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and Rats and Maps to Human Chromosome 7, Mouse
Chromosome 5, and Rat Chromosome 12
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A genomic DNA fragment containing the rat epimor-
phin gene sequence was cloned from a rat DNA cosmid
library using a mouse epimorphin cDNA probe. Within
the cosmid insert, nine epimorphin exons were identi-
fied and sequenced. The predicted amino acid se-
quence of the rat epimorphin protein exhibited 96 and
86% identity with the mouse and human epimorphin
proteins, respectively. Consistent with the develop-
mentally related expression pattern of the mouse epi-
morphin gene, transcripts of the rat epimorphin gene
were detected in 17-day postfertilization rat embryos.
The gene, desighated Epim, was assigned to rat chro-
mosome 12 by somatic cell hybrid analysis and local-
ized to 1216 by fluorescence in situ hybridization. The
mouse and human homologs of this gene were local-
ized on mouse chromosome 5 and human chromosome
7 by linkage analysis and chromosomal in situ hybrid-

ization, respectively. © 1996 Academic Press, Inc.

Epimorphin is a protein expressed on the surface of
mouse embryonic mesenchymal cells (6). The human
homolog of this gene has also been described (7). This
protein is involved in epithelial morphogenesis, includ-
ing hair follicle growth and lung epithelial tubule for-
mation. Here we report the genetic cloning of rat epi-
morphin and the chromosomal mapping of this gene in
rats, mice, and humans.

A mouse epimorphin cDNA probe was prepared from
total RNA extracted from C3H10T1/2 cells (American
Type Culture Collection, Rockville, MD). These cells
were previously shown to express the epimorphin gene
when grown to confluence (6). Total RNA (5 ug) was
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reverse transcribed in a 50-ul reaction containing 50
mM Tris—HCI (pH 8.3), 40 mM KCI, 6 mM MgCl,, 20
mM dithiothreitol, 0.4 mM each dATP, dCTP, dGTP,
and dTTP, 2.4 ng/ul random hexamers (Perkin—Elmer/
Cetus Corp., Foster City, CA), 0.5 U/ul RNase inhibitor
(Perkin—Elmer Corp.) and 400 U MMLYV reverse tran-
scriptase (Life Technologies, Gaithersburg, MD). The
reaction mix was incubated at 22°C for 10 min, and
42°C for 30 min and heated to 95°C for 10 min. The
mouse epimorphin cDNA fragment was then amplified
in a 50-ul reaction containing 6 ul of the cDNA mixture,
50 mM KCI, 10 mM Tris—HCI (pH 8.3), 2 mM MgCl,,
200 uM each dATP, dCTP, dGTP, and dTTP, 4 uM
each sense and antisense primers, and 2.5 U of Taq
polymerase (Perkin—Elmer Corp.). The primers se-
lected from the mouse epimorphin sequence reported
by Hirai et al. (6) were sense, 5'-GTTTCTTCCATC-
AGGTAGAGGAG-3' and antisense, 5'-GCAATCATT-
TGCCAACCGACAAG-3'. The 780-bp cDNA product
was gel-purified using a QIAEX kit (Qiagen, Chats-
worth, CA) and used as a hybridization probe.

A rat genomic cosmid library with inserts of 30—48
kb (Clontech Laboratories, Inc., Palo Alto, CA) was
screened with the mouse cDNA probe labeled by ran-
dom priming (Boehringer Mannheim, Indianapolis,
IN). A single cosmid clone containing the rat epimor-
phin gene was detected and the cosmid DNA prepared.
The purified cosmid DNA was sequenced using a fmol
DNA Sequencing system (Promega, Madison, WI). Us-
ing primers designed from the mouse cDNA coding re-
gion or the newly obtained rat sequence, rat sequences
were determined and compared to the mouse cDNA
sequence. Intron/exon junctions were identified where
the rat genomic sequence diverged from the mouse
cDNA. In this way, nine contiguous exons were identi-
fied and sequenced. The rat genomic DNA sequences
obtained were submitted to GenBank (Accession Nos.
U35039 to U35047). Figure 1 shows the deduced amino
acid sequence of the rat epimorphin protein as well as
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FIG. 1. Comparison of the predicted amino acid sequence of rat epimorphin with those of mouse and human epimorphin. Identical and
conservative residues are marked with asterisks and dots, respectively. We were unable to identify the first 10 amino acids of the rat

epimorphin.

alignments with the amino acid sequences of human
(7) and mouse (6) epimorphin proteins. The primary
structure of the rat epimorphin protein is well con-
served among these species, with the rat sharing 96
and 86% identity with the mouse and human, respec-
tively. Using mouse primers, we failed to identify the
rat DNA sequence homologous to that encoding the
first 10 amino acids of the mouse protein. It is possible
that the nucleotide sequence in this region is not well
conserved between the two species or is not included
in the cloned genomic DNA fragment.

Mouse epimorphin is expressed in a developmentally
related fashion. It can be detected in cultured 13-day
mouse embryonic skin rudiments with vigorous out-
growth of whisker hair follicles (6). Similarly, we de-
tected rat epimorphin mRNA in 17-day postfertiliza-
tion Sprague—Dawley (SD/Hsd) rat embryos by
nonspecific reverse transcription and specific PCR am-
plification as described above but using rat exon se-
guence primers: sense, 5'-GTGTAGGAAAAGCGACG-

ATGGAGAC-3’; antisense, 5'-TCATTTGCCAACCGA-
CAAGCCAATG-3'. The amplified rat cDNA fragment
was gel purified and used as a hybridization probe for
mapping the rat and human epimorphin genes.

The rat epimorphin gene was assigned to a rat chro-
mosome by somatic cell hybrid analysis. The hybrids
used in this study were derived from the fusion of
mouse hepatoma cells (BWTG3) with adult rat hepato-
cytes (HSRD) (13). HindllI-digested DNAs from hybrid
cell lines and nonhybrid rat and mouse cells were blot-
ted onto nylon. The rat and mouse epimorphin DNA
fragments were detected by hybridization with the rat
cDNA probe (840 bp) labeled with [a-32P]dCTP by ran-
dom priming (Boehringer Mannheim). A single hybrid-
ization band was detected from either rat or mouse
DNA. The rat and mouse hybridization bands were dis-
tinct. Of 17 hybrid cell lines, 12 exhibited the specific
rat DNA fragment. Comparison of these results with
the rat chromosome content for each hybrid cell line
indicated that the rat-specific fragment segregated
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FIG. 2. An abbreviated map of mouse chromosome 5 showing
the location of Epim. Recombination fractions are given to the right
of the map for each adjacent locus pair, with the first fraction repre-
senting data from the M. m. musculus cross and the second fraction
representing data from the M. spretus cross. Numbers in parentheses
represent the percentage recombination and standard error calcu-
lated according to Green (5). The chromosomal locations of the hu-
man and rat homologous loci are indicated to the left of the mouse
map.

with chromosome 12 with complete concordance. At
least two discordant clones were found for each of the
other chromosomes.

Regional chromosome localization of the rat epimor-
phin gene was obtained by fluorescence in situ hybrid-
ization (FISH) using as a probe the rat cosmid DNA
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described above labeled with biotin (11, 12). The probe
generated bright double chromatid signals on chromo-
some 12 only. The position of double chromatid signals
along the chromosome was measured on 15 chromo-
somes and found to be between 73 and 87% of the chro-
mosome length (starting from the p arm telomere),
allowing the assignment of the rat epimorphin gene to
12g16 (Fig. 3).

The mouse chromosomal location of the epimorphin
gene was determined by linkage analysis using two
genetic crosses: (NFS/N or C58/J X Mus spretus) X
Mus musculus musculus (9) and (NFS/N X M. spretus)
X M. spretus or C58/J (1). Southern blot hybridization
using the mouse cDNA probe identified EcoRI frag-
ments of 11.7 kb in M. m. musculus and 6.7 kb in
NFS/N and C58/J. Digestion with BamHI identified
fragments of 17.0 and 9.9 kb in M. spretus and NFS/
N, respectively. Inheritance of the polymorphic frag-
ments in the progeny of the two crosses was compared
with inheritance of over 750 markers previously
mapped to all 19 autosomes and the X chromosome.
As shown in Fig. 2, the gene encoding epimorphin,
designated Epim, was mapped to chromosome 5 and
showed closest linkage to the markers Pdeb (phospho-
diesterase B), Tcfl (transcription factor 1 or Hnfl),
Gus (J glucuronidase), and Gnb2 (guanine nucleotide
binding protein B-2). Probes for these markers and
RFLPs used to type these crosses have been described

FIG. 3. The location of the epimorphin gene on rat and human chromosomes. (A) Regional localization of the rat epimorphin gene by
FISH. A portion of a metaphase showing the signals (arrowheads) generated by the cosmid probe on the four chromatids of rat chromosome
12. The diagram (inset) illustrates the average position of the signals at 78% of the chromosome length, corresponding to 12q16. (B)
Localization of the human epimorphin gene on human chromosome 7. The localization was performed by FISH using a biotin-labeled rat
cDNA probe hybridized to human metaphase chromosomes. The strong signals are from a human chromosome 7 | satellite centromere-
specific probe cohybridized with the rat cDNA Epim probe (weaker signals are indicated with arrowheads).
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previously (2, 4). The epimorphin gene is thus a new
member of a synteny group conserved between mouse
chromosome 5 and rat chromosome 12, which also in-
cludes Tcfl, Mdh2, and Gus (8).

The human homolog of this gene was localized by
FISH using a biotin-labeled rat cDNA probe hybridized
to human metaphase chromosomes with subsequent
signal detection by FITC (Paragon Biotech Inc., Balti-
more, MD). Of 25 metaphase spreads, three showed a
positive signal on the long arm of chromosome 7 (Fig.
3). Based on our FISH results and linkage homology
data published previously between mouse and human
(3), we provisionally assign the epimorphin gene (hu-
man locus name EPIM) to the long arm of human chro-
mosome 7.

Epimorphin, originally identified in mouse embry-
onic tissues by Hirai and co-workers, was reported to be
essential for epithelial cell organization. A monoclonal
antibody against this protein perturbed the growth and
reconstruction of hair follicles as well as the tubular
formation of lung epithelial cells in organ culture (6).
There is, however, a large discrepancy between the mo-
lecular weights of the epimorphin protein recognized
by its monoclonal antibody (150 kDa) and the protein
predicted by its cloned cDNA (34 kDa). Although a 150-
kDa immunoreactive protein is detected in cells trans-
fected with the cDNA, it is still possible that the cloned
cDNA and the genomic DNA fragment do not represent
the epimorphin protein detected by the monoclonal an-
tibody. Recently, Pelham noted that the protein en-
coded by the mouse epimorphin cDNA cloned by Hirai
and co-workers appears to be a member of a family
of proteins involved in the targeting and/or fusion of
intracellular vesicles to specific membranes (10). Deter-
mination of peptide sequences of gel-purified epimor-
phin protein should help resolve this controversy.

The map location of the mouse Epim gene places
it in a region of chromosome 5 between regions of
linkage homology to human chromosomes 7 and 12
(3). The location of this gene on human chromosome
7 thus extends proximally the region of homology on
mouse chromosome 5 to human chromosome 7. The
position of this gene also places it in close proximity
to the developmental mutation bf (buff), character-
ized by alteration of the coat color in nonagouti mice.
The involvement of epimorphin in hair follicle growth
suggests that it may be a potential candidate for this
developmental disorder.
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