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Summary A convenient method for measuring human red cell GPT 
activity using pyruvate and L-glutamate as substrates (the reverse reaction) 
was described and the activities among different GPT phenotypes were 
compared. It was found that the mean activity for GPT 1 phenotype was 
higher than that for GPT 2, while that for GPT 2-1 fell between these two 
levels. These results accorded with the finding known as to the forward 
reaction. 

INTRODUCTION 

Glutamic-pyruvic transaminase (GPT), also known well as alanine amino- 
transferase [EC 2.6.1.2], catalyzes reversibly the following reaction. 

L-alanine + a-ketoglutarate. " pyruvate + L-glutamate 
The conversion of L-alanine and ,-ketoglutarate to pyruvate and g-glutamate is 
referred to as the forward reaction. This enzyme exsists in both cytoplasmic (soluble) 
and mitochondrial fractions. An equilibrium constant of 1.6 was reported at pH 7.3 
and 37~ in the direction of L-alanine and ,-ketoglutarate formation with rat liver 
soluble GPT (Segal et al., 1962). 

Genetic polymorphism of soluble GPT was reported in human red blood cells 
(Chert and Giblett, 1971). Three common phenotypes were found by starch gel 
electrophoresis, representing the two homozygotes and a heterozygote of a pair of 
autosomal, codominant alleles, Gpt 1 and Gpt ~. In addition to these common alleles, 
six rare alleles, Gpt 3, Gpt ~, Gpt 5, Gpt 6 (Chen et al., 1972), Gpt 7 (Olaisen, 1973a), Gpt 8 
(Santachiara Benerecetti et al., 1975), and silent alleles (Olaisen, 1973b; SpMman 
et al., 1973) have thus far been found. 

The differences in the average activity between the three common phenotypes 
have been reported (Chen et al., 1972; Welch, 1972; Olaisen, 1973b; Welch, 1975; 
Nishigaki et al., 1978). The mean activity of GPT 1 is about 1.5 to 3.5 times higher 
than that of GPT 2, and that of GPT 2-1 is nearly intermediate. These reports, 
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however, have thus far been limited to the reaction using L-alanine and a-ketogluta- 
rate as substrates although this enzyme catalyzes the reversible reaction. 

In this report, we describe a convenient method for measuring red cell GPT 
activity using pyruvate and L-glutamate as substrates and report the results as to 
whether there is a similar activity difference between phenotypes as in the forward 
reaction. 

MATERIALS AND METHODS 

Fresh blood samples collected in ACD solution were obtained from 164 unre- 
lated blood donors in Tokyo. For the measurement of enzyme activity, hemolysates 
were prepared by adding one volume of cold distilled water to one volume of washed, 
packed red cells (Chen et al., 1971). 

Red cell GPT activity was determined by measuring the amount of ~-ketogluta- 
rate formed in the reaction, using a selective mierophotometric method described by 
Hamada and Ohkura (1976), with modifications. The measurement of o~-ketogluta- 
rate was carried out on the basis of a colour reaction with diazotized sulfamethizole 
in a sodium hydroxide solution in the presence of sodium sulfite and sodium hypo- 
phosphite. The following reagents were used; 

(1) Substrate solution: 0.1 M N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic 
acid (Hepes), 0.1 M L-glutamate (sodium salt), and 0.005 M pyruvate (sodium 
salt), pH 7.5. 

(2) Diazotized sulfamethizole solution: To 100 ml of 0.9~ (w/v) Nl-(5-methyl-l, 
3,4-thiadiazol-2-yl)-sulfanilamide (sulfamethizole) in 2 N HCI solution, 10 ml 
of freshly prepared 2.5~(w/v) sodium nitrite solution was added. 

(3) Alkaline solution: IX(w/v) sodium sulfite and 1.25~ (w/v) sodium hypo- 
phosphite in 9~(w/v) sodium hydroxide. 

To 0.5 ml of the substrate solution, 20/A of the hemolysate was added and incubated 
for 60 rain at 37~ before transamination was terminated by the addition of 1.0 ml of 
the diazotized sulfamethizole solution in an ice-water bath. Then, 8.0 ml of the alka- 
line solution was added. After incubation for 60 min at 37~ the reaction mixture 
was cooled in an ice-water bath and the absorbance at 540 nm was measured within 
30rain using a Hitachi 101 spectrophotometer. The blank was prepared in the same 
way, omitting the first incubation. 

This method is convenient for the measurement of red cell GPT activity in 
genetic studies from the following reasons. (1) The amount of sample needed is 
much smaller than that in the dinitrophenylhydrazine method (Chen et al., 1972; 
Olaisen, 1973b; Nishigaki et al., 1978). (2) The assay does not need enzyme and 
coenzyme in the reaction mixture, and can be carried out with a relatively simple 
spectrophotometer, compared with the LDH coupling method (Welch, 1972, 1975). 

One unit of enzyme activity was defined as the amount of enzyme which pro- 
duced 1 ~mole of a-ketoglutarate per minute under this condition. The amount of 
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hemoglobin in the hemolysate was estimated by the cyanmethemoglobin method and 
the red cell enzyme activity was expressed in units per gram of hemoglobin. 

Electrophoresis, specific staining, and typing were carried out as described by 
Chen and Giblett (1971) with modifications: Hemolysates were prepared by freezing 
and thawing red cells. Horizonal starch gel electrophoresis was carried out for 18 hr 
at 4~ at 6-8 V/cm, using 0.1M Tris-0.1M maleate-0.01i EDTA-0.01M MgC12 (pH 7.4) 
(Spencer et al., 1964), as the bridge buffer. The gels were prepared containing 
11-12~o starch (Connaught Medical Research Laboratories) in a 1 in 20 dilution of 
the bridge buffer. The staining mixture consisted of 0.28 M L-alanine, 0.03 M a-keto- 
glutarate (free acid), 1.3 mM NADH, and approximately 20 units/ml lactate dehydro- 
genase in 0.3 M Tris-HC1 (pH 8.0). 

RESULTS AND DISCUSSION 

GPT typing by starch gel electrophoresis of 164 samples revealed the following 
phenotypic distribution: GPT 1 to 50 (30~), GPT 2-1 76 (46~), GPT 2 37 (23~). A 
single sample was found to be a rare phenotype GPT 3-1. The distribution of GPT 
activity measured for the reverse reaction in the three common phenotypes is shown 
in Fig. 1. It was found that the range of GPT 1 activity was greater than that of 
GPT 2 in the reverse reaction as it is the case in the forward reaction. However, 
there was no indication from these data of a genetic heterogeneity among samples of 

Fig. 1. 
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Table l. 
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The mean activity of the three common GPT phenotypes 
and the ratio of mean activity of GPT 1 to that of 
GPT 2. 

Mean activity 

N GPT 1 GPT 2-1 GPT 2 GPT 1/GPT 2 

Forward reaction 
Chen et al. (1972) 

Welch (1972) 

Olaisen (1973b) 

Welch (1975) 

Nishigaki et al. (1978) 

Reverse reaction 
Present study 

275 4.17 2.75 1.67 2.50 
(2.92) 

61 0.588 0.361 0.172 3.42 
(O.38O) 

158 8.09 5.55 3.39 2.39 
(5.74) 

126 0.617 0.488 0.406 1.52 
(0.512) 

145 6.55 4.66 2.78 2.36 
(4.67) 

164 0.356 0.281 0.259 1.37 
(0.308) 

Enzyme activity according to each reference. 
( ): The half value of a simple summation of GPT 1 and GPT 2. 

the type G P T  1. The mean activities were found to be 0.356 [units/glib] for G P T  1 
(I1=50), 0.281 [units/glib] for G P T  2-1 (n=76),  and 0.259 [units/glib] for GPT 2 
(n = 37), with standard deviations 0.106, 0.086, and 0.086, respectively. 

The activity of  a single sample with a rare variant phenotype G P T  3-1 was found 
to be 0.417 [units/glib]. As to the activity of  the rare variants, there is a report about  
GPT 7-1 (n=2)  and G P T  7-2 (n=6)  for the forward reaction (Olaisen, 1973a). I t  
was suggested that the average activity attributable to the Gpt 7 allele is close to that 
of  the Gpt 1 allele. On the other hand, this case of  GPT 3-1 had a relatively high 
activity. However, the activity of  the G P T  3 isozyme in the present sample is 
weaker than that of  the G P T  1 isozyme as judged f rom the zymogram in accordance 
with the diagram of GPT phenotypes presented by Chen e t  aI. (1972). More sample s 
are clearly needed to determine the mean activity attributable to the variant Gpt ~ 
allele. 

The data of  GPT activity for the three common phenotypes so far reported are 
shown in Table 1. In the forward reaction, the ratio of  mean activity of  G P T  1 to 
that of  GPT 2 is about 1.5 to 3.5. On the other hand, it is smaller (1.37) in the 
reverse reaction. However, the difference in the mean activities between GPT 1 and 
G P T  2 was statistically significant (t=4.473, p<0.005).  Thus, it is now clear that 
the mean activity of  G P T  1 is higher than that of  GPT 2 and that of  GPT 2-1 falls 
between these two levels in the both reactions. 

The difference in enzyme activity between phenotypes have not been clarified by 
the studies of  optimal pH, heat stability, and Michaelis constants in the forward 
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reaction using partially purified enzyme (Welch, 1975). Homogeneously purified 
GPT is needed to discuss whether the difference in enzyme activity between pheno- 
types is due to the qualitative difference (turn-over number) or/and the quantitative 
difference (absolute quantity of the enzyme). 
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