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Nucleotide sequence of the putative regulatory region of mouse
lactate dehydrogenase-A gene
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The nucleotide sequence of approx. 3 kilobases including the regulatory region, a non-coding exon and the
first protein-coding exon from mouse lactate dehydrogenase-A (LDH-A) gene has been determined. The
putative initiation sites of transcription and translation were deduced by comparing the nucleotide sequence
of mouse LDH-A gene with those of a mouse LDH-A processed pseudogene and the LDH-A full-length
cDNAs from rat and human. The tentative TATA and CAAT boxes, and the hexanucleotides CCGCCC
have been identified. The sequence of AAATCTTGCTCAA of mouse LDH-A gene has also been found
to show striking homology to the cyclic AMP-responsive sequences of eukaryotic genes regulated by cyclic
AMP. It has been reported previously that the protein-coding sequence ofmouse LDH-A gene is interrupted
by six introns and the 3' untranslated sequence of 485 nucleotides is not interrupted [Li, Tiano, Fukasawa,
Yagi, Shimiza, Sharief, Nakashima & Pan (1985) Eur. J. Biochem. 149, 215-225]. An additional intron of
1653 base-pairs was found in the 5' untranslated sequence of 101 nucleotides at 24 nucleotides upstream
to the translation start site. Thus, mouse LDH-A gene containing seven introns spans approx. 11 kilobases
and its length of mature mRNA is 1582 nucleotides, excluding the poly(A) tail.

INTRODUCTION
In mammals and birds, the five isoenzymes of

tetrameric lactate dehydrogenase (LDH) are found in
various proportions among different somatic tissues and
are produced in vivo by combination of the A and B
subunits, whereas the homotetrameric LDH-C4 is present
only in mature testes and sperms [1]. The LDH-A,
(muscle), LDH-B4 (heart) and LDH-C4 (testis) iso-
enzymes possess distinct physical, catalytic and immuno-
logical properties [2, 3]. The three gene loci coding for
the LDH-A, B and C polypeptides are believed to have
originated from an ancestral gene during the course of
evolution [1, 4]. The expression of these three LDH genes
is developmentally regulated and tissue-specific [1].

It is known that human cancer tissues exhibit an
increase inLDH activity [5]. Unusual isoenzymes LDH-K
[6], LDH-Z [7] and LDH-A4 of altered conformation [8]
were isolated from human cancer. It was also shown that
the LDH-A protein is phosphorylated at tyrosine in cells
transformed by Rous sarcoma virus [9]. The level of
LDH-A mRNA was found to increase following the
stimulation of quiescent rat fibroblasts by epidermal
growth factor [10]. The synthesis of LDH-A mRNA and
polypeptide in rat C6 glioma cells was shown to be
induced by isoproterenol or dibutyryl cyclicAMP [11-1 3].

In order to illustrate the structural and evolutionary
relationships of the LDH-A, B and C genes and to study
the molecular mechanism(s) of gene regulation, we have
undertaken the investigation of protein structure and
gene organization of mammalian LDH isoenzymes. We
have reported the primary structure of human LDH-A4,
mouse LDH-A4, mouse LDH-C4 and rat LDH-C4

isoenzymes as well as the molecular characterization of
mouse and human LDH-A cDNA clones [14-19]. We
have also described the genomic organization of
protein-coding exons of mouse LDH-A gene [19]. In this
paper, we present the nucleotide sequence of the
regulatory region of mouse LDH-A gene and discuss its
homologies with those of other eukaryotic genes
regulated by cyclic AMP.

MATERIALS AND METHODS
The mouse (C57 Bl/10) LDH-A genomic clones were

isolated from a Charon 4A genomic library provided by
Dr. M. Edgell [20]. The genomic clone AM15 containing
LDH-A functional gene was partially characterized [19]
and DNA fragments of its regulatory region were
purified, further cleaved, and subcloned into M13
mplO/mpl 1 phages [21, 22]. The DNA isolated from
genomic clone AM 11 containing LDH-A processed
pseudogene was cleaved by EcoRI and XbaI, subcloned
into M13 mplO/mpll phages, and the M13 phages
exhibiting positive hybridization to LDH-AcDNA probe
were isolated. (It may be noted that there are no EcoRI
and XbaI sites in the short and long arms of Charon 4A
phage.) The nucleotide sequences of genomic DNA
fragments purified from M 13 phages were determined by
the dideoxy chain termination method [23].

RESULTS
Regulatory sequence of LDH-A functional gene
The genomic clone AM15 was previously shown to

contain an LDH-A functional gene in which the
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Fig. 1. Restriction endonuclease map of the mouse LDH-A gene
and nucleotide sequencing strategy of the regulatory
region

The overall map of mouse genomic clone AM15 for
restriction endonucleases (R, EcoRI; H, HindIII; B,
BamHI; X, XbaI) was previously described [19]. The seven
protein-coding exons are numbered in Arabic and shown
by solid blocks. The 5' and 3' untranslated regions are
shaded. The HindIII fragments of 2.4 kb (containing
non-coding exon a) and 2.0 kb (containing the first
protein-coding exon) were isolated and further cleaved by:
P, PstI; S, Sau3AI; X, XbaI; E, HaeIII; A, AluI and/or
G, BglII, and subcloned into M13 mplO or mpl 1 phages
[22]. The nucleotide sequences of the inserted DNAs were
determined by the dideoxy chain termination method [231.

protein-coding sequence is interrupted by six introns [19].
The orientation of the LDH-A gene in the genomic clone
AM 15, the restriction map and the sequencing strategy of
the regulatory region are illustrated in Fig. 1. The
nucleotide sequence of approx. 3 kb including the
regulatory region, a non-coding exon and first protein-
coding exon is presented in Fig. 2. The putative initiation
sites of transcription and translation ofLDH-A gene are
deduced by comparing the nucleotide sequence of
genomic cloneAM 15 with those ofthe LDH-A full-length
cDNAs from rat [10] and human [18] as well as a mouse
LDH-A processed pseudogene present in genomic clone
AM11 (Fig. 3). The most likely transcription start site is
at the G residue shown in Fig. 2 as + 1. The tentative
'TATA' and 'CAAT' boxes are located at nucleotides
-26 and -43, respectively. The regulatory sequence of
CCGCCC occurs twice at positions - 103 and - 137
from the transcription start site. Examination ofsequence
homologies with several other eukaryotic genes regulated
by cyclic AMP revealed a putative cyclic-responsive
sequence at position -853 of mouse LDH-A gene (Fig.
4). As to the translation start site, the first methionine
codon is located at 101 nucleotides downstream from the
5' end of the mRNA (Fig. 3). The predicted N-terminal
sequence is in complete agreement with that of mature
LDH-A protein [19]. A sequence comparison of mouse
LDH-A functional gene with those of mouse LDH-A
pseudogene AMl1, rat LDH-A cDNA [10] and human
LDH-A cDNA [18] uncovered that the 5' untranslated
sequence of mouse LDH-A gene is interrupted by an
intron of 1653 bp at 24 nucleotides upstream from the
translation start signal ATG (Fig. 2).

Partial sequence of LDH-A processed pseudogene
Mouse genomic clone AM 11 containing an insert of

14 kb was isolated and partially characterized by
restriction endonuclease mapping and Southern blot
analysis (results not shown). A single genomic DNA
fragment of 1.6 kb derived from double cleavage with
EcoRI and XbaI exhibited a strong hybridization signal
to the LDH-A cDNA probes from mouse [17] and human
[18], indicating the presence of the protein-coding
sequence as well as the 5' and 3' untranslated regions. The
partial nucleotide sequences of this DNA fragnent from
genomic clone AM 11 are aligned with those of mouse
genomic clone AM15 and the LDH-A cDNAs from rat
and human (Fig. 3). The sequences of mouse AM11
LDH-A pseudogene possess the characteristics of a
processed pseudogene, that is (a) absence ofintrons at the
5' untranslated region and between codons 41 and 42, (b)
the presence of the polyadenylation signal AATAAA [24]
followed 12 nucleotides downstream by a poly(A) tail,
and (c) the presence of exact 9-bp direct repeats, one
located just upstream from the 5' end of the homologous
cDNA sequence and the other just downstream from the
poly(A) tail. The nucleotide sequence upstream to the 5'
direct repeat of the AM 11 LDH-A pseudogene is very
different from that of the promoter region of the LDH-A
functional gene (AM 15). Thus, this LDH-A processed
pseudogene is transcriptionally inactive, as it lacks the
necessary 5' regulatory sequences. However, the sequence
of the AMl1 LDH-A pseudogene has 85% and 98%
homologies with the 5' untranslated region and the
sequence coding for first 45 amino acids from mouse
LDH-A gene (AM 15), respectively. A comparison of the
3' untranslated sequence near the polyadenylation site
from the AM 11 LDH-A pseudogene with that of mouse
LDH-A gene (AM 15) revealed three nucleotide substitu-
tions, deletion of a single nucleotide and insertion of 12
nucleotides.

DISCUSSION
As described previously [19], the protein-coding

sequence of mouse LDH-A gene is interrupted by six
introns and the 3' untranslated sequence of 485 bp is not
interrupted. In this report, we have uncovered the
presence of an additional intron of 1653 bp in the 5'
untranslated region ofthe mouse LDH-A gene. While the
capping site of mouse LDH-A mRNA has not been
determined directly, the putative initiation site of
transcription was deduced by aligning the nucleotide
sequence of the mouse LDH-A functional gene (AM 15)
with those of a cloned mouse LDH-A processed
pseudogene (AM 11), rat LDH-A cDNA [10] and human
LDH-A cDNA [18]. It may be noted that both rat and
human LDH-A cDNA clones were isolated from cDNA
libraries constructed by the method of Okayama & Berg
[25], which yields cDNAs of nearly full length. Further,
the 5' end of rat LDH-A mRNA was confirmed
experimentally by primer extension [10]. The 5' untrans-
lated sequence of 101 nucleotides is 62% G+C and it
contains 9 CG dinucleotides. The 150-nucleotide region
upstream from the transcription initiation site is 74%
G+C and it possesses 21 CG dinucleotides. These CG
dinucleotides are the potential methylation sites, and
under-methylation of the regulatory region is commonly
associated with the active expression of eukaryotic genes
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Putative regulatory sequences of mouse LDH-A gene

AAGCTTTGTGATATTAATGGCAGACTGCTCTCCAGGT -1081

CCAACTGTTTGACTTTTTAATTTTTTTAAATTTGCGCTCTGCTGAGGGACTCAGGCCTTGGTGTATGCAAGACAAGTGTCCCTGTCCTGGCCACACTCCTAGGCCTGTTGTTTGTTATAA - 961

cAMP resp seqAAGAGATCACAAGGGATACAGACCAAGCGAAAATAAGGGGGGGCTGTGAGCTTCATTCCCTCTCACATGATCCCTGCATATCCAGCACCCTGCAACCAGCTTGTTCAAATCTTGCTCAAG - 84 1

ACTGTAATAGACCTTAATCTGCAGTGAACACATCCTTCCGGGGAGATGGGTGAGCAGGGTTGAAAGTCACAGTTCTTCCCATCACTAAGGAAATCAAACAGTTGCAAACTCCATTTCACA - 721

TCCTATCAGTGGTGGAGTACCTTAAGATTCACATACGGTTGATCGGGAGCTGGGAGAGGAACAGGAACTGGCCTCACAGCTTAATGAGACCTCTAGAAAGACGTTTAAAGGCAGAGGGGG - 601

TGTGTGAAAACAAGCAAGGGCCCTGATACTCCTTGGTAAGGCTAAACACAAATGCCTGCGGGATGGCATGGGAGAGGGCAGATATGGATGTAAGCTGGCAAGCCATCAGAAGCTGAGCCG - 481

CACCCCCCTCCCCCCATGGTTTGGGAGATGGAAGTGGGGCAGGAGAAAGGCCC ATCTGATAGGCTGCTATGGCGGATAGACCGGCACGGTGCTGGCATGTGCTTTCACACAATATTTACT - 36 1

GAAGGCCTGTTGCTTGCCAGGAGTTGTTCCCGGCGCCGGAACAGCAATGAAGAAAGTGACCAGGGTTTTTTCTGAGTCTCACAAGTTTTCCGGTGAAGGAGGCGGAGGATCGATGCATTT - 24 1

CCGCCCCGGGCTCCTGC TTCTGAGGCTGAGGAGCATGTCGGGTTGGCCTTTCTTTGGGGTGTCGCAGCACACGTGGAGCCACTCTTGCAGGGACATCGTGCTGCGCGCGCCGCCCCGGTCTCGGTG - 12 1

CCGCCC CAAT TATA
GCCTAGCCGGCTGGACGCCGCcCCCGGCCCAGCCTACACGTGGGTTCCCGCACGTCCGCTGGGCTCCCACTCTGACGTCAGCGCGGAGCTTCCATTTAAGGCCCCGCCGCGTGCTGCTCT -

1
GCGTGCTGGAGCCACTGTCGCCGAGCTCGGCCACGC TGCTTCTCCTCGCCAGTCGCCCCCCCATCGTGCATCTAGCGGTACGGTTGGGCCCCACGCTGCCGGCACAGGGGGTCCTATCCG 1 20

GGGTGGAGGTGCAGGGTGTTCAGATTTGGGCACGCGTGGGCTACTGTGCTTTGGGGAACGTAGCAGGCGGCCCACCCAGCCTGGGCGGCGACACCCGTGTAAAGAGGACTAAGGGTGGC T 240

GGCCTGAAGGTTGGGAGCCACCGAACGGGGGCGAGGGAGCGGTGCGAAACTTGAGCTCCCGTAACTCGAGCCATGGGGGCCGAAAAAGCCTTGGC ACGTCCGGGGCGGGTGCTTCGGAGC 360

AGCCGTGCGGTTTGCATTTTCCTTTGCGTGGGCTCGGTGGAGTGGTTGTTTC TGCAGATTATAGGGCGC TCTTGCCCTAAACGC ATTTfTGTTAAGAGGCTCGCTCC TGGTGTGACTGGGG 480

ATCGTGCTAAGGCGCTGCGTGCGGAGAGGAAGCGGGAAGAGTCGCAGTCC TTCC TCTGCACCCTAGACGGAAGGAGGAAACCTGTAGCTGAGAGGCC TGCGACACCCATCGGTCGTAGGT 600

GGGAAGTAGAGGCACCCTGTCCTAATAGAGCACAGACTTGAGGTTTGCGTGAAGTAGATTCTCTGAGGGAAGAAGTCCCCACGCCCTGCCCCCAGTCAGCAGAGACCTCACAAGGCTGTC 7 20

TAGAAATAGCAGCGGTTGTAAGGAGACCGGATTCCTGCTTGATGGCCCTAGCGTGCTTGCCCAGAGATCTTGTCCAGTCCTTTTGCACTTTGGAACGATTTCAAAAATAGACATGGTGCT 840

TGCTGGGAAAGGTGGCCATCGCGGGGGTGGGAGTGGGCTCCAGGCTCAGGCCTCCGCATATTGTATCCCCATTTTGGAACTGAAGAAATTTCCCTTAGCGGCCACATCCTGGGTAATGAG 960

GCCCCGCCTGGTGGTGAAGGCCCTAATCCTGTTAGTGGCATTTTGAGATCTCACTCTGGCACCAGGCTAAGGTGGCTGCCAGCTCCACTTCACCGCGCTTGTGCTTTGGGCTCTAGTAAG 1080

GGCCAAACTTTGACGCCGAACTGCCTGCCAGAGGTCTCATCCATGGCCAGCAGTCGCTAGACCTATATATATGCACCTGATTCTGAAATTACGCGCACTGCCTTCcCCCGCCTGCCAGTC 1200

TTCTGGATCTGGGCTGGTCATACAACTTGGGTTCTTGCGGGGGTGGGGGGGTTAGAAGAAGCTTGCGCGTGCAGGCTTAAGCACGTTGCTATGCCTTGGGGTCGCACCTTGTGGCCGTTA 13 20

TTGGCGCCCTCTGCTCTTGATTTTTGGTACTTCCTGGAGCAACTTGGCGCTCTACTTGCTGTAGGGCTCTGGGTGATGGGAGAAGAGCGGGAGGGCAGCTTTC TAACCATATAAGAGGAG 1440

ATACCATCCCCTTTTGGTTCATCAAGATGAGTAAGTCCTCAGGCGGCTACACGTACACGGAGACCTCGGTATTATTTTTCCATTTCAAGGTAGAGCCTTCCTGGTAGAGCCAGAACCACA 1560

TCCTGCCGCTGCTATTCTTGGTTTTCCACTTCTGTTCTTTGTCACATTGTCACTTAATGGAAAGGAGTCCAAGGTAGC AAGTCAGCGTTTTTTTTTTTTTTTTTTAAATACAGGGACTTG 1680

GTGAGTATACCTTGGGCAGGTTACAATGACACACGGTGTATACCCCTTAGGTCTCAAAAGATTCAAAGTCCAAGATGGCAACCCTCAAGGACCAGCTGATTGTGAATCTTCTTAAGGAAG 1800
- -- -- -- - --- -- -- -- -- - --- M-!ltAl aTh rLeuLy sAspGl nLeuI 1eVal AsnLeuLeuLy sGl uG

AGCAGGCTCCCCAGAACAAGATTACAGTTGTTGGGGTTGGTGCTGTTGGCATGGCTTGTGCCATCAGTATCTTAATGAAGGTAAGTGGAGATCTTCATGGCCCAAGCTATGGGTGTGGTG 1920
l uGl nAl aProGl nAsnLys I leThrVal Val GlyVal GlyAl aVal GlyMetAl aCysAla I leSerI leLeuMetLys 041

TGGGGGAGAGGACATC CCTACATTGTCACATTGTATGTAAAACTATCAAGGTTTGCACACACTCAGTCATCTGTGAAACATTTTGCAACATAATGATACACAAGAAAGGGATTATCCAAA 2040

Fig. 2. Nucleotide sequence of the regulatory region of the mouse LDH-A gene
The nucleotide sequence of mouse LDH-A gene is numbered from the putative initiation site of transcription, and the number
of the last nucleotide in each row is given at the right-hand side. The tentative TATA and CAAT boxes, the hexanucleotides
CCGCCC and the cyclic AMP-responsive sequence (cAMP resp seq) are identified above theDNA sequence. The 5' untranslated
sequence underlined is interrupted by an intron of 1653 nucleotides. The initiating methionine and predicted sequence of 41
amino acids from the first protein-coding exon are given below the DNA sequence.

[26]. However, the effect of DNA methylation on the simian virus 40, the CCGCCC sequence is present twice
transcription of the mouse LDH-A gene remains to be within each ofthe 21-bp repeats ofthe early promoter 1291
determined. The signals of 'TATA' and 'CAAT' are and is known to bind the transcription factor Spl [30].
tentatively identified as indicated in Fig. 2. The sequence In herpes simplex virus, the CCGCCC sequence is
ofCCGCCC occurs twice in the G+ C-rich region of 150 involved in the modulation of I1E gene expression [31] and
nucleotides upstream from transcription start site. It has is apparently essential for maintaining high levels of
previously been shown that the TATA box is essential for transcription of the thymidine kinase gene [321.
correct transcription initiation by eukaryotic RNA CyclicAMP has been shown to regulate the synthesis
polyme.rase ITand that tlhe CAAT hox and tlhe CCG'CCC of seveirnl proteins" inclunding ILDH]-A [1I1-l3], PEPPCK
sequence are involved in regulating the level of [33-36], TAT [37], and prola-ctin [381. In rat C6 glioma
transcription of many eukaryotic genes [27, 28]. In the cells, either isoproterenol or dibutyryl cyclic AMP can
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Initiation sites of transcription and translation:

mouse MIl1 gaattc...ggacccaaagcccaggagtttcctaaattaaactcaaacactaaagagtcataagttcaaaccaaggtaagccagactgggagttcataggactggcctgaagagagaatt
EcoRI

mouse M415
mouse M11l
rat
human

mouse M415
mouse Mll
rat
human

#1
1 . 20 . 40 . 60 . . . 100 MetAlaThrLeuLys
GCGTGCTGGAGCCACTGTCGCCGAGCTCGGCCA- --CGCTGCTTCTCCTCGCCAGTCG- CCCCCCCATCGTGCATCTAGCGGTCTCAAAAGATTCAAAGTCCAAGATGGCAACCC TCAAG
.T .-. C.AAG.CAA-T...... C..GAC ..-.
.T.G..T.. . . CG. .CGCTA. G. ...C...T.....--T CTA ... ........ G
. G.CG..TTC . ATCT--.AT ... CA.G.GC.C. .-.A..-A.. . ...A. -T.CC ..A.TC.TTTT.G. ... T. T. .A...

#5 #10 #15 #20 #25 #30 #35 #40 v
AspGl nLeul1eValAsnLeuLeuLysGlnGluGi nAl aProGl nAsnLysIl eThrVal ValGlyValGlyAl aValGlyMetAl aCysAl aIl eSerIl eLeuMetLysAspLeuAl a
GACCAGCTGATTGTGAATCTTCT rAAGGAAGAGCAGGCTCCCCAGAACAAGATTACAGTTGTTGGGGTTGGTGCTGTTGGCATGGCTTGOGCCATCAGTATCTTAATGAAGGACTTGGCG
............................................. G. . . . . . . . . . . . . . . .................................... G G. ..

............................A... ......................... .. T
..T.TAT. A .A...A.C.T.C ... A

Polyadenylation site:

si gnal Polyadenyl ati on
mouse M415 ATGTAAGATCTGCATATGGATGATGGAACCAACCACCCAAGTGTCATG------- - CCAAATAAAACCTTGAACAGTGATGGCTCTGCTCTTTTATTAAGATGAAGTTGGGTAGC
mouse M11 ...... ..... GG . CCAATGAAAACA...........- .AAAAAAAAAAAaagagagaagagaggattgttctaga
rat . . TT...........CCAAGGAAAACA......-............. An h-4 Xba I
human TAAA. A.... CAA.CA...C.. T.T. T. .ACCAACTAAAACC. ...........C..An

Fig. 3. Nucleotide sequences near the initiation sites of transcription and translation as well as the polyadenylation site of a mouse LDH-A
processed pseudogene

The 5' and 3' flanking sequences of mouse AM11 LDH-A pseudogene are given in lower case, and the 9-bp direct repeat is
denoted by arrows. The partial nucleotide sequences of mouse AM 11 LDH-A pseudogene, and LDH-A cDNAs from rat [10]
and human [18] are compared with that ofmouse AM15 LDH-A functional gene, and only those nucleotide differences are given.
Identical residues are indicated by dots, and deletions are denoted by hyphens. The transcription starts at G numbered as + 1,
and the translation initiates at the methionine just before the alanine at residue * 1 ofmature LDH-A protein. The solid triangle
indicates the position of introns between nucleotides 77 and 78 and codons 41 and 42 of mouse LDH-A gene.

induce the synthesis of LDH-A mRNA and polypeptide
by increasing the rate of transcription, the stability and
the translation efficiency of LDH-A mRNA [11-13].
Jungmann and his associates have proposed a model in
which either isoproterenol or cyclic AMP induces phos-
phorylation of cyclic AMP-dependent protein kinase and
this results in the phosphorylation ofRNA polymerase II
and/or histones [39]. Recently, rat liver LDH-A4

LDH-A

PEPCK

Chicken PEPCK

TAT

-853 A A A T C T T G C T C A A

-262 A A A G T T T A G T C A A

-144 A A A G T G T G G T T A A

-282 A A A G T T A A - T C A C

Prolactin - 37 A A G G T T T A - T A A A

CRP consensus A A N T G T G A N T N N N

Fig. 4. Homologies of the cyclic AMP-responsive sequences in
the regulatory region of genes induced by cyclic ANIP

The putative cyclic AMP-responsive sequences of the genes
for LDH-A, PEPCK, TAT and prolactin as well as the
consensus sequence of CRP in E. coli are aligned to give
maximum homologies. The hyphen denotes the gap and N
means A, C, G or T. The negative number indicates the
position of the first nucleotide upstream from the trans-
cription start site of the corresponding gene. See the
Discussion section for details.

isoenzyme has been found to possess DNA-binding
property [40]. Chicken LDH-A protein has also been
shown to be phosphorylated by tyrosine kinase [9]. It
would be of great interest to determine the extent of
phosphorylation of the LDH-A4 isoenzyme found in the
nucleus and the effect of the phosphorylated LDH-A
protein in gene expression and DNA replication. On the
other hand, it is also conceivable that the molecular
mechanism of cyclic AMP induction involves a cyclic
AMP-binding protein and the cyclic AMP-receptor
protein complex interacts directly with the regulatory
region of eukaryotic genes, including the LDH-A gene,
independent of protein kinase. This would be analogous
to the catabolite regulatory protein (CRP) system in
prokaryotic cells [41]. The sequence of AAATCTTGC-
TCAA found in the mouse LDH-A gene is strikingly
similar to the regulatory sequences of rat PEPCK [33, 34],
chicken PEPCK [35, 36], rat TAT [37], rat prolactin [38]
and the consensus CRP sequence found in prokaryotic
genes regulated by cyclic AMP [41]. However, the
functional significance of the cyclic AMP-responsive
sequence of mouse LDH-A gene remains to be
demonstrated.
The translation initiation signal AUG of mouse

LDH-A mRNA is the very first methionine codon from
its 5' end, and the predicted N-terminal sequence is in
complete agreement with that of mouse LDH-A4
isoenzyme [19]. The size of the 5' untranslated sequence
of LDH-A mRNA was found to be very similar among
mouse (101 nucleotides), rat (103 nucleotides) and human
(100 nucleotides), and in this region, mouse LDH-A
mRNA contains 19 and 39 differences from that of rat
[10] and human [18], respectively.
The mouse LDH-A intronless pseudogene present in
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genomic clone AM 11 appears to contain a cDNA-like
sequence of full length flanked by a 9-bp direct repeat at
both 5' and 3' ends. The nucleotide sequences 5' and 3'
to the polyadenylation signal AATAAA of the mouse
LDH-A pseudogene (AM 11) appear to be more similar
to those of the LDH-A cDNAs from rat [10] and human
[18] than that of mouse LDH-A functional gene (AM 15).
Thus, the insertion of a single nucleotide and deletion of
12 nucleotides occurred in the mouse LDH-A functional
gene (AM 15) only after the divergence between mouse and
rat and the appearance of the LDH-A processed
pseudogene (AM 1 1). The functional significance of these
differences is presently not known.

In short, the mouse LDH-A gene, containing seven
introns, spans approx. 11 kilobases, and its total length
of eight exons is 1582 bp. The information on the
structure of the mouse LDH-A functional gene will
facilitate the molecular characterization of genetic
mutations affecting the expression and structure of
mammalian LDH-A4 isoenzymes [42-44]. The future
investigation of genomic organization and regulatory
sequences of mammalian LDH-B and LDH-C genes will
certainly yield insights on themechanisms oftissue-specific
expression and gene regulation by cyclic AMP.

We thank Mr. H. F. Tiano for technical assistance, Dr.
M. Edgell for the mouse genomic library, Dr. B. H. Judd for his
interest and support to this project, and Drs. A. Sugino,
L. Searles and F.-Z. Chung for discussion and reading the
manuscript.
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