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AB
There are three principal myosin alkali light chain (MLC) genes expressed in mouse
striated muscle. The skeletal muscle gene MLC1g /MLC3g, the ventricular muscle /
slow skeletal muscle gene MLC1y,(MLC1g), and the atrial muscle / foetal striated
muscle gene MLC1(MLC1emb). MLC1 and MLC1 5 are expressed in both cardiac
and skeletal muscle and we show here that these genes use a single site of initiation
of transcription, and therefore the same proximal promoter region, in both muscle
types, and in myogenic cell lines in culture. We have previously shown that for the
MLC1g/MLC3E gene, 1200bp of upstream sequence from the MLC1g promoter is
sufficient to allow tissue specific and developmentally regulated expression. We have
therefore isolated, characterised, and sequenced over 1200bp upstream of each of the
three MLC genes in order to look for elements which may be involved in their
regulation. Detailed comparison of their promoter sequences, as well as those of the
cardiac and skeletal muscle x-actin genes, reveals a number of common elements.
Amoung these is an "MLC-sequence” (CCI TTTATAG) common to all MLC genes,
including those of chick and rat, and a "cardiac sequence™ common to the mouse
MLC1 4, MLC1y, and x-cardiac actin genes expressed in the heart.

INTRODUCTION.

Myosin alkali light chains (MLC) are encoded by a muitigene family with different
isoforms present in both muscle and non-mucle tissues (see 1). In mouse there are
three principal MLC genes expressed in striated muscle. These are (i) the
MLC1g/MLC3E gene (2) which encodes the two isoforms present in adult fast skeletal
muscle, MLC1g and MLC3g. These isoforms differ only in their NHy terminal
sequences of 42 and 8 amino acids respectively and the gene uses two independent
promoters (3,4) to generate two types of primary transcript which, following splicing,
form mRNAs carrying MLC1g or MLC3f specific 5' sequences. (ii) The MLC1y
(MLC1g) gene (5) which is expressed in cardiac ventricular muscle where it encodes
the ventricular isoform MLC1y;, and in slow skeletal muscle where the isoform is known
as the slow skeletal muscle isoform MLC1g. (iii) The MLC14/MLC1emb gene (6,7)
which is expressed in cardiac atrial muscle where it encodes the major atrial isoform
MLC1 A and in foetal striated muscle where this isoform is known as MLC1emb (8).
Genes of the striated muscle MLC1-type are characterised by the presence of a &'
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exon encoding the NH, terminal sequence which distinguishes these isoforms from
those of MLC3F and the smooth muscle and non-muscle isoforms (see 1). Evolutionary
considerations suggest that the MLC1-like genes were generated from an ancestral
gene similar in construction to the present day MLC1g/MLC3F gene, and that they
retained the MLC1g-like 5' exon in common. The cis-acting regulatory sequences
present in the proximal promoter regions of these genes probably arose in the same
way and may therefore have retained common regulatory elements, as well as
evolving new ones required for their independent regulation. In addition, these genes
are co-expressed in certain tissues. For example, MLC1g and MLC1p are
co-expressed in foetal skeletal muscle, MLC1y, and MLC1p are co-expressed in foetal
ventricular muscle (see 1). This co-expression may be effected through the use of
common regulatory mechanisms using common sequence elements.

We have previously demonstrated that in the case of the mouse MLC1g promoter,
1200bp of sequence immediately upstream of the cap site is sufficient to direct tissue
(muscle cell) specific and developmentally regulated transcription (with respect to the
myoblast to myotube transition) of an MLC1g-CAT fusion gene (3). We have therefore
sequenced and compared over 1200bp of upstream sequence of the MLC1, MLC1y
and MLC1g genes in order to look for elements which may be involved in their
regulation. We have previously isolated, characterised and sequenced the mouse
MLC1E (2) and MLC1 4 (6) genes. Here we have extended these data and present the
sequence of up to -1623bp and -1311bp form their respective cap sites. We also
present the isolation, characterisation and sequence of exon 1 and 1297bp of
upstream sequence of the mouse MLC1y, gene. We show that the MLC1 and MLC1y
genes both use a single site of initiation of transcription in cardiac and skeletal muscle,
and that in the case of the MLC1p gene, this site is also used in myogenic cells in
culture. Comparison of the upstream regions of these genes reveals sequence
elements which may be involved in their regulation; these include a common
"MLC-element" and an element common to genes expressed in cardiac muscle.

MATERIALS AND METHODS

Isolation and characterisation of the MLC1V gene promoter.

Genomic recombinant phage AVLC2 was isolated by screening a mouse genomic
DNA library (generated by the insertion of Sau3A partially digested mouse (C3H) DNA
into the BamH1 site of phage EMBLS3, and kindly provided by Laurence Amar) using,
as probe, a 900bp Bgl Il fragment from recombinant AVLC1 (located at the end of the
insert corresponding to the most 5' part of the gene) previously characterised as
containing part of the mouse MLC1y, gene (5) . The restriction map of AVLC2 was
determined by partial restriction digests following methods described previously (2).
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The position of exon 1 was determined by hybridization with the 5' coding region of
the human MLC1y (MLC1Sb) sequence contained in a 380bp Sac | - Pst | fragment of
cDNA clone pHMLC1-Sb (9, kindly provided Robert Wade and Peter Gunning) .
Sequencing of promoter regions.
We have previously characterised and sequenced the mouse MLC1p (6) and
MLC1p/MLC3E (2) genes. Additional sequence from the upstream regions of these
genes has .been obtained by sequencing of M13 recombinants generated by
sonication of cloned genomic DNA as described (10) and by the use of synthetic
oligonucleotides for priming sequencing reactions on suitably long M13 recombinants.
For the MLC1y gene, we have sequenced the 2.1kb Bam HI fragment identified as
containing exon 1. Sequencing was carried out using a library of sonicated AVLC 2
DNA fragments cloned in M13 using the 2.1kb Bam HI fragment as probe to identify
relevant clones.The exact position of the exon within this fragment was deduced from
sequence homology with other MLC genes and confirmed by S1 nuclease analysis as
described below.

| rim i
Total RNA was prepared from mouse (C3H) cardiac atrial and ventricular muscle,
soleus muscle (11), and from 18 day foetal skeletal (hind leg) muscle and from the
myogenic cell line T984-CI10 (12) as previously described (5). S1 nuclease and
primer extension analysis was carried out using probes derived from M13
recombinants from the libraries of sonicated DNA used for sequence determination
(see below).
For the MLC1y, gene, probes were derived from M13 clone (D8) containing over 200
bp of upstream sequence, exon 1, and 51bp of DNA of the first intron. The insertion in
this recombinant is such that synthesis from ssDNA template generates molecules
complementary to the coding strand of MLC1yy mRNA. To define the 3' end of exon 1,
probe was prepared using the M13 universal primer and synthesis carried out in the
presence of 32P-dCTP and 32P-dTTP with cold dATP and dGTP. Following synthesis,
DNA was digested with Pvu Il to generate a 190bp probe composed of M13-derived
sequence, 51bp of intron sequence and 72bp complementary to the 3' end of exon 1.
For defining the 5' end of this exon, a probe was prepared using, as primer, an
oligonucleotide (5'-GGGCCATTGGAGCTG-3'; complementary to nucleotides +60 to
+74 of the MLC1y gene) 32P-labelled at the 5' end with polynucleotide kinase, and
synthesis was carried out using cold dNTPs. Following digestion with Ava Il this
generates a 190bp probe complementary to the first 74bp of exon 1 and 116bp of
upstream sequence.
For the MLC1p gene, a probe was synthesised from M13 clone mBG1 using an
oligonucleotide (5'-CTCCTTCTTAGGCTC- 3' ; complementary to nucleotides +94 to
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+108 of the MLC14 gene) as primer, in the presence of 32P-dCTP and 32P-dTTP with
cold dATP and dGTP. Clone mBG1 contains a 980bp Bgl Il fragment of the MLC1p
gene including upstream sequence up to -739, exon 1 of this gene and intron
sequence up to nucleotide +255 relative to the cap site. Following digestion with Pvu Il
this generates a 228bp probe complementary to the first 108bp of exon 1 and 120bp of
upstream sequence.

Conditions for S1 nuclease analysis were as described in (6). Briefly, probes
generated as described above, were separated on 6% acrylamide gels, electroeluted,
precipitated with 10-40ug of RNA, resuspended in 25ui of 80% formamide, 0.4M NaCl,
40mM HEPES pH6.4, 1mM EDTA, heat denatured at 65°C and hybridized at 42°C for
16h. Hybrids were then diluted to 200u! with 30mM sodium acetate pH4.5, 250mM
NaCl, 1mM ZnCl, and digested with 45-450 units of S1 nuclease (Amersham UK) at
25°C for 1h. Digested products were analysed on acrylamide gels and the size of
protected products determined by reference to the products of sequencing reactions
run on the same gels.

Primer extension analysis was carried out as described in (6). As primer, we used the
same MLC1y oligonucleotide (0.2picomoles) as used for S1 protection analysis. This
was 32P-labelled using polynucleotide kinase, and hybridized with 20pug of RNA in
10ul of 100mM NaCl, 20mM Tris-HCL pH8.3, 0.1mM EDTA, at 60°C for 3h. Hybridized
probe was extended by addition of 10ul of 80mM Tris-HCI pH8.3, 10mM MgCl,, 4mM
dithiothreitol, 4mM each of dATP, dCTP, dGTP, and dTTP and 17 units of AMV reverse
transcriptase (Genofit). Extended products were analysed on an 8% acrylamide
sequencing gel together with the products of sequencing reactions using the same
oligonucleotide as primer on M13 clone D8 containing exon 1 of the MLC1y, gene.

RESULTS.
Isolation and characterisation of the 5' end of the MLC1y_gene: definition
of exon 1,

We had previously isolated a recombinant genomic phage, AVLC1, containing most of
the mouse MLC1y gene (5) but which lacks the 5' end. We have used a 900bp
fragment of genomic DNA from this recombinant (see materials and methods) to
isolate a second overlapping recombinant : AVLC2. The restriction map of this phage
(data not shown) indicates that it contains 13kb of insert DNA and overlaps with
AVLC1 over 3kb. We identified the presence of exon 1 of the MLC1y, gene within a
2.1kb Bam HI fragment of AVLC2 by cross-hybridization with the 5' end of the human
MLC1y cDNA clone pHMLC1-Sa (9, kindly provided by Robert Wade and Peter
Gunning). This was confirmed by sequencing of the entire 2.1kb Bam HI fragment
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gg_e4m (A), S1 protection analysns using a 190bp probe oomplementary to the 3'
end of exon 1. Probe was hydridized with 10ug of ventricular RNA, treated with
nuclease S1 (+) and compared to undigested probe (-). Size markers were derived
from sequencing reactions as in B. (B); S1 protection analysis using a 190bp probe
complementary to the 5' end of exon 1 hybridized with 10ug of ventricular (V) or
soleus (S) muscle RNA digested with nuclease S1 (+) and compared to undigested
probe (-). For size markers sequence reactions (T,C,G,A left to right) corresponding to
the probe (and complementary to-the mRNA strand of the gene shown 5' to 3' top to
bottom beside A and C) were used. (C); Primer extension analysis using an
oligonucleotide primer with ventricular (V), soleus (S), and control ribosomal (R)
RNAs. Extended products were run on a sequencing gel with markers as in B. Bottom
Schematic representation of the probes used in A, B and C. Open boxes represent
exon 1, hatched boxes represent non-coding sequence and the small filled box
represents the oligonucleotide used in probe preparation and sequencing reactions.

Restriction sites used, and the length of the probes, protected fragments (in brackets)
and longest extended products are indicated.
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which contains an exon with homology to those of exon 1 of both MLC1g and MLC1p,
and which was subsequently defined by S1 protection analysis. To define the 3' end
we generated a 190bp probe (see materials and methods) complementary to the 3'
end of the exon from the Pvu Il site (nucs +153 to +158 in fig 3) and extending into the
intron. Following hybridization with ventricular muscle RNA and S1 nuclease digestion,
this probe shows protection of a 68bp fragment. This corresponds to protection from
the Pvu Il site to a GT splice site present at this position in the sequence, and defines
the 3' boundary of this exon. Other potential GT splice sites present in the sequence
are located at 46bp and 76bp from the Pvu Il site. No evidence for protection of
fragments of these sizes was observed. The 5' end of this exon was defined by S1
nuclease protection and primer extension analysis as described below.
MLC1y_and MLC1,_genes both use a single transcription start site in
rdi keletal muscle an Il lines i

MLC1y, is the major isoform present in cardiac ventricular muscle. It is also expressed
in slow skeletal muscle fibres where it is described as the slow skeletal muscle isoform
MLC1g. We therefore determined the site of initiation of transcription of this gene in
both ventricular and soleus muscle (a skeletal muscle of mixed fast and slow fibre
type). Figure 1 shows the results of S1 nuclease protection and primer extension
analysis. For the S1 protection analysis we generated a probe complementary to the
the first 74 nucleotides of this exon and 119bp of upstream sequence (see materials
and methods). Following hybridization and S1 nuclease digestion, protection of a
single 74bp fragment is seen with both ventricular and soleus muscle RNAs. The
sequencing reactions shown on this gel are derived from the same DNA template and
oligonucleotide primer as used for probe preparation. The sequence therefore
corresponds to that of the protected fragment, and the nucleotide at the site of initiation
of transcription can be read directly from the gel. This result is confirmed by primer
extension analysis (fig 1) using 5'-labelled oligonucleotide to prime reverse
transcriptase synthesis on both ventricular and soleus muscle RNAs. The same primer
was used in sequencing reactions with M13 recombinant D8 (see materials and
methods), such that the sequence on the gel corresponds to that of the extended
products. Both ventricular and soleus muscle RNAs give rise to the same pattern of
extension. The longest product is 74 nucleotides ending on the same A residue
identified as the transcription start site by S1 protection. The other, shorter, extension
products cannot represent bona fide mRNAs of different length as these would have
also been revealed by the S1 nuclease protection assay. They must therefore
represent partially extended products. Together, these results identify the site of
initiation of transcription of the MLC1y gene, and demonstrate that the same site is
used in both ventricular and soleus muscle.
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Figure 2 : Definition of the transcription start site of the MLC1 A-gene in

atrial muscle fetal skeletal muscle and in myotubes formed in_culture,
Left: S1 protection analysis using a 227bp probe complementary to 108bp of the 5'
end of exon 1 and 120bp of upstream sequence/ Probe was hybridized to 10ug of
atrial (A) or T984-CI10 myotube (Mt) RNA or 40ug of fetal leg muscle (F) RNA, treated
with nuclease S1 (+) and compared to undigested probe (-). Sequencing reactions
(T,C,G,A left to right) corresponding to the probe (and complementary to the mRNA
strand of the gene shown 5' to 3', top to bottom in the figure) were used to determine
the size of extended products. Right: Schematic representation of the probe used.
Open box represents exon 1 of the MLC1A gene, the hatched box represents
non-coding sequence and the small filled box represents the oligonucleotide primer.
Restriction sites used and the length of probe and of the protected fragment (in
brackets) are indicated.

For the MLC1p gene, we have previously characterised and sequenced exon 1. To

confirm that a single site of transcription initiation is used in different cell types we have
carried out S1 nuclease protection analysis with RNA from cardiac atrial muscle, foetal
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skeletal muscle and from myotubes formed in culture by the myogenic cell line
T984-CI10. The probe used (see materials and methods) is complementary to the first
108 nucleotides of exon 1 and 120 nucleotides of upstream sequence. Following
hybridization and S1 nuclease digestion, protection of a single, 108 nucleotide
fragment was observed with each of the RNAs (figure 2). This corresponds to the C
residue previously identified as the site of initiation of transcription of this gene, and
demonstrates that the same site of initiation is used in each of these muscle cell types.

Features of the promoter sequences.

The sequences of exon 1 and upstream regions of each of the MLC1y,, MLC1g and
MLC1p genes were derived by sequencing of M13 genomic DNA recombinants as
detailed in materials and methods and are shown in figures 3, 4 and 5 respctively. In
order to examine the promoters for common sequences which may be involved in the
regulation of these genes, and to identify other features of interest, we have carried out
an extensive computer assisted analysis of their sequences. This analysis was carried
out by dot matrix type alignments between the MLC1g, MLC1yy and MLC1 4 and also
with the sequences of the mouse cardiac (10) and skeletal muscle x-actin genes (13,
and Alonso unpublished results). Homology was searched for at 80% or more on
groups of 15 nucleotides (12 or more out of 15), and at 70% or more on groups of 20
nucleotides (14 or more out of 20). Palindromic and repeated sequences were
searched by the same method on alignments of sequences with themselves. Overall,
apart from the specific cases detailed below, very little homology was observed
between these promoter sequences. All combinations of sequence yielded less than
20 matches (20 regions showing homology of 80% or more on 15 residues or 70% on
groups of 20) that are located at a similar position + 400bp. Since, in general,
elements which are involved in gene regulation are located in similar positions in
different genes, the sequences presented here are those located at + 200bp.

General features. In each case numbering refers to the most 5' nucleotide of the
sequence and is relative to the cap site. Each of the MLC promoters shows the
presence of a TATA-like sequence located at -30bp (+ 2bp) although in the case of the
MLC1 gene the sequence is atypical (TAAAA). The MLC1g and MLC1y, genes have
CCAAT box elements located close to the classic (-80) position at -75bp and -92bp
respectively. The MLC1p promoter has no CCAAT box in this region but has two
CCAAT sequences at -266 and -248. A feature of interest in the MLC1y, promoter, is
the presence of a 49bp repeat of nucleotides -1000 to -952 at position -1085 to -1037.
This repetition occurs in a region of (GT) rich sequence which flanks both repeats and
separates them by the 36 nucleotide sequence -(GT);o G (GT); G-. The fact that the
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5'~AACTGGTGAGAGCCTTAGATCAGAGCCTAGGGGCAAA
CCTATCCAGCACTTTGGGGTTCCTCAGAGATGCAGGATCCCTGGAGCAGAAGGAAACATGGATAACAGGA
GTAGTAGAGGAAGACTTCAGAGAGGGCAAATGGAGGGGTGAGCAGGAAGGGACAGAGGGTGCAATGAGTT
CTAGGGGTGAGCAAGAGGCTGGACCCTGGAGTGTGCAGGGGAAGATAGAGACTGGACATCGCATAGAGGG
GIGGAGAGAAGCCAGTGTGTGTGTGTGTGTGTGTGGTGTGTGTGTGTGTGCAGAGGAAGATAGAGACTGG
GCATCACGTGGAGGGGTGGAGAGAATCCAGTGTGTATGTATGTGTGTGTGCACACATGTGTGTGTGTGTG
CGCGCGTGTGCGAGTGTGGGTGTGTAAAACCTGAGACACTAGTCTTAGGAGTTTTGTAAAAGGAGCCTGT
TGAACTAGTCTGGAGGACAGTCCTCGAGGGAGTGCCACGTGTGCTTGGGGTGTTCCTGGAGACCCTGGGA
CCCTGTGAGTGGACTGCAGCTGCCTGCTGTATCCAGACACTCATACACTAGTGCATACAAACACCCAGAC
ATAAATATACAGACACTCACTCAGACCCACACAGACATACATGAATGTGAACACCCGGAAACGGGACCAC
AGAGACAAGACACACGACAGCCTCTTCCCCTAGACCCAGCTGGGGCACTGACAGGCCCTGAACAGCGACA
CCAGACAATGCATACAAATGTCCAGAGACCTCCCACCATGCACACAGCCAGGGACCCTCCCTACTTGAAA
AGGTGCCTCAACACAGATCCTACCACCCCTCGCTCTTAATCAGGGGACCTGGGCCACCCAGGTGCGAAGT
TATTCAAGAACGACCCTTTGGTCATTCCAGCCCCTACTATGGTGTATAGCATGTGGTACACACTTTTCTA
ACCTTTACCTGTCCAAATTTATTGTGCAGAAGAGTTGCTCCACGTGTGTATGTGTCTGTCTGTCTGTCCA
TCTGTCTGTCTGTCAGTCTGTGTCTGTGTGCTCAGAGCACAGGCTGAGCAGAGGCCGAGGCCTCTGTCTC
CCTCTCCCTCCCTCTCCCCAACAGGTGACTGGGGGAATGGAGCACACTCCCCTCCCCCACCCATTCCTGG
GCTTGAACAATGCCCTCTCCAGGACCCAAAATAGCCCCTTGAGCAGAGCCAATGCCCTTTTATGGCCCTG
TCCCTATTGTGCATGGTAGGGGTGGGGCTGGGGTCATGAGGTATATGAGCAGGATARAGCCCAGGGTGGT

Met
AGTAGGACTCACCTATCTTACTCTCTTCTCCTTTCCTTCTTCCCTCCTCTTTGTGATTACAGCTCCAATG

pAlalysAlaAlaAlaProlysAlaAlaProAlaProA

laAlaAlaProAlaAlaAlaProAlaAlaAlaProGluProGluArgProLysGluAlaGluPheAsEAl

aSerLysIleLys
CICCAXGAIIAAGGTGAGCGGGTAGCTGGGGTGTAGAAGGCACAGAGCCAATGAACGAGTCTCAGAGTGG

AACCTACCATGGCAGGTAAGGCCCTGGACCCGAGCTAAAGCTGGCAGTTTCTGTGCAGAGGTTAGACAGG
ACCTGTTTGTTTCAGACATCTGCAGGACCACAGGAGGAGGGAGGGTGGTCAGATAGCTGGTGAGACTCCC
CTGAGGCTGACGATACACTCTGAGTGTAGAGTCTGGACCACGAAATGCTCTTTGGTGATTTTGAAGATCG
ACCCCCTTTGCTCTCTCTGGATTTCATATCTTTAGGGACTCCTGGAGCCAGCCGTCCCCGAGTCTTTAGG
GCACTTCCTTCTCTGGCTGTGGGGGTTCCCAAGTCCATAGCAAACATCCTTAG-T-GATGTAAGGGAAAT
CAGGGCTTGCAGGCTGAGTGACATCCCTGCCAAGATCACAAGCCTAGAGCTAGCAGAGCCCT-CTCGAGT
GTCATGTTCAGCTGGGAAAATGGAGGAACGGGCAGGAGAGGGAGGCTGTCTCTGAAAGTCATGCAGGAAG
CTGGTTGTCGAGCACGACCAAGCAGCACCACGAGGCCTTTCCTCGCCCGGCTGTCGTTCCCCACAGGTCG
TAA-3'

: n_1 an imal _pr
Underlined in the sequence are the 49bp repeat, CCAAT and TATA-Iik\é

elements, the MLC-element and the whole of exon 1. The amino acid sequence of
exon 1 is also shown.
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5'"-GGATCCACATTAA
TGTGGTAGAAGAGCCTCAACTCCACAAGGTTCTTTGTCCTCTGACATCTACATGCAAGCCGCACCGACAA

-1540 ATGTGCATTGCATAAACACACATGCATACAGACACACATACAATCATGATGATGGTGAGTAATTATATAT
GATAGTTAATGGTCATAATAAAATGTAAATGCTCATTAATTAAATGTCAAGCTGAGCAACAAACGTGAGA

-1400 GTGACGCTGGACAATCTTATAATTGCAGTACCCTCTCTGCTGGGATTTGTCACTTAGAAAGTTATACCCA
TTGGTTTTTTGTTTGGTTGTTTTTTATTTCTTTATTTTTATTTATTTATTTATTTATTTATTTATTTATT

~1260 TTAATTAATTTATTTATTTATTTATTTATTATATGTAAGTACACTGTAGCTGTCTTCAAACACCGTTACA
GATGGTTGTGAGCCACCATGTGGTTGTTGGGATTCGAACTCAGGACCTTTGGAAGAGTAGTCGGCGCTCT

-1120 TAACCGCTGAGCCATCTCACCAGCCCCCTACCCATTGGTCTTTATGAATTGCTTTTTTGCTTGTTTTCAA
GAGAGGGTCTCACTAGATAGCTCAGGCTGTCTTGAAACTCACTGTGTAGACCAGACTGGCCTTGAACTCA

-980 CAGAGAGCTATCTGTCTCTGTCCCAGGTACTCAAATTAAAGCTATACATTAATACACCCAGTTTTGGTTT
TCATATATTACTTAATCTGAATCTAACCTTGCAAACTAGAAACCAAGGACAAAAATAAGAAAAAGCAAAT

-840 ATCAAATTGCCAGCAAAACATACACAGTATTGATAATTAAGTCTTTTTTCAAATTTATTTCCCTAAAAAA
TGTATTTGTTCCTCTCGCATGGATATAAGATTAAGGAGACAAATAATTCTATTTCATGTCATTTAGAAGG

-700 CAATGGGCTAATTGCAGACTTCAACTGAAAACTAATTCACCATCCTTCATTAAATTGTACAGAAAATCAA
GTTATAGGAAATAATTTTAAATTAAGTTTTCTTTAGTGTACGGACACAGACATAGAGAGAGGGAGGCAAG

-560 GAGAGACACAAACTGTACTCCCTAGAAAGGAAACCACTTTAAGACTTGGTGGACTTTCCTTATACGTCTG
CTTTTTATTTTTAACCACTACCAGTGACCTCTTTGCTGACCAACATTTTTCTTGCAAACCATGGCCAAGG

-420 AGGGAGGGGCATGAGCCGTGAAGAAGCTGGGTGAAAGTTGGGTGATGGCCTCAGCCAAAATTCCAAGTTG
AAATTGAATCCGGTAAAGCTTCTTAGGAAGTGGAAAAAAGAAAAAGAAGACTTACAGCTTCAARCAGAACT

-280 GTAATTCTACCAAGAAAAAGGTACGTCTGTCAGCTGTCACCAAACCAACCATGACTGGCTTTGTCATGCT
TCTTTCTTCTTTACAGATAGGGGTGGAGGGAAAAAAAAAAGCAAGAGGCGGTCAAAAAACTTGAGGAAGC

-140 CCTGACCCTTTAGATTCCATTTATAGTCTGAGCCGGAATGCCACCCCCCTGGACAGGCAAACCGTCCAAT
CCAGCCGCGTGTGTCAAGGTTCTATTAGGCACTAAGGGAAATATATATGCATGCCCTTATACCATTTAAC

+1

141 AsgValLyngsProAlaAlaAlaProAlaProAlaProAlaProAlaProAlaProAlaLstroLst
+
luGluLysIleAspLeuSerAlalleLys
AAGMAXAATSZGAEQI.GIQT.GQIAI’IAAGGTAACTTAAACAGGTGAATCGTTTTGGTCACTGAAACGTCT

+281 TTCAACGCTAAAGAACTCAAGGAATTTGTGGAGCATTCTATTTTTCACTGAAAGGARAGGCATTTCTCAG
TGAACCGGTGTGTTTTAAAGCCGGGAATCCTGCTTAATAATATGGGCTGGAGCATACA-3"

! % . A : U o+ Cl :,,,l,. [) OAll: .l,l,. - U l:
MLC1 F[MLQ;EI: ?gng Underlined in the sequence are CCAAT and TATA-like
eleme1n§s, tlhe hL -element, and the whole of exon 1. The amino acid sequence of
exon 1 is also shown.

A

repeat is not identical (6 substitutions) makes it highly unlikely that this represents a
cloning artefact, but rather suggests that it represents a duplication probably provoked
by the presence of the flanking (GT) sequences: This type of sequence is known to
promote recombination (eg. 14) and, since it flanks the repeated element, could in this
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. . . . . . .

5'~GTGAAAAAAAAGATGTTTCTGCCGTTCTCCCTCTCACACCTTAGGTCCAGG

-1260 GGTGTGGTTGTGAACAGTTGATTCCCACCTCCCCACCTCCACCTCCCCAGCCTTCGTTCCTTTCCTCGCT
TTCTCTCTGTTTTTTTTTTTTTTTTTTTGTTGTTGTTGTTTTTTTTTCCGGAATTAAGATCTTGCTACAT

-1120 AACCCAGACGGGTTTCAAACTTACGGTCCCTCTGTTTCTTCTCCTGAGAGTCGGGATGACCCTGGGCCTC
ATCCTGCTCTATTTCTATCCTGCCCTTCCCGATGACTGGTCCACCCCACTTTTCTTTCTCATATAAATGA

-980 GACTGTAGTATAAATTATTCACCTACACACATTAGGACTAGTCCTACCGGTCTTCCAATCCCAACTCATG
ATTAATCATTTAAGTGACCTTGGCCAAGTTATTCTAACCTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT

-840 GTTATCTGAGTAATGATGGTATCCGTAGAATTATGGAAGGTTTAATGATATTTTATAGAAATAGTGTCTA
GTAGTATCTGGCACATAGTAAGCAACAGACAGATCTTGAGTTTCCTAACCTCCAGCCTCCCAACTTGTTG

=700 CCATATCTCTGTTTCTTACCCAGATTTCCACCCTCGGCACAAATGTGCAATACTTGTTACAGAACAACTG
CAGGTAGAGGGTGGATCTAGGAAGCTGAAGTCTGTGGAGTTCTTGGGATGCTTGCCCTGGACAACACAGG

-560 GCTTTGCCTGCGGTTGGGAGAGTGGGAATAGCAGAGCCAGCTCCACCAGCTGTTGCTTCAGGGCTCCATG
CCTGAACTGTTGAGCATCAGGGCAGGGCCTAGGGCTAGCTTAAAGGCTCTTGGTATAAAAGGAATGTGTA

-420 GTGGGCTAGCCCCTGCTCAGGAGGGACTAAAAAAAGCCTCAACCTCCCCTGGGCTTTGTGTGAGGGTTAT
CAACGGCTCAAGTCGGCTCATCCCTCTCTGGCTGCTCTGGCCCCTTGGAGAGGGGCTCTTTTCCCACCCC

-280 TCTCTGGGTTTCCACCAATTGGCAGGAAAGGACCAATCTGTCCCAGAGGTGCAAGCCTTGAGATGAGTGA
GGTGTGTGCATGGGGGGTGGGGGTGGGCTGGGCTGGGGTGGGGGAGGATGGATTGGTGGCTCAAACCTGG

-140 TGATAATACTGAGATGTCAGCTGCACCCGGCTGGTGTCTCTTCCTTTTATAGTCAGCAGCAGTTGCTGCT
GCCCTCCCCAGCCCCTCTGTGGGGGCTCCTACCCAGAATAAAAGCAGGGGCAGGCCTTCCAGTCTCCCAT

+1 CITCTCICTCACGAGCCACCTCTCCTCCTTTGGTTCCTTTCTAGGTCCCACCTCCACTCGGAGAGCCTAAR
MetProProL sL sProGluProL sL sGluAlaAlaL sProAlaAlaAlaProAlaProAl

aAlaSerAlaAlaProGluProLeuLysAspSerAlaPheAspProLysSerValLys
+141 IGcAICCGCAGcICQGGAGQCccIQAAGGAEIcIGccIIIGAECCAAXGAGIGIGAXGGTAAGTCAAACC

CACCACACCGACAAGGACCATCAGGCTGAGAGATCTTATTTCTCTCAGGCCAGACAGACATGAGGACCAG
+281 GGCCTGTATGCCCTAGATCATAGCCCGAGGCAGCAGAACAGTACGAGATTGGGGTCAGAGGC-3"

Underlmed in the sequence are CAAT and TATA- Ilke elements th%
IVIILC-er:ement as well as the whole of Exon 1. The amino acid sequence of exon 1 is
also shown

case have given rise to an unequal cross-over. The MLC1p gene has a (GT)yg
sequence located at -871 to -840. The MLC1F gene has no such sequence within the
1623bp of upstream sequence analysed here.

Identification of an "MLC-sequence"” and other motifs., Sequence
comparisons between MLC1g, MLC1y and MLC1 4 have revealed a number of shared
sequence elements (see table 1). Of these however, only one was found to be
common to all three genes. This element contains a core sequence of 10 nucleotides
(CCTTTTATAG) and is located at a similar position in each promoter (MLC1f; -124,
MLC1p; -99 and MLC1y; -85). Furthermore this sequence is also found, at the same
position, in the MLC1g promoters of rat (4, 15) and chicken (16, 17) which are the only
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A: | m myosin alkali li i n
MLCiv -85 CCTTTTATGG MLC1F-Mouse -124  CCATTTATAG
MLC1A -99 CCTTTTATAG MLC1F -Rat -124  CCATTTATAG
MLC1F -124 CCATTTATAG MLCiF-Chick -122  CCATTTATAG
Consensus CCTTTTATAG
| mm M 1 - i
MLC1A (-286) CTCTTTTCCCACCCCTCTCTGGGTT
* khkkkkkk % kkkkk X
MLC1v (-161) CCCCTCCCCCACCCATTCCTGGGCT

kkk kkkhkkkkkkk kk kkkk kk

x-cardiac actin  (-278) CCCGTCCCCCACCCCTTGCTGGCCT

Similar sequences located at

MLC1v (-465) CTACCACCCCTCGCT

«-cardiac actin (-83) CCCCCCACCCCTGCC
(-215) GCCCCCTCCCCTTCC
(-319) TCCCCCACCCA

MLC1A (-74) CCCTCCCCAGCCCCTCTCTG

C . Other shared sequence elements.

MLC1v  (-66) TGTGCATGGTAGGGGTGGGGCTGGGGT
* k k k k kk kk kkkkkhkkkk kkkk *

MLC1a (-206) TGTGCATGG--GGGGTGGGGGTGGGCT

MLC1A (-1006) CCCACTTTTCTTTCTCATATA
*kkk khkkk kk  kkkkkkk

MLC1F (-924) CCCAGTTTTGGTTTTCATATA

MLCiv (-76) GCCCTGTCCCTATTG
kkkkkk kkkk * X

MLC1F (-142)  GCCCTGACCCTTTAG

MLCiv (-154) CCACCCATTCCTGGGCTTA

kkk  kkkk * Kk k ok * %

MLC1F (-237) CCAACCATGACTGGCTTTG

D. Elements showing homol ith the E1A-enhancer n
C A
E1A consensus AGCAGGAAGTGACTAA (underlined is the core sequence)
* %k %k k k Kk k Kkk k%
MLC1a (-280) GGCAGGAAAGGACCAA
kkhkkkkkkk Kkkk *
MLC1v (-1150) AGCAGGAAGGGACAGA
kkkkkkkk *x kxk
MLC1F (-329) CTTAGGAAGTGGAARA

1 A_genes Numbenng is relat:ve to the
cap sne and refers to the first nucleotlde of the sequence shown. x-cardiac actin
sequence is from (10), rat and chick MLC1F sequences are from (4) and (21)
respectively. E1A enhancer consensus is from (19).
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other myosin alkali light chain genes for which promoter sequence data is currently
available. The conservation of sequence and position of this element strongly implies
that it is involved in the transcription of these genes.

Since both the MLC1paand MLC1y genes are expressed in cardiac muscle we have
looked for elements shared between these genes and with the x-cardiac actin gene.
Only one such element was found (see table 1) which is centered around the motif
(CCCACCCCT) and which is in fact repeated in each of these genes. The main
homology is that located at -286 in MLC14, -161 in MLC1y and at -278 in the
«-cardiac actin gene where homology extends beyond this core sequence to give 21
matches out of 25 nucleotides for MLC1y, versus x-cardiac actin, 14 out of 18 for
MLC1p versus MLC1y and 13 out of 16 for MLC1p versus «-cardiac actin. This
element is found in different forms in the &®-cardiac actin gene at -83 at -215 and at
-319, and in MLC1p at -74, and in MLC1y; at -456.

Other sequences shared between the MLC promoters include an element showing 23
out of 27 matched nucleotides between MLC1y, and MLC1p, in a region composed of
the motifs (GGGG/T) and (GGGGC/GT) (see table 1). It is interesting to note that this
sequence forms an imperfect inversion of the (CCCACCCCT) motif noted above, and
could potentialy be involved in forming loop structures in the MLC14 and MLC1y,
promoters. This sequence is not present in MLC1F, «-cardiac or «-skeletal actin
genes. Other homologies include a region containing a CCArGG box-like element
(CC(A+T-rich)¢GG : see 18). The MLC1y, promoter contains one such elements at -85
which in fact corresponds to the MLC-element noted above. The MLC1g promoter
contains two CCArGG box-like elements at -923 (CCAGTTTTGG), and at -540
(CCTAGAAAGG). No such elements exist in the MLC1 promoter region presented
here.

We have previously noted the presence of a sequence in both the MLC1g and
x-cardiac actin gene promoters (10, 17) which is similar to that of the viral E1A core
enhancer sequence A/CGGAAGTGAA/C (19). We have examined the MLC1p, MLC1y,
and extended MLC1g promoter regions and have found similar sequences in each,
although at rather different positions as shown in table 1. In the case of the MLC1p
gene this E1A enhancer-like element is flanked by two CCAAT box elements.

DISCUSSION

In order to define the proximal promoter regions of the three myosin alkali light chain
genes expressed in mouse striated muscle we have determined the site of initiation of
transcription of these genes in different muscle types. The MLC1p and MLC1y, genes
are expressed in both skeletal and cardiac muscle. We have shown here that the same
site of initiation of transcription, and therefore the same proximal promoter region, is
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used by these genes in both cell types. We have sequenced and compared over
1200bp of the proximal promoter regions of the MLC1g, MLC1yy and MLC1p genes in
order to identify potential cis-acting elements. In the case of the mouse MLC1g gene
this region is sufficient to direct tissue (muscle cell) specific regulation and correct
activation of transcription during the myoblast - myotube transition of an MLC1g-CAT
fusion gene (3) and the same is true of the chick MLC1g gene (20, 21).

Of the common sequence motifs identified between these genes, two are of particular
interest. Firstly there is a motif (consenus; CCTTTTATAG) present in MLC1p, MLC1y
and MLC1f which is conserved in sequence and position, and which is also present at
the same position in the MLC1g gene promoters of rat and chick (both CCATTTATAG).
It is worth noting that sequence elements which are involved in tissue specific gene
regulation, such as the immunoglobulin octamer (eg. 22), the heat shock consensus
sequence (eg. 23) and regulatory elements of the albumin gene (eg. 24) are all short
(less than 10 nucleotides) and are not always completely conserved. In the case of the
MLC-element it is possible that the minor differences between genes plays a role
since, in the case of the MLC1g gene, the sequence is conserved between species. It
will be of interest to see whether other MLC genes follow this rule as data become
available for other species.

In the case of the MLC1y, gene, the sequence of the MLC-element (CCTTTTATGG)
corresponds to that of a "CCArGG" box (CC(A+T-rich);GG : see 18). These elements
have been shown to be involved in regulation of x-cardiac, &-skeletal actin and c-fos
gene transcription and to bind nuclear protein factors (25, 26, 27, 28, 29). CCArGG box
elements identical with the mouse MLC1y, sequence are also found in both the human
interleukin 2 receptor gene (30) and in the g-actin (non-muscle actin) genes of mouse
rat and man in a region of the first intron that has been shown to have enhancer activity
(31). The exact relationship between this element and those of the MLC-genes is
unclear but as the g-actin and interleukin 2 genes are expressed in non-muscle cells
this element cannot, in itself, confer muscle specificity.

A second sequence identified is that of a cardiac muscle element with a central
consensus motif (CCCACCCCT). This sequence is also present in the &-cardiac actin
gene promoter but is not found in those of MLC1g or x-skeletal actin. It is interesting
that it is repeated several times in these genes and in the case of MLC1p and MLC1y
it forms an imperfect inverted repeat with the GGGG/CT motifs present in these
promoters (see table 1). Further definition of this element, and of the MLC-element will
require functional analysis by cell transfection and DNA binding type assays to
determine their role in the regulation of these genes.

Recently, a number of enhancer-like elements have been identified which may play a
specific role in muscle gene expression (20, 32). These elements are not required for
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correct tissue specific, or developmentally regulated expression, but rather are
involved in augmenting the level of transcription. There is no homolgy between the
published sequences of these enhancer regions and the MLC genes presented here.
In contrast we have found sequences in the MLC1g, MLC1y and MLC1p promoters
which show significant homology with the viral E1A core-enhancer sequence, and
have previously noted the presence of similar elements in the mouse &-cardiac actin
gene (10). Polyoma gene transcription, including that dependent on the A box which
has an E1A-like enhancer element, is up regulated during myogenesis in vitro (33) and
it is possible that these elements are involved in this type of stimulation.
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