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Identification and Characterization of a New
Gene Physically Linked to the ATM Gene

Takashi Imai,' > Masatake Yamauchi,' Naohiko Seki,?
Takehiko Sugawara,' Toshiyuki Saito,' Yoichi Matsuda,’, Hiroko Ito,’
Takahiro Nagase,” Nobuo Nomura,” and Tada-aki Hori'

'Genome Research Group, National Institute of Radiological Sciences, Inage-ku, Chiba 263, Japan;
2Laboratory of Gene Structure |, Kazusa DNA Research Institute, Kisarazu, Chiba 292, Japan

Ataxia telangiectasia (AT) is an autosomal recessive disease of unknown etiology associated with cerebellar
ataxia, oculocutaneous telangiectasia, immunodeficiency, and hypersensitivity to ionizing radiation. Although
AT has been divided into four complementation groups by its radioresistant-DNA synthesis phenotype, the
ATM gene has been isolated as the candidate gene responsible for all AT groups. We identified a new gene,
designated NPAT, from the major AT locus on human chromosome 11q22-q23. The gene encoded a
1421-amino-acid protein containing nuclear localization signals and phosphorylation target sites by
cyclin-dependent protein kinases associated with E2F. The messenger RNA of NPAT was detected in all
human tissues examined, and its genomic sequence was strongly conserved through eukaryotes, suggesting
that the NPAT gene may be essential for cell maintenance and may be a member of the housekeeping genes.
Analysis of the genomic region of NPAT surprisingly revealed that the gene existed only 0.5 kb apart from
the 5’ end of the ATM transcript with opposite transcriptional direction. It may be possible to propose the
idea that the promoter region could be shared by both housekeeping genes and that each gene could

influence the expression of the other.

Ataxia telangiectasia (AT) is an autosomal reces-
sive gene disorder defined by a wide spectrum of
defects involving a severe neurological disorder
attributable to progressive degeneration of the
cerebellum, particularly the Purkinje cells, dila-
tion of blood vessels in the eyes, ears, and face,
immunological defects such as atrophy of the
thymus and diminished T cell response, a greatly
elevated incidence of tumors, especially of leuke-
mia and lymphomas, and premature aging (for
review, see Harnden 1994; Shiloh 1995). In addi-
tion, AT heterozygotes, estimated in ~1% of the
population, have a fivefold increased risk of neo-
plasia, particularly breast carcinoma in women
(Swift et al. 1991), although the disease is known
to have an autosomal recessive inheritance.

At the cellular level, AT cells exhibit an un-
usual response to DNA synthesis after ionizing
radiation exposure (i.e., radioresistant DNA syn-
thesis) (Houldsworth and Lavin 1980; Painter
and Young 1980). There were defects in the
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checkpoint function at all phases of the cell cycle
shortly after irradiation, allowing the cells to con-
tinue cycling despite extensive DNA damage (for
review, see Hartwell and Kastan 1994; Thacker
1994). AT cells also show a delayed induction of
proteins associated with cell-cycle arrest, pS3, or
DNA replication and repair, replication protein A
(Kastan et al. 1992; Khanna and Lavin 1993; Liu
and Weaver 1993; Lu and Lane 1993; for review,
see Thacker 1994). These data indicate that the
wild type of the AT gene products may act in an
early step in a specific DNA damage-signaling
pathway (Liu and Weaver 1993; Thacker 1994).
The property of radioresistant DNA synthesis
was used to perform genetic complementation
tests, suggesting that the AT could be divided
into four complementation groups, AT-A, AT-C,
AT-D, and AT-E (Jaspers et al. 1988). Genetic link-
age analyses, however, showed that the genes re-
sponsible for at least groups A, C, and E were
mapped to the same region on chromosome
11g22-q23 (Gatti et al. 1988; Ziv et al. 1991; Mc-
Convill et al. 1993). Although genetic linkage
evidence did not support the hypothesis of ge-
netic heterogeneity, the possibility of a cluster of
genes at the 11q22-q23 locus could not be ruled
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out (McConvill et al. 1994). The gene responsible
for complementation of the D group (ATDC) was
also mapped to chromosome 11q22-q23; how-
ever, the detailed location of the gene was out-
side of the major AT region for the other three AT
groups (Kapp et al. 1992; Leonhardt et al. 1994).
The candidate gene responsible for ATDC was
cloned and analyzed but no mutation, so far, has
been reported in this gene in ATD patients (Le-
onhardt et al. 1994). Linkage analysis by Sobel et
al. (1992) suggested genetic heterogeneity with
possible gene loci in the STMY-D11S132 interval
for groups A and C and in the more distal
D11S147-D115133 interval for group D. In addi-
tion, Sanal et al. (1992) concluded that at least
two distinct loci, A and D, existed with perhaps a
third locus very near the AT-A gene.

Recent haplotype analysis by the interna-
tional consortium has indicated that the major
AT locus, AT-A/AT-C, is localized to an ~850-kb
interval flanked by D11S1818 and D11S1819
(Gatti et al. 1994). More recently, the gene re-
sponsible for AT, ATM, has been identified by
positional cloning on the major AT locus
(Savitsky et al. 1995a,b). The ATM was found to
be mutated in AT patients from all complemen-
tation groups, indicating that it is probably the
sole gene responsible for this disorder (Savitsky et
al. 1995a). The predicted protein of 3056 amino
acids revealed significant sequence similarities to
the proteins containing phosphatidylinositol-3
kinases (PI-3 kinases), such as the Saccharomyces
genes TOR1 (Cafferkey et al. 1993) and TOR2
(Kunz et al. 1993), the Schizosaccharomyces pombe
rad3 gene (Savitsky et al. 1995b), Saccharomyces
ESR1/MEC1 (Hari et al. 1995; Paulovich and
Hartwell 1995), DNA-dependent protein kinase
(Hartley et al. 1995), and Saccharomyces TEL1
(Greenwell et al. 1995; Morrow et al. 1995). It is
very interesting that these candidates of the ATM
family are shown to be involved in mitogenic
signal transduction, meiotic recombination, and
cell-cycle control.

No experimental data, however, have been
reported regarding whether the ATM gene can
compensate the cellular defects in two AT phe-
notypic hallmarks, radiosensitivity and radiore-
sistant-DNA synthesis. It also remains to be de-
termined whether the ATM product has PI-3 ki-
nase or DNA-dependent protein kinase activity or
whether it can bind DNA.

Our attempt was to screen more genes tran-
scribed from the major AT region in a yeast arti-
ficial chromosome (YAC) contig (Imai et al. 1995)
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to examine their possible functions related to
some complicated phenotypes of AT. Here we de-
scribe a new housekeeping gene that lies only 0.5
kb apart from the 5’ end of the ATM transcribed
region with the opposite transcriptional direc-
tion.

RESULTS
Isolation of cDNA Clones

The major AT region on chromosome 11 lies be-
tween D11S1818 and D11S1819 and is estimated
to encompass 850 kb (Gatti et al. 1994). From a
YAC contig, which covered ~2 Mb of DNA at the
boundary between the Giemsa-positive band
11g922.3 and the Giemsa-negative band 11q23.1
and included the entire region of the major AT
locus (Imai et al. 1995), three YAC clones were
chosen and subjected to the island rescue PCR
(IRP) (Valdes et al. 1994) for searching the tran-
scribed sequences. Amplified DNA fragments by
IRP extending from BssHII or Sacll sites to the
nearest Alu repeat in the YAC clones were used to
screen a human testis cDNA library. Three cDNA
clones were isolated from the library consisting
of 6 X 10° clones and these, designated as T4-41,
T4-51, and T4-92, were confirmed to be derived
from at least one of the YACs by Southern blot
analysis of the restriction enzyme-digested frag-
ments of the YACs. Nucleotide sequence analysis
of these clones revealed that no identical nucleo-
tide sequence, except some expressed sequence
tagged sites (ESTs), could be identified in any pub-
lic data bases. Because the Southern hybridization
analysis also indicated that the T4-41 clone is lo-
cated at the center of the major AT locus, we fo-
cused on T4-41 for further characterization.

Northern blot analysis using poly(A)* RNA
from various human tissues with the T4-41 clone
as the probe showed two hybridizing signals of
6.2 and 5.4 kb. These bands were detected in all
of the tissues examined, indicating that the gene
was widely expressed but both the expression lev-
els and the quantitative ratio of the two RNA spe-
cies were slightly different in each tissue (Fig. 1).
An evolutionary conservation test of the T4-41
sequence using genomic DNA from various ver-
tebrates and budding yeast revealed that the gene
was strongly conserved through mammals (Fig.
2). Relatively weak but positive signals were de-
tected in chicken and yeast DNAs, showing that
the gene was conserved through eukaryotes.
These results imply that the T4-41 gene may be a
member of the housekeeping genes.
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Figure 1 Expression analysis of T4-41 gene. insert
DNA was excised from the T4-41 cDNA clone and
labeled with [*2P]dCTP by the random priming
method (Feinberg and Vogelstein 1984). The blots
(MTN | and MTN Il) containing ~2 pg of poly(A)
RNA per lane from 16 different human tissues were
obtained from Clontech Laboratories (Palo Alto,
CA).

Because the insert of the T4-41 cDNA clone
did not extend to the length of the poly(A)* RNA
detected by the Northern blot hybridization,
other cDNA libraries from human testis and pla-
centa were further screened using various restric-
tion fragments excised from the insert DNA of
T4-41, and four clones positive for hybridization
were recovered (Fig. 3). Nucleotide sequence
analysis of all isolated clones permitted the con-
struction of a 5900-base continuous sequence ex-
cluding a poly(A) tail.

The composite sequence of B-39, T4-41, T4-
81, and T4-82, designated NPAT (nuclear protein
mapped to the AT locus; discussed below), was
obtained from both the message and comple-
mentary strands. There was complete agreement
in the nucleotide sequences obtained from the
overlapping areas. The NPAT cDNA contained 66
nucleotides in the 5’-noncoding region, 4281
nucleotides in the coding region, and 1553
nucleotides in the 3’-untranslated region preced-
ing the poly(A) tail [DDBJ (DNA Data Base of
Japan)/EMBL/GenBank accession no. D83243].
There is an in-frame stop codon 43 bp upstream
of the putative start codon. The 3'-untranslated
region contains the hexanucleotide 5'-AATAAA-
3', which could function as a signal for poly(A)
addition or termination of transcription (Proud-
foot and Brownlee 1976) in the expected posi-
tion, 23 nucleotides upstream from the poly(A)
tail.

NEW GENE IN AT LOCUS

Predicted Amino Acid Sequence of NPAT

The total length of the predicted protein was
1427 amino acids with a calculated molecular
mass of 154,300 (any modified residues not in-
cluded) (Fig. 4). The protein was relatively serine/
threonine rich, 21.3% of the total amino acid
residues of the protein, and was acidic.

To predict localization of the protein in a
cell, the deduced amino acid sequence was sub-
jected to the PSORT analysis through the net-
work service of the Institute for Molecular and
Cellular Biology, Osaka University, Osaka, Japan
(Nakai and Kanehisa 1992), suggesting that the
protein may be transported into the nucleus be-
cause it had sequences matching the nuclear lo-
calization signals consisting of four continuous
basic amino acids in the carboxyl terminus (Fig.
4). No existence of a signal sequence or a leader
peptide, which is thought to be necessary for pro-
tein sorting through the vesicular pathway, was
proposed by this analysis. Therefore, the gene
was tentatively designated NPAT.

The data base search with the whole NPAT
nucleotide and deduced amino acid sequences
found no significant similarity with any previous
known genes but detected weak homologies with
yeast cdc24 (Bender and Pringle 1992), human
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Figure 2 Cross-hybridization of T4-41 ¢cDNA and
total genomic DNA from different species. The in-
sert fragment was isolated from the T4-41 cDNA
and used for hybridization as the probe. The South-
ern blot containing 4 pg of genomic DNA per lane
from nine eukaryotic species was supplied from
Clontech Laboratories.
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Figure 3 Schematic diagram of overlapping cDNA clones. The
clones were isolated from testis (T4) and placenta (P3) cDNA li-
braries. The T4-81 clone contained poly(A) at its 3’ end. There was
no typical poly(A) addition signal in the appropriate position of the
T4-81 clone, suggesting that the cDNA clone might be synthesized
by priming from the adenine-rich stretch just posterior of the 3’
end of the mRNA with oligo(dT) in the cDNA synthesis process.
However, at present, we could not exclude that the smaller RNA
molecule, ~4.6 kb, was expressed in human tissues.

three YACs used for the gene identifica-
tion, and the cosmid clones positive for
human DNA were used for construction
of contigs by screening the clone pool
with the genes and the DNA markers
that were mapped previously in the ma-
jor AT locus and by the cosmid walking.
Hybridization of the NPAT cDNA with
the YAC and the cosmid contigs re-
vealed that the gene was transcribed
from telomere to centromere. Through
the mapping of restriction enzyme
cleavage sites on the cosmid contigs, we
found that the same 2-kb EcoRI fragment
of the contig was detected with both the

protein-tyrosine phosphatase zeta precursor
(Krueger and Saito 1992), and human nucleopo-
rin NUP214 (Von Lindern et al. 1992) (33.4%
similar for NPAT 1-1281; 38.2% similar for NPAT
1-1471; 36.6% similar for NPAT 1-1471, respec-
tively). A detailed computer analysis of smaller
fragments in the NPAT product showed similari-
ties with a large number of known protein mo-
tifs, enabling us to identify the region with pos-
sible functional importance. Notable were five
consensus sequences for phosphorylation by
CDK4/E2F and CDK6/E2F complexes (Ser/Thr-
pro-X-Lys/Arg) (Nigg 1993a), 24 protein kinase C
phosphorylation target sites (Ser/Thr-X-Lys/Arg)
(Kishimoto et al. 1985; Woodgett et al. 1986),
and three cAMP/cGMP-dependent protein kinase
phosphorylation target sequences (Lys/Arg-Lys/
Arg-X-Ser/Thr) (Feramisco et al. 1980) (Fig. 4).
The other interesting feature of NPAT was a simi-
larity with a part of the heat shock protein Hsp90
family at 326-339 (Farrelly and Finkelstein 1984;
Binart et al. 1989; Moore et al. 1989; Yamazaki et
al. 1989; Meng et al. 1993). Of the 14 amino acid
residues, 12 were identical or similar between hu-
man Hsp90 and NPAT. This region contained a
sequence resembling the ATP/GTP-binding con-
sensus sequence (Ala/Gly-X-X-X-X-Gly-Lys-Ser/
Thr) (Saraste et al. 1990), although the corre-
sponding amino acid sequence in the heat shock
proteins is not pointed out as the purine-binding
domain (Fig. 4). Another resemblance to the ATP/
GTP-binding domain was found at 523-530 of
the NPAT protein.

Genomic Structure of NPAT 5’-Region

To localize the NPAT gene on a fine physical
map, cosmid libraries were constructed from the
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oligonucleotide probe corresponding to

the 5’ of NPAT cDNA and the 5’ restric-
tion DNA fragment of ATM gene that is tran-
scribed from centromere to telomere (Fig. 5)
(Savitsky et al. 1995a).

Nucleotide sequence analysis of the 2-kb
EcoRI fragment (DDBJ/EMBL/GenBank accession
no. D83244) showed that these two genes lay 513
bp apart in the opposite transcriptional direction.
The data base search with the nucleotide se-
quence revealed that this region contained a 256-
bp sequence that was predicted previously to be
one of the CpG islands isolated by the methyl-
ated DNA-binding column (Cross et al. 1994).
Three degenerative TATA-like boxes were found
in the upstream region at 782 bp, 893 bp, and
918 bp from the 5’ end of the NPAT cDNA. Also,
two GC boxes (Thiesen and Bach 1990) existed at
179 and 195 bp upstream of the NPAT transcript.
Several types of transcriptional regulation motifs
including one heat shock responsible element
(Fernandes et al. 1994) (102 bp apart from the 5’
end of the gene) and two sites of the E2F-binding
domain (La Thangue 1994) (69 and 113 bp up-
stream) could be predicted in the 5’ region of the
NPAT gene that partly overlapped the first exon
and intron of the ATM gene (Fig. 5). It is note-
worthy that some of the promoter elements and
regulatory sequences work in either orientation.
Therefore, this NPAT upstream region may regu-
late transcription of both genes.

DISCUSSION

A close physical relationship between two genes,
ATM and NPAT, in the major AT locus might sug-
gest an important mechanism for the initiation
and regulation of their expression, which could
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Figure4 Amino acid sequence of the deduced translation product encoded
by the NPAT gene. Putative nuclear localization signals are underlined in bold.
Serine (S) and threonine (T) residues that are potentially phosphorylated by
cdk4/E2F or cdk6/E2F complexes (bold box), cAMP-and cGMP-dependent
protein kinase (plain box), and protein kinase C (dashed box) are indicated.
Sequences resembling the ATP/GTP-binding domain are marked by thin un-
derlines. The upper double-lines reveals the region homologous to the hsp90

family.

NEW GENE IN AT LOCUS

5" end of the ATM transcript
with opposite transcriptional
direction although both tran-
scriptional startpoints have
not been determined (Fig. 5).
Mouse homolog of ATM and
NPAT genes were also linked
tightly and their localization
could not be distinguished in
the linkage map (Matsuda et
al. 1996). The NPAT gene
product probably contained
nuclear localization signals at
its carboxyl terminus and
multiple phosphorylation tar-
get sites of cyclin-dependent
kinases, which are found
mainly in RB family proteins,
such as pRB, p107, p130, E2F1
or p53, and SV40T (Nigg
1993Db). The predicted protein
of NPAT also revealed weak
similarities to yeast cdc24. Fur-
thermore, the 5’ region of the
NPAT gene contained two oc-
tanucleotides identical to the
E2F-binding domain, which
are identified in the genes
controlling cell growth, like c-
myc, N-myc, dihydrofolate re-
ductase, DNA polymerase a,
and cdc2 (Nevins 1992). These
imply that the NPAT protein
could be involved in cell-cycle
regulation mechanisms
through its phosphorylation
and transportation between
the nucleus and the cyto-
plasm.

Thus far, we have not
identified any mutations of
NPAT in eight Japanese AT pa-

affect the complex phenotypes of AT. The ATM
gene has been identified as the sole gene respon-
sible for AT because ATM was found to be mu-
tated in AT patients from all complementation
groups (Savitsky et al. 1995a). The ATM gene
product has a sequence similar to the catalytic
domain of PI-3 kinase, and this similarity is
shared with a group of proteins in yeast and Dro-
sophila, all of which seem to take part in cell-cycle
control in the presence of DNA damage (Savitsky
et al. 1995a,b). We identified the new housekeep-
ing gene NPAT, which lies 0.5 kb apart from the

tients in the preliminary experiments. However,
it seems possible that expression of the NPAT
could be affected by the ATM transcription, al-
though the NPAT protein itself has normal func-
tion. It is also not difficult to speculate that the
chromatin structure involving both genes might
be maintained in a common conformation,
which is thought to be related to gene activation.
If the ATM gene lost its expressional control, it
might cause unusual expression of the NPAT
gene at a quantitative level or expression timing.
It was reported that the majority of the identified
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Figure 5 Schematic diagram of the upstream region nestled between ATM and
NPAT genes. Both genes and transcriptional directions are represented by ar-
rows. The 5’-untranslated region in the first exon of both genes is denoted by the
white boxes. The protein-coding region in the first exon of the NPAT gene is
marked by a black box with ATG. The first intron of both genes is represented by
shaded bars. Possible E2F-binding domains, SP1-binding sites, the heat shock
responsible element, or TATA-like motifs are marked by ellipses. E reveals the

Taylor et al. (1994) re-
ported the existence of AT
patients who present an
atypical phenotype, for ex-
ample, milder than ex-
pected clinical and cellular
features, a partial pheno-
type, or typical AT, but
with additional features.
Using 16 patients from 12
families who manifested
clear cerebellum ataxia, but
whose age of onset was late
compared with typical AT
patients, they suggested
that the variant phenotype

EcoRl site of the genomic DNA.

mutations of ATM in the AT patients were frame-
shifts, which probably resulted in total loss of
function of the ATM product because all of the
frameshifts after truncations were reported to oc-
cur before the PI-3 kinase domain except in the
case of AT103LO (Savitsky et al. 1995a). Expres-
sion of the ATM gene may respond to DNA dam-
age after ionizing radiation. Production of the
truncated molecules might not be able to shut off
the predicted feedback system of ATM gene ex-
pression because the amounts of active ATM
product might not be at an adequate level, keep-
ing the promoter region of the NPAT gene also
open together with that of the ATM gene. On the
contrary, transcription initiation of the NPAT
could decrease because the transcriptional basic
factors required for the NPAT gene expression
were deprived by the continuously activated,
mutated ATM gene.

The ideas that the expression of both genes
could influence each other and that this resulted
in the complex phenotype of AT might be sup-
ported by the genetic and the clinical heteroge-
neity of AT (Bundey 1994). It is pointed out that
although AT is almost always inherited as an au-
tosomal recessive, there are some unusual fea-
tures, such as an unexpectedly low parental con-
sanguinity rate, an incidence in sibs that is <0.25,
and occurrence of the disease in many different
races and in the offspring of mixed race unions
(Bundey 1994). Lambert and Lambert (1992)
have proposed a corecessive model of inheritance
for DNA repair and other surveillance genes re-
quiring mutant alleles acting at at least two loci.
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maps to the same region of
chromosome 11 as the
more classic forms of AT,
namely the ATM locus.
This might suggest the possibility that the vari-
ants of AT were caused not only by different mu-
tations of ATM, but also by abnormal expression
of the NPAT gene, which is tightly linked to the
ATM gene.

Interesting properties of the predicted ATM
product, especially containing the PI-3 kinase do-
main, can explain more than one function and
its roles specific to each type of differentiated
cells, such as Purkinje cells, vascular cells, and T
cells. However, identification of the new gene
probably encoding a nuclear protein containing
cyclin-dependent kinase (cdk) phosphorylation
targets and tightly closed to the ATM gene en-
courages us to suggest that the function of NPAT
could be involved in the complex phenotypes of
AT.

METHODS
¢DNA Cloning

YAC clones mapped to the major AT locus, DA2112B2,
961D6, and 890C12 (Imai et al. 1995), were digested with
BssHII or Sacll, respectively, and the resulting fragments
were ligated with the vectorette linkers as described by
Valdes et al. (1994). PCR was carried out in a reaction vol-
ume of 25 plincluding 1x EX buffer (Takara, Otsu, Shiga,
Japan), 200 um dNTP, 1 pM linker primer (Riley et al.
1990), 1.6 uM Alu 5'-specific primer (A522: 5’-
GTGCTGGGATTACAGGCGTGAG-3"), 1.6 uMm Alu 3'-
specific primer (A322: 5'-CGACAGAGCGAGACTCC-
GTCTC-3'), and 2.5 units of EX Tag (Takara). The PCR
conditions were denaturation at 95°C for 2 min followed
by 30 cycles of 30 sec at 98°C, annealing at 60°C for 1 min,
and extension for 4 min at 72°C. The duration of the ex-
tension step was increased by 7 sec each cycle. Amplified


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 13, 2026 . Published by Cold Spring Harbor Laboratory Press

fragments were purified by ultrafiltration with SUPREC-02
(Takara) and used for labeling with [«-32P]dCTP.

Human cDNA libraries were constructed with testis or
placenta poly(A)* RNA (Clontech) and AZAP cloning vec-
tor (Stratagene) according to the procedure recommended
by the manufacturer. Plaque hybridization was performed
at 65°C in 1 M NaCl, 10% dextrin sulfate (Pharmacia), 0.5%
SDS, and 100 pg of sonicated human placenta DNA per ml.
The 32P-labeled amplified DNA fragments were incubated
in 500 ul of the hybridization buffer containing human
placenta DNA at 98°C for 10 min followed at 65°C for 15
min before mixing it with the prehybridization solution.
Filters were washed finally at 65°C in 0.1 x SSC containing
0.1% SDS.

Positive clones were isolated and insert DNAs were
used for hybridization to blots of the EcoRI digested YACs
to confirm whether the cDNA clones were derived from
the source YACs.

DNA sequence analysis was carried out with an auto-
matic sequencer (377A, Applied Biosystems) or manually
by the dideoxy chain termination method.

Northern and Zoo Blot Hybridization

Human multiple tissue Northern blots and zoo blot were
purchased from Clontech Laboratories. Hybridization to
the Northern blots and the following washing were per-
formed according to the procedure recommended by the
manufacturer. The zoo blot was hybridized at 65°C in 1 M
NaCl, 10% dextran sulfate, 0.5% SDS, and 100 p.g of yeast
tRNA per milliliter. The filter was washed at 55°C in
2x SSC, 0.1% SDS, and subjected to autoradiography.

Isolation of Cosmid Clones

High-molecular-weight DNA was extracted from the YAC
clones, DA2112B2, 961D6, and 890C12 (Imai et al. 1995).
Partially digested DNA fragments by Sau3A were cloned
into sCOS-1 vector (Stratagene), and clones containing hu-
man DNA were isolated with cotl DNA (Bethesda Research
Laboratories) as the probe. The cosmid DNAs were digested
with EcoRI and electrophoresed on 0.8% agarose gels.
DNAs were transferred overnight onto a nylon filter (BA8S,
Schleicher & Schuell). Hybridization under stringent con-
ditions with appropriate probes was done as described
above.
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