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Damage recognition
and excision

XPC, XPE
TFIIH, XPG, XPA,
RPA, XPF/ERCC1 

Repair synthesis
Ligation

Pol δ,ε, PCNA
RFC, DNA Ligase I 

NUCLEOTIDE EXCISION REPAIR (NER)
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• Inherited disorder with genetic and clinical heterogeneity
• Incidence 1:105 - 1:106

• 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, Zürich

XERODERMA PIGMENTOSUM
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NER SUBSTRATES DISTORT THE DNA HELIX
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A MODEL FOR NUCLEOTIDE EXCISION REPAIR

Damage recognition
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Full helix opening
Damage verification
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XPG

Dual incision

Repair synthesis
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DAMAGE RECOGNITION IN NER
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G(8)-AAF ADDUCT

PHOTOACTIVE/FLUORESCENT NER SUBSTRATES
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METABOLIC PATHWAY

SYNTHESES OF AAF ADDUCTS IN DNA
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HARTWIG-BUCHWALD COUPLING OF 8-BrdG
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ACYLATION AND CHANGE OF PROTECTION

Gillet, L., Schärer, O.D. Org. Lett. 4, 4205-4208 (2002) 
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MODIFIED DNA SYNTHESIS OF AAF OLIGOS
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ABS
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ANALYSIS OF dG-AAF AND dG-AF OLIGOS
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Anneal 
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35nt

27nt

AAF/AF DERIVATES AS NER SUBSTRATES

Ludovic Gillet
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PHOTOACTIVE PROBES FOR NER

G(8)-AAF

O

O-DNA

DNA-O
N

NHN

NH2N

O

N

O

G(8)-AABP

O

O-DNA

DNA-O
N

NHN

NH2N

O

N

O

O
O

O-DNA

DNA-O
N

NH

O

O

I

5-dIU

Ludovic Gillet

dG-AABP

dG-AAF

dIU



16

XPC/HR23B BINDS TO THE DAMAGED AND 
NON-DAMAGED STRANDS OF DNA

Ludovic Gillet

hν (hr) 2 2 2 2 2 21111-- --
XPC/HR23B (nM) - 13 13 13 13 13 13 404040 4040 40-

dG-AABP dG-AAF

dIU
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ENDONUCLEASES IN NER
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Mechanistic model for metal 
dependent endonucleases

IDENTIFYING THE ACTIVE SITE OF XPF/ERCC1
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- +
Fe2+

XPF

ERCC1

100 kDa

50 kDa

1

4

5

32

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

CLEAVAGE OF XPF USING FENTON CHEMISTRY

Enzlin JH, Schärer OD EMBO J. 21, 2045-2053(2002)
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Band 6: FRxELPxLIH
Band 7: VGDYILRYTP
Band 8: xISMSRYY

680-689 of XPF
702-711 of XPF
734-743 of XPF

- +
Fe2+

XPF

ERCC1

100 kDa

50 kDa

6
8

7

20 kDa

CLEAVAGE OF XPF USING FENTON CHEMISTRY

N-terminal sequencing: 

Enzlin JH, Schärer OD EMBO J. 21, 2045-2053(2002)
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Hsa XPF   IVVDMREFRSELPSLIHRRGIDIEPVTLEVGDYILTPEMCVERKSISDLIGSLNNGRLYSQCISM
M mu XPF   IVVDMREFRSELPSLIHRRGIDIEPVTLEVGDYILTPELCVERKSVSDLIGSLHSGRLYSQCLAM
Dme Mei-9 VIVDMREFRSDLPCLIHKRGLEVLPLTITIGDYILTPDICVERKSISDLIGSLNSGRLYNQCVQ M
Spo Rad16 VIVDLREFRSSLPSILHGNNFSVIPCQLLVGDYILSPKICVERKSIRDLIQSLSNGRLYSQCEAM
Sce RAD1  VIVDTREFNASLPGILYRYGIRVIPCMLTVGDYVITPDICLERKSISDLIGSLQNNRLANQCKKM

673 737

Cleavage
Site 1

Cleavage
Site 2

Cleavage
Site 3

* * * ****** ***

IRON-MEDIATED CLEAVAGE SITES IN XPF

906

XPF

1

nuclease
motif

737673
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Enzlin JH, Schärer OD EMBO J. 21, 2045-2053(2002)
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Residue
Nuclease activity
Cleavage by Fe2+

DNA binding
In vitro NER activity
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+
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Hs XPF    673 IVVDMREFRSE-----L---PSLIHRRGIDIEPVTLEVGDYI-L-----------TPEM----CVERKSISDLIGSLNNG-RLY-SQCISM
M m XPF    686 IVVDMREFRSE-----L---PSLIHRRGIDIEPVTLEVGDYI-L-----------TPEL----CVERKSVSDLIGSLHSG-RLY-SQCLAM
Cg XPF    681 IVVDMREFRSE-----L---PSLIHRRGIDIEPVTLEVGDYI-L-----------TPEL----CVERKSVSDLIGSLNSG-RLY-SQCLAM
D m Mei9   655 VIVDMREFRSD-----L---PCLIHKRGLEVLPLTITIGDYI-L-----------TPDI----CVERKSISDLIGSLNSG-RLY-NQCVQ M
Ce XPF    688 IIVDMREFNSE-----L---PTVLYTKGYNVVATTIEIGDYI-L-----------SPNI----AIERKALDDLTQSLQSG-RVF-KQIEQM
At XPF    726 VIVDMREFMSS-----L---PNVLHQKG M KIIPVTLEVGDYI-L-----------SPSI----CVERKSIQDLFQSFTSG-RLF-HQVEM M
Sp RAD16  668 VIVDLREFRSS-----L---PSILHGNNFSVIPCQLLVGDYI-L-----------SPKI----CVERKSIRDLIQSLSNG-RLY-SQCEAM
Sc RAD1   822 VIVDTREFNAS-----L---PGILYRYGIRVIPCMLTVGDYV-I-----------TPDI----CLERKSISDLIGSLQNN-RLA-NQCKKM

Af Helic 523 VIVDSRELRSE-----V---VKHLREIGAKIEIRNLEVADYV-V-----------SDRV----AVERKTVEDFLNSIIQKERLF-SAYSRP
Mj Helic 576 IIVDVREKNMA----------KLLHNY-ANIELKTLEVGDYV-L-----------SDRV----VVERKTAEDFVNSIIDK-RLF-SQLKNL
Mt Helic 520 IAYDSREVNSR-----V---LRELKKIGVDFELKPLAVGDYQ-I-----------SEDT----IIERKTTQDFIGSIIDK-RLY-KQAREM
Ph Helic 538 VVIDSRELRSE-----V---VKKLKT-GIKIEVRTLDVGDYI-V-----------SEDV----AIERKSANDFIQSIIDG-RLF-DQVKRL
Pa Helic 543 VVVDSRELRSE-----V---VKRLKTLGVKIEVKTLDVGDYI-I-----------SDEV----AIERKSANDFIQSIIDG-RLF-DQVKRL
Ss Helic 6 IYADDREKASG-----I---PELLKELGITVIFSGLTVADYV-I-----------TDDV----AVERKSVNDLVNSVFDK-RFF-DQISRL

Sc Mus81  352 PIIDHREIKSQSDREFF---SRAFERKG MKSEIRQLALGDIIMVAKNKT-----GLQCVLNTTIVERKRLDDLALSIRDN-R-FMEQKNRL
Sp Mus81  296 LLIDTREIRSPLDRNLII--DKLTNDFGVNCQVRSLELGDAL W VARDME-----SGQEVVLDFVVERKRYDDLVASIKDG-R-FHEQKARL
Ce Mus81  211 LIADNREHRNNPRFKSVI--EHLVKKEDIRVDIRSLSVGDYIWICRKID------GTEIVMD W VVERKT WDDLQSSIRGG-R-YDEQKGRL
D m Mus81  155 LLVDTQET-SGKNKRVLDQTRSYLESLGARHEVRRLTIGDFLW VAQDQE------GNELVLPYIVERKRMDDLASSIRDG-R-FHEQKHRL
M m Mus81   76 LCVDIGETRGAGHRPEMLRELQRLRV---PHTVRKLHVGDFV WVAQETRPRDPERPGELVLDHIVERKRLDDLCSSIIDG-R-FREQKFRL
Hs Mus81  196 LCVDIGETRGGGHRPELLRELQRLHV----HTVRKLHVGDFVW VAQETNPRDPANPGELVLDHIVERKRLDDLCSSIIDG-R-FREQKFRL

Consensus     hhhD-RE---------h------h-----------h-hGDah-h--------------h-----hERK---D---Sh--–-R-a--Q---h

A CONSERVED NUCLEASE MOTIF IN XPF

Enzlin JH, Schärer OD EMBO J. 21, 2045-2053(2002)
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1

XPF

906L-Zipper

Disrupted helicase
domains

Nuclease
domain

737673
2xHhH

Tsodikov OV, Enzlin JH, Schärer OD, Ellenberger T PNAS 102, 11236 (2005)
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DNA BINDING DOMAINS OF ERCC1/XPF
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DNA BINDING DOMAINS OF ERCC1/XPF

XPF

9061 L-Zipper

Disrupted helicase
motifs

Nuclease
domain
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Tsodikov OV, Enzlin JH, Schärer OD, Ellenberger T PNAS 102, 11236 (2005)
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SF2

A MODEL FOR DNA BINDING BY ERCC1/XPF
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THE XPG ENDONUCLEASE
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ENDONUCLEASES IN NER
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XPG SUBSTRATE BINDING AND CLEAVAGE

Hohl, M., Thorel, F., Clarkson, S.G., Schärer, O.D. (2003) JBC 278, 19500.
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∆D-Box

Dunand-Sauthier I, Hohl M, Thorel F, Jaquier-Gubler P, Clarkson SG, Schärer OD (2005) JBC 280, 7030
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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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Dunand-Sauthier I, Hohl M, Thorel F, Jaquier-Gubler P, Clarkson SG, Schärer OD (2005) JBC 280, 7030
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IN VITRO NER ACTIVITY OF XPG MUTANTS

111 554 730184 210
1186aaN I

D-Box

35
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Dunand-Sauthier I, Hohl M, Thorel F, Jaquier-Gubler P, Clarkson SG, Schärer OD (2005) JBC 280, 7030
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MUTANT XPG IS NOT FOUND IN NER SITES

XPG XPB

30 min post-UV–UV
XPB/G XPG XPB

24 hrs post-UV

WT

∆184-210

Untransduced

∆111-730

∆111-550

∆554-730

Dunand-Sauthier I, Hohl M, Thorel F, Jaquier-Gubler P, Clarkson SG, Schärer OD (2005) JBC 280, 7030
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MUTANT XPG HAS LOWER AFFINITY FOR TFIIH
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A FEN1-XPG HYBRID PROTEIN
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Marcel Hohl
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FEN-1/XPG CLEAVES BUBBLE SUBSTRATES

XPG

––

Fen1

Fen1-XPG

*

Marcel Hohl

*
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FEN1-XPG PREFERS DOUBLE FLAPS

XPG

––

Fen1

Fen1-XPG

Marcel Hohl

* *

0.2-4nM

0.025-1nM

2.5-100pM
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FEN-1/XPG IS NOT FOUND IN NER SITES

XPB

30 min post-UV 24 hrs post-UV

Isabelle Dunand-Sauthier

XPG XPB/6-4 XPBXPG XPB/6-4

Untransd.

XPG

FEN-1/XPG
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D2-Box

A ROLE FOR THE C-TERMINUS OF XPG IN NER?
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N
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Lidija Staresincic
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FXFX, BUT NOT FX IS FOUND IN NER SITES

XPB

30 min post-UV 24 hrs post-UV

Isabelle Dunand-Sauthier

XPG XPB/6-4 XPBXPG XPB/6-4

Untransd.

XPG

FEN-1/XPG

FXFX
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MODEL FOR NER COMPLEX FORMATION
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XPD
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FROM NER INCISION TO REPAIR SYNTEHSIS

E1

RPA

XPG

XPD

XPA
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RFC
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