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SATO, Koichi

3,000,000

DNA DNA ICL DNA
ICL
FAN1 FAN1
FAN1
FAN1 FANCI-FANCD2 FAN1

DNA interstrand crosslink (ICL) prevents the progression of DNA replication and
transcription by covalent crosslinking between complementary strands of double-stranded DNA. ICL repair
is essential for suppression of chromosomal aberrations that contribute to cell death and tumorigenesis.
Dual-incision around the crosslinked bases (ICL unhook) is a central step in the ICL repair. FAN1 is a
structure-specific endonuclease that is considered to be involved in the ICL unhook. However, the
mechanism how FAN1 recognizes the damaged bases and mediates the ICL unhook has remained elusive. In this
study, our biochemical analyses with the purified FAN1 protein revealed the mechanism of the
substrate-recognition and -incision by FAN1. In addition, we found that the FANCI-FANCD2 complex that
recruits FAN1 to ICL sites functions to regulate the nuclease activity of FANL.

Fanconi anemia DNA crosslink FAN1 FANCD2 FANCI RAD51 RPA




DNA

DNA
DNA IcL
DNA
c
ICL
(1,2) ICL
FA
FA
ICcL
eC D
DNA IcL
8 FA
FA
2 FA
FANCI-FANCD2 (1D)
) ID
ICL

ICL

19

FA

E3

(5) Fanconi

anemia-associated nuclease 1 (FAN1)
FANCD2

ICL
(6-9)

ICL

FAN1

DNA

ICL
ICL
ICL
FAN1
FAN1
FAN1 ID
FAN1
FAN1 ID
ICL
FA
FAN1 FANCI FANCD2
RPA
FANCD2 ID
FAN1
(H2A H2B H3 H4)
DNA
FAN1 DNA
FAN1
ID DNA
FAN1
Replication protein A (RPA) FAN1
FAN1
FAN1
FAN1
FAN1
FAN1
FAN1

5 -flapped DNA

32P
5 -flapped DNA FAN1

FAN1



5 -flapped DNA

FAN1 FAN1
flap
3-4
@ ) (QERY)
ICL DNA
RPA
DNA RPA
5 -flapped DNA
DNA FAN1
FAN1
DNA RPA
DNA
FAN1 5" -flapped DNA
( 2B)
FAN1 ID
5 -flapped DNA
FAN1 ID
FAN1
FANCD2 ID
FANCD2
FAN1
¢ 20
FAN1
ID
FAN1 ICL
ICL
A B

RPA/
C
5. D
Ub
2 ' X
|l
2. FAN1
FAN1
5 -3
(10) FAN1
FAN1
FAN1
FAN1

ID
FAN1
FAN1
FAN1
ID
RADS51 RAD51-DNA
ID
RAD51-DNA FAN1
ID
FAN1
1. Deans AJ, West SC. (2011) DNA

interstrand crosslink repair and cancer. Nat
Rev Cancer, 11, 467-480.

2. Langevin F, Crossan GP, Rosado I.V,
Arends M.J, Patel K.J. (2011) Fancd2
counteracts the toxic effects of naturaly
produced aldehydes in mice. Nature, 475,
53-58.

3. Ceccadi R., Sarangi P, D'Andrea A.D.
(2016) The Fanconi anaemia pathway: new
players and new functions. Nat Rev Mol Cell
Biol., 17, 337-349.

4. Kottemann M.C., Smogorzewska A. (2013)
Fanconi anaemia and the repair of Watson
and Crick DNA crosslinks. Nature, 493,
356-363.

5. Khnipscheer P., Réschle M., Smogorzewska
A., Enoiu M., Ho T.V.,, Schérer O.D., Elledge
S.J., Walter J.C. (2009) The Fanconi anemia
pathway promotes replication-dependent
DNA interstrand cross-link repair. Science,
326, 1698-1701.

6. Kratz K., Schopf B., Kaden S., Sendoel A.,
Eberhard R., Lademann C., Cannavo E.,
Sartori A.A., Hengartner M.O., Jiricny J.
(2010) Deficiency of FANCD2-associated
nuclease KIAA1018/FANI1 sensitizes cells to
interstrand crosslinking agents. Cell, 142,
77-88.

7. Liu T., Ghosal G, Yuan J., Chen J, Huang J.
(2010) FANI acts with FANCI-FANCD?2 to
promote DNA interstrand cross-link repair.
Science, 329, 693-696.

8. MacKay C., Déclais A.C., Lundin C,
Agostinho A., Deans A.J., MacArtney T.J.,
Hofmann K., Gartner A., West S.C.,
Helleday T., et al. (2010) Identification of
KIAA1018/FAN1, a DNA repair nuclease
recruited to DNA damage by
monoubiquitinated FANCD2. Cell, 142,
65-76.

9. Smogorzewska A., Desetty R., Saito T.T.,



10.

Schlabach M., Lach F.P., Sowa M.E., Clark
A.B., Kunkel T.A., Harper J.W., Colaiacovo
M.P. et al. (2010) A genetic screen identifies
FANI1, a Fanconi anemia-associated nuclease
necessary for DNA interstrand crosslink
repair. Mol Cell, 39, 36-47.

Chaudhury I., Stroik D.R., Sobeck A. (2014)
FANCD2-controlled chromatin access of the
Fanconi-associated nuclease FANI is crucial
for the recovery of stalled replication forks.
Mol Céll Bial., 34, 3939-3954.

Kujirai T., Horikoshi N., Sato K., Maehara
K., Machida S., Osakabe A., Kimura H.,
Ohkawa Y., Kurumizaka H. (2016) Structure
and function of human histone H3.Y
nucleosome. Nucleic Acids Res., in press.

Urahama T., Harada A., Maehara K.,
Horikoshi N., Sato K., Sato Y., Shiraishi K.,
Sugino N., Osakabe A., Tachiwana H.,
Kagawa W., Kimura H., Ohkawa Y.,
Kurumizaka H. (2016) Histone H3.5 forms
an unstable nucleosome and accumulates
around transcription start sites in human
testis. Epigenetics Chromatin, 9, 2. doi:
10.1186/s13072-016-0051-y.

Hira A., Yoshida K., Sato K., Okuno Y.,
Shiraishi Y., Chiba K., Tanaka H., Miyano S.,
Shimamoto A., Tahara H., Ito E., Kojima S.,
Kurumizaka H., Ogawa S., Takata M., Yabe
H., Yabe M. (2015) Mutations in the gene
encoding the E2 conjugating enzyme UBE2T
cause Fanconi anemia. Am J Hum Genet., 96,
1001-1007. doi: 10.1016/j.ajhg.2015.04.022.

Takahashi D.* Sato K.* Hirayama E.,
Takata M., Kurumizaka H. (2015) Human
FANI1 promotes strand incision in 5'-flapped
DNA complexed with RPA. J Biochem., 158,
263-270. doi: 10.1093/jb/mvv043. (*: equal
contribution)

Sato K., Ishiai M., Takata M., Kurumizaka H.

(2014) Defective FANCI binding by a
Fanconi anemia-related FANCD2 mutant.
PLoS One, 9, el14752. doi:
10.1371/journal.pone.0114752.

Takahashi D.*, Sato K.*, Shimomuki M.,
Takata M., Kurumizaka H. (2014)
Expression and purification of human
FANCI and FANCD?2 using Escherichia coli
cells. Protein Expr Purif., 103, 8-15. doi:

10.1016/j.pep.2014.08.012. (*:
contribution)

equal

7. Unno J., Itaya A., Taoka M., Sato K., Tomida
J., Sakai W., Sugasawa K., Ishiai M., Tkura
T., Isobe T., Kurumizaka H., Takata M.
(2014) FANCD2 binds CtIP and regulates
DNA-end resection during DNA interstrand
crosslink repair. Cell Rep., 7, 1039-1047.
doi: 10.1016/j.celrep.2014.04.005.

FANCI-FANCD2
23 DNA

2015 10 19-21 ( )
2. Sato K, Shimomuki M, Kurumizaka H.
Biochemical analysis of DNA crosslink
repair proteins, FANCI-FANCD2 complex in

homologous recombination  International
Symposium on  Chromatin  Structure,
Dynamics, and Function, ,2015 8
23-26
3' > 2 b
___ Fanconi FANCD2
37
, ,2014 11 25-27
4' b b 2
o FANI

,2014 7 23

http://www.kurumizaka.sci.waseda.ac.jp

@
SATO, Koichi



