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to chromosome 6q24 and recently, by positional clon-
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Mutations in the novel gene, EPM2A, have been
hown recently to cause the progressive myoclonus
pilepsy of Lafora type. EPM2A is predicted to encode
putative protein-tyrosine phosphatase but its spe-

ific role in normal brain function and in the Lafora
isease is not known. As a first step towards under-
tanding the cellular function of EPM2A in an animal
odel, we have isolated cDNA clones for mouse
PM2A and analyzed its expression. Sequence analy-
es of the mouse cDNA clones revealed a complete
RF that supports the 5* coding sequence predicted

or human EPM2A from the genomic sequence. When
ompared to EPM2A, the mouse homologue, named
pm2a, shows 86% identity at the nucleotide level and
8% identity and 93% similarity at the amino acid
evel. Similar to the human counterpart, Epm2a
howed ubiquitous expression in Northern with a ma-
or transcript size of 3.5 kb. We have mapped the
pm2a to the proximal region of mouse chromosome
0 which is the syntenic region for human chromo-
ome band, 6q24. Our results suggest that EPM2A is
ighly conserved in mammals and might have a con-
erved function. © 1999 Academic Press

The progressive myoclonus epilepsy of the Lafora
ype is a rare but lethal autosomal recessive disorder,
haracterized by the presence of periodic acid stain
ositive intracellular inclusion bodies (1, 2). Lafora
isease (LD) usually manifests as epileptic seizures
uring adolescence with a mean age at onset about 15
ears and a rapid and progressive dementia follows
ften with psychotic features and the patient die
ithin a decade after the onset (3). Earlier, Serratosa

t al. (4) and Sainz et al. (5) have mapped the LD locus
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51-0198, Japan. Fax: 81-48-462-4796. E-mail: yamakawa@brain.
iken.go.jp.
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ng, Minassian et al. (6) identified at 6q24 a novel gene,
amed EPM2A, that encodes a putative protein for
rotein-tyrosine phosphatase. EPM2A transcripts are
lternatively spliced and are detected in all the tissues
nalyzed including brain. Mutations in EPM2A have
een found in a number of LD families and they coseg-
egate with the disease phenotype (6, 7).
Malfunctions of protein-tyrosine phosphatases (PTP)

re linked to a number of oncogenic disorders (8, 9), but
he discovery of EPM2A has been the second example
or their involvement in an non-neoplastic disease (6).

hile PTPs are known to play critical roles in a num-
er of cellular signal transduction pathways, the spe-
ific function of EPM2A in the normal brain and in LD
s not yet known. In recent years, cellular role of var-
ous genes associated with neuronal disorders have
een understood using model systems and therefore,
uch studies may reveal the function of EPM2A as well.
o investigate the EPM2A function in an animal
odel, we have cloned the EPM2A homologue of mouse

nd report here its characterization, expression pat-
ern and chromosomal localization.

ATERIALS AND METHODS

Screening of cDNA library. Based on the partial exonic sequences
eported for the human EPM2A (6), primers were designed to amplify
xons 2 and 4 from the human genomic DNA. The nucleotide sequences
or the forward and reverse primers respectively for exon 2 and 4 are:
-GCTCTTTACAAATTCCTACCGTTCTGT-3, 5-AGTGAGGC-
CTGCAGTTTCGA-3, 5-TGTGATGGGCTGGAATCTGAG-3, and
-GAGCAGGAA CTGCACGCATTA-3. The partial coding sequence of
uman EPM2A was amplified by PCR and the purified PCR products
ere used to screen mouse brain cDNA library of ICR out-bred strain

Stratagene). The library was constructed from cDNAs primed with
ligo(dT) and random primers and cloned into Lambda ZAP-II vector.
he established method of Sambrook et al. (10) was used for the library
creening. Phage lifts from 20 plates containing approximately 2 3 106

laques were hybridized overnight and positive plaques were identified
sing AlkPhos direct labeling and detection kit (Amersham Life-
ciences). The filters were washed at 55°C in the recommended wash
uffer and processed for chemiluminescent detection as per the instruc-



tions. Selected phages were transformed into plasmids by in vivo exci-
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ion as recommended (Stratagene) and the nucleotide sequence was
etermined by dye-terminator method using ABI autosequencer type
77.

Northern blot analysis. Mouse multiple tissue Northern blot was
urchased from Clontech laboratories and hybridization was carried
ut as specified. An 1.4 kb insert of the mouse EPM2A cDNA clone
DM3 was labeled with [32P]dCTP and hybridized overnight with
xpressHyb hybridization solution (Clontech). The blot was washed
nally in 0.13 SSC/0.1% SDS at 55°C and exposed to X-ray film at
80°C.

Screening of genomic library. Mouse C57BL/6N strain genomic
ibrary constructed in EMBL3SP6/T7 vector (Clontech) was screened
sing the 1.4 kb mouse Epm2a cDNA clone, LDM3, as a probe.
pproximately, 1 3 106 plaques were screened using the AlkPhos

abeling and detection method as described above. The clones were
artially sequenced using primers derived from the cDNA sequence
f mouse. For sizing the insert, 500 ng of the DNA was digested with
U of Sal I enzyme for 4 hr to release the vector arms and the

amples were run in 1% agarose gel (SeaKem GTG, FMC) on a CHEF
apper (Bio-Rad).

Fluorescence in situ hybridization (FISH). The direct R-banding
ISH method of Matsuda et al. (11) was followed for the chromo-
omal assignment of mouse EPM2A gene. Mitogen-stimulated spleen
ymphocyte culture was synchronized by thymidine block and
-bromodeoxyuridine was incorporated during the late replication
tage. R banding was performed by exposure to UV light after stain-
ng with Hoechst 33258. For hybridization, the chromosome slides
ere denatured at 70°C in 70% formamide with 23 SSC. The DNA
f mouse 15 kb genomic clone B6LDM8 was labeled with biotin
6-dUTP by nick translation (Boehringer-Mannheim) and hybrid-
zed to the R-banded slides at 37°C in the presence of Cot-I DNA and
almon sperm DNA. The hybridization solution constitutes 50% for-
amide, 23 SSC, 10% dextran sulfate and 2 mg/ml BSA. The slides
ere washed in 50% formamide in 23 SSC at 37°C followed by 23
nd 13 SSC at room temperature. Subsequently the slides were
tained with fluorescein-streptavidin and counterstained with pro-
idium iodide. The image was captured by Photometrics Cooled-CCD
amera using the Leica QFISH system (Leica).

ESULTS

Isolation of mouse EPM2A homologue (Epm2a).
creening of the mouse cDNA library with the human
PM2A PCR products yielded three different clones of

nsert sizes 0.6, 0.8 and 1.4 kb and nucleotide sequence
nalysis confirmed that two smaller ones were in fact
art of the larger clone. An ORF prediction of the
equence from the 1.4 kb cDNA clone LDM3 (GenBank
ccession number: AF124044) revealed an extended
oding frame (Figure 1). The previously reported cDNA
lones for human EPM2A is partial since they lacked
he 59 coding region (6, 7). However, a potential first
xon was suspected in the genomic sequence as it ex-
ended the ORF of the most 59 sequence of cDNA clone
nd also showed all features expected for an eukaryotic
ene (6). Interestingly, the 59 coding sequence of the
ouse cDNA clone LDM3 showed very high homology

o the predicted first exon of the human gene in nucle-
tide as well as to its deduced amino acid sequence
Figure 2). The start site of the coding region for the
ouse clone has been defined on aligning the deduced

mino acid sequence with the sequence predicted for
25
uman EPM2A. Although the 66 bases preceding the
redicted start site did not show an in-frame stop
odon, the sequence flanking the presumed start site

FIG. 1. The nucleotide sequences of the 1.4 kb cDNA clone,
DM3, and predicted amino acid sequence of mouse Epm2a gene

GenBank accession number: AF124044). Upper and lowercase let-
ers in the nucleotide sequence designate the coding and noncoding
egions of the transcript respectively. The boldface letters of the
mino acid sequence define the putative phosphatase domain. The
tart site of the coding region has been defined on aligning the
educed amino acid sequence expected for the human first exon (see
igure 2) but the 66 bases preceding the proposed start site did not
how any in-frame stop codon. Arrow defines the last exon as iden-
ified by the partial sequencing of the genomic clone, B6LDM8.
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ACCGCCATGC) has features of the Kozak’s consen-
us sequence suggested for an eukaryotic translation
tart site (12). Moreover, in the genomic sequence, the
redicted start codon for human EPM2A was preceded
y an in-frame TAG at 70 bases 59 to it (6). The deduced
PM2A protein of mouse harbors the putative protein-

yrosine phosphatase (PTP) domain and encodes 331
mino acids, one amino acid less to the predicted pro-
ein of human (Figure 2B). When compared to human
PM2A, the mouse homologue, named Epm2a, showed
6% identity at the nucleotide level in the coding re-
ion and 88% identity and 93% similarity at the amino
cid level (Figure 2).

FIG. 2. Nucleotide and amino acid sequence comparison betw
equence of coding region for the predicted first exon of human EPM2A
or the human, the 59 sequence of partial cDNA (upper case letters; A
rst exon (lower case letters; Acc. No. AL023806) were combined t

dentities. (B) Amino acid sequence alignment for the EPM2A gene
educed from the predicted coding sequence of the first exon (show
onservative substitutions. The boldface defines the putative protein
f the mouse sequence to compensate for an additional amino acid p
dentity between the two sequences.
26
Isolation of genomic DNA clone for mouse Epm2a.
creening of the mouse genomic library with Epm2a
DNA probe yielded two positive clones. End se-
uencing and restriction patterns revealed that the
wo clones are apparently identical. Pulsed-field gels
stimated the insert size to be 15 kb and hybridiza-
ion with the PCR products for exon 4 of human
PM2A gene suggested that both the clones harbor
n exon coding for the putative PTP domain. There-
ore, primers were designed for the coding region and
ne of the genomic clones (B6LDM8) was sequenced
or the flanking regions. This partial sequencing re-
ealed the 59 intron/exon junction (tttctctagGCCGA)

the human and mouse EPM2A homologues. (A) The nucleotide
) was aligned with the corresponding coding region of mouse Epm2a.
No. AF084535) and the preceding genomic sequence of the expected
ther to generate a consensus sequence. Vertical bars indicate the
uman and mouse. The amino acids shown in italics for human are
A). Vertical lines represent identities and dotted lines denote the

rosine phosphatase domain. A gap has been inserted at position 73
icted for the human. This alignment shows 93% similarity and 88%
een
(6
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nd the 39UTR sequence for the last exon that codes
or the putative PTP domain (see Figure 1). The
enomic organization for the last exon of mouse
pm2a is identical to the human gene for having the
inor consensus sequence AG/GC of mRNA splicing

nd in both the species, this exon encodes 91 amino
cids (6, 13).

Chromosomal localization of Epm2a. The chromo-
omal locus of Epm2a was determined by FISH using
he 15 kb genomic clone (B6LDM8) harboring the last
xon and the 39 UTR. On the R-banded metaphase
preads, the genomic probe revealed distinct signals
or Epm2a on mouse chromosome 10A, a syntenic re-
ion for the human chromosome band, 6q24 (Figure 3).

Epm2a expression. To determine the tissue distri-
ution of Epm2a transcripts, the 1.4 kb cDNA clone,
DM3, was hybridized to mouse multiple tissue
orthern blot (Figure 4). As a control, the same blot
as hybridized to actin probe. Epm2a showed rela-

ively higher level of expression in the tissues of
eart, brain, liver, skeletal muscle and kidney when
ompared to spleen, lung and testis. While all the
issues analyzed showed a single discrete band of 3.5
b size, an additional transcript of 1.5 kb was de-
ected only in testis.

FIG. 3. Chromosomal localization of mouse Epm2a gene by FIS
robe on the R banded metaphase spreads made from lymphocytes of
roximal region of chromosome 10 (arrows).
27
ISCUSSION

In the present report, we have described the cloning
nd characterization of the mouse homologue for the
uman epilepsy gene, EPM2A. We demonstrate that
he mouse Epm2a, which encodes a putative protein-
yrosine phosphatase, is located on the proximal region
f chromosome 10 that is syntenic to 6q24 of human
nd also the locus for EPM2A (6, 14). Unlike the hu-
an counterpart (6, 7), the cDNA sequence obtained

or mouse Epm2a is predicted to contain a complete
RF that supports the 59 coding sequence derived from

he genomic sequence for human EPM2A (6). Since no
ull-length cDNA clone has been identified for the hu-

an gene and the complete coding sequence is yet to be
dentified (6, 7), from this sequence comparison it is
easonable to assume that the human EPM2A encodes
32 amino acids and the 59 genomic sequence repre-
ents the first exon.
The predicted protein for Epm2a showed 88% iden-

ity and 93% similarity to the human homologue and
hared 100% identity at the consensus sequence for
atalytic site, called the PTP domain (6). Interestingly,
pm2a showed ubiquitous expression even in mouse
ith a major transcript size of 3.5 kb which roughly
quals the size of human transcript (6). When com-

The 15 kb genomic clone, B6LDM8, for mouse Epm2a was used as
adult mouse. Symmetrical fluorescent signals were observed on the
H.
an
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ared to other tissues analyzed, testis showed an ad-
itional transcript for Epm2a although its overall ex-
ression was lower in that tissue. Since differentially
pliced transcripts were identified for the human
PM2A (6, 7), it is likely that the minor transcript of

estis represents an isoform of Epm2a in mouse. Nev-
rtheless, their very high sequence homology and iden-
ical expression in both the species suggest that
PM2A is functionally conserved in mammals.
The Lafora bodies found in the LD patients have the

roperties of an acid mucopolysaccharide and therefore
t has been suggested that it could be polyglucosan in
ature and an enzyme defect might lead to these dep-
sitions and the disorder (15, 16). Since glycogen me-
abolism is known to be regulated by protein phospha-
ases (8, 9), a putative role for the EPM2A in the
ormation of Lafora body is speculated (6, 7). Present
tudy on the characterization of Epm2a enables the
ouse as an attractive animal model for testing the

bove hypothesis. As has been shown recently for cys-
atin B gene that causes EPM1 (17), generation of
utant mouse for Epm2a should help to understand

he cellular functions of EPM2A and its role in the
athogenesis of LD.

FIG. 4. Northern blot analysis for the mouse Epm2a gene. The
.4 kb insert of the cDNA clone, LDM3, was labeled and used as the
robe. The size of the Epm2a transcript is around 3.5 kb, but an
dditional transcript of 1.5 kb is detected in testis. Control hybrid-
zation with the actin probe is shown in the lower panel.
28
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