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Human lactate dehydrogenase-A mutant gene was isolated from the genomic 
DNA library of a patient deficient in LDH-A (Muscle) subunit. The nucleo- 
tide sequences of seven protein-coding exons were determined and a deletion 
of 20 base-pairs in exon 6 was found. This mutation results in a frame- 
shift translation and premature termination. The predicted incomplete 
LDH-A (M) subunit containing only 259 instead of 331 amino acids appears to 
be degraded rapidly, since no protein was detected irnnunologically (Maekawa 
et al., Am J Hum Genet 39:232-238, 1986). In addition, three synonymous 
(silent) substitutions, A to C, T to C, and G to A, were observed at codons 
115, 160 and 172, respectively, in this LDH-A mutant gene. 0 1990 Academic 

Press, Inc. 

In human somatic tissues, five isozymes of tetrameric lactate dehydro- 

genase (LDH; E.C.1.1.1.27) are formed in viva by combination of the LDH-A 

(muscle) and LDH-B (heart) subunits. An additional homotetrameric LDH-C4 

isozyme is present in mature testis and sperm. The expression of mammalian 

LDH-A, LDH-B and LDH-C genes is developmentally regulated and tissue- 

specific (1,2). Human LDH-A and LDH-C genes are closely linked on chromo- 

some 11, while LDH-B gene is located on chromosome 12 (3-7). The genomic 

organizations of human LDH-A, LDH-B and LDH-C genes have been elucidated, 

and their protein-coding sequences are interrupted by six introns at 

homologous positions (8-10). In humans, enzyme deficiencies and variant 

subunits of either LDH-A (M) or LDH-B (H) have been reported (11-15). The 

frequencies of either LDH-A or LDH-B subunit deficiency were estimated by 

screening a Japanese population (16). In that survey, a female was found 
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Abbreviation: LDH, Lactate dehydrogenase. 
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to possess only one LDH-B4 isozyme, and enzymatically inactive LDH-A protein 
and heterotetramers with LDH-B subunit were not detectable immunologically 
(17). Here we describe the molecular nature of the genetic lesion in this 
human LDH-A mutant gene. 

Materials and Methods 

The DNA from white blood cells was isolated from the female with the 
deficiency of the LDH-A subunit, and a genomic library was constructed from 
the MboI partially-restricted DNA fragments inserted at BamHI site of the 
lambda FIX II vector (Stratagene). The full-length human LDH-A cDNA (18), 
excluding poly(A) tail, and the unique-flanking sequences of the LDH-A 
functional gene (8) were labelled with (a-"P) dCTP (Amersham) with the 
use of random primers (Boehringer-Mannheim). These were used as probes to 
isolate genomic clones containing LDH-A mutant gene by plaque hybridization 
as described previously (19). The plaque DNAs bound to the plaque-screen- 
hybridization membrane (DuPont) were hybridized at 65°C overnight and the 
filters were washed as recomnended by the supplier. Autoradiography of 
the filters was done with Kodak XAR-5 film and DuPont Cronex Lighting-plus 
intensifying screens at -7OY. The positive plaques were subsequently 
purified to homogeneity through repeated rounds of screening. 

The DNA purified from the positive genomic clone was analyzed by 
restriction endonuclease mapping and Southern blotting, as described 
previously (19). The isolated DNA fragments were further cleaved and 
subcloned into Ml3 mp18 or mp19 bacteriophages (20). The Ml3 bacteriophages 
exhibiting positive hybridization to the human LDH-A cDNA probe (18) were 
isolated and the nucleotide sequences of the inserted DNA were determined 
by the dideoxy chain termination method with the sequencing protocol 
modified to use deoxyadenosine 5'-(a-35S thio)triphosphate (21). 

Results 

Several genomic clones were found to exhibit strong hybridization 

signals to probes of the human LDH-A cDNA and unique flanking-sequences of 

the LDH-A functional gene. A positive clone, A02, containing an insert of 

approximately 20Kb, was tentatively identified as possessing LDH-A mutant 

gene. The DNA isolated from the clone A02 was further characterized and 

compared with that of clone H448, containing LDH-A functional gene, by 

restriction endonuclease cleavage and Southern blot analyses (Fig. 1). The 

sizes of genomic DNA fragments cleaved by EcoRI and/or Hind111 from clones 

A02 and H448 appear to be very similar, indicating either a small deletion 

or a nucleotide substitution. 

The isolated DNA fragments of EcoRI and/or Hind111 cleavage from clone 

A02 were further cleaved with Sau3A, AluI, BamHI or XbaI, and subcloned 

into Ml3 bacteriophages. The nucleotide sequences of the inserted DNA from 

Ml3 bacteriophages exhibiting positive hybridization to the LDH-A cDNA 

probe were determined, and the protein-coding exons were identified by 

comparison with the nucleotide sequence of the LDH-A cDNA (18). As the 
previously reported LDH-A functional gene (8), the protein-coding sequence 

is interrupted by six introns at codons 41-42, 81, 139, 197, 236, and 277- 
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Figure 1. Comparison of genomic structure of human LOH-A functional 
and mutant genes along with restriction endonuclease map and 
nucleotide sequencing Strategy of mutant DNA. 

The seven protein-coding exons are numbered in Arabic and shown 
by solid blocks. The 3' non-coding region is stippled. The sizes of six 
introns are not known precisely. Human genomic clone A02 was isolated from 
lambda FIX II library (Stratagene). The restriction endonuclease map was 
deduced from cleavage with EcoRI (R). Hind111 (H). and/or Sal1 (located at 
both ends of genomic DNA inSet?Sj and Southern 'blot analysis probed with 
human LDH-A cDNA and flanking sequences (EcoRI-Sal1 DNA fragments) of LDH-A 
functional gene. The isolated EcoRI-EcoRI, HindIII-HindIII, and EcoRI- 
Hind111 DNA-fragments were further cleaved with Sau3A (S), AluI (A), BamHI 
(B). or Xbal (X) and subcloned into mp18 or mo19 bacterioohaaes. The 
nucleotide sequences of the inserted 'DNA from the MI3 bact&iophages 
exhibiting positive hybridization to human LDH-A cDNA probe were determined 
by the dideoxy chain termination method. A deletion in exon 6 of mutant 
clone A02 is denoted by open triangle. 

278. The 5' non-coding region of the human LDH-A gene is also interrupted 

by an intron 24 nucleotides 5' to the ATG translation initiation site, 

while there is no intron in the 3' non-coding sequence. A comparison 

between the nucleotide sequence of seven exons determined from clone A02 

with that of the LDH-A functional gene (H448), reveals a deletion of 20 

nucleotides at codons 252 to 259 in exon 6 (Fig. 2), as well as three 

synonymous substitutions, A to C, T to C, and G to A at codons 115, 160 and 

172, respectively. This deletion results in a frame-shift translation of 

seven amino acids and premature termination, producing a predicted LDH-A 

mutant protein of 259 amino acids. 

Discussion 

As noted previously (16), the female patient deficient in LDH-A 

subunit is presumably homozygous for the mutant allele, since her parents 

are first cousins. In this study, the genetic mutation causing the LDH-A 

deficiency was shown to be a deletion of 20 base-pairs in exon 6 of the 

human LDH-A gene. This deletion occurred between two direct repeats of 

tetranucleotides TTGG, one copy of which is retained in the mutant gene 

(26) l Thus, this mutation results in a frame-shift translation at codon 

252 and premature termination, producing an incomplete LDH-A subunit of 259 

amino acids. In the serum and erythrocyte samples of this patient, proteins 

which could react with anti-LDH-A antibodies and heterotetramers with LDH-B 

subunits which could react with anti-LDH-B antibodies were not detectable 
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Figure 2. Nucleotide sequences of exon 6 and its flanking regions from 
human LDH-A mutant gene. 

A. The nucleotide sequences ofexon 6 are shown in higher case, 
and the intervening sequences are given in lower case. A deletion of 20 
nucleotides is denoted by open triangle. 

6. The deletion of 20 nucleotides occurred between two direct 
repeats of tetranucleotides TTGG (underlined), one copy of which is 
retained in the mutant gene. This deletion results in a frameshift 
translation and premature termination (Ter) as indicated. 

imnunologically (17). Thus, the incomplete LDH-A subunit may be degraded 

rapidly in viva by cellular protease if this mutant gene is transcribed 

and its mRNA is translated. It should be noted that the interaction between 

the COOH-tail aSBEla subdomain (amino acids 251 and 331) of one subunit and 

the NH2-arm (first 20 amino acids) of another subunit is a major factor 

responsible for forming stable tetrameric LDH isozymes (22). 

In addition to the deletion of 20 base-pairs, three synonymous 

substitutions, A to C, T to C, and G to A, were found at codons 115, 160 

and 172, respectively, in this LDH-A mutant gene. It may also be noted 

that the 3' noncoding sequence of 565 nucleotides determined from the LDH-A 

mutant gene was found identical to that of the LDH-A cDNA and functional 

gene (8,18). 
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This female patient with the LDH-A deficiency frequently complained of 

uterine stiffness during her pregnancy. Uterine stiffness was a problem in 

the early stage of delivery and, thus, she required a Caesarean section 

(15). It is of interest that synthesis of the LDH-A subunit in human 

breast cancer MCF-7 cells and mouse uterus was shown to be induced signifi- 

cantly by estrogen (23,24) and that the promoter region of human and mouse 

LDH-A genes contains an estrogen-responsive element (25). The sequence and 

function of the promoter region from this human LDH-A mutant gene remain to 

be investigated. 
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