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Replicative polymerases stall at damaged
template DNA, which hamper cell proliferation. To
circumvent the crisis, ubiquitin ligase Radl8
mono-ubiquitinates PCNA to promote translesion
synthesis via recruiting polymerase m. Male germ
cells in Radl8 knockout mice degenerated gradually
by aging, suggesting requirement of Radl8 for
long-term maintenance of spermatogonial stem cells.
We are investigating the role of Rad18 for genome
integrity and prevention of cellular senescence.
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Recruitment of Rad6-Rad18-Poln complex to
stalled replication fork.

Cellular DNA is continually damaged by intrinsic
sources including reactive oxygen species and

extrinsic sources including UV light irradiation. If
these DNA damages are not repaired, accumulation
of the DNA damages cause cellular death or
carcinogenesis. Most DNA lesions are removed
prior to DNA replication by the nucleotide excision
repair and base excision repair pathways. However,
those repair pathways are not always efficient to
repair the DNA lesions. Therefore, unrepaired
lesions encountered by the DNA replication
machinery on template strand DNA during S-phase
causing replication fork stalling. Cell death may
occur unless DNA synthesis resumes at stalled
replication forks. This resumption process is defined
as DNA damage tolerance (DDT), and is
characterized by re-initiation of DNA replication
without removal of the lesion on a template strand.
DDT is observed in diverse species from E. coli to
humans and is hypothesized to involve three major
steps:  translesion DNA  synthesis  (TLS),
recombination and template switching. The term,
DDT has been wused interchangeably with
post-replication repair (PRR) or DNA damage
avoidance. In the budding yeast S. cerevisiae, genes
belonging to the Rad6 epistasis group are involved
in the DDT pathway, where Rad6 and Radl8
(coding for ubiquitin-conjugating enzyme E2 and
ubiquitin ligase E3, respectively) play a pivotal role.
In vertebrate cells, we have identified a homologue
of Radl8, while two homologues of Rad6 were
identified (designated Rad6A and Rad6B). PCNA
was shown to be mono-ubiquitinated in a
Rad6/Rad18 dependent manner, which is necessary
for DDT. In mammalian cells, TLS polymerases
operate to circumvent replication blocks. Among
TLS polymerases mostly belonging to the Y-family,
polymerase 1 (Poln) is of great interest because the
gene encoding Poln is mutated in a cancer-prone
hereditary disorder, xeroderma pigmentosum variant
(XPV).

We and other researchers have revealed that Poln is
thought to replace replicative polymerase o at stalled
replication forks through interactions with Radl18
and mono-ubiquitinated PCNA. We have proposed
the model how Radl8 guide Poln to stalled
replication sites and promote replacement of
replicative polymerase by TLS polymerase. In
UV-irradiated human cells, Poln and Radl8 are
recruited to nuclear foci in a UV-dose and time
dependent manner. Poln/Rad18 foci are colocalized
with PCNA, suggesting that these are sites of stalled
replication. A mutant Poln devoid of focus-forming
activity cannot complement the XPV defect,
demonstrating the importance of Poln/Radl8
recruitment to stalled replication forks for initiation



of translesion synthesis. Despite the importance of
Poln and Radl8, the molecular mechanism by
which they are recruited to stalled replication forks
are not well understood.

1. Recognition of forked and single-stranded DNA
structures by human Rad18 complexed with Rad6B
protein triggers its recruitment to stalled replication
forks

We present evidence that human Rad18 complexed
with Rad6B protein preferentially binds to forked
and single-stranded DNA (ssDNA) structures,
which are known to be localized at stalled
replication forks. The SAP domain of Radl8
(residues 248-282) is crucial for binding of Rad18
complexed with Rad6B to DNA substrates. Rad18
mutated in the SAP domain fails to accumulate at
DNA damage sites in vivo and does not guide DNA
Pol n to stalled replication forks. The SAP domain
is also required for the efficient mono-ubiquitination
of PCNA. The SAP domain mutant fails to suppress
the ultraviolet (UV)-sensitivity of Radl8-knockout
cells. These results suggest that Rad18 complexed
with Rad6B is recruited to stalled replication forks
via interactions with forked DNA or long ssDNA
structures, a process that is required for initiating
DDT (Ref. 3).

2. Rad18 is required for long-term maintenance of
spermatogenesis in mouse testes

Mammalian Radl8 is highly expressed in the
spermatocytes and the nuclei of a few
spermatogonia in adult mice. To elucidate the
physiological function of Radl8, we analyzed a
phenotype of Radl8 mice. The mice were born
and appeared to grow normally. Although the mice
were fertile, fertility and testis weight decreased
with age. Histological examination revealed normal
spermatogenesis in almost all seminiferous tubules
in Radl8” testes at 2 months old, and abnormal
sperm could not be detected in the epididymis.
However, 25% of the tubules lost almost all germ
cells at 12 months. The seminiferous tubules
frequently retained only late differentiated phase
germ cells, suggesting that the exhaustion of
spermatogonial stem cells leads to the loss of all
germ cells in the seminiferous tubules. Wild-type
germ cells were successfully transplanted into and
colonized in the seminiferous tubules of aged
Radl8” mice, indicating that Sertoli cells have a
normalsupportive function even in aged testes. We
conclude that Rad18 is intrinsically required for the
long-term maintenance of spermatogenesis (Ref. 6).

3. Loss of Radl8 and Chk2 elicits cellular
senescence  via formation of RPA-coated
single-stranded DNA regions

Radl18 is required for long-term maintenance of
male germ cells in mouse testes, raging possibility
that Rad18 play a role to prevent cellular senescence
in germ stem cells. To test this, we stated the
projects to prepare double knockout mice by mating
Radl8" mice with other knockout mice and
examine whether cellular senescence occur in the
MEFs derived from the double-knockout mice.
Chk2 is a tumor suppressor gene and encode protein
kinase to repress cell cycle progression in response
to DNA damages. We have made Chk2”Radl8"
mice by mating Radl8 mice with Chk2” mice.
Unexpectedly Chk2"Radl8" MEFs displayed
cellular senescence-like features. The
Chk2"Radl8” MEFs grew slower than WT MEFs
and were positive for senescence-associated
B-galactosidase stainning. Chk2”"Radl8" MEFs
displayed high amount of RPA foci in nuclei and
high expression levels of p16, p53 and p21 protein
compared to WT, Chk2” or Radl§” MEFs,
suggesting that Radl8 and Chk2 contribute to
prevent exposure of RPA-coated ssDNA regions and
induction of cellular senescence in concerted
manner.

4. Rad18 promotes DNA double-strand break repair
during G1 phase through chromatin retention of
53BP1

Recruitment of Radl8 to stalled replication forks
facilitates monoubiquitination of PCNA during
S-phase, promoting translesion synthesis at sites of
UV irradiation-induced DNA damage. In this study,
we show that Radl8 is also recruited to ionizing
radiation (IR)-induced sites of DNA double-strand
breaks (DSBs) forming foci which are co-localized
with 53BP1, NBS1, phosphorylated ATM, BRCA1
and c-H2AX. Radl8 associates with 53BP1 and is
recruited to DSB sites in a 53BPI1-dependent
manner specifically during Gl-phase, Radl8
monoubiquitinates KBD domain of 53BP1 at lysine
1268 in vitro. A monoubiquitination- resistant
53BP1 mutant harboring a substitution at lysine
1268 is not retained efficiently at the chromatin in
the vicinity of DSBs. In Radl8-null cells, retention
of 53BP1 foci, efficiency of DSB repair and
post-irradiation viability are impaired compared
with wild-type cells. Taken together, these results
suggest that Rad18 promotes 53BP1-directed DSB
repair by enhancing retention of 53BP1, possibly
through an interaction between Radl8 and 53BP1
and the modification of 53BP1 (Ref. 7).



5. A New Disorder in UV-Induced Skin Cancer with
Defective DNA Repair Distinct from Xeroderma
Pigmentosum or Cockayne Syndrome

We report the characterization of a Japanese woman
who exhibited many freckles and skin cancers in

sun-exposed areas, but displayed no photosensitivity.

Fibroblasts (KPSX7) derived from this patient
showed similar UV sensitivity to that of normal
human fibroblasts. The KPSX7 cells showed normal
levels of unscheduled DNAsynthesis, recovery of
RNA synthesis, recovery of replicative DNA
synthesis, protein-binding ability to UVdamaged
DNA, and post-translational modification of
xeroderma pigmentosum (XP) C. These results
indicate that the patient had neither XP nor
Cockayne syndrome. Although these results suggest
that the KPSX7 cells were proficient in nucleotide
excision repair activity, host-cell reactivation (HCR)
activity of KPSX7 cells was reduced. Furthermore,
introduction of UV damage endonuclease into the
cells restored repair activity in the HCR assay to
almost normal levels. These results indicate that
KPSX7 cells are defective for some types of repair
activity in UV-damaged DNA. In summary, the
patient had a previously unknown disorder related to
UV-induced carcinogenesis, with defective DNA
repair (Ref. 5).

6.Non-radioisotope =~ method  for  diagnosing
photosensitive genodermatoses and a new marker
for xeroderma pigmentosum variant

Xeroderma pigmentosum (XP) is an autosomal
recessive disorder characterized by photo-induced
deterioration of the skin, which often leads to the
early development of skin cancers. To diagnose
patients with XP and the related disorder Cockayne
syndrome (CS), our laboratory has established a
simple autoradiographic method that examines three
cellular markers of DNA repair: unscheduled DNA
synthesis (UDS), recovery of RNA synthesis
(RRS) and recovery of replicative DNA synthesis
(RDS). However, it is very laborious to measure the
three markers using tritiated thymidine or uridine;
therefore, we developed a non-isotope method for
diagnosing XP and CS. Fibroblasts from the
patient were labeled with bromodeoxyuridine
(BrdU) instead of tritiated thymidine to measure
UDS and RDS, or were labeled with bromouridine
(BrU) instead of tritiated uridine to measure RRS.
Incorporated BrdU or BrU could be detected using
the immunofluorescence method. Moreover, we
discovered a new useful marker for XP variant
based on checkpoint activity. The non-radioisotope
method and the new marker described here

comprise an easy way to diagnose XP and CS (Ref.
1).
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