum CpG OWHYKNEeOTUAOoB, He
npuHuUmaet yyactna 8 MMR.

methylation
after replication

S CT AG

GTATC (&
cTrT™aga G
MISMATCH
Lag in GENERATION
hemi- DURING

ERRONEOUS
REPLICATION

GeATC

NEVV NON-
METHYLATED
STRAND IS
DEGRADED

G ATC C

cT AG

CORRECT STRAND;
LIGASE SEALS
THE NICK

GT<ATC (&

G

Dam METHYLATION
RESTORES THE
CORRECT
METHYLATION
PATTERN ON
BOTH STRANDS

DNA POLYMERASE
SYNTHESIZES

e T C

T B T R e

C T™°A G B G
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Metun-HanpaBneHHaa MMR y Gaktepun B
npouecce pennuMkauumm

NHnumauma MMR npoucxoguT npu CBA3bIBAHWUMU
komnrnekca MutS-MutL ¢ OHK.

B otcyrctBum cBasn ¢ OHK nanbueBon pgomeH
MutS He cTpykTypupoBaH u OTKpbIT, a ATP-
CBsi3blBatoLLME caunTbl ONMEPU30BaHbI. B
npucytcteBumn  OHK ¢ owwubkon  ADP-cBs3n
obpaasytoT 3axBaT MutS Bokpyr AHK n yoepxunsator,
T.0., HENpaBunbHy napy nocpeacresom Phe-X-Glu
«KITMHay», BCTaBrieHHoro B manyt 6opo3aky OHK. B
npucytcteun ATP nponcxogaTt KOHOpMaLUUOHHbIE .
N3MEHEHUA, NPMBOOSALLNE K yOANEHUD «KINMUHA» W
BO3MOXHOCTU MutS 3axBaTa cBob6o4HO
nepemMeLlaTbCcsd rno uenu.

Phe-X-Glu
wedge

. MutS un ero akTmBauusi
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MeTtun-HanpaBneHHaa MMR y 6akTtepumn B npouecce penniukauum

A) MutS obpasyeT BpemeHHbIN 3axBaT [HK (1c),
KOTopas MNpu 3TOM CKaHUPYETCS Ha Hanudue
OLLUKNOOK, nepemMeLlleHmne OCyLLeCTBseTcd
nocpeacTBoMm OOHOMEPHOW BpallaTefibHON
ondodysmm Ha =700 n.o. OOGHapyXeHHas
owmnbka obycnasnueaeTt cBA3biBaHMe ATP, KOT.
NHOyuupyeT obpasoBaHue ckonbaswero no AJHK
daxBata MutS. OToT 3axBar ocTaeTtcd
ctabunebHbiM B TedeHne =600 c. 31O Bpems
Heobxoanmo ans 3aseplueHunsi npouecca MMR.
CtabunbHocTb 3axBaTta Ha [OHK He 3aBucuT oT
rmgponunsa ATP, ponb KOTOPOro rnoka He siCHa.

B) KopoTkme  ofHouenoYevHble  y4yacTKu,
cBa3aHHble ¢ MMR, nposouupylT otaeneHue
komnnekca ot OHK, koT. 3aTeM MOXeT onaTb
NpUCoOeanNHNTBLCS.

EEEEEEEEEEEREER

MutS search MutsS sliding
clamp (1 s) clamp (600 s)
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MeTtun-HanpaBneHHasa MMR y 6aktepuu B
npouecce pennvkauum
NHnunauna MMR npoucxoanT npu cBA3bIBAHUU
komnnekca MutS-MutL ¢ OHK. CeasbiBaHne ATP
npmnBOAUT K oTaeneHuto komnnekca ot camta AHK ¢
owmnbkon. Korma ckonb3dWMA 3axBaT gocTuraet

MutH, CBSA3aHHOIO C CTAG B HOBOW
HEMETUNMMPOBAHHOW LUenn, OH aKTUBUPYET ero
HYKneasHyo aKTUBHOCTb. MutH BHOCUT

ogHoUEenoYeYHble pas3pbiBbl B HOBYH LEMNb MpU
reMUMENMNPOBAHHbLIX CcauTax, pPacrofiOKEHHbIX B
npegenax =1 kb ot owmnbkun. T.0. paspbibl (3 UNu
5’ MO OTHOLLUEHMIO K OLLUNDKE) ABMSATCA OTNPaBHOMN
Toykon ana OHK xenukasbl || n SSB 0enkos,

obpasytomx O4HOLENOYEYHYI0 OHK, KOT.
pacwennsercsa 3° unn 5-ak3oHykneasamun. locne
yero HOHK nonumepasa 1 CUHTE3upyeT

npaBUSibHYIO Lenb, Nnurasa 3asepiaet MMR.

GT<ATC

C

2

©

&0
D
S

Mismatch

TAG

MutS and MutL DIMERS BIND
TO MISMATCH; THE TERNARY
COMPLEX UNDERGOES AN
ATP-DRIVEN CONFORMATIONAL
SWITCH, WHICH RELEASES THE
MutS SLIDING CLAMP; IT
MOVES ALONG DNA

MutS/MutL ACTIVATE THE
NICKING ACTIVITY OF MutH TO
INCISE THE NEAREST
UNMETHYLATED GATC (EITHER
3" OR 5" TO THE MISMATCH);
MutH IS ALREADY BOUND TO
THE UNMETHYLATED STRAND;
UvrD HELICASE + ONE OF
SEVERAL EXONUCLEASES
GENERATE A GAP OF ~100 nt
PAST THE MISMATCH; SSB
(SINGLE-STRAND DNA-BINDING)
PROTEIN PROTECTS THE
SINGLE STRAND

DNA POLYMERASE SYNTHESIZES
CORRECT STRAND; DNA LIGASE
SEALS THE NICK; Dam
METHYLASE RESTORES THE
CORRECT METHYLATION
PATTERN ON BOTH STRANDS

v

GT<ATC

CTIme A =
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MMR y aykapuort

Kak npoucxoguTt BbIOOPp Lenu Ansa penapaunu
OO0 CuUX NMop A0 KoHua He sicHo. MutS un MutlL —

BbICOKO-KOHCEpBAaTUBHbIE benkn, MutH
obHapyxeH Tonbko Yy [pam- OBakTepun,
doyHKLUMOHaNbHbIE romMonoru y  Opyrux

OpraHM3mMoB He BbisBneHbl. [lpegnonaraercy,
yTo MMR Yy 3yKkapuoT MOXET ObITb HanpaBreHa
ogHoLeno4YevYHbIMN paspbiBamMu Leneu,
npoucxogswiumMm B nNpouecce penfunkauum,
TakKMM Kak 3’-KoHel nuaupylowen uenu wunm
KOHUbI pparmeHTOB OKasaku. BocctaHoBneHue
NMAOVPYOLLEN LENN MOXET npomcxoauTtb no 3'-
KOHLY C MOMOLLbIO nonuvepassbl
pecuHTesnpylowen dparMeHT, B OTCTalLlen
uenn Becb parmMeHT Okasakm MOXeT ObITb
yaaneH nocpeacTtsoM Aerpagaumm ¢ oboux
KOHLIOB.

penapaLum

37
o
5 / Leading strand
;.
3 N\ Lagging strand
e — i e

EXONUCLEOLYTIC
DEGRADATION OF
MISMATCH-CONTAINING
REGION

5'

REPAIR SYNTHESIS;
LIGATION AND
RESUMPTION OF
REPLICATION

\/

E R B NNEN " e 3,
5'
3'

:-llllll‘mns’
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MMR y aykapuot

Penapauya WHUUMMPYETCA NpPU  CBA3bIBAHUW HENPaBUNLHOMO OCHOBaHUA C
komnnekcamn MutS romonoroB, MSHs, wm MSH2-MSH6 (MutSa), wnn
MSH2-MSH3 (MutSB). lNpeanonaraemein mexaHnam MMR B npouecce pennukaumm
OCHOBaH Ha MexaHu3Me, OCYLLUECTBNSIEMOM C MOMOLLBLID 6enkoB pekomMoOuHauumwn:
MutSa nnm MutSp, 6enka pennukauuun A (RPA), ak3oHykneasbl 1 (EXO1), anepHoro
aHTureHa kneto4vHon nponudgepaumnmn (PCNA), daktopa pennukauum C (RFC), OHK
nonumepasol O (Pol ) n OHK nurasbl. 3ykapuotndeckaa LOHK xenukasza He
y4yacTByeT B NOAOOHbLIX MEXaHM3MaX penapauum.

Y E.coli B MMR BoBnedyeHo 6ornee OOHOM 3K30HYKMeasbl, a Takke HEeKoTopble
apyrue ©6enku. PecuHteH3s [OHK katanmsupyetca adpuaukonuH-4yBCTBUTENLHOW
nonmmMmepasoun, Bo3aMoXxHo Pol .

AdnOnKonnH — pepMeHT, nHrmbutop cuHtesa [HK y aykapuor.
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MMR y aykapuot

Mismatch
T

SO A O N R . T R R S TN A i B L L B W T S5

s L MISMATCH-BOUND MutSo. RECRUITS MutLo;
& THE TERNARY COMPLEX UNDERGOES AN ATP-DRIVEN
"% CONFORMATIONAL SWITCH, WHICH RELEASES
)

THE SLIDING CLAMP; IT MOVES ALONG THE DNA

Scenario when clamps
diffuse downstream

Scenario when clamps
diffuse upstream

EXO1 (5" — 3

u«-yﬂﬁm HMGB1

LR

-----?

F
@D

CLAMP ENCOUNTERS PCNA BOUND TO THE 3'-END OF

CLAMP DISPLACES RPC WHICH WAS BOUND
AT THE 5'-TERMINUS OF THE STRAND BREAK;
EXO1 LOADS AND IS STIMULATED BY MutSa;
EXODEGRADATION IS OPTIMAL WITH HMGB1
BOUND TO MutSa; GAP STABILIZED BY RPA

ocoos=——

WHEN MISMATCH IS REMOVED, EXO1 IS
INHIBITED BY MutLa; Pol 8 LOADS AT THE
ORIGINAL DISCONTINUITY WHICH CARRIES PCNA;
THE GAP IS FILLED BY Pol §; THEN LIGATION

\
TERERENNE NN ——

Pol &

THE BREAK; EXO1 IS RECRUITED TO DEGRADE THE
REGION BETWEEN THE ORIGINAL DISCONTINUITY AND
THE MISMATCH (CRYPTIC 3’ — 5’ ACTIVITY);

RPC BOUND TO THE 5'-END PREVENTS
DEGRADATION IN THE DEFAULT 5° — 3’ DIRECTION

ONCE MISMATCH IS REMOVED, EXO1 ACTIVITY
IS INHIBITED BY BOUND RPA AND MutLao;
THE GAP IS FILLED BY POL &; THEN LIGATION

FERRNN NN NERNRARRRNRRRRNERNEY
LTSI NG T 3

R AR R S R R R A Gl TR R I ML S i T LR

Pol &

CkpbiTasg aktnBHoctb EXO1 B downstream cueHapun He Bbi3biBaeTcd. BoamoxHo Mre11 mnnu
Mut.Sa, RFC n PCNA akTMBMpYlOT NaTEHTHYI 9HOOHYKIeasHyt akTMBHOCTb MutlLa ATP-
mismatch-3aBucrumMbiM 0Opasom.
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MMR y aykapuot
CprKTypa MutSa-ADP-G-T (A) ATPase domains (B)
mispair Kommnnekca -
Yyenoseka.
A) Kpuctannuyeckas

CTPYKTypa npu papeLleHumn
B 3A. MutSa -
acCUMETPUYHLI OMMep U3 Ve Yhel - (A
MSH2 »n MSH6. [OomeH R SIE NS S
3axBaTta KOHTaKTUpYyeT C
owmbkon Ha uenn AHK. o) o hetices
MSHG6 KOHTaKTUPYeT C domains connecting clamp
and ATPase domains
ydacTtkom B 6 n.o. JHK (B-cdbopma) Ha ogHon cTopoHe ¢ mispair, Toraa kak MSH2
KOHTaKTUPYeT C 06enx CTOPOH OT mispair. ONMHHbIE A-Cripanu COeanHAIOT 3axBaT C
AT®asHbIM gomeHoM MutSa gna ocyulecTBneHns nepekpecTtHoro B3anMoaencTemg
mexay cantom cBasbiBaHus OHK n ATP-cesasbiBatowmm cantom. CeasbiBaHne ATP
NPUBOONT K OTCOEAMHEHUIO Bernka OT mispair n ero nepemMeLLeHNIO Mo LENM.
B) Cxema, ocHoBaHHasi Ha Kpuctannmyeckon cTpyktype. OTaenbHble OOMEHbI B
obonx Oenkax npoHymepoBaHbl. CwuHaa wTpmxoBka —  [OHK-6enkoBble
B3aMMOOENCTBUS, KpacCHble JIMHUN — MO3ULUUMN BEPOSTHBLIX KOH(OPMaLMNOHHO-

3aB1CUMbIX MEXOO0MEHHbIX MHTePJd)eNncos. o

MSH6
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Syndrome

Clinical features

Mutated
genes

Cockayne syndrome
(Cs)

trichothiodystrophy

xeroderma
pigmentosum (XP)

Fanconi anemia
(FA)

Nijmegen breakage
syndrome (NBS)

Bloom syndrome
(BLS)

Werner syndrome
(Ws)

Rothmund-
Thomson syndrome
(RTS)

ataxia
telangiectasia (AT)

neuronal degeneration, loss of retinal cells, cachexia or
wasting syndrome: loss of appetite and weight, muscle
atrophy, fatigue, weakness

neurological and skeletal degeneration, cachexia, ichthyosis
or dry, rough, scaly skin, characteristic brittle hair and nails

hypersensitivity to sun exposure, pigmentary alterations and
premalignant lesions in sun-exposed skin areas, extremely
high incidence of skin cancer

pancytopenia or low number of blood cells, bone marrow
failure and renal dysfunction, abnormal pigmentation, short
stature, cancer

immunodeficiency, increased cancer risk, growth retardation

immunodeficiency, growth retardation, genomic instability,
cancer

atrophic skin, thin gray hair, osteoporosis, type Il diabetes,
cataracts, arteriosclerosis, cancer

growth deficiency, graying hair, juvenile cataracts, skin and
skeletal abnormalities, osteosarcoma, skin cancers

progressive cerebellar degeneration leading to severe ataxia
or lack of voluntary coordination of muscle movements,
telangiectasia or dilated blood vessels, immunologic defects,
cancer

CSA, CSB

XPB, XPD,
TTDA

XPA-D, XPF,
XPG

FANC,
BRCA2

NBST
BLM

helicase

WRN
helicase

RECQL4
helicase

ATM



Cnacmbo 3a
BHUMaHue!

Help!
T'm loosing him!

NO worries!
First we need to
remove the ones
turned into gray

http://biocomicals.blogspot.com



[TyTn 1 MexaHn3Mbl penapaumm

Penapauusa aByxueno4ye4yHbix pa3pbiBoB (DSB)

DSB — Hanbonee onacHoe [OHK nospexgeHune, NOcKomnbKy: 1) odeHb CROXHbI AN
penapauun 6e3 BHeceHusa ownbok mnm mytaumn B nocnegosatensHocTb [OHK; 2)
HapyweHne HenpepbiBHOCTM B MOMEKyne npmBoauT K OOMbLIOMY KONMUYECTBY
XPOMOCOMHbIX TpaHCrnoKauum u Op. MepecTpoek, KOT. YrpoxakwT reHOMHOW
LEenocTHOCTM KneTkn. Penapaunsa DSB ocyulecTBnaeTca ¢ NMOMOLbIO MexaHn3ma,
N3BECTHOro Kak oreeT Ha noBpexaeHue IHK (DDR).

DDR — ocHOBHOM bakTOp, KOHTPOMUPYIOLLMA KOHTPOSIbHYIO TOYKY KIEeTOYHOro LuKna



