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Summary The distribution of three common phenotypes of the human
red cell soluble GPT has been determined in 145 inhabitants of an isolated
community in western Japan. The frequency of two common alleles,
Gpt'=0.528 and Gpr?=0.472, revealed somewhat different values, as com-
pared with those of neighbouring populations. In addition, quantitative
differences between the three common phenotypes of the red cell GPT has
been demonstrated.

INTRODUCTION

Glutamic-pyruvic transaminase [GPT: EC 2.6.1.2] catalysing the interconversion
of L-alanine and a-ketoglutarate to L-glutamate and pyruvate exists widely in human
organs, particularly plentiful in the liver. GPT exists in two molecular forms; one
is mitochondrial (mGPT) and the other is cytoplasmic or soluble (sGPT).

Chen and Giblett (1971) reported that human red cell sGPT exhibited genetic
polymorphism with three common phenotypes of two codominant alleles, Gpr!
and Gpt2.

Many authors have reported data on GPT gene frequencies in various popula-
tions, and so far, the Gpt! gene frequency has been found to be higher among indi-
viduals of African, Papuan and Australian origins than among those of other ethnic
groups (Chen and Giblett, 1971; Kompf, 1971; Chen et al., 1972; Olaisen and
Teisberg, 1972; Brinkmann ef al., 1972; Seth, 1974; Olaisen, 1975; Welch ez al.,
1975; Blake, 1976).

In addition to these common alleles, several rare alleles have been detected in
various populations: Gpt3, Gpt*, Gpt5, Gpt®, Gpt”, Gpt® and silent allele Gpt® (Chen
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et al., 1972; Olaisen, 1973a: Spielmann et al., 1973; Olaisen, 1973b; McAlpine et al.,
1974; Santachiara Benerecetti ef al., 1975).

Ishimoto and Kuwata (1974) also reported that the Gpt* gene frequency seemed
to vary among groups tested in Japanese populations and to decrease gradually
towards the southern localities in western Japan.

In this paper, we report the distribution of the GPT gene frequency in an isolated
community, Sagishima, and on its quantitative differences between the three common
phenotypes, for which no data in Japanese samples heretofore been presented.

MATERIALS AND METHODS

Blood samples from 145 adults were collected in the course of a medical field
survey in the isolated island community, Sagishima, Hiroshima prefecture in western
Japan.

The specimens, collected into ACD solution, were stored at —70°C with an equal
volume of glycerol solution, after washing. GPT typing and quantitative enzyme
assay were performed immediately after hemolysis of packed red cells.

Electrophoretic separation was carried out according to a modified version of
the method described by Brinkmann et al. (1972). The bridge buffer was 0.1 M Tris-
malate-EDTA adjusted to pH 7.4 with sodium hydroxide. Twelve percents starch
gels (hydrolysed starch, Connaught Medical Research Laboratories) were prepared
using a 1 in 15 dilution of the bridge buffer. Horizontal starch gel electrophoresis
was carried out for 18 hr at 8-9 V/em in a cold room. The gels were sliced and the
anodal portions were stained for GPT. A Whatmann No. 3 filter paper soaked
with the staining solution was carefully placed on the cut-surface of sliced gel. The
gel was incubated at 37°C for 3 hr and photographed with a yellow filter under
long-wave ultraviolet light. The position of GPT isoenzymes was indicated by the
presence of dark areas, due to the change from fluorescent NADH to non-fluores-
cent NAD.

The red cell GPT activity was measured by the method described by Chen ef al.
(1972) with several modifications. The enzyme assay was performed at 37°C in a
0.5ml of reaction mixture, consisting of 0.25 ml substrate solution and 0.25 ml
hemolysate. In this procedure, following reagents were used; substrate solution
(100 mM vr-alanine and 35 mM a-ketoglutarate dissolved in 0.1 M Tris-HCl buffer
and adjusted to pH 7.8 with sodium hydroxide), color reagent (0.1% 2,4-dinitro-
phenylhydrazine in 209/ HCI), alkali solution (1.25%, KOH in 95%, ethanol) and acid
solution (509 TCA in distilled water).

As shown in Fig. 1, the absorption spectrum of 2,4-dinitrophenylhydrazone with
pyruvate had a peak at 440 nm and a shoulder at 510 nm. The optical density at
these two wavelengths increased linearly with the amount of pyruvate from 0 to
0.75 pmole/0.5 ml.  Using the relationship at 510 num, the amount of pyruvate
formed with GPT activity was determined for each sample. One unit of GPT
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Fig. 1. Absorption spectrum of 2,4-dinitrophenylhydrazone.
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Fig. 2. Electrophoretic patterns obtained by starch gel electrophoresis at pH
7.4, in three common GPT phenotypes—GPT 1, GPT 2-1, GPT 2.

activity is defined as one pmole of pyruvate formed per gram of hemoglobin per 30min.
The amount of hemoglobin in hemolysates was determined by the cyanmethemo-
globin method.

RESULTS

Three GPT common phenotypes (GPT 1, GPT 2-1 and GPT 2) were demon-
strated as shown in Fig. 2, by the method of starch gel electrophoresis. The major
bands of GPT 1 and GPT 2 were located anodally around 5.5 cm and 7.0 cm from
the origin, respectively. The heterozygous GPT 2-1 showed a triple band pattern,
consisting of these two major bands and an intermediate component. These three
bands were unequal in staining intensity, with the most anodal one being the weakest
component.
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Table 1. Distribution of red cell GPT phenotypes in community
surveyed : Sagishima.

Phenotype

Number 1 2-1 2 Total
Observed 45 63 37 145
Percentage 31.0 43.5 25.5 100.0
Expected 40.4 72.3 32.3 145.0
Gene frequency Gpt'=0.528 (0.612)

Gpt?=0.472 (0.388)

x2, df ¥2=2.4039; df=1; 0.25>p>0.10

) by Ishimoto er al., 1973.
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Fig. 3. Distribution of red cell GPT activities among 145 individuals,
classified by three different phenotypes.
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The result collected on Sagishima survey are summarized in Table 1. The
Gpt! gene frequency in this isolated community was 0.528, compared with that of
0.612 for a neighbouring population studied by Ishimoto ef al. The gene frequencies
of this and other genetic markers in this community were differed slightly from those
in neighbouring populations, probably due to the highly inbred structure and small
sample size of this community.

The mean activities of the three common phenotypes were found to be 6.55
units/gHb for GPT 1, 4.66 for GPT 2-1 and 2.78 for GPT 2. The distribution of
GPT activity classified by the three different phenotypes is shown in Fig. 3. Thus,
the highest values were found in homozygous GPT 1 individuals, the lowest values
in homozygous GPT 2 individuals and the values of heterozygous GPT 2-1 individuals
fall between these two levels. Chen et al. (1972) suggested that, as an average, the
Gpt! gene product in the red cell has catalytic activity about three times higher than
that of Gpr2.  Our results also support this suggestion.

DISCUSSION

Since it was shown by Chen and Giblett (1971) that the red cell GPT constituted
a genetic polymorphism, the gene frequencies in various certain groups have been
reported from various population studies. Ishimoto has also demonstrated (1975)
that there might be differences among regional groups of Japanese population and
that there appears to be a geographical cline, ranging from 0.624 (Mie) to 0.535
(Ishigaki Island).

It is well known that consanguinity studies provide an excellent approach to
elucidate the genetic constitution of some human populations. We have already
investigated the status of consanguinity in the individuals of isolated communities
and its effect on genetic polymorphisms of the red cell enzymes and serum proteins
(Yamamoto et al., 1972). In these isolated communities there are somewhat dif-
ferent gene frequencies of genetic markers, compared with those of neighbouring
populations, due to probably higher consanguinity rate and mean inbreeding coeffi-
cients. We are inclined to ascribe these differences not only to higher inbred
structure but also to genetic drift and small sample size. Moreover, these isolated
communities, with higher homozygosity rates, can provide us with very useful data
on unusual variants. On the isolated island of Sagishima, the Gpr' gene frequency
was found to be different, in comparison with data obtained from neighbouring
populations.

Quantitative differences were demonstrated in all three common phenotypes
seen in this community. The values for enzyme activity of each phenotype varied
insignificantly from those previously reported (Chen et al, 1972; Olaisen, 1973;
Welch, 1972; 1975). However, these results are compatible with the finding that
the red cell Gpr! gene product has catalytic activity about 3 times higher than that
of Gpt?.
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In this community, we did not find any evidence for the presence of a rare
electrophoretic variant; however we found two cases with very low enzyme activity
(0.76 and 0.89) in the GPT 2 phenotype. The existence of a silent allele Gpr® which
would show no or very weak enzyme activity was reported through the method of
pedigree survey by Olaisen (1973b) and Spielmann ef al. (1973). Though no convinc-
ing evidence for the presence of a silent allele could be obtained through family
studies in these two cases, we also suggest there might be a heterozygote for the silent
allele in the cases exhibiting a mean value of about one half normal enzyme activity.
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