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Human Glucose-6-Phosphate Dehydrogenase Variants*
by AKIRA YOSHIDA,1 ERNEST BEUTLER & ARNO G. MOTULSKY 3

So many glucose-6-phosphate dehydrogenase
(G6PD) variants have been described that it has
become very difficult to determine whether or not a
newly discovered variant is distinct from any other.
This difficulty can be partially overcome by per-
forming a number of physicochemical tests and com-
paring the results with those already reported for the
known variants. The purpose of this communica-
tion is to provide an up-to-date table summarizing
the currently available data on G6PD variants. For
purposes of convenience, the variants described in
the accompanying table are somewhat arbitrarily
divided into five classes, in accordance with their
activity in red cells and their associated clinical
manifestations:

Class 1: Severe enzyme deficiency with chronic
non-spherocytic haemolytic anaemia.

Class 2: Severe enzyme deficiency (<10% of
normal)

Class 3: Moderate to mild enzyme deficiency
(10-60% of normal)

Class 4: Very mild or no enzyme deficiency
(60-100,' of normal)

Class 5: Increased enzyme activity (more than
twice normal).

The distinction between these classes is not always
clear. For example, G6PD Mediterranean has been
placed in class 2, but has been reported to be as-
sociated with non-spherocytic congenital haemolytic
anaemia. Furthermore, some of the variants listed
in class 1, because of the severe functional lesions
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they cause, actually have higher enzyme activi-
ties in vitro than some of the variants with " moderate
to mild enzyme deficiency" (class 3). Within the
classes, the variant enzymes are arranged in order of
their electrophoretic mobility-i.e., the fastest one
is first.
The variants of each class are also subdivided into

four groups according to the degree of their charac-
terization, as tabulated in the report of the WHO
Scientific Group on the Standardization of Proce-
dures for the Study of Glucose-6-Phosphate De-
hydrogenase (1967).
Group I: Variants have been fairly completely

characterized, and appear to be distinctive.
Group II: Insufficient information is available to

be reasonably certain that it is unique. These
variants are shown with quotation marks around the
name of the variant.
Group III: Variants have been described, but

insufficient data have been given to warrant their
inclusion in the tabulation.
Group IV: Variants have been characterized, but

seem to be idential to one of the variants listed in the
table.
The data in the table are the raw values given in

the reports; no critical judgement of their depend-
ability or accuracy has been made. In general,
values of the Michaelis constant (Kn) for NADP,
particularly those of deficient variants, may not be
accurate. Therefore, differences of Km for NADP
alone cannot be used as a critical factor in distin-
guishing variants.

In order to distinguish closely similar variants,
parallel comparisons under the same conditions
should be performed. Unfortunately, many blood
samples having the crucial G6PD phenotypes are no
longer available or are difficult to obtain. To
complicate the problem, several variants, particu-
larly those reported earlier than 1967, were not
characterized by the standard methods recommended
by theWHO Scientific Group (1967). More extensive
characterization by improved methods is now
required. For example, comparison of the utiliza-
tion of deamino-NADP has been very useful for
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differentiating between G6PD variants not otherwise
distinguishable. Determination of the precise
amino acid substitutions of the G6PD variants could
provide unambiguous evidence of their identity.
Thus far, amino acid substitutions have been de-
termined in only two G6PD variants (G6PD A+
and G6PD Hektoen), but technical improvements
will facilitate such structural study of all variants in
the future. Until that goal can be accomplished, the
only recourse is a descriptive register. The accom-
panying table includes all the published and unpub-
lished variants known to the authors up to August
1970. We hope to prepare annual supplementary
tables as further variants are described. In compiling

the type and quantity of data included in the present
tabulation, we have undoubtedly made errors both
in interpretation and in transcription and we shall
welcome having such errors called to our attention.
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Prevalence of ai-Antitrypsin Deficiency in Japan *
by KAzuo NoMIYAMA,1 HIROKO NoMIYAMA 2 & HISAO MATSUI 3

A high prevalence of pulmonary emphysema or
chronic obstructive pulmonary disease has been
found in people with a hereditary a1-antitrypsin
deficiency (a1-ATD) (Eriksson 1965, Ganrot et al.,
1967). Emphysema with a1-ATD is characterized
by familial prevalence, a relatively early onset,
exacerbation in winter, and panlobular emphysema
without clinical chronic bronchitis (Eriksson 1964,
Talamo et al, 1966). Irritation due, for example,
to smoking, air pollution, or occupational exposure
may lead to the onset of the clinical disease.
A very high prevalence of the condition among

a%-antitrypsin (a,-AT) deficient heterozygotes has
been reported from Sweden and the USA (Table 1).
The a1-ATD test has already been recommended in
the USA for screening workers who might be
exposed to irritant gases.

Because apparently healthy people with a1-ATD
may develop emphysema upon continuous exposure
to low concentration of air pollutants, a screening
survey for a,-ATD was carried out in the Shibukawa
and Maebashi districts of Gunma Prefecture, Japan,
in early 1970.
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Methods

Sera were collected at random from 433 residents
over 40 years of age in the Shibukawa district and
from 377 students 15-25 years of age and 150 pupils
14 years of age in the Maebashi district. Total
antitrypsin activity was determined by a slight
modification of the gelatin-film test (James et
al., 1966). The gelatin film test for detecting al-ATD
was a little less accurate than the photometric
procedure (coefficient of variation in photometry
8.6%, compared with 22.5% for the gelatin-film
test). The gelatin-film test, however, was found to be
a simple and inexpensive procedure and was appro-
priate for screening large populations.

Results

As seen in Table 1, no a1-ATD could be detected
in 433 apparently normal individuals, and 1 and 2
presumed heterozygous individuals for al-ATD were
found in other groups of 377 students and 150
pupils, respectively.
The mean a,-AT levels were 1.90 mg+0.24 mg

(mean ±standard deviation) and 1.79 mg +0.21 mg
of trypsin inhibitor per millilitre of serum for the
adults and the young people, respectively. The
a,-AT level seemed to increase with age, although
this increase was not significant (see Fig. 1). No


