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G6P-DH SANTA CLARA AND G6P-DH VILLA CLARA: 
TWO NEW CUBAN VARIANTS

OLGA L I D I A  GONZALEZ, AL. ESPINA , PH . CALCINES 

F a c u l t y  o f  M e d i c i n e ,  Cuba

R e c e i v e d  26 March  1988

Two new g l u c o s e  6 - p h o s p h a t e  d e h y d r o g e n a s e  G6P-DH 
v a r i a n t s  d e s i g n a t e d  G6P-DH S a n t a  C l a r a  and G6P-DH V i l l a  
C l a r a  were i d e n t i f i e d  i n  a Cuban f a m i l y .  These v a r i a n t s  
b e l o n g  t o  c l a s s  I I I .  T h e i r  e l e c t r o p h o r e t i c  and k i n e t i c  
p r o p e r t i e s  a l l o w  t h e  c o n c l u s i o n  t h a t  G6P-DH S a n ta  C l a r a  
and G6P-DH V i l l a  C l a r a  a r e  p r o b a b l y  two  new v a r i a n t s .

INTRODUCTION

The X-chromosome l i n k e d  g l u c o s e - 6 - p h o s p h a t e - d e h y d r o g e n a s e  

(E .C  1 . 1 . 1 . 4 9 )  has i t s  l o c u s  i n  p o s i t i o n  Xq28 i s  a p o l y m o r p h i c  

enzyme w i t h  more t h a n  300 v a r i a n t s  d e s c r i b e d  up t o  now / 8 / .  

Some o f  t h e s e  v a r i a n t s  p r e s e n t  c h a r a c t e r i s t i c  c l i n i c a l  

m a n i f e s t a t i o n s  and o t h e r s  a r e  a s y m p t o m a t i c  / 1 0 / .  I n  t h i s  r e p o r t  

we d e s c r i b e  a Cuban f a m i l y  w i t h  two  new v a r i a n t s  o f  G6P-DH.

FAMILY REPORT

The p r o p o s i t u s  was a 6 y e a r  o l d  f e m a l e  w i t h  s l i g h t  a n a e m i a  
a t t e n d e d  by t h e  H a e m a t o l o g y  S e r v i c e  o f  t h e  O .L .  M i r a n d a  
T e a c h i n g  P e d i a t r i c  H o s p i t a l  o f  V i l l a  C l a r a ,  ( c l i n i c a l  h i s t o r y  = 
1733 9 8 )  s e n t  t o  o u r  l a b o r a t o r y  f o r  e n z y m a t i c  s t u d i e s .

A c a t a l y t i c  a c t i v i t y  i n  h a e m o l y s a t e  o f  62 4 was f o u n d  i n  t h e  
p r o p o s i t u s ,  w h i l e  t h e  e l e c t r o p h o r e s i s  i n  b u f f e r e d  p h o s p h a t e  
s t a r c h  g e l  a t  pH 7 . 0  d e v e l o p e d  a s l o w  band and a n o t h e r  s i m i l a r  
t o  e l e c t r o p h o r e t i c  p h e n o t y p e  B. The f a t h e r  and t h e  b r o t h e r  w e re  
a s y m p t o m a t i c ,  and t h e i r  s t u d y  r e v e a l e d  a c a t a l y t i c  a c t i v i t y  o f  
46 and 4 6 , 2  % r e s p e c t i v e l y .  The fa t h e r  showed a slow band and t h e  
b r o t h e r  showed a s i m i l a r  band such  as e l e c t r o p h o r e t i c  p h e n o t y p e  
8 .  The m o t h e r  showed an e l e c t r o p h o r e t i c  m o b i l i t y  8 and 38 % o f  
c a t a l y t i c  a c t i v i t y .
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MATERIALS AND METHODS

The e n z y m a t i c  d e t e r m i n a t i o n s  w e re  done f r om  h a e m o l y s a t e  
a c c o r d i n g  t o  t h e  m e th od  d e s c r i b e d  by  B e u t l e r  / 1 / .  G6P-DH was 
p a r t i a l l y  p u r i f i e d  and c h a r a c t e r i z e d  by c o n v e n t i o n a l  m et hods  
/ 1 0 / .  The e l e c t r o p h o r e t i c  m o b i l i t y  was s t u d i e d  i n  two  b u f f e r e d  
s y s t e m s  a t  d i f f e r e n t  pH and M i c h a e l - M e n t e n  c o n s t a n t s  (Km) f o r  
g l u c o s e - 6 - p h o s p h a t e ,  2 - d - g l u c o s e - 6 - p h o s p h a t e  and f o r  NADP such  
as t h e  K i  f o r  NADPH. M o r e o v e r ,  t h e  t h e r m o s e n s i b i l i t y  a t  42 C° 
and  t h e  op t imum pH f o r  each s e m i p u r i f i e d  enzymes were s t u d i e d .

S i m u l t a n e o u s l y  a p a i r e d  s a m p l e  c o n s i d e r e d  as c o n t r o l  
a c c o r d i n g  t o  i t s  k i n e t i c  p r o p e r t y  was s t u d i e d .

RESULTS

The b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  Gd(x )B  v a r i a n t  a re  

r e p o r t e d  i n  l i t e r a t u r e ,  t h e  c o n t r o l  used  i n  o u r  l a b o r a t o r y  and 

t h e  v a r i a n t  o f  t h e  f a t h e r ,  and t h e  b r o t h e r  o f  t h e  p r o p o s i t u s  

a p p e a r  i n  T a b l e  I .  A c c o r d i n g  t o  t h e  c l a s s i f i c a t i o n  p r o p o s e d  by 

t h e  g ro u p  o f  e x p e r t s  o f  t h e  WHO / 1 0 /  and Mc Kus ic k  / 7 /  b o t h  

s t u d i e d  v a r i a n t s  b e l o n g  t o  c l a s s  I I I .

I n  Annex I  a p p e a r  t h e  v a r i a n t s  o f  c l a s s  I I I  w i t h  s i m i l a r  

e l e c t r o p h o r e t i c  m o b i l i t y  t o  G6P-DH S an ta  C l a r a  r e p o r t e d  by 

Y o s h i d a  and B e u t l e r  / 9 / ,  and t h e  Annex I I  shows t h e  r a r e  

v a r i a n t s  o f  t h e  same c l a s s ,  i n  w h i c h  i t s  e l e c t r o p h o r e t i c  

m o b i l i t y  i s  s i m i l a r  t o  G6P-DH V i l l a  C l a r a  t a k e n  f r o m  t h e  same 

r e p o r t .  F i g . l  c o r r e s p o n d s  t o  t h e  e f f e c t  o f  pH on G6P-DH ( B ) B ,  

G6P-DH ( B) S a n ta  C l a r a  and G6P-DH(B)  V i l l a  C l a r a .  I n  F i g .  2 

a p p e a r  t h e  t h e r m o s t a b i l i t y  c u r v e s  o f  t h e  c o n t r o l  and t h e  two 

v a r i a n t s .  F i g .  3 shows t h e  p e d i g r e e  o f  t h e  p r o p o s i t u s  f a m i l y .

DISCUSSION

G6P-ÜH Santa  C l a r a  i s  a v a r i a n t  o f  G6P-DH(B) ,  c h a r a c t e r i z e d  

by  p r e s e n t i n g  no a s s o c i a t e d  c l i n i c a l  m a n i f e s t a t i o n s .  The 

c h a r a c t e r i s t i c s  o f  t h i s  enzyme d e m o n s t r a t e  t h a t  i t  has n o t  been 

d e s c r i b e d  p r e v i o u s l y ,  because  G6P-DH Tenganan and Cohe 

a p p e a r i n g  w i t h  s i m i l a r  e l e c t r o p h o r e t i c  m o b i l i t y  i n  c l a s s  I I I  

/ 9 / ,  d i f f e r  f r o m  i t  i n  t h e  Km f o r  G6P and NADP, such  as t h e



TABLE I

E n z y m a t i c  p r o p e r t i e s  o f  G6P-DH Santa  C l a r a  and G6P-0H V i l l a  C l a r a  
compared  w i t h  n o r m a l  -  В -  enzyme

V a r i a n t
P o p . 

o r i g i n

Red c e l l  
enzyme 
a c t i v i t y  
(% o f  

n o r m a l )

E l e c t r o ­
p h o r e t i c  
m o b i l i t y  
( \  o f  

n o r m a l  )

Km G6P 

( p m o l / 1 )

Km NADP 

( p m o l / l )

2d G6P 
u t i l i ­
z a t i o n  
(% o f  

G6P )

K i  NADPH 

( / j m o l / 1  )

Hea t

s t a b i l i t y

pH

op t imum

-  В -  
R e p o r t e d  
r a n g e  o f  

n o r m a l

V a r i o u s 100 100
*

50 -  70
*

2 . 9 - 4 . 4 < 4
*  X

21 -  37 n o r m a l n o r m a l

Norma l  
c o n t r o l  

-  В -
Cuban 100 100 59 3 .1 < 4 2 0 .5 4 n o r m a l n o r m a l

G6P-DH
Sa nta
C l a r a

Cuban 46 pH -  6 6 . 6  
TRIS-  6 0 . 0

3 4 . 0 2 0 .5 4 4 .1 9 . 0 6 l a b i l e
peak

AT
8 . 0

G6P-DH
V i l l a
C l a r a

Cuban 4 6 . 2 pH -1 00  
TRIS -1 00

49 7 . 8 3 2 6 7 .6 4 m o d e r a t e l y
i n c r e a s e d

b i p h a s i c  
7 . 6y 9 . 0

*  Me K u s i c k  1983 
xx L u z z a t t o  and A f o l a y a n  1968

4Ű

G
6P-DH S

anta 
C

lara



ANNEX I К)
о

E n z y m a t i c  p r o p e r t i e s  o f  v a r i a n t s  w i t h  s i m i l a r  
e l e c t r o p h o r e t i c  m o b i l i t y  a t  G6P-DH Santa  C l a r a  

( C l a s s  I I I )

V a r i a n t
P o p u l a t i o n

o r i g i n

E l e c t r o ­
p h o r e t i c  
m o b i l i t y  
(% o f  

n o r m a l  )

Km G6P 

( ju mo l / 1  )

Km NADP 

( jumo l /1  )

2d G6P 

O t i l i z a t i o n  

(% o f  G6P)

pH

opt imum

Heat

s t a b i l i t y

G6P-DH

Tenganan
*

I n d o n e s i a

TRIS -  64 

TEB -  99 
PHOS -  75

1 1 .4 6 . 9 1 8 .3 n o rm a l low

G6P-QH

Kobe

*

Japanese
TRIS -  B2 

TEB -  89 

PHOS -  61

143 4 .7 4 .6
a c i d i c

s h i f t

v e r y

l a b i l e

G6P-DH

San ta

C l a r a

Cuban
TRIS -  60 

PHOS -  66.
3 4 - 3 4 . 8

, 6
2 0 .5 4 4 . 1

peak a t  

8 . 0
l a b i l e

*  Y o s h id a  and B e u t l e r ,  1983
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ANNEX I I

E n z y m a t i c  p r o p e r t i e s  o f  v a r i a n t s  w i t h  
s i m i l a r  e l e c t r o p h o r e t i c  m o b i l i t y  a t  G6P-DH V i l l a  C l a r a

( C l a s s  I I I )

V a r i a n t
P o p u l a t i o n

o r i g i n

E l e c t r o ­
p h o r e t i c  
m o b i l i t y  
(% o f  

n o r m a l )

Km G6P 

(yumol /1 )

Km NADP 

Q u m o l / 1 )

2d G6P 

U t i l i z a t i o n  

(% o f  G6P)

pH

opt imum

Heat

s t a b i l i t y

G6P-DH

M a h i d o l
Cambodia

TRIS-100

PH0S-100
40 - 4 n o rm a l n o r m a l

G6P-DH

Kamiybe
Japanese

TRI S-100  

TEB -1 0 0  

PH0S-100

31 -  43 2 . 6  -  5 .1 3 - 4 n o r m a l n o rm a l

G6P-0H
V i l l a
C l a r a

Cuban
TRIS-100

PH0S-100
49 7 .8 3

b i p h a s i c  

7 . 6  y 9 . 0

m o d e r a t e l y

i n c r e a s e d

*  V o s h id a and B e u t l e r , 1983
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F i g . 2 .  T h e r m o s t a b i l i t y  a t  42°C o f  r e d  c e l l  G6P-DH V i l l a  C la ra ,  
G6P-DH S a n ta  C l a r a  and G6P-DH ( B )

u s i n g  p e r c e n t a g e  o f  2 -d -G 6P  and b e h a v i o u r  i n  f r o n t  o f  DH.

G6P-DH V i l l a  C l a r a  i s  a l s o  a v a r i a n t  o f  G6P-DH(B) ,  h a v i n g  no 

a s s o c i a t e d  c l i n i c a l  m a n i f e s t a t i o n s .  The b i o c h e m i c a l  p r o p e r t i e s  

o f  t h i s  enzyme d e m o n s t r a t e  t h a t  t h i s  v a r i a n t  has n o t  been 

d e s c r i b e d  p r e v i o u s l y ,  because  t h e  G6P-DH M a h i d u l  and Kamiube  

v a r i a n t s  b e l o n g  t o  c l a s s  I I I  and h a v i n g  a s i m i l a r

e l e c t r o p h o r e t i c  m o b i l i t y  t o  o u r  v a r i a n t ,  b u t  d i f f e r  i n  

b e h a v i o u r  i n  f r o n t  o f  pH and i n  t h e r m o s t a b i l i t y .  The

G6P-DH V i l l a  C l a r a  and Kamiube a l s o  d i f f e r  i n  t h e  Km f o r  NAOP. 

A l t h o u g h  t h e  3 v a r i a n t s  have  Km v a l u e s  f o r  G6P i n  an i n t e r v a l  

p r o p o s e d  as a n o r m a l  r a n g e ,  o u r  v a r i a n t  v a l u e  i s  t h e  h i g h e s t .
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Gd B/Gd Villa 
Clara

Gd Santa Clara /  Gd Villa 
Clara

Gd Villa Clara

F i g .  3 .  P e d i g r e e  o f  f a m i l y  w i t h  t h e  v a r i a n t s  G6P-DH S a n t a  C l a r a  
and G6P-0H V i l l a  C l a r a

Of t h e  d e s c r i b e d  r a r e  v a r i a n t s  i n  t h e  Cuban p o p u l a t i o n  

c o m p a r e d  w i t h  G6P-DH V a r a d e r o ,  C i u d a d  Habana, M a t a n z a s ,  G i r o n ,  

C a u j e r i  Guan tanamo,  P i n a r  d e l  R io  and B a i r e  / 2 , 3 , 4 , 5 / ,  a l l  a re  

s l o w  o r  r a p i d  so t h a t  i t  can be s u r e  t h a t  G6P-DH V i l l a  C l a r a  

ha s  n o t  been d e s c r i b e d  i n  our  c o u n t r y  so f a r .  A l t h o u g h  t h e  G6P- 

DH C iu d a d  Habana, B a i r e  and P i n a r  d e l  R io  v a r i a n t s  a r e  s l o w e r  

t h a n  o u r  v a r i a n t ,  we p r o c e e d e d  t o  compare t h e  3 s l o w  Cuban 

v a r i a n t s  d e s c r i b e d  b e f o r e - h a n d  and o n l y  G6P-DH C iu d a d  Habana 

p r e s e n t e d  e n z y m a t i c  d e f i c i e n c y  so t h a t  we o n l y  proceeded t o  

c o m p a r e  i t  w i t h  G6P-DH San ta  C l a r a .  G6P-DH C i u d a d  Habana 

p r e s e n t s  an e n z y m a t i c  a c t i v i t y  i n  h a e m o l y s a t e  be tw e e n  8 - 1 0  %, 

and  i t s  k i n e t i c  c h a r a c t e r i s t i c s  a r e :  Km f o r  G6P o f  25 

m i c r o m o l e s / 1  a 22 \  u t i l i z a t i o n  o f  2-dG6P and t h e  b e h a v i o u r  i n  

f r o n t  o f  pH i s  b i p h a s i c  w h i c h  d e m o n s t r a t e s  t h a t  b o t h  d i f f e r  

among them.
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K e e p i n g  i n  a c c o u n t  t h a t  t h e  r a r e  v a r i a n t  o f  G6P-DH i n  our  

p o p u l a t i o n  i s  o f  0 . 0 0 4  / 6 / ,  t h e  p r o b a b i l i t y  o f  f i n d i n g  a f a m i l y  

w i t h  a d o u b l e  h é t é r o z y g o t i e  d a u g h t e r  i s  o f  1 i n  50000 f a m i l i e s .

The p r e s e n c e  o f  b o t h  v a r i a n t s  i n  a d o u b l e  h é t é r o z y g o t i e  

c a r r i e r  has d e t e r m i n e d  t h e  s u b - c l i n i c a l  m a n i f e s t a t i o n  o f  th e  

d e f i c i e n c y  i n  G6P-DH w h i c h  d e m o n s t r a t e s  t h e  e f f e c t  o f  t h e  doses  

i n  t h i s  enzyme l i n k e d  t o  X-chromosome w h i c h  can be g i v e n  by a 

l i m i t a t i o n  i n  t h e  h a l f  o f  t h e  e r y t h r o c y t i c  p o p u l a t i o n .
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