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Environmentally-Induced Bulky DNA Lesions

BPDE-DNA Adduct
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From DNA Repair and Mutagenesis , Friedberg, E. C. ed.



Crystal Structure of BPDE-Adduct in Ternary Complex with a DNA Polymerase

Ling et al., PNAS 101, p2265-2269 (2004)
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Xeroderma Pigmentosum (XP)

The TLS polymerase Pol7 is defective in XP-Variant patients

From DNA Repair and Mutagenesis , Friedberg, E. C. ed.



Replicative DNA Polymerases:

High fidelity on undamaged DNA template.

Poln, a Trans-Lesion Synthesis (TLS) DNA Polymerase.

Low fidelity on undamaged DNA, but can use UV-damaged DNA as
template.




Role of Poln in Replicating UV-Induced Damage
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Role of Poln in Replicating UV-Induced Damage
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Effect of Poln-deficiency on Replication of UV-Damaged DNA
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TLS Polymerases In Eukaryotes:
REV1, Pol, Poln, Polk

Poln bypasses TT dimers (but not BPDE adducts) in vitro.
Polk bypasses BPDE adducts in vitro.
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Chk1 Phosphorylation is Coincident with PCNA mono-ubiquitination
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Role of Chk1 in Rad18 Phosphorylation
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Radl18 Phosphorylation Sites Identified by Mass Spectrometry
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Cdc7 (Dbf4-Dependent Kinase, DDK)

Cdc7 involved in initiation.

Once considered a candidate target of S-checkpoint.




Cdc7 (Dbf4-Dependent Kinase, DDK)

Now, appears that Cdc7 remains active during rep stress.

Cdc7 Is an Active Kinase in Human Cancer Cells Undergoing
Replication Stress™

Recated for publlcation, May 10, 2006, and In resad form, October 5, 2006 Published, JBC Papers In Fress, October 24, 2006, DO 10,1074/ |be MECH4 57200

Pierluigi Tenca, Deborah Brotherton', Alessia Montagnoli, Sonia Rainoldi, Clara Albanese,
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Cdc7 (Dbf4-Dependent Kinase, DDK)

Role of Cdc7 in recovery?

A Fission Yeast Gene, him1™/dfpI™, Encoding a Regulatory Subunit
for Hskl Kinase, Plays Essential Roles in S-Phase Initiation
as Well as in S-Phase Checkpoint Control and
Recovery from DNA Damage

TADAYUKI TAKEDA,"? KEIKO OGINO,"? ETSUKO MATSUI.]‘{ MIN KWAN CHO,' HIROYUKI KUMAGAL"
TSUYOSHI MIYAKE, 't KEN-ICHI ARAL"? anpo HISAO MASAT">*

Department of Molecular and Developmental Biology, Institute of Medical Science, University of Tokyo, ' and CREST,
Japan Science and Technology Corporation (JST),~ Tokyo 108-8639, Japan

MoLECULAR AND CELLULAR BIOLOGY, Aug. 1999, p. 5535-5547
0270-7306/99/$04.00+-0
Copyright © 1999, American Society for Microbiology. All Rights Reserved.




Cdc7 (Dbf4-Dependent Kinase, DDK)

Role of Cdc7 in TLS?

CDC7/DBF4{ Functions in the Translesion Synthesis Branch of the RADG6
Epistasis Group in Saccharomyces cerevisiae

Luis Pessoa-Brandao® and Robert A. Sclafani® !

Cenetics 167: 15971610 { August 2004 )




Radl18 regulated by phosphorylation.
Radl18 involved in recovery from replication stress.

Epistatic relationship between Rad6 and Cdc?7.

Is Cdc7 a Rad18-directed kinase?




DDK Phosphorylates Rad18-Rad6 Complex

Cdc7-Dbf4 (ng:: 0 5 10 20 50

250 -
150 -

100 -
Autoradiogram: 75- v Radl8

50 —
37—

25—
20—

250 —
150 —

100 —
Coomassie: 75 — Radl8

50 -

37—

05 _ Rad6

20—




Recombinant Radl18 fragments
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Dbf4-Cdc7 Phosphorylates Rad18 in vitro

IB: o-GST

Dbf4
Cdc7
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Rad18 guides poly to replication stalling sites ~ THE
through physical interaction and PCNA EMBO
monoubiquitination JOURNAL

Kenji Watanabe'?%, Satoshi Tateishi'®,
Michio Kawasuji®, Toshiki Tsurimoto?,
Hirokazu Inoue® and Masaru Yamaizumi’*




Poln-binding motif of Rad18
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Alanine-scanning of S-Box

Autoradiogram:

Coomassie:
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Species Conservation of Rad18 S434

human
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Radl18 S434 Phosphorylation in Intact Cells
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DDK Ablation inhibits S434 phosphorylation and Rad18-Poln association
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DDK Ablation inhibits S434 phosphorylation and Rad18-Poln association
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DDK Ablation inhibits S434 phosphorylation and Rad18-Poln association
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Relationship of Rad18-Cdc7 during genotoxin response?




UV-Induced Association of Rad18 with Cdc7
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UV-Induced Phosphorylation of Rad18 S434
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UV-Induced Phosphorylation of Rad18 S434

Rad18

Con (WT)
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Is Cdc7 Necessary for DNA damage-induced Rad18-Poln Association?




UV-induced Rad18-Poln interaction is Cdc7-dependent
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S434 phosphorylation Required for Association of Rad18 with Poln
but not Rad6
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Rad18 S434 phosphorylation does not affect PCNA-directed E3 ligase activity
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Rad18 guides poly to replication stalling sites ~ THE
through physical interaction and PCNA EMBO
monoubiquitination JOURNAL

Kenji Watanabe'?%, Satoshi Tateishi'®,
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Hirokazu Inoue® and Masaru Yamaizumi’*

Prediction: DDK necessary for guiding of Polznto replication foci by Rad18




Effect of Cdc7 Depletion on Poln foci
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Effect of Cdc7 Depletion on Poln foci
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Effect of S434>A and S434>E substitutions on Rad18-Poln association
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Effect of S434>A and S434>E substitutions on Poln foci
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Effect of S434>A and S434>E substitutions on Poln foci
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Effect of S434>A and S434>E substitutions on Poln foci
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Effect of S434>A and S434>E substitutions on Poln foci
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Biological Consequences of Failure to Recruit Poln Efficiently

XPV cells are often UV-sensitive.

Does Phosphorylation-resistant Rad18 Phenocopy XPV?




Effect of Rad18 S434>A substitution on UV-tolerance
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Effect of Rad18 S434>A substitution on UV-tolerance
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Additional Phosphorylation Sites in Poln-Binding Domain of Rad18
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Additional Phosphorylation Sites in Poln-Binding Domain of Rad18
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JNK Phosphorylates Rad18 in vitro

Rad18 (S409): KLDSPEEL
AP-1, JunD, JunB, ATF-2: KLASPELE




JNK Phosphorylates Rad18 in vitro

Rad18 (S409): KLDSPEEL
AP-1, JunD, JunB, ATF-2: KLASPELE

Coomassie  Autorad
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UV-inducible Rad18 S409 Phosphorylation in Intact Cells
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UV-Induced Rad18 S409 Phosphorylation is INK-Dependent
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Radl18 S409A Expressing Cells are UV-sensitive

Colony Survival (%)
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Radl18 Phosphorylation — Further Questions:

Relationship between Chk1 signaling, DDK, JNK and Rad18?
Mechanism of association between Rad18 and Poln
Slgnificance of Rad18 Phosphorylation in vivo?

Role of Rad18 Phosphorylation in regulating Poli, Polk, Rev1?

Does Rad18 phosphorylation influence other (non-TLS)
DNA Repair pathways?




Complementation of RAD18-/- cells with Rad18
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. Background: Responses to DNA Replication Fork Stalling

(i) S-phase checkpoints
(i) Trans-Lesion Synthesis (TLS)

. Regulation of TLS by Rad18 Phosphorylation

. Replication Fork-Independent roles of Rad18 in DNA
repair




Rad18 regulation as a function of the cell cycle?
Rad18 regulation by stresses that activate SAPK pathway:

UV, Reactive Oxygen Species (ROS)




Reactive Oxygen Species (ROS)

ROS generated endogenously via aerobic metabolism.
Environmental Sources: UVA, B[a]P
Oxidative DNA damage is implicated in cancer, aging

8-0x0G is one of most abundant DNA lesions induced by ROS
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Base Excision Repair

Go
dsDNA
ﬁ Glycosylase (OGG1)
Abasic site AP

(non-coding)

ﬁ Incision by AP endonuclease

SSB

2,400 8-0x0G / cell

30,000 Abasic sites / cell
Swenberg et al., Tox Sci 120 130-145 (2011)




Relationship between TLS and ROS-Induced DNA Lesions

8-0xo0G is highly mutagenic, bypassed accurately by Poln

Poln prevents mutagenesis due to 8-oxodG
Haracska et al., Nat Genetics 25, p458 (2000)
McCulloch et al., NAR 37, p2830 (2009)

Lee & Pfeifer Mut Res 641, p19 (2008)

Poln mediates TLS across non-instructional abasic sites
Choi et al. J. Mol Biol 404, p34-44 (2010)




Rad18 regulation as a function of the cell cycle?
Rad18 regulation by stresses that activate SAPK pathway:

UV, Reactive Oxygen Species (ROS)




Cell Cycle Kinetics of Primary Human Fibroblasts
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PCNA Mono-ubiquitination is DNA Replication-Independent

G1 S-phase
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PCNA Mono-ubiquitination is DNA Replication-Independent
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PCNA Mono-ubiquitination is DNA Replication-Independent

G1 S-phase
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PCNA Mono-ubiquitination is DNA Replication-Independent

G1 S-phase

siCon: -
siRad18: +
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H202-induced ATM hyper-phosphorylation:

Phenocopied by Pol7; depletion,
Corrected by Rad18 or Pol7; over-expression (not Polx)




Single Cell Gel Electrophoresis 'Comet' Assay

Untreated 0 hr + H,0, 1 hr post-H,0,




Single Cell Gel Electrophoresis 'Comet' Assay

Untreated 0 hr + H,0, 1 hr post-H,0,

‘Tail moment': %DNA in tail x length of talil
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Kinetics of DSB Repair in TLS-defective Cells

Tailmoment
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Hypothetical Role of Rad18 in SSB Repair
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Hypothetical Role of Rad18 in SSB Repair
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Hypothetical Role of Rad18 in SSB Repair
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Hypothetical Role of Rad18 in SSB Repair
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Hypothetical Role of Rad18 in SSB Repair
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Conclusion:

Replication Fork-Independent Mechanisms of Rad18-Poln activation.

Onqgoina:

Differential contribution of PCNA-Ub and Poln chaperone activities of Rad18
in G1 and S-phase?

Roles of Rad18 in Tolerance of ROS-Induced DNA Damage in Post-Mitotic Cells?

Synthetic Lethality between Rad18 and DSB Repair in Repair of ROS-Induced
DNA Damage?

Role of Rad18 PTM in Cell Cycle-Specific Responses to DNA Damage?




Cdc7

e
- -
- -
=
—

Chk1

JNK

ATR

CDK |

| [LLI [ |C

®®

N |

E® ®

Radl18




Cdc7

e
- -
- -
=
—

Chk1

JNK

ATR

CDK |

| T |C

®®

E® ®

N |

Radl18




PCNA

Cdc7

e
- -
—— -
—
—

Chk1

JNK

ATR

CDK

|IC

[ [TTT1]

®®

E® ®

N |

Radl18




Chkl | [cdc7 & ‘
JNK '

. ‘| ) Rad6
7
ATR ' ', ‘

CDI‘? \\\\ \\\ I‘ : // PCNA
v N RO
RFC2
Radl8 | N [ 0T 0T 1 T IO 1cC /
® ®®
\ FA Pathway
DSB

Repair




Chkl | |Cdc7
JNK '
\ |
ATR .
CDK AN
VN N vy Y
Radl8 | N [ [T 1T T [ 1T O 1cC
® ®
=

Expression/Activity

affected by naturally-occurring
Mutation or SNP?

// PCNA

~ > |RFC2

\ FA Pathway
DSB

Repair




Chk1l Cdc7
JNK - @ |

I
|
\ VL7
\ VL
ATR \ L
\\ \ 1 /
CDK AN ’ L ’

. N PCNA

I \‘ TS \\ || : )

ll \\ \\\ \\ 11 //

Voo NN VY K
RFC2
Rad18 | N [ I [T O01cC /
® ®
A A \
R FA Pathway
/// "
]
Expression/Activity !
affectfed by natur?ally-occurring ! DSB
Mutation or SNP~ ! Repair
1
1

Oncogenes?
Tumor Suppressors?




_
Chkl | | Cdc7 ‘
INK

' .
IR TN
ATR \ L A '
S \ 1| /
CDK N Voo ’
| N PCNA
1 ‘\ AN \ (. y
ll \\ \\\ \\ || : ///
\ 2 N Yy K
RFC?2
Radl18 | N [] I I N e /
® ®
A A \
R \‘ FA Pathway
/// " ‘\
I
Expression/Activity ! \
affected by naturally-occurring ! | DSB
: ) 1 .
Mutation or SNP? ! “ Repair
I, \\
Oncogenes? Small Molecule
Tumor Suppressors? Inhibitors
(Therapeutics)?




Acknowledgements

Aditi
Bi Gurkar

Laura | Ihnyoung Tovah
Barkley Song Day

Michael Yang Kumar
Durando Yang Palle

Dr. Hisao Masai
(Tokyo Metropolitan Institute Medical Sciences)

Dr. Alain Verreault
(University of Montreal)

Dr. Beth Sullivan (Duke)

Dr. Satoshi Tateishi
(Kumamoto University)

Drs. Jim Swenberg, Natalie Kerr, Bill Kaufmann,
Stephanie Smith-Roe, Dale Ramsden, Bill
Janzen, Monte Willis (UNC)




