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Summary. A new, favism-inducing variant of glucose-6-phosphate dehydrogenase in 
erythrocytes is described in a Polish family. The enzyme activity has been 0--4% of normal. 
The enzyme displayed normM heat stability, electrophoretic mobility 105--110% of normal, 
Km for NADP : 16--22 txM, Km for G-6-P : 26 ~M, and the utilization of 2-deoxy-G-6-P: 2--3o/o. 

In  Poland the frequency of the mutant  genes for glucose-6-phosphate dehydro- 
genase (G-6-PD) in erythroeytes seems to be very low. Totally 5 families with 
congenital nonspherocytie hemolytic anemia due to G-6-PD deficiency and 4 fami- 
lies with favism have been described so far (Horst, 1970). A favism-producing 
variant of G-6-PD found in 1 of these families has been characterized by us. 

Family Data 

The presently investigated male, J. M., 58, apart from anemia and jaundice 
after ingestion of fava beans in 1957, has not showed signs nor complained of 
symptoms suggesting accelerated hemolysis. Hemolytic crises after ingestion of 
fava beans have been reported in two of his grandsons (Franczak and S~awihska, 
1967; Roiynkowa et al., 1970). The G-6-PD activity in red blood cells of these 
boys has been 2 and 4% of normal activity. 

Materials and Methods 

Partial purification of the G-6-PD from erythrocytes of J. M. as well as studies of the 
enzyme properties were done according to the methods recommended by Beutler et al. (1968). 
Following chemicals were used: Cellulose DEAE 11 (Whatman); NADP and G-6-P (both 
natrium salts, Boehringer); phenazine methosulphate, 2 mercaptoetanol (type I), 2-deoxy- 
G-6-P (natrium salt) and MTT (Sigma). The determinations of substrate and coenzyme 
concentrations were performed with G-6-PD purified in our laboratory. Hydrolysed starch 
was prepared according to Smithies (1955). Eleetrophoresis was performed in the vertical 
system. 

Results 

The activity of G-6-PD in hemolysate of J.M. has been 0 - -2% of normal 
activity. The electrophoretie mobility of the variant enzyme on starch gel in a 
tris chloride buffer pH 8,4 has been 105--110 °/o of normal (Fig. 1). K m for NADP 
has been 16--22 aM, Kra for G-6-P 26 [zM and the utilization of 2-deoxy-G-6-P 
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Fig. 1. Electrophoretie mobility of erythroeyte glucose-6-phosphate dehydrogenase. 1, 3, 4 
purified enzyme of J.5!l. (G-6-PD Lublin), 5 control hemolysate, 2 purified enzyme of J.3/[. 

and control hemolysate 

has been 2 - - 3 %  of utilization of G-6-P as a substrate. Hea t  stability of the 
enzyme at  44°C has been as follows (in per cent of the initial activity) : 100 after 
20 rain, 85 after 40 min and 67 after 60 rain (corresponding values for control 
enzyme have been 90, 90 and 75). 

Discussion 

The table collates the properties of the studied enzyme and of established 
G-6-PD variants having similar eleetrophoretie mobilities and decreased activity. 
All variants discussed below appear distinct from the investigated one. The electro- 
phoretie mobility, K m for G-6-P, utilization of 2-deoxy-G-6-P and heat stability 
of the studied enzyme resemble the data for G-6-PD A m  variant  (Yoshida et al., 
1967). However, lower activity in hemolysates and higher values of K m for NADP 
as well as the hemolysis after ingestion of fava beans in our ease shout the difference. 
In  G-6-PD Union (Motnlsky and Yoshida, 1969) and G-6-PD Markham (Kirkman 
et al., 1968) very high utilization of 2-deoxy-G-6-P (160--220%) and low K m 
for G-6-P (4--12 b~M as compared to 26 ~M in our studies) have been described. 
G-6-PD Canton seems also to be different because of the greater utilization of 
2-deoxy-G-6-P (4--15%) and normal K m for NADP (MeCurdy et al., 1966). In  
newly reported variant  G-6-PD Constantine activity of the enzyme in hemolysates 
is about 16% of nortnal as compared to 0 - - 4 %  in our ease (Kissin and Cotte, 
1970). G-6-PD Ohio shows very low heat stability and causes symptoms of chronic 
hemolytic anemia (Pinto et al., 1966). 

Discussed data support  the conclusion tha t  the studied variant  of G-6-PD is 
distinct from variants reported in the literature. For the new allele the name 
Gd Lnblin is proposed. 



3~2 A.L. P~wl~k, Z. Z~g6rski, D. Rozynkow~, ~nd A. Horst: 

g, 

% 

d, 

%--~ 

R~ 

%- 

& 

%- 

g 

) 
d 
A 

© 

m 

~.~ ~ 
m o $  

© 

o "  E 
o 

,..@ 

2L 

°~- {- 
s>-. > ,..¢ 

> 

g 

• v 

g v v v ~ 

~ ~: ~ ~ ~ o ~ ~ 

<.. 

o ~ 

{ { { ~ 2 

~ e 

o 

~ N 

0 

g ~ ~ v 

= -~ ~ ~ ~o o "~ 

2 

o 

"8 
¢) 

g 
.g 

g 

8 
II 

4 
aa 

c5 



Polish Variant of Glucose-6-Phosphate Dehydrogenase (G-6-PD Lublin) 343 

References 

Beutler, E., Mathai, C. M., Smith, J. E.: Biochemical variants of glueose-6-phosphate de- 
hydrogenase giving rise to congenital nonspherocytie hemolytic disease. Blood 31, 131--150 
(1968). 

Franczak, T., Stawi~_ska, B. : Two cases of favism in siblings. Pol. Tyg. lek. 22, 1335--1336 
(1967). 

Horst, A. : Report of Cytopathophysiology Committ'ee of Polish Academy of Sciences. Nauka 
Polska (in press). 

Kirkman, H. N., Kidson, C., Kennedy, M. : Variants of human glucose-6-phosphate dehydro- 
genase. Studies of samples from New Guinea. In: Hereditary disorders of erythrocyte 
metabolism, pp. 126--1~5, ed. by Beutler, E. New York: Grune & Stratton 1968. 

Kissin, C., Cotte, J.: Etude d'un variant de glucose-6-phosphate deshydrogenase: le type 
Constantine. Enzymol. biol. clin. 11, 277--284 (1970). 

McCurdy, P. R., Kirkman, H. N., Naiman, J. L., Jim, R. T. S., Pickard, B. M.: A Chinese 
variant of glucose-6-phosphate dehydrogenase. J. Lab. clin. Med. 67, 374--385 (1966). 

Motulsky, A. G., ¥oshida, A. : Methods for the study of red cell glucose-6-phosphate dehydro- 
genase. In: Biochemical methods in red cell genetics, pp. 51--93, ed. by Yunis, J. J. 
New York-London: Academic Press 1969. 

Pinto, P. V. C., Newton, W. A., Jr., Richardson, K. E. : Evidence for four types of erythrocyte 
glucose-6-phosphate dehydrogenase from G-6-PD-deficient human subjects. J. clin. Invest. 
45, 823--831 (1966). 

Ro~ynkowa, D., Gebala, A., ZagSrski, Z.: Family investigations of erythrocyte glucose-6- 
phosphate dehydrogenase in favism. Pol. Tyg. lek. 25, 201--204 (1970). 

Smithies, O. : Zone eleetrophoresis in starch gels: group variations in the serum proteins of 
normal human adults. Bioehem. J. 61, 629--641 (1955). 

WHO Scientific Group: Standardization of procedures for the study of glucose-6-phosphate 
dehydrogenase. WM Hlth Org. ~echn. Rep. Ser. 366, 1967. 

Yoshida, A., Stamatoyannopoulos, G, Motulsky, A. G. : Negro variant of glucose-6-phosphate 
dehydrogenase deficiency (A--) in man. Science 155, 97--99 (1967). 

Dr. Andrzej L. Pawlak 
Department of t{uman Genetics 
Medical Academy, Poznafi 
Poznafi, Poland 
ul. Swi~cickiego 6 


