EXPERIMENTAL GENETICS

DETECTION OF A NEW ABNORMAL VARIANT
OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE
IN HUMAN ERYTHROCYTES
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The kinetic and electrophoretic properties of preparations of glucose-6-phosphate dehydro-
genase (G6PD), obtained from erythrocytes from healthy blood donors and patients with
acute drug-induced hemolytic anemia caused by G6PD deficiency, purified 230-300 times,
were investigated. A new abnormal variant of G6PD, not previously described in the
literature, was isolated from the erythrocytes of a patient with acute drug-induced

hemolytic anemia. The abnormal enzyme differs from the normal in having a lower
Michaelis constant for glucose-6-phosphate and NADP, in its increased utilization of sub~
strate analogs (2-deoxyglucose-6-phosphate and, in particular, diamino~-NADP), low thermo-
stability, the character of its pH dependence, and in the appearance of only one band of G6PD
activity during electrophoresis in polyacrylamide gel.
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The investigation of the properties of glucose-6-phosphate dehydrogenase (G6PD) is interesting in con-
nection with the discovery of abnormal enzymes in hemolytic anemias due to reduced G6PD activity {16-18].
The deficiency of enzyme activity is inherited as a trait linked with the X chromosome, and the appearance of
anomalies is connected with a mutation of the locus of the X chromosome coding G6PD synthesis. As a result
of mutations an enzyme differing from normal in its activity and its kinetic and electrophoretic characteristics
is formed.

The object of this investigation was to obtain a G6PD preparation from a small number of human erythro-
cytes in order to investigate the kinetic and electrophoretic properties of the enzyme in healthy subjects and in
patients with hemolytic anemia due to reduced G8PD activity.

EXPERIMENTAL METHOD

Experiments were carried out on partially (230~300 times) purified preparations of G6PD not containing
hemoglobin or 6-phosphogluconate dehydrogenase (6PGD), the presence of which distorts the calculations of the
kinetic characteristics. The work was done by the method suggested by the scientific group of the World Health
Organization on standardization of methods of investigation of G6PD for the purpose of identifying abnormal
variants of the enzyme {2].

Isolation and purification of G6PD from human erythrocytes were carried out by Kirkman's method [8] in
the writers’ modification {1]. Activity of G6PD and 6PGD [86, 10} and the protein concentration {9] were deter-
mined in the resulting preparation. When determining the Michaelis constants (Ky,) for glucose-6-phosphate
(G6P) and NADP the initial reaction velocities were measured for eight different concentrations of G6P (from
20 to 250 M) and NADP (from 1.5 to 20 yM). The true concentrations of G6P and NADP were determined by
an enzymic method.

The utilization of substrate analogs (2-deoxyglucose~6-phosphate, diamino~-NADP, and NAD)} was deter-
mined by the standard method of determination of G6PD activity using the above~mentioned analogs, in the same
concentrations, instead of G6P or NADP. G6PD activity was expressed as a percentage of the level of activity
obtained when G6P or NADP was used [5].
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Fig. 1. Thermostability of G6PD isolated from
erythrocytes of donors, of patient S~r, and of his
mother, during incubation for 10 min in presence of
10-5 M NADP at different temperatures. 1, la, 1b)
changes in activity of enzyme from donor's erythor-
cytes at different temperatures; 2) changes in activ-
ity of enzyme from erythrocytes of patient S-r
(mother) at critical temperature; 3) changes in
activity of enzyme from erythrocytes of patient S-r
(son) at critical temperature; 4) changes in activity
of enzyme from donor's erythrocytes at critical
temperature. Abscissa, incubation time (in min);
ordinate, activity (in %).

Thermostability was determined by measuring G6PD activity after incubation of the enzyme for 10 min
at temperatures of 46, 50, 52, 54, and 58°C in the course of 60 min, and also for 5 min at temperatures of 45,
48, 51, 54, 57, and 60°C. G6PD activity was expressed as a percentage of its initial activity.

The pH optimum for G6PD was determined in 0.1 M Tris—0.1 M glycine—0.1 M NaH,PO, - 2H,0 at pH
5.5-11.0 at intervals of 0.5 pH unit [5]. Activity of the enzyme at different pH values was calculated by taking
the activity at pH 8.0 as a rule as 100%.

Electrophoretic analysis of the G6PD preparation was carried out in finely porous 7.5% polyacrylamide
gel (PAG) without the use of gel of large pore size {7, 13].

Samples of the G6PD preparation with activity of 0.015-0.020 i.u. were mixed with 40% sucrose in the
ratio of 1: 1 and layered above electrode buffer on the gel with a micropipet in a volume of 0.1-0.2 ml. Electro-
phoresis was carried out with a current of 3 mA to the column for 2-2.5 h at 0°C, using 5 mM Tris-glycine
buffer, pH 8.3, as the electrode buffer. To detect G6PD activity the gels were placed after electrophoresis in
a reaction mixture containing 0.1 M Tris-HCI, pH 8.0, 3 mM G6P, 0.37 mM NADP, 0.98 mM phenazine meta-
sulfate, and 0.12 mM nitro-BT for staining in darkness at 37°C. The relative electrophoretic mobility (REM)
of zones of GEPD activity was calculated by the usual method [4]. Activity was estimated quantitatively by
means of the DMU-2 densitometer {Toyo, Japan} at 620 nm [12].

The electrophoretic mobility of G6PD, which is essential when studying variants of G6PD, was determined
by horizontal electrophoresis in starch gel at 0°C [14] in Tris—EDTA —boric acid (TEB) at pH 8.6. The current
to the chamber was 30 mA, its voltage 150 V, and the duration of electrophoresis 16 h. The mobility of the
mutant enzymes was expressed as percentages, taking as 1009 the distance (to the center of the spot) moved by
the control (normal) enzyme during parallel electrophoresis.

EXPERIMENTAL RESULTS

The results of investigation of the properties of G6PD from erythrocytes of 16 donors and patients with
hemolytic anemia are given in Table 1.

The study of G6PD from erythrocytes of patients with hemolytic anemia caused by a deficiency of this
enzyme revealed abnormalities. The physicochemical indices of G6PD from erythrocytes of a son and mother
of Jewish race were studied. The investigation of the properties of G6PD from the erythrocytes of the mothers
with hemolytic anemia is particularly interesting, for the patient could obtain the X chromosome with mutation
in the G6PD locus only from his mother.
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Fig. 2. Effect of pH of medium on activity of G6PD isolated from erythrocytes of donors, patient
S-r, and his mother. 1) Shaded region corresponds to observed deviation from mean level for

16 experiments (normal); 2) pH-dependence of G6PD from erythrocytes of patient S-r (mother);
3) pH~dependence of G6PD from erythrocytes of patient S-r (son). Abscissa, pH values; ordinate,
activity (in %).

Fig. 3. Densitogram of G6PD from erythrocytes of donor and patient S-r (son). A) Densitogram
of G6PD from donor's erythrocytes; B} densitogram of G6PD from erythrocytes of patient S-r.

During investigation of the enzyme from erythrocytes of patient S-r and his mother S-r who, like the son,
also suffered from acute drug-induced hemolytic anemia, provoked by a variety of drugs, features of similarity
and difference were found. In patient S-r (son) G6PD activity was not found in the hemolysate and 6PGD activity
was normal: 0.0015 yM NADP during 1 min per milligram protein. After purification of the enzyme the G6PD
activity in the resulting preparation was 0.017 yM NADP in 1 min per milligram protein (2% of normal). In
the mother of patient S-r G6PD activity in the hemolysate was 0.00154 yM NADP per minute per milligram
protein {59.2% of normal), whereas 6PGD activity was normal, namely 0.0015 M NADP per minute per milli-
gram protein. After purification of the enzyme by 286 times the G6PD activity in the preparation was 0.44 yM
NADP per minute per milligram protein (51.8% of normal), The values of Ky for G6P and NADP were
appreciably lower than normal for G6PD isolated from the erythrocytes of both the son and his mother. Utiliza-
tion of substrate analogs (2-deoxy-G6P and diamino-NADP) was sharply increased for the son's abnormal
enzyme, and a less marked increase, affecting diamino-NADP, was observed for the enzyme from the mother's
erythrocytes. Neither mutant enzyme utilized NAD. The thermostability of G6PD from the son's erythrocytes
was sharply reduced—the critical temperature during incubation for 10 min in the presence of 10~ M NADP
was 42°C, whereas for enzyme from the mother's erythrocytes it was above 50°C (Fig. 1). The optimum of
enzyme activity from the son's erythrocytes occurred at pH 8.0; at pH 5.5 only 49 of the activity was exhibited,
and with an increase in pH to 8.0 enzyme activity gradually increased to reach a maximum, and at pH 8.5
inactivation began. G6PD from mother S-r's erythrocytes had a pH dependence similar to that of the normal
enzyme, but the maximum of its activity was observed at pH 9.5 (Fig. 2).

During electrophoresis in PAG the abnormal G6PD isolated from the erythrocytes of patient S-r (son})
was manifested as a single band of G6PD activity (REM 0.29), evidently corresponding to the less active
tetramer form of the enzyme (Fig. 3). The mutant G6PD from the erythrocytes of mother S-r was manifested
as two bands of G6PD activity (REM of first band 0.29, of second band 0.36), corresponding to the dimer and
tetramer forms of the enzyme.

During electrophoresis in starch gel both mutant enzymes were revealed as a single band of G6PD
activity. The electrophoretic mobility of the abnormal enzyme from the erythrocytes of mother and son was
indistinguishable from normal. The differences in the properties of the abnormal enzymes isolated from
mother and son clearly reflect the presence of a mixture of different enzymes in the maternal erythrocytes:
normal and abnormal.
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Comparison of the properties of G6PD isolated from the erythrocytes of patient S-r (son) with the
properties of known abnormal variants of this enzyme {3, 5, 16] showed that with respect to the deficiency of
activity, the G6PD now isolated corresponds to class II of G6PD variants according to the WHO clasgsgification
[2], but according to the characteristics studied, it differs from those described in the literature.

The variant of G6PD found in the erythrocytes of patient S-r (son) is a new abnormal variant of this
enzyme, which we have called "Kremenchug" after the town where the proband lives.

LITERATURE CITED

1. A. I Batishchev, N. V. Lamzina, and N. B. Chernyak, Vopr. Med. Khimii, No. 3, 351 (1976).
2. World Health Organization Technical Reports Series No. 366 [Russian translation}, Moscow {1968}, p. 10.
3. World Health Organization Technical Report Series No. 509 {Russian translation], Moscow (1974), p. 72.
4. V. I Safonov and M. P. Safonova, in: Electrophoresis in Polyacrylamide Gel and Its Use in Biology,
Agriculture, Medicine, and the Food Industry [in Russian], Moscow (1972), p. 16.
5. E. Beutler, S. K. Mathai, and J. E. Smith, Blood, 31, 131 (1968).
6. E. Beutler, Red Cell Metabolism: A Manual of Biochemical Methods, Grune, New York (1971), p 62.
7. B. 1L Davis, Ann. N. Y. Acad. Sci., 121, 404 (1964).
8. H. N. Kirkman, J. Biol. Chem., 237, 2364 (1962).
9. O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, J. Biol. Chem., 193, 265 (1951).
10. A. G. Motulsky and A. Yoshida, Red Cell Genetics, New York (1969).
11. T. F. Necheles, L. M. Snyder, and W. Strauss, Humangenetik, 13, 218 (1971).
12. B. H. Nevaldine, C. M. Hyde, and H. R. Levy, Arch. Biochem., 165, 398 (1974).
13. L. Ornstein, Ann. N. Y. Acad. Sci., 121, 321 (1964).

14. 1. H. Porter et al., Lancet, 1, 895 (1964).

15. H. Vergnes et al., Acta Haematol., (Basel), 51, 240 (1974).

16. A. Yoshida, E. Beutler, and A. G. Motulsky, Bull. World Health Org., 45, 243 (1971).
17. A. Yoshida and M. Lin, Blood, 41, 877 (1973).

18. A. Yoshida, Science, 179, 532 (1973).

1775



