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NUCLEOTIDE EXCISION REPAIR (NER)

Damage recognition

and excision TFIIH, XPG, XPA,

\ XPC, XPE
RPA, XPF/ERCC1

Repair synthesis Pol 5,6, PCNA
Ligation RFC, DNA Ligase I
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XERODERMA PIGMENTOSUM

* Inherited disorder with genetic and clinical heterogeneity
* Incidence 1:10° - 1:10°6

« Extreme sensitivity to UV radiation
 2000-fold increased incidence of skin cancer
« Severe skin and eye abnormalities

* Neurological abnormalities (20% of patients)
30 year reduction in survival

Photos courtesy of Prof. Reinhard Dummer, Dermatologische Klinik, Zurich



NER SUBSTRATES DISTORT THE DNA HELIX

0
HNj)\I\'/Ie I\'/I)e(J)\NH HNJ?J - Hz“i\} X TH
o)\N/I‘_| H‘\N/KO o) N N\/g N N\> </N | NS N2
P 0 ] ® B /O/Q /O\\(ﬁ Q ﬁ
>P ° o O*Pio o~
@) @) é/ O

HNJj: 0O

| A\

ﬂZNJ\\N N> (NfJ\NH
N P

¢




A MODEL FOR NUCLEOTIDE EXCISION REPAIR
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DAMAGE RECOGNITION IN NER
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PHOTOACTIVE/FLUORESCENT NER SUBSTRATES
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SYNTHESES OF AAF ADDUCTS IN DNA

METABOLIC PATHWAY 0



HARTWIG-BUCHWALD COUPLING OF 8-BrdG
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ACYLATION AND CHANGE OF PROTECTION
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MODIFIED DNA SYNTHESIS OF AAF OLIGOS
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ANALYSIS OF dG-AAF AND dG-AF OLIGOS
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IN VITRO NER ASSAY
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Primer Ext.
Ligation
CsClI Gradient

13

@ a

AAF
AAF
1
NER-
proficient cell
extract
Anneal
to Probe
Fill in with AAF
A'|A\F [a-32P]dCTP . I
GGGG 3 GGGG

Jacqueline Enzlin, Ludovic Gillet



AAF/AF DERIVATES AS NER SUBSTRATES
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PHOTOACTIVE PROBES FOR NER
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XPC/HR23B BINDS TO THE DAMAGED AND
NON-DAMAGED STRANDS OF DNA
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ENDONUCLEASES IN NER
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THE XPF/ERCC1 HETERODIMER
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IDENTIFYING THE ACTIVE SITE OF XPF/ERCC1

dependent endonucl sing Fe?* and oxygen
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Mechanistic model for metal Affinity cleavage reaction
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CLEAVAGE OF XPF USING FENTON CHEMISTRY

Fe2+
- +
XPF — -
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23 :
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ERCC1 —| - S

N-terminal sequencing: Bands 1-4 correspond to N-terminus of XPF
Band 5 could not be sequenced

20 Enzlin JH, Scharer OD EMBO J. 21, 2045-2053(2002)
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CLEAVAGE OF XPF USING FENTON CHEMISTRY

— 100 kDa

— 50 kDa

— 20 kDa

N-terminal sequencing: Band 6: FRXELPxLIH < 680-689 of XPF

Band 7: VGDYILRYTP < 702-711 of XPF
Band 8: xXISMSRYY

Enzlin JH, Scharer OD EMBO J. 21, 2045-2053(2002)

< 734-743 of XPF
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IRON-MEDIATED CLEAVAGE SITES IN XPF

XPF nuclease
motif
—  os
673 737
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ACTIVITY OF XPF ACTIVE

0.4 mM MnCl,

2 mM MgCl,

0
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EG79A
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Enzlin JH, Scharer OD EMBO J. 21, 2045-2053(2002)
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IN VITRO NER ASSAY WITH XPF MUTANTS
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A CONSERVED NUCLEASE MOTIF IN XPF

Residue D676 R678 E679 R681 E701 D704 E714 R715 K716 D720

Nuclease activity - (+) + ++ ++ - +  (+) - -
Cleavage by Fe?+ - + - + + - - + + +
DNA binding  + + + + + + + + + +
In vitro NER activity - + - + + - - + - -
Hs XPF 6731 WEM g E----L---PSLI HRRGID EPVTLEVG M- L-#g8--—---—-- TPEM---CV 9S UGS Y-SQAd SM
Mm XPF 686 | WMz SE----L---BSLI HRRA@ O EPVTLEVGEY - 88 -—---—--- TPEL----CV SVS U SGIRLY-SQCLAM
Cg XPF 6811 WEM:: E----L---PSLI HRRA@ OEPVTLEVG M- L-g-—---- TPEL----CV SVS U G RLY-SQCLAM
Dm Mei 9 655 M VMg SD-----L--- BCLI HKRGLEVLPLTI Tl G M= Li#------—-- TPO----CV SS UGS Y-NQCVQM
Ce XPF 6881IV M E----L--PTVLYTKGYNVVATTIH G M- L+&-——-—-- SPN----A ALD LTQS F- KQ EQM
At XPF 726 MV IM: EFMISS----- L--- INVLHOQKGMKI | PVTLEVGEY - [8--------- SPg----CV 9 Q LFQ L ~HQVEMM
Sp RAD16 668 M VrLiy SS-----L---P9 LHGNNFSM PCQLLVG Y -j&----------- SPK ---- CV SR LIQ LY-SOQCEAM
Sc RAD1 822 M VET g AS-----L---PA LYRYQ RM PCMLTVGE Y- IB-—----—--- TPO----CL SS u A-NQCKKM
A Hdic 523 MV S E-----\¢--VKHLRHB GAK B RNLEVA YV \FEe-—--oee- SDRV---- AV TVE FL LF- SAYSRP
M Hdic 576 1V V=K NMA---------- KLLHNY- AN ELKTLEVG YM- Li-g--=--- DRV---- W TAE FVN SQLKNL
M Hdic 5201AY IS R ----\f-- LRELKK GYDFELKPLAVGEYQ g---------- SEDT----11 TTQ H - KQAREM
Ph Hdic 538 W IS E----\t--VKKLKT- G K EVRTLDVG M-W#&---o-- SEDV----A SAN H DQVKRL
Pa Hdic 543 WV[ES™ E----\--VKRLKTL GVKI EVKTLDVG! YI=l&g----1--- SDEV---- A SAN AQ FDQVKRL
Ss Hdic 6IYA D ----|---PELLKELGQ TM FSGLTVA YM-|---38---- TDDV---- AV SVN LVNS F DQ SRL
Sc Mus81 352 RI_Hi: QSDREFF--- SRAFERKGMKSH RQLAL GBIl MVAKNKT-----GL QCVLNTTI V=g ALS RDN R-EMEQKNRL
Sp Mus81 296 LU °T PLDRNLII-- DKLTNDFGVNCQVRSLEL GUAL WWARDME-----SGQEVVL DF 3 LVAS KDG|R FHEQKARL
Ce Mus81 211 LI AENg NNPRFKSM-- EHLVKKED RVO RSLSVGPM W CRK D------ GTH VMDWVV BL Q5SS RGG- R YDEQKGRL
Dm Mus81 155 LLVEERQ M- SGKNKRVLDQTRSYLESL GARHEVRRLE G FLVW AQDQE------ GNEL VL P MD[FLASS RDG- R FHEQKHRL

Mm Mus81 76 LCV i GAGHRPEML REL QRL RV--- PHTVRKL H
Hs Mus81 196 LGV |

RLD LCSSIDG R FREQKFRL
RLD! L CSSI DG R FREQKFRL
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25 Enzlin JH, Scharer OD EMBO J. 21, 2045-2053(2002)



DNA BINDING DOMAINS OF ERCC1/XPF

Disrupted helicase XPF Nuclease
domains domain
673 737 —

ERCC1
1 100 . central -297
XPA XPF

26 Tsodikov OV, Enzlin JH, Schérer OD, Ellenberger T PNAS 102, 11236 (2005)



DNA BINDING DOMAINS OF ERCC1/XPF

Disrupted helicase XPF Nuclease
motifs domain
673 737 —

27 Tsodikov OV, Enzlin JH, Schéarer OD, Ellenberger T PNAS 102, 11236 (2005)



A MODEL FOR DNA BINDING BY ERCC1/XPF

XPF-| SF2-like - |—| nuclease H HhH,
4

656 813 837 905

ERCC1—| central H HhH,

96 214 220 297




THE XPG ENDONUCLEASE
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ENDONUCLEASES IN NER
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XPG SUBSTRATE BINDING AND CLEAVAGE

Cleavage Binding

+ +
- +
+ +
- ++
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Hohl, M., Thorel, F.,

Clarkson, S.G., Scharer, O.D. (2003) JBC 278, 19500.



DELETIONS IN THE SPACER REGION OF XPG
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ACTIVITY OF XPG MUTANTS ON Y SUBSTRATES
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ACTIVITY OF XPG MUTANTS ON BUBBLES
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IN VITRO NER ACTIVITY OF XPG MUTANTS
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MUTANT XPG IS NOT FOUND IN NER SITES

—UV 30 min post—UV 24 hrs post—UV
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Dunand-Sauthier I, Hohl M, Thorel F, Jaquier-Gubler P, Clarkson SG, Scharer OD (2005) JBC 280, 7030




MUTANT XPG HAS LOWER AFFINITY FOR TFIIH
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A FEN1-XPG HYBRID PROTEIN
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FEN-1/XPG CLEAVES BUBBLE SUBSTRATES
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FEN1-XPG PREFERS DOUBLE FLAPS

*
*

XPG 0.2-4nM

Fenl-XPG 0.025-1nM

Fenl 2.5-100pM

Marcel Hohl



FEN-1/XPG IS NOT FOUND IN NER SITES

30 min post-UV 24 hrs post-UV
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A ROLE FOR THE C-TERMINUS OF XPG IN NER?
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FXFX, BUT NOT FX IS FOUND IN NER SITES

30 min post-UV 24 hrs post-UV
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MODEL FOR NER COMPLEX FORMATION
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FROM NER INCISION TO REPAIR SYNTEHSIS
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