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RBELL, MHIERATXPC O XF VL2 FEHERT A
IR L7 CORIBICBWTIE XPC 7217 T% <, UV-
DDB-E3 H % O Td 5 DDB2 & cullin 4A b &

PR 16 MR



WZLEFF MLEINE T DG 0oTz 2OIEFTF UL
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Using cell-free systems and biochemical and genetic ap-
proaches, we study the molecular mechanisms that repli-
cate and maintain genetic information in mammalian cells
and the regulation of cell cycle. Followings are brief de-
scriptions about individual subjects.

1. Mechanisms of chromosome replication

Stepwise assembly of the pre-replicative complex and
the replication apparatus mediates the duplication of
DNA. Assembly of the pre-replicative complex requires
loading of the origin recognition complex (ORC) onto
the chromatin. To define the physiological functions of
the mammalian ORC, we cloned ORC subunit ¢cDNAs
from mouse NIH3T3 cells, and found novel variant forms
of Orcl, Orc2, and Orc3, each derived from alternative
RNA Splicing. RT-PCR and western analyses showed that
OrclB was only expressed in the thymus at an early em-
bryonic stage. Overexpression of these Orc subunits in
cultured cells revealed that OrclA, Orc2A, Orc3A, Orc2B,
and Orc3B are localized in the nucleus. OrclB alone re-
mained in the cytoplasm. Moreover, when a 35 amino
acids spliced fragment from mOrclA was fused with (-
galactosidase, Orc1B translocated into the nucleus. Degra-
dation of transiently expressed OrclB was proteasome-
independent, whereas OrclA rapidly degraded via the
ubiquitin-proteasome pathway. Taken together, mouse
Orcl, 2, and 3 each have two alternative-splicing vari-
ants and naturally occurring OrclB lacks a functional do-
main required for nuclear translocation and proteasome-
dependent degradation.

Cdt1, which is also essential for pre-replicative complex
assembly, is inhibited by geminin, a protein that also par-
ticipates in neural development and embryonic differentia-
tion in many eukaryotes. Although Cdt1 homologues have
been identified in organisms ranging from yeast to human,
geminin homologues had not been identified in C. elegans
and fungi. We identified the C. elegans geminin, GMN-
1. Biochemical analysis revealed that GMN-1 associates
with C. elegans CDT-1, the Hox protein NOB-1 and the
Six protein CEH-32. GMN-1 inhibits interaction between
mouse Cdtl and Mcm6 and licensing activity in Xenopus
egg extracts. RNAi-mediated reduction of GMN-1 pro-
duces enlarged germ nuclei with aberrant nucleolar mor-
phology, severely impaired gametogenesis and chromosome
bridging in intestinal cells. Therefore, the Cdtl-geminin
system is conserved throughout metazoans and geminin in
these taxa regulating proliferation and differentiation by
directly interacting with Cdt1 and homeobox proteins.

To clarify the structural basis of the subunit interac-
tion of archaeal DNA primase heterodimer, we performed
with pull-down analyses using various PrilL mutants. We
identified the PriS-binding hydrophobic surface, which was
masked by a disordered helix H8 in Pril.-NTD structure.

2. Cell cycle regulation

Condensin, a conserved pentameric protein complex
composed of a SMC heterodimer and three non-SMC sub-
units, plays an essential role in mitotic chromosome con-
densation in vivo. Condensin reconfigures DNA structure
using ATP hydrolysis energy in vitro that is stimulated by
mitosis-specific phosphorylation. We found that condensin
phosphorylation sites were different during interphase from
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those during mitosis. Interphase-specific phosphorylation
inhibited condensin activity.

Some plasmids possess addiction modules, a genetic
system that governs programmed cell death. This control
mechanism consists of pairs of genes that encode two pro-
tein components: a stable toxin and an unstable antitoxin.
A similar system also operates at the level of bacterial
chromosomes. The Escherichia coli chromosome encodes
at least five toxin-antitoxin systems.

To understand the structural bases of toxin and anti-
toxin, we determined the structure of YoeB-YefM complex
at 2.5 A resolution. The YoeB and YefM form a 1 : 2 het-
erotrimer. The YoeB structure belongs to a typical ribonu-
clease family like bacterial ribonuclease Sa, and the YefM
has a novel fold. The C-terminal region of one of the YefM
dimers exclusively wraps around the globular structure of
YoeB, suggesting that the cytotoxic ribonuclease activity
of YoeB is controlled by binding of the YefM C-terminal
peptide. Structural determination of YefM free-form of
YoeB also revealed the conformation of YoeB around YefM
binding site to closer orientation seen in the ribonuclease
Sa. This showed that YefM functions as novel ribonuclease
inhibitor, which introduces a conformational change to the
active site of YoeB ribonuclease.

3. Studies on DNA lesions, repair and mutage-
nesis

To understand molecular mechanisms underlying DNA
damage recognition for mammalian nucleotide excision re-
pair (NER), the physical and functional interactions be-
tween XPC protein complex and UV-DDB were investi-
gated, particularly in terms of ubiquitylation. In addition,
a direct stimulatory role of centrin 2 in NER was demon-
strated.

Since eukaryotic DNA must be repaired in the context
of chromatin, we examined effects of the nucleosome struc-
ture on damaged DNA binding activity of XPC complex
and UV-DDB. UV-DDB bound to lesions within nucleo-
some core more efficiently than the XPC complex. Our
results suggest that UV-DDB may be involved in detect-
ing lesions within nucleosome core, which then guides the
XPC complex to the lesions.

To detect the genetic influence of low-dose ionizing ra-
diation at the chromosome level as a result of radioadap-
tive response, we examined the depression of TK mutation
induction in human lymphoblastoid TK6 cell.
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