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Preface

To cope with the increasing social needs of safe nuclear power development, the
continual improvement of our knowledge of radiation hazard and its risk is of great
importance. This institute has organized inter-divisional teams of researchers and
carried out a successive series of experimental research projects since 1973, and has
resulted in much success in radiation-induced carcinogenesis and mutagenesis and some
radiotoxicological studies.

The better understanding of the mechanisms by which radiation induces cancers and
genetic disorders is important to improve the extrapolation of epidemiological data to
derive estimates of radiation risk. UNSCEAR report 1993 suggested that studies in
human and mouse of genomic damages due to radiation should be carried out at the
molecular level. The information from a worldwide research effort on the Human
Genome Project initiated by DOE and NIH will be especially helpful in this regard.

This eight years group research project entitled “Genome Analysis on the Biological
Effects of Radiation” has been conducted in 1993-2001. The project consists of two
major research groups aimed to study the human and mouse genomic regions involved
in radiation sensitivity and to study the mechanism of radiation-sensitivity by doing the
genome analysis on model organisms with developing a systematic genome analysis
system,

The mapping and sequencing data obtained in this project have been deposited with
GDB (Genome Data Base) and DDBJ (DNA Data Bank of Japan), respectively. The
cDNA data was also opened on the WWW homepage of NIRS. The significant results
were published in international journals listed in this report. These mapping and DNA
data bases and findings will contribute for better understanding of the genes functioning
radiation-sensitivity and also biodefence mechanism against radiation and other

environmental stress.

Mitsuoki Morimyo
Supervising Researcher
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Genome sequencing and informatics
Kazuei Mita, Kimihiko Sugaya, Sachiko Ichimura*, Mitsuru

Nenoi*, Hideo Tsuji**

Genome Research Group, *Division of Biology and Oncology,
**] ow Dose Radiation Risk and Carcinogenesis Research

Group

In order to identify radiation sensitive genes and to
characterize genomic region corresponding to those genes, we
have developed comprehensive analysis system coupled with
large-scale (mega-base revel) sequencing. Based on this
system, the following four investigations were carried out: 1)
cDNA and genome (focused on chromosome IIT) analysis
project of fission yeast Schizosaccharomyces pombe, 2) ESTs
and genome analysis of silkworm Bombyx mori to reveal genes
responsible for multi-cellular functions, 3) Analysis on
temperature-sensitive mutations of RNA polymerase II, 4)
Mechanism of ubiquitin gene activation by UV and X-ray
irradiation.

1) Our purpose in cDNA project using fission yeast
Schizosaccharomyces pombe is to compile a comprehensive list
of the house-keeping genes of eukaryotes. Since most of the
house-keeping genes are conserved throughout eukaryotes and
the fission yeast is the simplest eukaryote with a minimum
number of essential genes of a eukaryotic cell, we chose fission
yeast as a model organism to understand the function of house-
keeping genes. We have, thus far, sequenced more than
12,000 clones and identified more than 2,500 independent
clones. In the course.of this project, we enumerated all the
members of translation elongation factors of S. pombe.

2) Aiming at the genome analysis of Bombyx mori, we have
started to construct the EST database through the analysis of

c¢DNA libraries. Since the gene expression patterns deeply

depend on tissues as well as developmental stages, we took the
following strategy: cDNA libraries of various tissues (and
different stages) were constructed by the directional cloning
method. 1000 cDNA clones were chosen at random from
each library and cDNA sequences were determined from the
5’end, followed by gene identification with protein homology
search in public protein databases. So far, we determined
over 15,000 cDNAs derived from 20 cDNA libraries, and
identified 6,000 independent ESTs. We initiated the
construction of Bombyx BAC contigs by hybridization using
independent ESTs as probes.

3) RNA polymerase II (pol II) is a multi-subunit enzyme
responsible for the transcription of most genes in higher
eukaryotes. It forms enormous complexes, or holoenzymes,
that associate with other proteins involved in related function
like the repair of damage in DNA. At the heart of each
individual polymerizing complex lies the catalytic subunit,
RPRBI; this is the largest subunit found in the core enzyme. In
order to reveal various functions of pol II, some temperature-
sensitive mutants of RPB1 have been characterized. A
temperature-sensitive mutant of the CHO-X1 line known as
tsTM4 contains a mutation in RPBJ that also interferes with
progression through the cycle; these cells arrest in S phase at
the non-permissive temperature, and have increased levels of
sister chromatid exchanges. Genomic fragments containing
the entire coding region of the human RPBI gene — as well as
the corresponding cDNA tagged with green fluorescent protein
— complement the temperature sensitive defect in tsTM4.

This defect results from a point mutation (a C-t6-T transition)
that changes the amino acid residue at position 1006 from a pro
toaser. Proline™™® proves to be highly conserved throughout
eukaryotes, and substituting the homologous residue in
Scizosaccharomyces pombe with a serine also led to genome
instability and defects in cell cycle progression. The other
temperature-sensitive mutant, tsAF8, of the Syrian hamster cell
line, BHK?21, arrests at the non-permissive temperature in mid-
G, phase. We show that RPB1 in tsAF8 — which is found

exclusively in the nucleus at the permissive temperature — is



also found in the cytoplasm at the non-permissive temperature.
Comparison of the DNA sequences of the RPBI gene in the
wild-type and mutant shows the mutant phenotype results from
a (hemizygous) C-to-A variation at nucleotide 944 in one RPBI
allele; this gives rise to an ala-to-asp substitution at residue 315
in the protein.  Aligning the amino acid sequences from

various species reveals that ala®*

eukaryotes.

4) Through its covalent conjugation to various intracellular

is highly conserved in

protein substrates, ubiquitin has been shown to be involved in
diverse cellular processes, such as ATP-dependent proteolysis
of abnormal or short-lived proteins, chromatin organization,
stress response, DNA repair, cell cycle control and
programmed cell death. In order to investigate the mechanism
of ubiquitin gene activation, we isolated human polyubiquitin
gene, UbC, from HeLa cells and hamster counterpart, CHUB2,
from V79 Chinese hamster cells, and determined their gene
structures in this study. Northern analysis revealed that the
expression of the CHUB2 gene is not inducible by UV light or
TPA treatment, whereas the human UbC is activated. The 5'
upstream region of the CHUB2 gene is distinct from that of the
UbC gene in containing low recognition sites for binding of
transcription factors. The absence of AP-1 sites in the
promoter of CHUB2 gene was likely to be responsible for the
very dissimilar regulation of the two genes by UV and TPA,

despite the fact that these genes are evolutionarily equivalent.
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phase) were used. Similar results were observed in
tetrads.
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Table. 1 Summary of inductions of human polyubiquitin genes

(UbC and UbB) and hamster polyubiquitin genes (CHUB2 and
CHUBI) with various stresses.

UbC UbB CHUBZ CHUB1

Stress

Heat shock  +++ + o+ +
TPA ++ - +/- -
uv ++ - /- -
X-ray + +/- +/- /-

The degree of induction is given by -, +/-, +, ++ or +++, - denotes no
induction, whereas +++ means an intense induction, The gene activation
was estimated by Northern analysis.

M, UV, X EREHICHLTidE b UbC BEFIIRE
ERTHL. TNOHAT I —)8— FDNLAY~— CHUB2
BEFIIBEZRIAMNO/Z. ZOBEEFEEEOEN
EHONK TR0, MEEFO5’ LRAGIERZ
£F4& 4kb ULERD > THERNZREL. TOHEE
BB Lz (K4) . B~ UbC T HSF, AP-1, NF-kB,

(A) Chinese hamster, CHUB2 <
om  w ou - 3
2w o w A ar
uu © 7] ¢ ETra E] 1
zz z I z )
e L . iiton (TIPS [E]T]F
cxoal e coding regioa )
29
{B) Hunan, ULC ey
bl wfidaat
P vriz b et <D
o 258839 o 7uk<)|| PA%S 3
3 L e EThdT Taaz S ol
§ a8F B L ng 21
Z & 3 == @
| == [ .
intron [A A3 AT T7 TR 7]}
eaoni L cnding reg10A et
distat clements proximal chements
L N X )
5 4 ) 2 ! 0 ' 2 3 som

[¥] 4 Schematic representation of overall structure
of the UbC and CHUBZ2 genes. Sites of a perfect
match to the consensus sequences for transcription
factors AP-1, NF-kB, SP-1, NF-IL6, HSF and RAD
sequence in the upstream region and aroud the tran-
scription initiation site of each gene are indicated,
together with the TATA box. The numbers given in
the hatched coding region boxes indicate the indi-
vidually encoded ubiquitins.
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In a study of the structure and function of the
housekeeping genes of eukaryotic cells, we chose
Schizosaccharomyces pombe (S. pombe) as a
model organism. It is assumed to have 6,000
genes and 14 megabases (Mb) compared to
40,000 genes and 3,000 Mb for humans. In spite
of the greater numbers for humans, S. pombe can
be used as a model organism for humans. Because,
its genes are similar to human genes which can be
normally expressed in yeast, its housekeeping
genes are considered to be conserved through
eukaryotic evolution and many of its genes have
introns which make ¢cDNA sequences essential to
determine physical organization of genes from the
genomic DNA sequence. Moreover, the functions
of S. pombe genes are easily identified by
disrupting them with homologous recombination.
1) As the ¢cDNA analysis and its application for
gene function analysis, we have analyzed 12,000
cDNA clones made by mRNA prepared from late
log phase cells of S. pombe and identified over
2,500 genes (900 similar clones with known genes

and 1800 newly found clones). Among the cDNA

clones, 8,118 were deposited with the DDBJ and
opened on the WWW homepage of NIRS
(http://133.63.36.123/~dclust/index.html). We
obtained various kinds of ¢cDINAs without bias,.
To leam gene functions of these genes, cDNA
were spotted on a membrane filter and gene
expression  was examined by  Northem
hybridization with mRNA extracted from stress-
treated cells. Many candidate genes were
identified by stresses such as X-ray radiation,
hydrogen peroxide, UV, and heat treatments.
Among them, ¢492 clone was induced by X-ray
radiation.

2) Genome analysis of chromosome I of S.
pombe was finished and revealed the structure and
function of wvarious genes related to raiation-
sensitivity. By using cDNA clones mapped on the
chromosome IIl of S. pomibe, we determined
DNA sequence of chromosome III by a BAC
library of S. pombe prepared by Osoegawa
(Children’s Hospital Oakland Research Institute).
First, we made a BAC contig map by Southern
hybridization of BAC clones with ¢cDNA clones
mapped on chromosome III. Then, we selected a
minimum set of 20 BAC clones covering the
chromosome III, followed by a shotgun
sequencing. The DNA sequence determined was
confirmed to be more than 99.99 % accurate. We
identified an ORF found in an assembled DNA
sequence as a gene by a gene-finding program and
by homology search in public and our ¢cDNA
databases. We finished sequencing 20 BAC
clones covering 2,482.668 kb at a redundancy of 8.
By these analyses, genes were identified to

number 1162 and an average protein-coding

region was estimated to be 2,137 bp. About half



genes identified were hit by homology search in
cDNA database, which had information how
frequently a gene is expressed. Integrating these
information about gene location on the
chromosome and its relative gene expression into
the genetic map made the gene expression map of
S. pombe chromosome III. A systematic
disruption of 10 genes related to radiation
sensitivity was done and musS mutant exhibited
an increased mutation frequency except rads8,
recQ and Ku70 genes, an indication that there are
some unknown pathways related to radiation
sensitivity. S. pombe will provide a very useful
system to identify genes related to radiation
sensitivity, to clone human homologues and to
know their functions.
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Fig. 1. S. pombe cDNA, genome and gene exp

yses.

In a study of the structure and function of housckeeping genes of S. pombe, analyses of cDNA,
genome sequence and gene expression were done. We extracted mRNA from S. pombe cells, prepared
cDNA by a reverse transcriptase and made a cDNA library of 12,000 clones. All the cDNA clones were

sequenced by a single run and classified into 2,500 independent groups by homology search among them.



dent clones hed in public datab led 21 DNA repair genes, 21 cell cycle genes, 20
protein kinase genes, etc. Those cDNA clones were deposited with DDBJ and opened on the NIRS web
site  (bttp://133.63.36.123/~dclust/index.html). By using these independent clones mapped on
choromosome I1I as an anchor site, the genome sequencing of chromosome III was done and revealed that
it contained 2,482.668 kb and 1162 gen cept both ends carrying tandem repeats of rtDNA gene. A
high-density cDNA filter spotted with cDNAs was used to analyze gene expression by various stresses
such as X-ray radiation, hydrogen peroxide, heat and UV.
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Fig. 2. Homology search analysis of S. pombe cDNA clones.

S. pombe cDNA clones of 12,198 were sequenced and 9,392 clones containing insert DNA were
used for homology search. About half clones were identified homologous clones to have more than 30 %
homology with proteins deposited in public databases and the rest were new without homology with
known proteins. By homology search among cDNA clones, we classified them into 2,500 independent

clones with an average redundancy of 3.2.
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Table 1. 5. pombe cDNA clones related to radiation sensitivity
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Analysis of 12,000 cDNA clones of S. pombe revealed cDNA clones related to DNA repair, cell
cycle, protein kinase, protein synthesis, eic. This table shows the clones related 1o radiation sensitivity and

their homology with known genes of S. cerevisige, mouse and human.
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Fig. 3. Gene expression by various stresses.

A high-density cDNA filter prepared by spotting cDNA amplified with PCR was hybridized with **P-
labeled mRNA extracted from cells treated with various stresses such as X-ray radiation, heat shock,
hydrogen peroxide and UV. Arrows indicate the increase or d of gene expressi pared with

control.
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2Ry NLEEBEECDNAZ A VI —T
Southern hybridization 24T\, 55 3 FA
vy ZEh3200cDNAZO—V %
RAELE. £k, 2RERBOT /L5747
Sy —ZhEEL (A—23v KhRK
B2ifhzefl) L OHRAFEEL LTER LD
URERID BAC 94 77V — (337 /
L) PAZ7F—VTHERLET 24654
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T2 LEBRET—FR—ARUFE2DecD
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Fig. 4. BAC contig map of S. pombe chromosome III.

S. pombe BAC genomic library carrying about 160 kb insert DNA was used to make a physical map
of chromosome III. A high-density filter spotted with BAC clones was hybridized with cDNA clones
mapped on chromosome 1II and a contig map was made. A minimum set of 20 BAC clones covering

chromosome III was selected for a shotgun DNA sequencing.

N—F220OBACIO— &EHL
72 (K4) o 2hH20HOBACIO—
YODNABEREFEZ 3y MU ETHR
ElLk. BAC/O—2iZ160~180
kbDHHEBADNAZEAR, #BACY
O— 63 770—2200 02D,
6~15FDEHETDNAEERS %23
ElLE. BfE. 2 0(H&2TDOBAC/ n—
YODNABHEEY & TL, Mikir DN
ATEISEFR < Eht 2,482,668 bp EWRE L =,
BEFFH7TO7S L ABKTCcDNA
F—IR—ZBRRICLD. 1162 8&EF
ERELERERER2IIRT, B3I RAK

Table 2. Genome ing of S. pombe chrc 1L

BAC clone DNA sequence determined | Protein coding gene

(bp) _ No

8P13 113,742 35
4A24 153,458 56
5D6 156,368 52;
1F4 195,07) 67
7J10 155,362 68
5L20 173,263 59
4A4 175,965 63
6H17 150,554 57
5A3 164,655 71
8HIS 139,891 28
SM3 168,228 63
SM6 176,582 69
2D16 153,309 56
2021 173,757 67
5N15 185,986 77
™4 160,447 55
6D2 138,701 53
7D22 157,487 69
3J10 171,027 63
6A22 118,268 34

Sum 3,182,121
2,482,668 (-overlap) 1162 (-overlap)

Table 2. Genome sequencing of S. pom be chromosome II1.
The ! idi Of ini;

q

set of BAC clones carrying S. pombe chromosome III was
determined by a shotgun sequencing and genes were identified by homology search of ORFs deduced
from DNA sequences in public and cDNA databases and by a gene-finding program specific for S. pombe.
Except both end regions containing tandem repeats of rDNA gene, it contained 2,482.668 kb and 1162
genes, thus 2137 bp/gene.

TiZFEH213Tbp/BEF. 7/ 02
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Fig. 5. Gene expression map of S. pombe chromosome IIL.

Genome sequencing of S. pombe chromosome III was done by a shotgun sequencing of BAC clones
and genes were identified by the use of gene-finding program specific for S. pombe and by homology
search in public and cDNA databases. Analysis of cDNA clones brought information about the relative

freq y, of genes. Combining these two inft ion with the genetic map of S. pombe

chromosomes, we made a gene expression map of S. pombe chromosome III.

40 DRI T EE L 72 B 1{s AR D R EA
D=L, BB E TR 2L
TI2LENRD D, SERESGIHFREELD
MRS Z EESEN D, ¥—T v bE
CFEEZSY T /70— 2ET Z0
PR FBRIERA Y — N —&E T wadneo
EHARATE T T 2 I R 2{ER L THRRE
Wz BT VIEG PR R L T B
BRRSMEAEC BT S 1 0HDE
CFENBICBEFHEEZHAZ. 4(HD
BT rad8, recQ, Ku70, mutS TG T
SRR L. BERBEZESCH T A Y
VAL BREE R TNz, SHEBEDE

Plate wild RADS8 Ku70 MutS

YE 48x10° 345105 3.0 x40 2.7x10°

CAN 5 4 10 81
CAN" freq 1.0x10° 1:2%:102 33x10° 30x10°

YE; 5 g yeast extract, 30 g glucose and 20 g agar per liter
CAN; 20 pg/ml canamycin in YE agar

Table 3. Sp ion freq! ies of gene disrup

From homology search of ORFs deduced from DNA seq d ined, we found 10
genes related to DNA repair and disrupted them by a homologous recombination. We introduced a
uradneo gene to disrupt a target gene in vitro and transformed it in a wild-type strain. The gene disruption
ion and PCR. This table shows the result of 3 candidate genes

was firmed by South hybridi

related to radiation-sensitivity. None of these mutants showed radiation-sensitivity and only a mutS

mutant exhibited a reduced freq y of sp

EFRBERLE (radS, recQ, Ku70 ) Tl
WE RS DR R E R £ RS h
B ok, CNGBEFEZNZNMOSE
BUEE % F oS 795, o L. HERERIICAR
MTDHZEDTIEINT VWD, mutS BR
BEC L RO R M B AR & [ U2 5
NFTA Y TSR L B D05 L bk
10fElcsE L, ERARICEST 22 L
HELE (£3) .

3. &

(1) DZFEcDNAMITT4 0 %D’
FERARL. HARRZIURCETFEILEH
OF BT LIz, £=. HEERALE
GFOMEZRIAT2-0ICEEECcDNA
7 4 VE —EER L CRIE PR 21TV,
MBS FHEEFc4 92 2RAELE,
(2) PEBEMOE IREGERDT ) LETZ
SZAR L. 2,482.668 kb, 116 2 & TF&EARE
Uize 7=, BrFOMERER. BERERE
Bz FHXKZHE L EE PR ZER
B2

(3) 7' LFEITTH B NIz SRR 2 &
1 0:BETOREFHEIEICL D Ku70, rads,
mutS ZEIRE BAREAERR U Tz 0 Ku70, rad8, mutS
HIZ SRR SEIC R LR L, BloEEF
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The Genome Analysis on the Specific Chromosomal
Region Related to Radiation-Sensitivity
Takashi Imai, Hiroko Ito, Masashi Sagara, Yasuharu
Ninomiya

The 3rd Subgroup, Genome Research Group

To isolate and characterize genes associated
with the surveillance and repair systems that find and
repair the damaged DNA after irradiation, we have

taken mainly two different approaches: genome

analysis of the ataxia telangiectasia (AT) locus and

expression analysis of genes of human normal cells
exposed to ionizing radiation.

AT is an autosomal recessive disease associated
with cerebellar ataxia, oculocutaneous telangiectasia,
immunodeficiency, and hypersensitivity to ionizing
radiation. In the course of positional cloning of
candidate genes expressed from the major AT locus,
we identified a new gene, called NPAT, and
‘determined the structural organization of the gene. The
gene encodes a 1,427-amino acid protein containing
nuclear localization signals and phosphorylation target
sites by cyclin-dependent protein kinases associated
with E2F. Our analysis on the promoter region of the
NPAT gene revealed that the gene existed only 0.5 kb
apart from the 5’ end of the ATM gene transcript with
opposite transcriptional direction.  The luciferase
reporter assay with series of the deletion and
substitutional mutants of the upstream region of the
NPAT gene exhibited bi-directional promoter activity
towards both the ATM and NPAT genes. As to the

function of the NPAT gene, we showed that proviral

inactivation of the Npat gene in the Mpv20 transgenic
mouse strain resulted in an early embryonic arrest at
uncompacted eight-cell stage, indicating an essential
function of the gene for cell division. We also found
that the NPAT associated with cyclin E-CDK2 in vivo
and can be phophorylated by this CDK and that the
overexpression of NPAT accelerated S-phase entry.
The measurement of RNA levels for the
complete set of transcripts of a cell under
physiological conditions and in response to irradiation
is usefu! to understand the complex mechanism of the
surveillance and repair systems that find and repair the
damaged DNA. Using SAGE (serial analysis of gene
expression) approach, we analyzed gene expression
patterns of human normal cells exposed to ionizing
radiation. The partial expression patterns of a total
of 19,000 tags (6,900 species) have been constructed.
So far, more than ten new tag-sequences that are
expressed at significantly different levels at different
stages of the cell cycle (from G1 to S phase) after
irradiation have been identified. These data would
be effective as a step towards understanding gene
function and interactions in response to DNA damage.
The new tag-sequences would also be useful for

isolation of new genes involved in DNA surveillance

and repair systems.
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b b T AT BEREESD DNA BEICH
THH# - BEBENEDoTEL. JTO¥E
KDL B FHICREBNEL S LHHABRER
2L izd, T @ DNA BEICNT HE5# - 1BE
MEOBBHIIMEL OREFRITEFRLE LR
FNAT Y ZROT 7O —F EiFCIRIENERLT
B, FLr2Ek b2 ToBERFOEHZ:
RABNCBRD DS by T VI, AL
TWL I BRBETH S,



A EHBRICBVTIE, HAKICE v 2Y
) L OREKBEER (v LY Y) ¥ DNA
HEEHRE (Y—T v 7) #BEELEE D -
TIOLBI 70V = MBRED, ZTORED
HEOEZETH> T, BEEFORERBEFO X
3 ICHEERMTH 2B TFEREBR LDV E
VUM S BEEET A LiX, KERFHEL
Br L. XIETCEL N ADTwvEY Y
HiioRBZITS L& dil. EMRHBEIERZ
MHrEEPAEZTRTE NEGBYERR (MM
BHLEMEE BN CFANE ataxia telangiectasia, AT)
BERiT 2 M 11 BREKEZETNVI—R L LT,
MR Ak 2R LT 11 BRERD AT
BENSEY ) LA EBOBITEITI I L EENE
Lize £, VIV —T7HEFRBRICEFETE
RPoOEEMNT ) ABITORERERICK D,
DNA 8EIIx T 505# - BEMEICED 28
FERZETZEDHICE. REKTYEVTEH
WG FRITE L D S Ml mRNA %{ERE
BICEIT T 2 BEMITEDPNROEEZ S0,
SAGE % H0 I MU MG & BIZ T O RBBLFRIT
TS5 2EHNE L,

HEAEE
1. AT B{ETFEEDFET

IR G A% IZ X o C DNA ([JiBEH
5% 5hi=A. O DNA OB EBMICEL
Rz, MRS RDHEST#S1LX 8T DNA &
BWEITS3F v B4 MEERRED, DNA B
EORH. BECIEROREFEDHED >
TEYINSDREFICREAND D LEVRE
WMEeERZ2BEOHLNLT WD, Ataxia
telangiectasia (AT)IEX &I D b /N EERF L
EMMEIHREE ERER L T HREHESHED
BERTHD, BERET A HREAFY R
TORETIEHE 10 HAK 1 A, REERZ 1%
BELEISRTVD. AT B CIISITHIEE
R OEBEEIN, HADORLE, FHICBER

RIS BWCIMELENRS N5, BEEEH
FERICEL, FloU Uy saREs RS, B Ml
B VS E, BE. AEREOREIRE
INTVWB, RRFICBVTH —BEFICHA
- A4EZEDOHEIVRIBH B LREPSFEHX
NTVWBRERTHB. LI BT, ZO”ER
BEHROMBIIMARIIERZETH . B
TR XS ICHBIE AR RBRAREFICL D
DNA BREZEBER T IHEDIH DM, AT MiaT
& Z OHHEIC RFEDDH B =8, ML DNA B
RBETET. BE-o ECEREEMEIC G
A, ABOBRYELIL > TRAKIRT S
ERT2LEIONTWS, LizD>T AT K
HBEFOBITEF v I RS MEEOERE
WRBZZEBfFIh S,
(NPAT BIF D
1994 FH AT I, A. C. D, EEED 420

HEHI/BEILTWED, FRERZ &ICMA
nd 11 FRERK 2223 BiFicey7IhTn
2o % CTAMETIXZ OHEEE H/N—F 3 YAC,
ARIRaAVF 4 TEERL. BEFOMRE
7272, 1994 FIZ UCLA O Gatti &1 5%l
LT B HANREMD AT BIFIL V-2 7 A
I2&oT A B C BORKEEETIE D11S1818 &
D11S1819 IZEeE N iz #) 850kb DEMICH % &1
SV UT—VEITOBRPRES Lz, BRI
C DEFHOH DS Northen 7 Hw MIBWTH
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OB BWTERCRES N RS Z
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FIZA A5 T)VD Shiloh LS AT BEICH
W T E & (mutation) BB 2 MIEF L WD BT
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ZZTAMEICBOTER L TWE YAC, 2
ZIFAVTFATIE ATM BEFETY T LTH
J=& T % NPAT BRERFD SflL HEIIC 0.5kb



MhEAEIC ATM BEFO S mERWHLUE,
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ATM £ Z DH% { O EED 62T OIEMEE
CBWTEENERO>PR I ehmEaIN, £
"L IUNKERELDO IV —T2h0E L=
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EZAT, CHECKEARAETDE—F —
EEEHPIIBVWTE TV XL EF RER
IZB8PH % GPAT & AIRC #fzF. 27—V a
1aV)& a2Vy#{z+. TAP1 & LMP2 EEFR
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E-S - Lo THIEI N TW BB EFIIBEE
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RN B AT o 720
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HLIhSOEFDBERIZ Cdk ILL>TY VB
fbZhzochhicozr v v idERKICX
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Q BEExv N -2 OMIFEBEN L L FiE
RNA ¥ —7" v MESE DR
BETFORBREE EROCRITT 2 HE L
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We employed two approaches to investigate
the molecular system maintaining the human
genome. One used "fragile site (FRA)", a
model system of cis factors for genetic
instability, and the other utilized genes
concerning genetic stability as trans factors.
FRAs are structurally unstable region of
chromosomes and were considered to provide
useful information for understanding the
maintainance of genome Structure. The genes
responsible for diseases of genetic instability
will be clue to the issue.

A microsatellite repeat of (AAAAT)n was
identified in FRASE harboured on chromosome
8 and an AT-rich minisatellite repeat of 35
bases long wﬁs also isolated from the break
boint region of FRA16B on chromosome 16.

Ataxia Telangiectasia (AT) is a human

genetic disease that is genetically recessive and

manifests cerebellar ataxia and dilation of

blood vessels. AT patient also shows

immunodeijciency, genomic instability, and
high incidence of tumours, as well as
hypersensitivity to ionizing radiations.

The restriction map of the cosmid contig of
the AT gene locus was constructed to provide
useful information for the molecular genetical
analysis, including gene transfer experiments
for functional complementation of the AT
phenotypes using each of genomic genes as
well as mutation analyses of AT patients and
heterozygotes. ATM gene was a possible
candidate responsible for AT phenotype, since
point mutations that would give truncated
products were identified in ATM genes of AT
patients. To establish the functional basis of
ATM gene for the progression of AT phenotype,
we constructed a plasmid vector expressing neo
gene as a selection marker as well as anti-sense
ATM cDNA, and introduced it into HeLa cells.
Transfectant cells were selected and isolated as
(G418-resistant colonies. While the
radiosensitivity of the control G418 colonies
without ATM cDNA insert was not different
from wild type Hela cells, transfectants with
anti-sense ATM cDNA were hypersensitive to
ionizing radiation such as X rays. This
suggested that the reduced activity of ATM gene

was responsible for radiosensitive phenotype of

AT patients.
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Generation and characterization of DNA repair-deﬂment model mice
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XPG encodes a structure-specific DNA endonu-
clease that functions for nucleotide excision repair
(NER). XP-G patients show various symptoms from
mild cutaneous abnormalities to severe dermatologi-
cal impairments. In some cases, patients exhibit
growth failure, life shortening and neurological dys-
functions, which are characteristics of Cockayne syn-
drome (CS). The known XPG function as the 3' nu-
clease in NER, however, cannot explain the devel-
opment of CS in certain XP-G patients. To gain an
insight into the functions of XPG protein, we have
generated and examined mice lacking Xpg (the mouse
counterpart of human XPG gene) alleles. The Xpg-
deficient mice exhibited post natal growth failure and
underwent premature death. Since the XPA-deficient
mice, which is totally defective in NER does not show
such symptoms, our data indicate that XPG performs
an additional function(s) beside its role in NER. Our
in vitro studies showed that primary embryonic fi-
broblasts isolated from the Xpg-deficient mice un-
derwent premature senescence, and exhibited the
early onset of immortalization and accumulation of
p53, which implies that lack of XPG causes genetic
instability. Thus, our data indicate that XPG, in ad-
dition to its role in excision repair, performs a sec-
ond function which is essential for genomic stabil-
ity.

Recent studies showed that human XPG, in ad-
dition to its function in NER, was involved in the
repair of oxidative base damages such as thymine
glycol and 8-oxo-guanine, and this may explain the
genetic instability observed in Xpg-deficient cells.
To clarify this point, we determined spontaneous mu-
tation frequencies and the type of spontaneous base

HYFR IR L D E

substltutlon mutatlons in cells obtamed from normal
and Xpg-deficient mice using the supF shuttle vec-
tor (pN'Y200) for mutation assay. The spontaneous
mutation frequency of the supF gene in pNY200
propagated in the Xpg-deficient cells was about three
times higher than that in normal cells, indicating the
importance of Xpg in reducing the frequeﬁcy .Qf: spon-
taneous mutations. The frequency of spd‘n'tan‘éous
base substitution mutations at A:T sites, particularly
that of the A:T-to C:G transversion, increased mark-
edly in the Xpg-deficient cells.
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Fig. 1 A partial chromosome linkage map showing the

location of the Xpg locus on mouse chromosome 1.
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Fig. 2 Growth characteristics and life span of the xpg mu-
tant mice. (A) Survival curve of mutant mice postpartum.
(B) Average body weights of the xpg mutant mice (solid
circles). The body weights of males and females from Ithe
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Fig. 3 UV survival curves for cells derived from xpg-

deficient mice. The experiments were carried out with the

embryonic fibroblasts from the wild type (open circles)and
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~ gous xpg mutant mice (solid symbols).
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Fig. 4 Growth properties of embryonic fibroblasts (A)

and accumulation of p53 in embryonic cells (B). The ex-
periments were carried out with the embryonic fibroblasts
from the wild type (open circles) and heterozygous (open
squares) mice and from two homozygous xpg mutant mice

(solid symbols).
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carried out with the embryonic fibroblasts from the wild
type (open circles) and heterozygous (open squares) mice
and from two homozygous xpg mutant mice (solid sym-
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