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ABSTRACT

We have recently shown that the Ca2+ dependent cell
adhesion molecule uvomorulin is encoded by a single
gene, localized on mouse chromosome 8. Here we
describe the organization of the uvomorulin gene and
give an initial characterization of the uvomorulin
promoter. Uvomorulin is encoded by 16 exons, which
are distributed over a region of more than 40 kb
genomic DNA. The exon structure of the genes for
uvomorulin and its chicken homologue L-CAM are
nearly identical and thus highly conserved. The
relationship between the exon structure and the
structure of the uvomorulin protein is analysed. The
initiation site of transcription of the uvomorulin gene
is located 127 bp upstream of the translation start site
in a GC-rich region with no TATA-box, but with a GC-
box in position -48 and a CCAAT-box starting at
position — 65 with respect to the transcription start site.
1.6 kb of the uvomorulin promoter (- 1492 to + 92)
confer cell type specific promoter activity to the CAT
reporter gene. Homologies to known cis acting
elements of other promoters are discussed.

INTRODUCTION

Specific cell-cell adhesion controlled by cell adhesion molecules
is considered to play an important role during the development
of multicellular organisms (1, 2, 3). The cell adhesion molecule
(CAM) uvomorulin belongs to the group of Ca2* dependent C-
AM’s. These CAM’s require calcium for their cell binding
activity and constitute a gene family of structurally and
functionally related transmembrane glycoproteins termed
cadherins (2, 3). Uvomorulin is identical to E-cadherin (4).
Chicken L-CAM (5), canine Arc-1 (6) and human cell-CAM
120/80 (7, 8) are species homologues of mouse uvomorulin. P-,
N-, R- and M-cadherin (9, 10, 11, 12) are other subclasses of
this family. A sixth subclass may be EP-cadherin (13, 14).
Cadherins mediate cell adhesion by homophilic binding. The
specific interaction of identical cadherin molecules from
neighbouring cells is thought to represent the basis for cell sorting

and morphogenesis (15). The developmentally regulated
expression of cadherins correlates with a variety of morphogenetic
events that involve cell aggregation or disaggregation (16).

Uvomorulin is already expressed during mouse preimplantation
development, where it mediates the compaction process at the
morula stage (17, 18). Later in development and in adult tissues,
uvomorulin is exclusively expressed in epithelial cells. In
polarized epithelial cells uvomorulin is transported to the
basolateral compartment and is concentrated in the zonula
adherens (19). The clustering of uvomorulin in the zonula
adherens is thought to be mediated by catenins, which complex
with the cytoplasmic domain of uvomorulin and which link
uvomorulin to cytoskeletal actin (20, 21). The formation of this
molecular complex is a prerequisite for the function of
uvomorulin (21). The extracellular part of uvomorulin, which
mediates the selective cell adhesiveness, is largely composed of
three repeating domains, each with two putative calcium binding
motifs (22). These motifs are well conserved and are located at
analogous positions in all cadherins (2). Recently we have shown
that one of the Ca?*- binding motifs of uvomorulin complexes
Ca?*. A single amino acid substitution in this calcium binding
site renders the molecule more susceptible to proteolytic
degradation and abolishes completely the adhesive function of
the whole molecule (23).

Uvomorulin is encoded by a single gene, localized on
chromosome 8 (24). Here we report the molecular cloning of
the uvomorulin gene and describe its organization. By comparison
with the genomic organization of chicken L-CAM (25) we show
that the exon structure of these genes is highly conserved. Since
exons often are structural and functional modules in protein
architecture, we analyse relationships between the exon structure
and the structure of the uvomorulin protein. The differential
expression of cadherins in development must be under the strict
control of regulatory genes (16). Knowledge about these genes
should provide deep insights into the genetic mechanism of
morphogenesis. As a first step in this direction we have now
isolated 1.5 kb of the uvomorulin promoter. We show that this
promoter fragment confers cell type specific expression to a
reporter gene and analyse its sequence for homologies to known
cis acting elements of other promoters.

* To whom correspondence should be addressed

*Present address: La Jolla Cancer Research Foundation, 1091 N.Torrey Pines Rd, La Jolla, CA 92037, USA



6534 Nucleic Acids Research, Vol. 19, No. 23

MATERIALS AND METHODS
Isolation of uvomorulin genomic clones

Clones UG, 2, 3 and 5 were isolated from a genomic library
in EMBL3 containing DNA from tAE5/129Sv mice, by using the
3’ BglI-EcoRI fragment of uvomorulin cDNA clone M2 (20) and
cDNA clone F5H3 (22) as probes. This library was constructed
by T. Griinfeld (Oslo) and B. Herrmann (Tiibingen) and kindly
provided by Hans Lehrach. The isolation of clone UG4 has
already been described (24). Subclone S11 harbours an 11 kb
Sacl fragment of a cosmid clone isolated from a mouse BALB/c-
genomic-DNA library in cosmid vector Lorist B, kindly provided
by M.Steinmetz (Basel), by using the 5' EcoRI-Aval fragment
of cDNA clone F5 (22) as probe. Clone P1 was isolated from
a genomic 6 kb-EcoRI-sublibrary: EcoRI digested 129/Sv-DNA
was size fractionated on an agarose gel. DNA fragments from
5.8 kb to 6.2 kb were isolated using Geneclean (Biol01 Inc.,
La Jolla CA), ligated into lambda-gt10 vector arms and packaged
in vitro (Gigapack Gold; Stratagene, La Jolla). 1x 10° pfu were
screened with the radiolabeled 5’ EcoRI-Bgll fragment of cDNA
clone M2 (20). Fragments of the isolated phage and cosmid clones

were subcloned in pBluescript II KS+ (Stratagene, La Jolla) in
both orientations. Screening and cloning was performed using
standard methods (26).

Oligonucleotide synthesis and Southern blot hybridisation

Oligonucleotide synthesis and hybridisation of radiolabeled oligo-
nucleotides to Southern blots were performed as described (24).
The hybridisation was done at 10°C below the melting temper-
ature calculated for the respective oligonucleotide.

DNA sequence analysis

DNA sequencing was performed by the dideoxy method (27).
Single stranded DNA, derived from subclones in pBluescript I
KS+ by infection with helper phage VCS M13 (Stratagene, La
Jolla) was used as template, and oligonucleotides complementary
to insert DNA were used as primers in addition to T3 and T7
primers. Computer analysis of nucleotide sequences was done
using the University of Wisconsin Genetics Computer Group
package of computer programs (28) and a compilation of
transcription regulating proteins (29).
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Figure 1. (A) Molecular cloning of the uvomorulin gene. Genomic clones isolated from phage and cosmid libraries are shown. The lane at the bottom indicates
subclones carrying coding regions of uvomorulin. These subclones were further characterized to determine the exon structure of the uvomorulin gene. E = EcoRI.
(B) Exon structure of the uvomorulin gene. Uvomorulin mRNA includes 16 exons. Upper part: Restriction fine map of the genomic clones carrying coding regions
and location of the exons. A = Accl, B = BamHI, E = EcoRI, H = Hind2, S = Sacl. Lower part: Schematic representation of the uvomorulin protein and the
untranslated regions of the mRNA, showing the location of the exon boundaries.
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RNA isolation, RNAase protection assays and primer
extension analysis

Total RNA was prepared according to the guanidinium
thiocyanate method (26).

RNAase protection analysis was performed as described (30).
Radiolabeled riboprobes were generated by T3 polymerase from
the NotI-Pstl and Notl-Sacl fragments indicated in Figure 3. Then
60 ug of total RNA or tRNA and 3 X 105 cpm of riboprobe were
hybridized at 55°C overnight.

Primer extension analysis was performed as described (31).
The synthetic oligonucleotide PRE, indicated in Figure 5, was
end labeled with [y-32P]JATP using T4 polynucleotide kinase and
then purified by chromatography on a BioGel A-0.5m column
(BioRad). 1x10° cpm of radiolabeled oligonucleotide were
hybridized to 60 ug of total RNA.

Table 1. Sequences around the exon/intron junctions of uvomorulin.

Sequence at exon-intron junction

Exon Exon size
number (bp)
5’ Splice donor 3’ Splice acceptor
1 175 CTG CTG CAG gtatgt .... tacctccatcccag GTC TCC TCA
116 117
2 121 GGC AGA G gtaagg .... tctccatcctgtag TG AGA TTT
237 238
3 224 CAC CAC CGC gtacgt .... ttcttttctcttag GAC CCT GCC
461 462
4 144 CTG GTT CAG gtagga .... tgttttgtgttcag ATC AAA TCC
605 606
S 156 AAG TAC ATC gtgagt .... tgactctcttgcag CTC TAT TCT
761 762
6 145 GTT CCA G  gtaaat .... ctctcctttgacag GA ACC TCC
906 907
7 176 GAC CGA GAG gtcagg .... tttggtgtctacag AGT TAC CCT
1082 1083
8 129 CCA AGC ACG gtaact .... cctttcctcttcag TAT CAG GGT
1211 1212
9 183 ACA GCC AAG gtttgt .... ctcctgttctctag GGC TTG GAT
1394 1395
10 245 AAG ATC AC gtgagt .... gcttgtgccctcag G TAT CGG
1639 1640
11 146 GAT GAT G  gtatgg .... atgttttctcatag GT TCA CCC
1785 1786
12 225 GAC GCA G gtgtga .... tttcctttccctag CT CAA GAA
2010 2011
13 228 CTG CTG A  gtaagt .... ttccttgtctccag TT CTG ATC
2238 2239
14 131 GAA GAC CAG gtgggt .... gctcttctctctag GAC TTT GAT
2369 2370
15 144 ATC GAT GAA gtaagt .... gctcttccttttag AAC CTG AAG
2513 2514
16 1841

TGTTAAACTGT tgtgag
4354

Exon sequences are in capital letters and intron sequences in lower case letters.
Residues matching the consensus splice sequence (62) are underlined. The number
below the DNA sequence denotes the nucleotide position at which the intron
interrupts the uvomorulin mRNA. Nucleotide positions refer to Figure 1 in

reference 4.
8 RDKE T K|
NTYNA 1A
TPANVNK -

~

Iy
3

>
~

m 2

a
' 8 NiGl-|[EjaAvEDPMEI[VITVTIOlO l~r|!7'0!vf! s|v]a GAVP':V!KVS A
n 197 GD'LSVIAKAVI'V(I A -|P -.!o[!o l'!‘lﬂl’l(b
m 306 EPF SLVPSTIATVTIVIOVVDY !AUILW_-(lIV! DFG OQEN[TSYTIA|IREP

~

Nucleic Acids Research, Vol. 19, No. 23 6535

Cells

The following cell lines were used: mouse embryonal carcinoma
(EC) cells F9 (32) and LT-1 (33), the mouse colon carcinoma
cell line CMT (34), NIH-3T3 fibroblasts and L tk~ cells. The
cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 15% fetal calf serum (FCS), in
a 10% CO, atmosphere at 37°C.

CAT assays

CAT constructs: The 5’ EcoRI-Sacl fragment of clone P1 was
inserted via BamHI linkers into the BamHI site of pBLCAT3
(35) in both orientations to generate the test plasmid and a
negative control. As positive control, pHDCAT (36) was used.
20 ug of each construct respectively were used for transfection.

CAT assays were performed by the calcium phosphate method
as described (37). The day before transfection cells were replated
at 5% (F9, CMT) and 10% (LT-1, NIH-3T3) confluency on a
10 cm dish. Cells were harvested 48 h after removal of the
precipitate. 20 pl cell extract of total 100 ul were used for the
assay (30 min at 37°C). Autoradiography was performed for 72 h.

RESULTS

Genomic clones encoding 40 kb of the uvomorulin gene were
isolated by screening mouse genomic libraries with uvomorulin
c¢DNA probes (see Figure 1A and Materials and Methods). To
determine the sequence of all exons and neighbouring intronic
regions, subclones P1, S11a, b, UG4a, b, c and UG5a, b were
partially sequenced, using oligonucleotides complementary to
uvomorulin cDNA as primers. Subsequently the subclones were
fine mapped by restriction digests and Southern blot hybridization
to localize the exons. The results of this analysis are shown in
Figure 1B. Uvomorulin is encoded by 16 exons, which are
distributed over a region of more than 40 kb of genomic DNA.
Between exons 2 and 3 there is a large intron of at least 12 kb.
Because this intron has not yet been completely cloned, the actual
size of the entire uvomorulin gene remains to be determined.
The precursor part of the uvomorulin protein is encoded by four
exons. Exon 1 encodes the complete 5’ untranslated region of
the mRNA and almost all of the signal peptide (see also Figure
3). The three internal repeats in the extracellular part of
uvomorulin (22) are encoded by 6 exons. Separate exons encode
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Figure 2. Location of the exon boundaries in the region encoding the three homologous protein domains. The repeating domains of uvomorulin are aligned. Positions
identical in at least two domains are enclosed in boxes. The putative Ca®*-binding sites a and b are indicated. Triangles denote the exon boundaries. Amino acid
positions refer to Figure 1 in reference 22. The exon boundaries do not coincide with the homology of the protein domains.
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Figure 3. Initiation site of transcription of the uvomorulin gene. Left side: a and b: RNAase protection experiments. Two riboprobes, starting from different positions
in the first exon of the uvomorulin gene, were hybridized to tRNA (lane 1), RNA from F9 cells (lane 2) and RNA from L-cells (lane 3). Lane R: undigested riboprobe.
After RNAase digestion 175 nucleotides of riboprobe a and 93 nucleotides of riboprobe b were specifically protected by RNA from F9 cells. Mspl digested pBR322-DNA
was used as molecular weight standard. c: Primer extension analysis. Oligonucleotide PRE (see Figure 5) was hybridized to RNA from L-cells (lane 3) and F9-cells
(lane 2). Only on RNA from F9-cells, the oligonucleotide was extended for 32 nucleotides. Right side: a and b: Map of the 5’ region of the uvomorulin gene,
indicating the position of riboprobes and respective protected fragments. Regions of the riboprobes corresponding to plasmid sequences are indicated by the open
boxes. c: Map of the reaction product obtained by primer extension of oligonucleotide PRE. Hatched box represents the first exon of the uvomorulin gene. ATG:

Translation start codon.

the four putative calcium binding motifs from the first two
repeats. The cytoplasmic domain is encoded by 3 exons. Exon
16 encodes the c-terminal end of uvomorulin, which is necessary
for the association with catenins (21), as well as the complete
3’ untranslated region of the uvomorulin mRNA.

The sequences of the exon/intron boundaries of uvomorulin
and the length of the exons are shown in more detail in Table
1. All 15 introns have consensus splice sequences. The complete
sequence data are available from the EMBL data library under
the accession Nos. X60961 to X60976. Nine nucleotide
differences between the genomic sequences reported here and
the 4.3 kb cDNA (4, 22) were detected. Only at two positions
would these differences result in amino acid changes of the
predicted protein sequence (for details see EMBL data library).
Release 28.0 from the PIR and release 27.0 from the EMBL data
library were searched for homologies to each exon sequence.
Besides the members of the cadherin gene family, no significant
homologies were found.

Comparison of the uvomorulin gene to chicken L-CAM (25)
reveals a high conservation of the exon structure, although the
two genes are quite different in size — the exons of L-CAM are
distributed over less than 10 kb of genomic DNA. Both genes
have not only the same number of exons, but in an end to end
alignment of the protein sequences all but one of the exon
boundaries are located at identical positions (not shown).
Moreover, all introns in uvomorulin are integrated in the same
phase of the reading frame as the respective introns of L-CAM.

A surprising feature of the exon structure of uvomorulin (and
L-CAM) is seen in an alignment of the three internally repeated
domains of uvomorulin, as shown in Figure 2. Despite the clear
cut homology of the repeats, the exon boundaries do not coincide,
but show a ‘permutation’. This raises interesting questions about
the generation of the repeated domains during evolution. They
cannot have been generated simply by duplication of (present day)
exons but rather by a more complex process, in which gene
recombination and/or integration of introns could also have been
involved. All these events must have already occurred before
the divergence of the mouse and chicken species.
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Figure 4. Analysis of the uvomorulin promoter in transient CAT-assays. Upper
part: The 1.6 kb EcoRl/Sacl fragment of genomic clone P1 (see also Figure 1B)
was used to regulate the CAT reporter gene. The initiation site of transcription
is indicated by an arrow. E = EcoRI, N = Notl, P = Pstl, S = Sacl. Lower
part: CAT-assays: Transfected cell lines: LT-1, F9, CMT, NIH-3T3. Transfected
vectors: 1: untransfected cells, 2: negative control: CAT gene, driven by the 1.6
kb fragment in the reverse orientation, 3: construct, described in the upper part,
4: positive control: pHD-CAT; CAT gene driven by SV40 enhancer/tk promoter.

To study the developmental and tissue specific regulation of
uvomorulin gene expression, we have started to analyse 5’
genomic region of uvomorulin. Figure 3 shows the determination
of the initiation site of transcription by primer extension and
RNAase protection experiments. Using primer extension analysis
a specific band with a length of 62 nucleotides was detected in
uvomorulin positive F9 cells, but not in uvomorulin negative L
tk~ cells (Figure 3c). By RNAase protection experiments using
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1 GAATTCTCAG GTGCAGGTGG CTATGCCATG ACTATGGTAT TAAACGTCTC AATCTCTGGA ACAGGAGAGC TTGAGTTCTG GACTTTCCTC CTTTAACACG

101 TTGACTTGCT ACACGATATC AAGTTGTAGG TAAATAACAG ATTTGAGTAA CATCTCTTCC AGCTCAGATG GGAGAGGGCT GGAGAGATGG CTCAGCGGTT

601 AGGATGCTGC TACTTGGGGG TCCCAAGGTC AAAGCCAGTC TGGGTTACCT AGTCCTGAGA ACTGAAGTTA AGAGAACAGA TTTTAGCCGG GCAGTAAGGT

701 AGTGGGTACC TGTAGCTCCA TCCCAGAAGT GAGAAGGCTG AGTTTGAACA ATGATGAGTT TAAAGCCATG CTGGGCTACA TAGCAAGGCT ATGTCTCAAA

801 AGGGAGCCGG TCAGGTGTTA GAAAATTAGA TTAGCCTGGT CTGGTACCCC ACTTGTGCAA TCCCAGCATT CGGGAGACTG AAACAGGAGG ATGGCTAAGA

901 CTAAGACAAT TCCAGGCCCA CCTGAGTTGG AAAACAAACA AACAAAAAAG CTACCAAACA AAATAAAACC GTCGGAGAAA TAGCTCAGTC AGTAAAGGCC

1001 AATGGCGGCA ATGCAATCCC AAGACCCTCT TGGTGGAAGA AGAGAATTGA CTCTTGAAGG CTGTCGTCTT ATCTCCACAA TCGGTCTGTG GCACGTGCGT

1101 TTGCGAGCAC AGGATCGCGC TCTCGCCCGC GCACGCACCC CTCCCCCCAT GTTAAAATGT CATTTAAAAT CCCTAAGCAA ACAAACTCAT CCAACCAAAG

1201 AAAATAAAAA CATAAGAAAC AAAACGGAAA CCTAGATGAT GAATAAAGTC CTTTGTAACT CCATGTCTCC GTGGGTCAGA GCACAGCTAG GCTAGGATTC

1301 GAACGACCGT GGAATAGGAA GCTGGGAAGT CTTCTAAGGC CGGCCCCATG CCACCAACTA CAGACAGGGG TGGAGGAAGT TGAGGGCCCT GCAGTTCCTT

1401 GGCTGCCACC TGCAGGTGCG TCCCCA(

AGCGGCG CCGAEGGCEE] TGCCTGEGEE CTCACCTGGE GGCCGCAGCE TCTGCGCTGE TCACTGGTGT

1501 GGGAGCCGCG GCGCACTACT GAGTTCCCAA GAACTTCTGC TAGACTCCTG CCCGGCCTAA CCCGGCCCTG CCCGACCGCA CCCGAGCTC
g

—> |Initiation site of transcription

— B2 like repeat

+a—  Oligonucleotide PRE used for
primer extension analysis

Figure 5. Sequence of the uvomorulin promoter (EcoRI/Sacl fragment shown in Figure 4). The initiation site of transcription is located in a GC-rich region with
no TATA-box, but with a CCAAT-box starting at position —65 and a GC-box at position —48 with respect to the transcription start site. The 5’ part of the sequence
harbours two direct repeats homologous to the B2 gene family. Oligonucleotide PRE was used for the primer extension experiments shown in Figure 3c.

two different riboprobes specific protected fragments of 175 bp
and 93 bp, respectively, were detected in uvomorulin positive
F9 cells (Figure 3a and b). Both primer extension and RNAase
protection experiments demonstrate that the initiation site of
transcription is located 127 bp upstream of the translation start
site. In addition, RNAase protection assays show that exon 1
encodes the 5’ untranslated and a short translated region of the
uvomorulin mRNA (Figure 3, right side).

The 5’ 1.6 kb EcoRI-Sacl fragment of uvomorulin genomic
clone P1 (Figure 4 upper part and Figure 1) was analysed for
promoter activity in transient CAT assays. Three different
uvomorulin positive mouse cell lines, the embryonal carcinoma
cell lines LT-1 and F9 and the colon carcinoma cell line CMT,
and one uvomorulin negative cell line, NIH 3T3, were transfected
with the CAT construct indicated in the upper part of Figure 4
or with control constructs. The results of the CAT assays are
shown in the lower part of Figure 4. In all three uvomorulin
positive cell lines CAT activity is observed when the promoter
fragment is cloned in the right orientation (as can be seen by
comparison of lanes 3 and 2); we cannot explain the weak CAT
activity observed with the negative control in LT-1 cells (lane
2). No CAT activity is found in uvomorulin negative NIH 3T3
cells. From these results we conclude that the uvomorulin
promoter fragment tested contains at least part of the cis acting
elements necessary for tissue specific uvomorulin gene
expression.

Therefore, the sequence of this promoter fragment was
determined and analysed for homologies to regulatory elements
of other promoters. The sequence is shown in Figure 5. The
initiation site of transcription, determined in the experiments
shown in Figure 3, is localized in a G+C-rich region with no
TATA-box, but with a CCAAT-box in position —65 and a GC-
box starting at position —48 with respect to the transcription start
site. The 5’ part of the promoter fragment harbours two direct
repeats homologous to the B2 gene family (38). Several motifs
with sequences identical to known cis acting elements are found.
Those which may be of interest for the regulation of uvomorulin

Table 2. Sequence motifs of the uvomorulin promoter found to be homologous
to cis acting elements of other promoters. The transcription factors listed were
shown to be specific for the respective sequence motifs in the references cited.

Transcription Motif Ref.
factor
AP2 1422 - CCCCAGCC 39
CcP1 1419 - 40
CGTCCCCAGCCAATCAGCG
CTF/ NF1 997 - GGCCAATG 41
1426 - AGCCAATC
EF-C r-1183 - TGTTTGCT 42
GCF 2 1338 - GGCCGGCCCC 43
1433 - CAGCGGCGCC
r-1452 - CACCGCCCCC
1506 - CCGCGGCGCA
r-1513 - CGCCGCGGCT
1560 - ACCCGGCCCT
Glucocorticoid- |r- 687 - 44
Receptor GCTAAAATCTGTTCT
LVa 59 - GAACAG 45
674 - GAACAG
NFx E2 14 - CAGGTGGC 46
E12/E47 r-1412 - CAGGTGGC 47
Progesterone- |r- 152 - TGTTACT 48
Receptor r- 520 - TGTTCTCC
1247 - AGTCCTTT
Spt r-1146 - GGGGAGGGGT 49
1445 - GGGCGG 50

gene expression, because the transacting factors specific for these
sequences are active in uvomorulin expressing tissues, are listed
in Table 2.

DISCUSSION

Here we report the molecular cloning of the uvomorulin gene,
describe its organization and give an initial characterization of
the uvomorulin promoter.

The exon structure of uvomorulin was determined by
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sequencing all genomic regions complementary to uvomorulin
cDNA, evaluating the exon boundaries by the breakpoint of
homology and the consensus splice sequence. The 5" end of the
uvomorulin mRNA was determined by primer extension and
RNase protection experiments, using RNA from F9 embryonal
carcinoma cells which was also the source for the isolation of
uvomorulin cDNA (22). By this approach only exons used in
the uvomorulin mRNA of F9 cells are detected. But in all
uvomorulin expressing cells so far tested, only a single size
mRNA of 4.3 kb and a single protein species with an apparent
molecular weight of 120 kDa is found. Moreover, no additional
exons are found in the gene of the chicken homologue of
uvomorulin L-CAM, which has been almost completely
sequenced (25). Therefore there is no evidence for alternative
splicing, and we most likely have characterized the exon structure
of the uvomorulin gene completely.

Uvomorulin mRNA is made up of 16 exons, which are
distributed over a region of more than 40 kb genomic DNA.
Exons often are structural and functional modules in protein
architecture (52). Upon cursory examination this correlation is
hard to see for uvomorulin. For example according to Van Heijne
(53) the signal peptide of the uvomorulin precursor should be
cleaved off after S in amino acid position 19 (for numbering of
amino acid sequence see reference 4). Exon 1 encodes almost
all of this putative signal peptide, but the last three amino acids
are encoded by exon 2. Each of the three repeated domains of
uvomorulin are encoded by at least two exons. This would be
in line with the subhomologies found and the functional
subdivision postulated for each domain (22). However, the exon
boundaries do not coincide with the boundaries of homology as
one would expect. Finally, the membrane spanning region is
specified by two exons.

Comparison of the uvomorulin gene to its chicken homologue
L-CAM reveals a high conservation of the exon structure,
although the two genes are quite different in size. The respective
exon boundaries are located at identical positions in an alignment
of the two proteins. This might argue for a functional significance
of the exon structure with respect to the protein architecture. In
line with this we found that exon 16 encodes the domain of
uvomorulin which is a prerequisite for the association of catenins
(21). Also it is interesting to note that exons 13 and 14 encode
almost exactly that part of uvomorulin around the membrane
spanning region which is not homologous to desmoglein, a more
distantly related member of the cadherin family (54). Information
about the organization of other genes of the cadherin family might
be required to better understand the molecular mechanisms which
generated specific calcium dependent CAM’s during evolution.

Uvomorulin can already be detected on the cell surface of
unfertilized and fertilized eggs. It is not synthesized in these cells,
and thus is presumably maternally derived, persisting from
oogenesis (55). Uvomorulin transcription starts at the late two
cell stage, when stored maternal RNA is broken down and the
embryonic genome is activated. Until implantation uvomorulin
is expressed in all cell types, the first disappearance of the
molecule is observed during the formation of mesoderm at the
primitive streak stage. Later in development and in adult tissues
uvomorulin is exclusively expressed in epithelial cells,
independent of their germ layer origin. To study the
developmental and tissue specific expression of uvomorulin we
have started to analyse the promoter of the uvomorulin gene.

The initiation site of transcription was mapped 127 bp upstream
of the translation start site by RNAase protection and primer

extension experiments. Based on this analysis, we infer that we
have isolated 1.5 kb of the uvomorulin promoter. This promoter
fragment (exactly the genomic region from —1492 to +92 with
respect to the transcription start site) exhibits cell type specific
promoter activity, as we have shown in transient CAT assays:
Promoter activity is found in three uvomorulin expressing mouse
cell lines, the embryonal carcinoma cell lines LT-1 and F9 and
the colon carcinoma cell line CMT, and no activity can be
detected in NIH-3T3 fibroblasts. Therefore, at least part of the
cis acting elements necessary for tissue specific uvomorulin gene
expression should be localized on this DNA fragment. Its
regulating capacity must be tested further in a broader range of
cell types and in transgenic mice.

The activity of a promoter is determined by its architecture,
consisting of the type of control elements contained in the
promoter and the context in which they appear (40). From this
point of view we have analysed the sequence of the isolated
uvomorulin promoter region. No TATA-box, but a CCAAT-box
and a GC-box are found upstream of the initiation site of
transcription at distances similar to those found in many other
promoters. The transcription start site is located in a G+C rich
region, which resembles a CpG rich island. CpG rich islands
are found around the transcription start site of many housekeeping
genes and are thought to identify sequences that are to be
constantly available in the nucleus (56). Uvomorulin expression
starts with the activation of the embryonic genome, as does the
expression of housekeeping genes. The putative CpG rich island
in the uvomorulin promoter may therefore be important for the
expression of the gene in early mouse development. Between
positions —1298 to —913 with respect to the transcription start
site two direct repeats are found which are homologous to the
B2 gene family. B2 genes are rodent specific elements of no
known function, transcribed by RNA polymerase III. The gene
family most likely arose by retroposition of processed tRNA (57).
Retroposons can provide new regulatory elements for an existing
gene (58), but this is unlikely to be the case for the B2 repeats
in the uvomorulin promoter since B2 genes are rodent specific,
while the distribution of uvomorulin expression is very similar
in chicken, mouse and human. Furthermore, deletion of the B2
repeats does not affect the activity of the promoter fragment in
transient CAT assays (B.Kinzel, unpublished observations).

Several putative binding sites for trans acting regulatory
proteins are found in the uvomorulin promoter (Table 2). The
listed transcription factors are all functional in uvomorulin
expressing tissues and could therefore be involved in regulation
of uvomorulin gene expression. For example it will be of interest,
whether AP2 could interact with the uvomorulin promoter. AP2
transmits the effect of phorbolester tumor promoters (51), which
could represent one mechanism of down-regulation of uvomorulin
during carcinogenesis (3, 59). The occurrence of putative
glucocorticoid receptor and progesterone receptor binding sites
suggests a hormone dependent regulation of uvomorulin gene
expression. Interestingly the three putative progesterone receptor
binding sites are identical to functional cis acting elements in the
promoter of the uteroglobin gene (48). Uteroglobin is regulated
differentially by various steroid hormones in tissues known to
express uvomorulin (60). It has been reported that cadherins can
be stimulated by steroid hormones, but in these cases the
molecular mechanism of this stimulation is not known (14, 61).
The sequence of the uvomorulin promoter, reported here,
provides a first hint for a direct transcriptional regulation by
steroid hormones.
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