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(2 SHI, R.-K. LI, D. A. G. MI~KLE AND G. JACKOWSKI. Analysis of the Upstream Regulatory Region o!‘Human 

\7entricular Myosin Light Chain 1 Gene. Journal of Molecular and Cellular Cardiology (1992) 24. 122 1 1229. To 
explore the mechanisms regulating expression ofventricular myosin light chain 1. the human gene including 5’- 
flanking DNA was cloned and characterized by Southern blot and restriction mapping. A 2 kb 5’-flanking DNA 
was sequenced and linked to a chloramphenicol acetyltransferase reporter gene. The constructs then were 
transfected into cultured human and rat cardiomyocytes as well as rat aortic endothelial cells. Deletion analvsis 
ofconstructs revealed that the basal promoter sequences, which were located within 62 base pairs ofthe cap site, 
could direct high levels of chloramphenicol acetyltransferase gene expression in the cardiomyocytes and 
endothelial cells. The region between -62 to - 312 base pairs strongly repressed the rhloramphrnirol 
acetyltransferase gene expression in the cardiomyocytes and endothelial cells. Positive elements were found 
between - 312 and - 2000 base pairs of the cap site. These results are indicative, among other possibilities, that 
the human ventricular myosin light chain 1 gene is turned on in rardiomyocytes by the presence of rrans-acting 
f,ictors that are bound to upstream positive elements and is turned off in non-muscle cells by the prt~n~ of 
repressor-binding proteins. But this mechanism remains to be established. 
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Introduction 

Myosin, a major protein of the contractile 
apparatus in all muscle and non-muscle cells, 
consists of two heavy chains, two alkali light 
chains and two regulatory light chains [I]. 
Myosin belongs to a multigene family whose 
expression is tissue and developmental stage 
specific [2]. Transition of cardiac myosin iso- 
forms occurs not only during normal develop- 
ment [3], but also in response to specific 
stimuli such as hormones 141, pressure and 
\rolume overload [5-g]. 

Ventricular myosin light chain 1 (VMLCI) 
is tht= major alkali light chain isoform present 
in ventricular muscle [9]. Recently we have 
found that ventricular myosin light chains 
(VMLCs) were present in 27% of biopsies 
from 91 children with different forms of con- 
genital heart disease. Perimembranous ventri- 
cular septal defects and tetralogy of Fallot 

were associated with the presence of\‘MLCs 
in 50% of patients [IO]. Our immunohisto- 
chemical studies revealed that the VMLCl 
was expressed in the same cell in which atria1 
myosin light chains were expressed. The 
explanation for this expression of VMLCl in 
the atrium of congenital heart disease is cur- 
rently unknown. 

To define the molecular mechanisms regu- 
lating human VMLCl grne expression, the 
human VMLCl gene was isolated and char- 
acterized. The upstream regulatory region 
(2 kb) of this gene was fused to bacterial 
chloramphenicol acetyltransferase ICAT) 
gene. The regulatory mechanisms of VMLC 1 
gene were demonstrated following transfec- 
tion of both human and rat cardiac myocytes 
as well as rat aortic endothelial cells in culture 
with deletional recombinant CAT \:ectors. 
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Materials and Methods 

Isolation and characterization of human VMLCI 
gene 

A partial EcoR I human genomic library 
cloned into Charon 4A phage was purchased 
from American Type Culture Collection 
(Rockville, MD 20852, USA) and screened 
based on the method of Benton [II] using a 
human ventricular myosin light chain 1 
cDNA [12] as probe. Positive clones were 
analyzed by Southern blot technique [13] and 
restriction mapping. After subcloning into 
Ml3 phage [I41 DNA, the 5’-flanking region 
of human VMLCl gene including the first 
exon were sequenced by the dideoxynucleo- 
tide chain termination method [15] using a kit 
(T7SequencingTM) from Pharmacia (Baie 
d’Urfe, Quebec). Nucleotide sequences were 
analyzed on a microcomputer with programs 
of the DNASIS from Pharmacia and the 
PUSTELL sequence analysis system from IBI 
(New Haven, CT 0635, USA). 

Construction of promoter analysis vectors Transfection of cultured mammalian cells 

The DNA fragment, covering the first exon 
and regulatory region of the human VMLCl 
gene from - 1951 to + 235 bp relative to 
transcription initiation site, was partially 
digested by Rsa I (Pharmacia). The partially 
digested products were separated by 1% agar- 
ose gel electrophoresis. The corresponding 
bands were recovered using a kit (Geneclean) 
from BIO 101, Inc. (Vista, CA 92083). 
pUC18 (Pharmacia) was digested by Hint II 
and EcoR I (Pharmacia) , purified by Genec- 
lean method and ligated with partially 
digested insert by incubation with T, DNA 
ligase (Pharmacia) overnight at 4°C. 

Adult rat and human ventricular myocytes as 
well as rat aortic endothelial cells were pre- 
pared essentially as described by Li and 
Mickle et al. [ZO, 211. 

Transformations of E. coli 71-18 (gift from 
Dr. C. C. Liew) were performed as previously 
described [I6J. Colonies were selected on LB 
plates containing ampicillin (50 ,ug/ml). Plas- 
mid containing the insert was purified by 
alkali-SDS lysis method [17] and digested 
with EcoR I and Sph I (Pharmacia). The 
insert was isolated by 1% agarose gel electro- 
phoresis followed by Geneclean purification. 
Cohesive ends were converted to blunt ends 
by incubation with T, DNA polymerase (BRL 
Gaithersberg, MD 20877, USA). The blunt 
ended insert was ligated with pUC 18 digested 

Transfection of DNA into cells was carried 
out by calcium phosphate coprecipitation 
[22]. Cell extracts were made 48 hrs after 
transfection as described by Ausubel [23]. 
The protein concentration of each cell extract 
was measured by a protein assay kit from Bio- 
Rad (Richmond, CA 94804, USA). Equal 
amounts of protein were used for all assays. 
CAT activities were determined according to 
the procedure of Gorman [22]. After analysis 
by ascending thin-layer chromatography, the 
rates of conversion were determined by 
scintillation counting. The CAT vector 
pBLCAT2 [18] which contained a Herpes 
simplex virus tk promoter and pBLCAT3 [18] 
which had no promoter were used as positive 
and negative controls, respectively. The vari- 
ation of transfection efficiency was estimated 
using vector pBLCAT2 which was known to 
be functional. The efficiency was optimized 
empirically by varying the amount of reporter 
plasmid DNA (pBLCAT2). In these studies 
the optimal DNA amount was 3Ogg. Experi- 

with Hint II (Pharmacia) . After transforma- 
tion of E. coli 71-18 the plasmid, named 
pUCHB1950, was isolated and orientation of 
the insert determined by cutting with Pst I 
followed by electrophoresis analysis. 

The insert of the pUCHB1950 was cut out 
by Hind III and BamH I (Pharmacia) and 
ligated with pBLCAT3 [18] which had been 
digested with the same enzymes. The new 
CAT vector (CAT1951) was digested with 
BamH I followed by partial digestion with Pst 
I. The partially digested products of 
pUCHB1950 insert were ligated with 
pBLCAT3 digested with both BamH I and 
Pst I (BRL). After transformation of E. coli 
71-18, clones harboring plasmid CAT131 1, 
CAT3 12 and CAT62 were selected on plates 
containing ampicillin (50 pg/ml). Their struc- 
tures were verified by restriction mapping and 
DNA sequencing [15]. Plasmid DNAs were 
prepared by alkali-SDS lysis [16] followed by 
two times cesium chloride-ethidium equi- 
librium gradient centrifugation [19]. 
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ments were repeated three times with three 
separate plasmid preparations. 

GenBank accession number for the DNA 
sequences presented in Fig. 3 is “M76408”. 

Results 

VMLCI gene was isolated from a partial 
EcoR I human genomic library cloned into 
Charon 4A phage using human VMLCl 
cDNA as probe. Southern blot analysis of one 
of the positive genomic clones showed that the 
same patterns were generated as the patterns 
derived from human genomic DNA. These 
results suggested that this clone contained 
whole human VMLCl gene (Fig. 1). Restric- 
tion endonucleases EcoR I, BamH I and Hind 
III were selected to map the gene according to 
the number of restriction fragments they 
generated. Figure 2 shows the restriction map 
of this 10 kb DNA coding for human VMLCl 
gene. The 5’-end EcoR I-BamH I fragment (2 
in Fig. 2) was sequenced in both directions 
and the location of the first exon and tran- 
scription initiation site determined (Fig. 3) 
according to cDNA sequence [ZZ] and Fodor’s 
data [24]. 

A computer-assisted scan of the sequence 
for known cis elements revealed that the 2 kb 
5’-flanking region of human VMLCl gene 
contained two CArG boxes [CC(A/T),GG] 
[25] located at -95 and - 123 bp, two AP-2 
motifs (CCCCAGCC) [26J located at - 132 
and - 1511 bp, and one M-CAT motif 
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FIGURE 1. Restriction enzyme digestion patterns of 
DNA from both positive genomic rlomz and human 

lymphocytes were compared by Southern blot analysis. 
DNA was cut by 1, Eco RI; 2, Barn HI; 3, Pst 1; 4. Mba I; 

5, Sal I and 6, Msp I. Human ventricular light chain 1 
cDNA was used as probe. Panel (A): Southern blot 
analysis of restriction patterns of positive genomic clrmc. 
Panel (B): Southern blot analysis ofrestriction pattcrns of 
purified human genomic DNA. Similar patterns bctwren 
panel (A) and panel iB) indicated that this clone <xm- 
tained the complete human ventricular light chain 1 gcnc. 

(CATTCCT) [27] located at - 157 bp. ;2 
striking feature of this fragment is that it 
contains multiple “CACAGA” sequences. 
This sequence was repeated 14 times between 
- 1135 to - 438 hp. This fragment also con- 
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FIGURE 2. This schematic representation illustrates (I J, the restriction map of an 18 kb insert coding for human 
ventricular myosin light chain 1 gene isolated from human Charon 4A genomic library; (2) the restriction map of an 
EcoR I-BamH I fragment covering the first exon and 5’-flanking region of the human ventricular myosin light chain 1 
gene. E=Ero RI, B=Bam HI, H=Hind III, P=Pst I, M=Msp I, V=Pvu II. 
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-1951 gaattcatgc cctctggctg tcttctcctc 
-1901 ctccactgac catcccccca cccctttctt 
-1851 atttggaaga aaagtgaaaa acttgccccc 
-1801 cagatttcca gatgtgggtg ttctgccctc 
-1751 ttccagtcag gagcgggctg gcccagcctg 
-1701 ggcggagtga caggatgaga gggactgggc 
-1651 cgtgcaggta gaggccctgg gcccacagca 
-1601 cccttgccac accagggaaa tccctggctt 
-1551 ccaggcactt aaaagtaacc aggagcacct 
-1501 agatgctggg caaggaacag agcccaatgt 
-1451 gttggcgtcc catgcgggaa gagccttgtg 
-1401 ccccaagtgg cagtcccgtc aggctgtact 
-1351 aggctgggct tgggatggac cctgggggcc 
-1301 tgggggtggg cactgagtgg taggaacagg 
-1251 gggcagaccc tgcttggcag cttggggttc 
-1201 cagagcccct gccaaaaggg tcggcagagg 
-1151 agcattggag agagctttct ggaagagggc 
-1101 tatgtcaggc agagggggcg agggcactct 
-1051 agccaggcct ggggtgtgta gggaaatgtg 
-1001 aggggaagta ggaatctagg ggtgaaagct 

-951 agcaggggct gaagagggag gctgctgaac 
-901 gagggagcag catcctttct cttgcccttt 
-851 ttggacccat agccagggct acagctgcct 
-801 tacagacaca tgtaaacacc CagaCataaa 
-751 agacacactc acatagacac atagacacac 
-701 gacccacaga gacaaatgca gacacccggg 
-651 gatacggagc acacataggc acgcacagag 
-601 cagacaatac acacaggtgt acacagaccc 
-551 acagagagac ccacagacac atagacaccc 
-501 cacacagaca catgctgact tccgccttcc 
-451 gacacagaca cagacacagg ggactttgga 
-401 ccttagatca tcccagtcct tctggcccca 
-351 ggtccaccct tcttcacctc ttcaacttac 
-301 ggccctgtgt gggtatgtgc gggtgtgcag . . . 

ttgtggtatt tctggctcgt 
tctcaatact gttgccaaac 
ccgccagtcc cggatgttgt 
cagatgagag gcagaacgtg 
gactgctgtc ctccctgtga 
ccagtaggaa gacagcaggg 
cctctcagcc tcaggcttag 
tgaagtttct atcaaaggct 
ccttcccacc ccccaggcac 
gtttacaaga tgtccccact 
ccacctcagc cctcccacct 
ctgtcactgt catctgctga 
gggcactgca ggatgggcac 
gaatgagcat cactgcactg 
ctcagagagg cagaccctct 
gcaacatgtg gcagtggaat 
cagtagagcc aagccttgaa 
w3waww3g %v=Ww3g 
cagccctggg gcctgtagag 
gagaaactgg tccctgggcc 
twcctggw 
ww3ggttc 
gccatgacca 
cacacagaag 
cacgcacaca 
ccatccctta 
ccccccacca 
ccctccacac 
cgacacagac 
cccacatgga 
gagcttaagt 
acacaacacg 
ggacctgcag 

gactgcccta 
ctggagaccc 
gacactcaca 
caacacccgc 
taaagaccca 
catagacaca 
cggaggcacc 
aaacacagac 
acagacaaca 
cacggtcata 
tcagaggtgc 
tagagtactt 
agagcagcag 

I atgagtgtgt gtgtatgtgt 
-251 gtatgtgtgt gttaagcagt ggccntgtc cccctctctc cctccccctt 
-201 cccaacaggt gattgggagg aatggagatc cctcctccac tacccattcc 
-151 tgagcctgaa caatgccctc cccaggcccc aaaatagccc ctaagcctag 
-101 ccatatcctt tatggccctg tccctattgt gcactgcagg ggtggggctg 

-51 gggtcatgag gtatccgggc aggataaagg cctgggtgag gcggctcacc 

I-. ***** 

-1 taccctgctt tctgcattct tctctccaca tccctctctg tacttacagc 

49 CcccaATGGC CCCCAAAAAG CCAGAGCCCA AGAAGGATGA TGCCAAGGCA 
M A P K K P E P K K D D A K A 

99 GCCCCCAAGG CAGCTCCAGC TCCCGAACCT CCCCCTGAGC CTGAGCGCCC 
A P K A A P A P E P P P E P E R P 

149 TAAGGAGGTC GAGTTTGATG CTTCCAAGat caaggtggta tggaagctgg 
K E V EFDA SK 

199 gtggtggcaa taggagcagg gcaagtgagt ggatcc-3* 

FIGURE 3. An EcoR I-BamH I restriction fragment covering the first exon and 5’-flanking region of the human 
ventricular myosin light chain 1 gene was sequenced by the didcoxy chain termination method following Ml3 
subcloning. By comparing with published DNA sequences from coding region of the same gene [Xl, it was shown that 
this 2186 bp fragment covered from - 1951 to + 235 bp relative to transcription initiation site. The “TATA” homology 
is indicated by asterisks and transcription initiation site indicated by an arrow. DNA sequences corresponding to coding 
region are in capital letters. The deduced amino acid sequences are indicated below the nuclrotide sequences. 
Nucleotide position + I is assigned to the cap site. 

tains a “GT” rich sequence (12 GT repeat) ing (data not shown). The results indicated 
located at - 267 bp. that each construct contained the expected 

To explore the regulatory mechanisms of insert with the correct orientation. 
VMLCl gene, four deletional CAT vectors To evaluate the feasibility of the rat cardio- 
were constructed as indicated in Figure 4. The myocytes as assay system for human gene, 
structure of each construct was examined by DNA sequences from rat VMLCl regulatory 
both restriction mapping and DNA sequenc- region [28] were aligned by matrix analysis to 
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FICCRE 4. Schematic outline for the construction of 
human vrntrirular myosin light chain I promoter analysis 
~cctora. Each construct was named as indicatrd on the 
left side. E=Eco RI, R=Rsa I, P=Pst I. B=Bam HI. 

the human corresponding region to locate 
sequence similarity between two species 
(Fig. 5). The matching percentage between 
- 588 to “ATG” site was 84% which sug- 
gested that this region was highly conserved 
between two species. 

To investigate the mechanisms regulating 
rxpression of ventricular myosin light chain 1, 
the constructs (Fig. 4) together with the posit- 
ive control pBLCAT2 and negative control 
pBLCAT3 were transfected into cultured rat 
and human cardiomyocytes and cultured rat 
aortic endothelial cells. CAT activities were 
analyzed by thin layer chromatography and 
the typical autoradiographs obtained shown 
in Figure 6. The region within -62 bp of the 
cap site directed high levels of CAT gene 
expression in both cardiomyocytes and aortic 
endothelial cells (Fig. 7). Regions between 
-312bp and - 62 bp suppressed the CAT 
gent expression in both cardiomyocytes and 
aortic endothelial cells (Fig. 7). Multiple pos- 
itive elements were revealed in the region of 
- l!J51 to -312 bp when plasmid CAT1311 
and CAT195 1 were transfected into cardio- 
myocytes. Very low levels of CAT activity 
could be detected when the same constructs 
were transfected into rat aortic endothelial 
cells. 

Discussion 

In this study a 2 kb 5’-flanking region 01‘ 
human VMLCl gene was sequenced and its 
promoter function was analyzed. Our results 
showed that DNA sequences within - 62 bp 
of the cap site could direct high lr\~ls ot‘( ::!‘I 
gene expression in both human and rat car- 
diomyocytes and rat endothelial culls indicat- 
ing that the essential promoter elrmrn~s wrrr 
located within this region. The activities of 
CAT62 in cardiomyocytrs appeared highrr 
than that in endothelial crlls suggesting the 
presence of muscle specific element in the 
essential promotrr region. This region could 
not override the effect of the upstream nrgat- 

ive elemrnt. Although the - 62 bp region did 
not drterminr the cell type specific rxprrssion 
of the VMLCl gene, it could be important in 
increasing thr rate of VMLCI transcription 
in muscle cells after the gene has bern ac.tiv- 
ated by other tissue specific factors. ‘l‘h(, re- 
gion between - 3 12 bp to - 62 bp suppressed 
CAT genr rxpression in both cardiomyoc,ytes 
and endothelial cells indicating that this rr- 

gion contained negative clemrnt(s: itlId the 
presence of reprrssor(s) in both ccl1 typrs. 

This region appeared to be responsible for the 
repression of VMLCl gene in endothelial c-ells 
which normally do not express V;LII,(:l. ‘I’he 
region between - 1951 bp to - 3 12 bp had 
the ability to override the nrgati\.ca t-ft&,t of 
the - 312 to - 62 region in cardiomyocytes. 
These results suggested that thr region 
upstream of - 312 bp contained positi\r rlr- 

ments and the presence of tissue specitic acti\;- 
ator-binding proteins in cardiomvocytrs. This 
is consistent with a balance hetwrrn the 
repressor- and ~rc~ivator-bindirlg proreins 
being necessary for programmed rxprcssion of‘ 
VMLC 1 gene. 

Recently we have found that VMLCs were Kurabayashi e/ al. [_3y] reported on the 
expressed in the atria of children with congen- 
ital heart disease [IO]. The presence of 

analysis of the transcriptional regulatory rle- 

merits within - 357 and t 40 of human 
VMLCs in the atria of those children did not 
correlate with atria1 pressure or volume over- 

VMLCI gene. They found a \rr) strong 
negative element located between - 320 and 

load. The lack of correlation between the -265 in both musclr and non-muhcltt crlls. 

presence of VMLCs in the atria and hcmo- 
dynamic parameters indicated that the 
expression of VMLCs was not induced by- 
pressure overload. It was not understood how 
the synthesis of VMLCl was regulated. the 
cis-acting elements involvrd in the regulation 
of tissue specific gene expression nrrded lo br 
clarified. 



1226 

-588 

-582 

-544 

-522 

-495 

-466 

-441 

-425 

-385 

-375 

-329 

-325 

-272 

-273 

-226 

-214 

-173 

-160 

-114 

-104 

-59 

-46 

-2 

15 

54 

66 

Q. Shi et al. 

CAGG-TGTACAC-AGACCC---C--- C-CTC-CACACAAA-CAC--AGACA-C-AGA-GA 

Ill IIIIIIlllI I I Ill l/Ill III Illll I Ill II 
CAGTCTCTTCCCTAGACCCAGGCGGGCACTCACACACCCTGCACGGAGAC~CCAGACGA 

GAC---CCACA-GACACATAGACAC-CCCGACACAGACACA-GAC~C-ACAC--AC--A 

I I I III I I I II III1 I III Ill IIIIII I III II I II I 
GACATACCA-ATGTC-CAGAGAC-CTCCC-ACAGTGACACACGCCMGGACCCCTACTTA 

---G-A-CACATGCTGACTTCCGCCTTCCCCCACATGGACACGGTCATAGACACA-GACA 

I I I II I III I I I II I III1 II I II II II 
AAAGGAGC-CA-G--GACA-CAGA-T-CCAC-ACAT--AC--G-TCC----C-CTTG-CT 

CA-GACACAGGGGACTTTGGAG-AGCTTAAGTTCAGAGG--TGCCCTTAGATCATCCCAG 

I II IlIIIIII I III I I I II II Ill II IIIIII I I I 
CTTGAT-CAGGGGACCT-GGACCACCC-AGGTGCA-AGGACTGTCCTTAGGT-A-C---- 

TCCTTCTGGCCCCAAC-AC-A-ACACGTAGAGTACTTGGTCCAC-CCTTCTTCACCTCTT 

I I II lIIIlIll I I Ill III I I Ill III III1 II Ill1 II 
T--T-CTAGCCCCAACTATGATACA--TAGC--A-T-GGTACACACCTTTTTTACCT-TT 

CAACT-TACGGAC-CTG-CAGAGAGCAGCAGGGCCCTGTGTGGGTATGTGCGGGTGTGCA 

Illllll lllIlllIllI II 0IIIl II Ill1 I IIIII 
-ACCTGT-CTGAGGCTGGCAGAGAG-ATT-GTG- --TGTGTGTGTGTGTGTGTGTGTGT- 

GATGAGTGTGTGTGT-A-TGTGTGTATGTGTGTGT--T-A-AGC--AG--TG-GCC-T-- 

I II IllllIIIII I III III III I/III I I III II II II I 
G-TGTGTGTGTGTGTGACTGTCTGTCTGTCTGTGTGCTCAGAGCCCAGGCTGAGCAGTGG 

--T-TGTCCCCCTCTCTCCCTCCCCCT-TCCCAACAGGTGATTGGGAGG~TG-G-AGA- 

I III1 IIIIIII II III1 II III IIllllIII IIIII I II I I I 
CCTCTGTCTCCCTCTC-CC-TCCCTCTCTCC-MCAGGTGACTGGGA--A-TGAGCACAC 

TCCC-TCCTCCACTACCCATTCCTGAGCCTGAACAATGCCCTCCCCAGGCCCC~TAG 

IIII III II I I I IIIII I IlIIIIIIIllIlllIl lllll llllllllII 
TCCCCTCC-CC-C-AGC-ATTCCAGGGCCTGMCMTGCCCTCTCCAGGACCC~TAG 

CCCCTA-AGCCTAGCCATAT-CC-TTT-ATGGCCCTGTCCCTATTGTGCACTGC-AGGGG 

lllll Ill IIIII II II Ill lllIIIIIIIIIIIlIllllll II Illll 
CCCCTTGAGCAGAGCCA-ATGCCCTTTTATGGCCCTGTCCCTATTGTGCA-TGGTAGGGG . . . . . 
TGGGGCTGGGGTCATGAGGTATCCGGGCAGGATAAAGGCCTGGGTG--AGGC-GGCTCAC 

IIIlIIIIIlIlIIlllllIIl I IIIIIII III II IIIII II Illllll 
TGGGGCTGGGGTCATGAGGTATATGAGCAGGATCAAGCCCAGGGTGGCAGT~GGCTCAC 

. ..* t-+ 

*+ 
CTA-C-C-CTGCT-TTCTGCATTCTTCTCTCCACATCCCTCTCTGT-ACTTACAGCCCCC 

Ill I I II II III1 I I IIOI III II lllllll I Illllll II 
CTATCTCACT-CTCTTCT-C-TCCTTCT-TCCGG--CC-TCTCTGTGA-TTACAGCTCC- 

AATG-HUNAN VENTRICULAR LIGHT CHAIN 1 

I I I I 
AATG-RAT VENTRICULAR LIGHT CHAIN 1 

FIGURE 5. Comparison of DNA sequences from human and rat VMLCl promoter region covering from ATG to 
- 580 bp. The matching percentage is 84%. The TATA boxes are indicated by arrow heads. The transcriptional start 

sites are indicated by a diamond symbol. 

Our results suggested the presence of negative bayashi’s laboratory. Although Kurabayashi 
element between - 3 12 to - 62. Therefore we et al. found at least three positive elements 
concluded that a negative element must exist located between -265 and -225, - 107 and 
between - 3 12 and - 265. This negative ele- - 94, - 94 and - 49 respectively, these posit- 
ment is responsible for the suppression of ive elements could not override the negative 
VMLCl gene in all six cell types that have effect of the upstream negative element. The 
been tested in both our laboratory and Kura- overall effect of the region between - 357 and 
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HCM 

RCM 

RAE 

FIGURE 6. Four deletional CAT vectors (Fig. 4) 
together with the positive control (pBLCAT2) and negat- 
i\ e control (pBLCAT3) were used for transient expression 
of CAT gene in primary cultures of muscle and non- 
muscle cells following transfection by calcium phosphate 
precipitation method. After 48 hrs the cell extracts were 
.usayed for CAT activity. (HCM), human cardiomyo- 
cytes. ~RCM), rat cardiomvocytes. (RAE), rat aortic 
cndothelial cells. 
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+ 40 was negative for both muscle and non- 
muscle cells. This is in agreement with our 
findings. Therefore there must be positive 
element(sj or enhancer(s) located outside 
- 357 to +40 region to confer the tissue 

specific expression for VMICl gene. In our 
study we were able to sequence 2 kh upstream 
region and were able to identify important 
tissue specific positive elements located 
between - 1951 to - 357 region previously 
not seen. 

Our results differed from that of Donoghue 
et al. (301 who failed to find tissue-specific 
regulatory elements from sequences proximal 
to the two rat skeletal myosin light chain 1 
and 3 promoters. They showed the presence of’ 
a downstream muscle specific enhancer ele- 
ment. Shen et al. [31] demonstrated that 
chicken cardiac myosin light chain 2 gene was 
regulated by an upstream repressor elemrnt. 
Their gel shift assays revealed the presence of 
repressor-binding proteins in skeletal musc.le, 
but not in cardiac muscle. Our studies wcrc 
consistent with the repressor-binding proteins 
being present in both cardiac muscle and 
vascular endothelium and with VMI,Cl gem 
being turned on by the presence of activator- 
binding proteins instead of the ahscr1c.c of the 
repressor-binding proteins. These results sug- 
gested that different regulatory mechanisms 
must exist for cell-specific expression of mvo- 
sin light chain isoforms. 

Analysis of DNA sequences from \XL<:i 

CAT1051 CAT1311 CAT212 

CAT CONSTRUCTS 

CAT02 

FIGURE 7. Comparison of CAT activity in different cell types transftcted with plasmid CAT195 1, (:.4’1‘1311. 
(X’r312 and CAT62. The relative activity of the constructs was normalized to the pBLCA’T2 activity in various cell 
types. Results represent three separated experiments with three separate plasmid preparations and arc rxprrrscd as the 
mean + 2 standard error. 
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upstream region indicated that “TATA” 
homology (caggATAAAagg) was located 
between - 28 to - 24 bp. Similar “TATA” 
homology and surrounding sequences (cagg- 
ATAAAgg) [3.?] were found in human atria1 
light chain 1 promoter region. Although 2 
CArG boxes were found in upstream region of 
VMLCl gene, no CArG boxes were located 
within - 62 bp. This suggested that the CArG 
box was not required for expression of the 
VMLCl basal promoter in cardiac muscle 
cells. The CArG boxes were shown to be 
critical for cardiac actin gene expression and 
deletion of these boxes suppresses promoter 
activity [33]. Our data suggested that the 
region upstream - 3 12 bp played an import- 
ant role in cardiac muscle tissue specific 
expression. However no CArG motif was 
found in this region indicating that CArG 
motifs were not important for the tissue speci- 
fic expression of VMLCl gene. MyoD, the 
first myogenic regulatory gene to be identi- 
fied, plays a critical role in the activation of 
the muscle gene program in skeletal muscle 
cells [34], MyoD also binds to fast skeletal 
muscle MLCl/MLCS enhancer elements and 
regulate MLC gene expression [35]. MyoD 
binds to a consensus DNA binding sequence 
that includes a CANNTG sequence present in 
most muscle specific enhancers [36]. The se- 
quence was not found in the 2.1 kb 5’-flanking 

region of human VMLCl gene. MyoD may 
not be important in regulating cardiac myosin 
light chain gene expression since no evidence 
was found for the presence of MyoD tran- 
scripts in the heart during mouse embryogene- 
sis [37]. MEF-2, a myocyte-specific enhancer- 
binding factor [38], recognizes an AT-rich 
sequence (CTCTAAAAATAACCCT) in the 
mouse muscle creatine kinase enhancer. The 
AT-rich sequence homology was not found in 
the 2.1 kb 5’-flanking region of human 
VMLCl gene. 

To further understand the mechanisms 
underlying tissue specific expression of 
VMLCl gene, the precise locations of those 
positive and negative cis-elements need to be 
defined and the specific regulatory protein 
factors which bind to those cis-elements char- 
acterized. 
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