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S u m m a r y  Sperm-lysates from 264 unrelated Japanese males were tested 
for the polymorphism of the human diaphorase DIA 3 by isoelectric focus- 
ing in thin-layer polyacrylamide gel over pH range 3.5-9.5 gradient. The 
occurrence of a new rare allele, DIA34, in addition to the previously de- 
scribed three alleles in German and British populations; has been demon- 
strated in our population. The estimated allele frequencies of the commonly 
encountered phenotypes, i.e. DIA31-1, 2-1, 3-1, 2-2 and 3-2, were: DIA81= 
0.837, DIA~ 2 = 0.143 and DIA~ 8 = 0.020. 

INTRODUCTION 

Electrophoretic variants of the human diaphorase (DIA3) were first demon- 
strated by Caldwell et al. (1976) using electrophoresis in polyacrylamide gel. In a 
population sample from USA, they described three electrophoretic patterns as 'sperm 
specific' which are determined by two common autosomal alleles. Subsequently, 
using two different techniques, polyacrylamide gel electrofocusing and agarose elec- 
trophoresis, for investigating the diaphorase (DIA3) polymorphism, Kiihnl el al. 
(1977) reported the existence of an additional third common allele in Germans 
beside the previously observed two in the USA population. Diaphorase (DIA3) 
activity was also observed in extracts of the ovary, oviduct and uterus; so the term 
'gonadal diaphorase' was proposed instead of 'sperm diaphorase' which was given 
by Caldwell et aI. (1976). Similarly, Edwards et al. (1979) identified the three com- 
mon diaphorase (DIAs) genes in a survey of the British population, when a modifica- 
tion of the starch gel electrophoresis method used by Fisher et al. (1977) was em- 
ployed in their study. On the other hand, Fisher et al. (1977) applied the notation 
'diaphorase DIAa' as the activity was observed not only in the sperm and female 
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reproductive tract tissues but also in several others such as foetal tissues including 
placenta and adult brain extracts. Their notation was adopted here. 

This study deals with the polymorphism of the human diaphorase (DIAa) in the 
Japanese. 

MATERIALS AND METHODS 

Samples. Semen samples were collected from 264 unrelated Japanese males 
(16 volunteers and 148 outpatients) from Miyagi and Yamagata prefectures, Japan. 
Seminal plasma was separated by high speed refrigerated centrifugation at 12,000 rpm, 
and sperm-lysates were prepared according to the method of Black and Sensabaugh 
(1978) and analysed fresh or kept frozen at -20~ until tested within few days. 

Isoelectricfocusing. The run was performed in the LKB Multiphor 2117 elec- 
trofocusing apparatus (Bromma, Sweden) in conjunction with the auto-conversion 
power unit, Model 2000-200 Auto Deluxe KPI (Kanagawa, Japan). Polyacryl- 
amide gels of 0.3 mm thickness were prepared as described elsewhere (Sebetan and 
Akaishi, 1981), providing an gel concentration (T)= 5 ~  and degree of cross linkage 
(C)=7.5~.  A 3.5~ mixture of LKB ampholine carrier ampholytes over pH ranges 
3.5-9.5 and 5-8 (6 : 1, v/v). After polymerization of the gel in the presence of ribo- 
flavin and UV light was completed, the mould was kept in the refrigerator over- 
night before use. Paper strips were saturated with 1 M phosphoric acid and 1 M 
ethanolamine and used at the anode and cathode, respectively. Pieces of filter 
paper 5 x 7 mm (Toyo No. 1) were placed on the gel surface at a distance of 2 cm 
from the anodal electrode strip and 10/A of sperm-lysates were added. The power 
unit was adjusted to supply initial voltage of 300 V and maximum of 1,250 V. The 
total focusing time was about 3 hr. A cooling system with circulating water at 2~ 
was used during running. Visualization of the isozyme band patterns was accom- 
plished by the following mixture; 5 mg of NADH, 0.1 mg of 2,6-dichlorophenol- 
indophenol sodium and 2.5 mg MTT were dissolved in 2 ml of 0.2 M Tris-NCL buffer 
(pH 8.4), then added to 1 ~ melted agar in 8 ml of the same buffer. The mixture 
was poured on the surface of the gel and the isozyme pattern could be seen after the 
gel was incubated at 37~ for about 20 rain. Preservation of the gel was carried out 
as described previously (Sebetan et at., 1982). 

RESULTS AND DISCUSSION 

Electrofocusing pattern obtained from the five common diaphorase DIA3 pheno- 
types encountered in our population sample is illustrated in Fig. 1. The homo- 
zygous phenotypes are represented by major cathodal zone of two close isozymes 
with corresponding minor anodal pattern. The heterozygotes showed composite 
pattern consisting of two major and two minor zones, except for the heterozygote 
phenotype DIA~ 3-1 with three isozyme zones, since the isoelectric points of the 
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Fig. 1. Electrofocusing pattern showing five of the six common DIA~ phenotypes (pH 
3.5-9.5). 

i-i i-I 2-1 4-i i-i 
Fig. 2. Electrofocusing pattern showing the new variant phenotype (pH 3.5-9.5). 

DIAa 1 major isozymes and DIA33 minor isozymes are exactly identical. The com- 
plete pattern of  DIA3 ~ isozymes was clearly visible in a case of  the heterozygote 
phenotype DIAa 3-2. Besides the five common phenotypes, a new rare variant, 
designated as DIA3 4-1, was detected in our population. The major isozyme of the 
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variant allele was found to be electrofocused slightly cathodal to the minor zone of 
the common allele DIAz ~, while the minor isozyme was anodal to the minor zone of 
the DIA3L The isozymes of the rare allele differ from that of  the common ones in 
that they are represented by a single band as shown in Fig. 2. The staining intensity 
of the major isozymes was higher than the minor ones in all identified alleles. In 
addition to the above mentioned isozymes, two anodal bands were also observed 
with all the phenotypes. The isoelectric points of these bands were similar in all 
the common phenotypes and the variant one, which may suggest existence of an 
additional diaphorase gene locus in the sperm. Diagrammatic representation of 
the observed phenotypes pattern is given in Fig. 3. 

The distribution of  the common phenotypes is presented in Table 1. The cal- 
culated allele frequencies of our population sample were found to be: DIAa ~ =0.837, 
DIA82=0.143 and DIA83= 0.020. The observed and expected values provide a good 
fit to the Hardy-Weinberg equilibrium (X0~= 1.05, 0.75 < p  <0.80, d.f. = 3). 

The published data on the diaphorase DIA 3 polymorphism among the different 

+ 

Fig. 3. 

4-1 i-i 2-1 2-2 3-2 3-i 
Diagram showing the electrofocusing pattern in various DIA3 phenotypes (pH 
3.5-9.5). 

Table 1. Distribution of the human diaphorase (DIA3) phenotypes in Japanese. 

Phenotypes Number observed Frequency observed Number expected Allele frequencies 
(700) 

1-1 185 70. 3 184.2 

2-1 60 22. 8 63.0 

3-1 10 3.8 8.8 

2-2 7 2.7 5.4 

3-2 1 0.4 1.5 

3-3 0 0 0. 1 

DIAi =0.837 

DIAl=0.143 

DIA~ =0.020 

Total 263 100.0 263 
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Allele frequencies 
Population N References 

DIA~ DIA~ DIA~ 

USA 52 0. 71 0. 29 - -  Caldwell et al. (1976) 

German 141 0. 76 0. 22 0.02 Kiihnl et al. (1977) 

British 145 0.80 0. 20 - -  Fisher et aL (1977) 

346 0.76 0.23 0.01 Edwards et aL (1979) 

Japanese 51 0.84 0. 16 - -  Suyama et al. (1979) 

263 0. 837 0. 143 0. 020 This study 

populations are summarized in Table 2. The frequencies obtained from our popu- 
lation sample are also given for comparison. Generally a marked difference was 
found among Japanese and Europeans or USA population samples. Our materials 
had a DIAz 1 allele frequency markedly higher and DIA82 allele frequency lower than 
those of Europeans or Americans. The third allele frequency was similar to or 
slightly higher than those of German or British, respectively. The differences be- 
tween the previously reported data in Japanese (Suyama et al., 1979), could be 
interpreted by better resolution in the present condition. 

The probable correlation between the high frequency of DIAa 1 and a reduced 
fertility stated by Kiihnl et al. (1977) was not confirmed here, as the DIAz 1 frequency 
of the healthy sample tested by Suyama et aL (1979) was exactly similar to that of our 
sample (16 healthy and 147 patients). 

The considerable differences among the ethnic groups studied will make this 
genetic marker a valuable tool in population genetic investigations and will be useful 
for individualization of semen in cases of sexual offences. 
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