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The purification and proFer~.ies of 

glucosed~-phosphate dehydrogenase from human erythrocytes 

Cons iderab le  in te res t  has  r e cen t l y  bt,en sh¢~wn in e r v t h r o c v t i c  g luco~--6-pho.sphate  
d ~ h y d r ~ g e n a s e  (EC x. x. r.49), ~in,-e ~ d,,Brien~::: , f  ~hi~ e n z y m e  occur~ in h e r e d i t a r y  
p r i m a q u i n e  sens i t i v i ty  t. Relx)r ts  o f  8o- fo ld ' .  5oo-fold 3 a n d  r ecen t ly  of  I0 ooo-fi)ld 
pur i f ica t i (m 4 h a v e  a p p e a r e d .  Th is  p a p e r  d e ~ r i b e s  a mc, d i f ica t ion a n d  ex t en s io n  of 
the  m e t h o d  o f  MARKS et al. z to y ie ld  200o- to  3t3oo-icdd puflficati ,~n ; on one  occas ion .  
a pur i f i ca t ion  f ac to r  o f  83o0 was ob*.aincd. 

T h e  e n z y m e  was  agc.ayed b y  fol lowing TPNI-I  p r o d u c t i o n  a t  34 ° mt~. Q u a r t z  
r u v e t t e s ,  I cm p a t h ,  c o n t a i n e d  in 3 ml.  ZTO p m o l e s  Tri.~-HCI buf fe r  (pH 8.z).  5 / , n ,o l e s  
d i s o d i u m  glucose  6 - p h o s p h a t e ,  2. 4 p m o l e s  T P N "  and  o.I  ml e n z y m e ,  su i t ab ly  di- 
l u t ed  to  g ive  a LIAaa o m~, o f  o . o 4 - o . o S / m i n  i~- : ,e /~cekman DU S p c c t r o p h o t o m e t e r  
f i t t ed  w i th  a d o u b l e  t h ~ r m o s p a c e r  at  zS;.  6 - P h o s p h o g l u c o n a t e  d e h y d r o g e n a s e  
( d e c a r b o x y l a t i n g  ; EC z. ~. x .44) a c t i v i t y  wa.~ mca.~;ure'.i by  rep lac ing  the  g lucose  6-ph~).~- 
p h a t e  w i th  6 -pho~phog lucona t e .  P ro t e in  wa~s e-~timated b y  the  m e t h o d  ,)f ~,VARRi:R¢. 
AND CltRISTIAN s. A uni t  of  a c t i v i t y  is the  a m o u n t  o f  e n z y m e  g iv ing  a .IA.~ 0 ~ . f  i .o 
per  miJl u n d e r  the  a b o v e  co[~ditit~.~:...~.pccific a~ t iv i tv  is t he  rtctivit,," per  m g  pro te in .  
T h e  Michaelis  : o n s t a n t  (Kin) for T P N -  was m e a s u r e d  using a tZarrand fluorinu~-t~,r n, 
and  p l o t t i n g  t[v aga ins t  x/s (ref. 7}. 

H u m a n  b a n k  b lood ,  s to red  for i e ~  t h a n  z we,-ks, pro',. 'ided the  e n z y m e  source.  
All m a n i p u l a t i o n s  were  car r ied  ou t  a~ 4":. Th e  e r y t h r , ~ y t e s  were  washed ,  ly.,~d ar,d 
t he  prel iminary" e n z v m e  purificatic~n ca r r i ed  o u t  b y  t h e  first a m m o n i u m  su lphaze  
f r a c t i o n a t i o n  (z-stage)  o f  M^rcKs e tad.  a. T h e  p r e c i p i t a t e  f rom th e  .gecond ~tage was  
d i s so lved  in 5o ml o.x M T~"-, HC! (pH  7-4) an d  st,~red f rozen w i th  xo -s M T P N -  
a n d  t o  -s  M c ys t e ine  un t i l  r equ i red .  S to r age  of  t h e  e n z y m e  a t  th is  s tage  s o m e t i m e s  
c a u s e d  up  to  5o°,~ loss of  a c t i v i t y ,  bu t  at  ~ th e r  time.~ no losses occur red .  Apprec iab le  
a c t i v i t y  ( 3 0 - 5 0 % )  r e m a i n e d  in the  supe rua t an t+  thi.~ cou ld  not  be r ecove red  since 
a d d i t i o n  o f  a fux the r  z g a m m o n i u m  ~u lpha te lxoo  tnl. p r e c i p i t a t e d  th': bu lk  of  the  
haemog lob in .  Yields  cou ld  be  impro,:ecl  s , )mewha t  b y  s u h d i v i d i n g  +he second  am-  
mota ium s u l p h a t e  f rac t ion ,  add ing  first  8 g  a m m o n i u m  s u l p h a t e / ~ } o m l  sotut i ,m 
a n d  then ,  a f t e r  cen t r i fug ing ,  a d d i o g  a f u r t h e r  4 g/~oo ml..M~zct of  the  6-p] ,ospho-  
g l u e o n a t e  d e h y d r o g e n a s e  a c t i v i t y  (850~) remai t ted  "in the  s u p e r n a t a n t .  

S e ve r a l  b a t c h e s  were  c o m b i n e d  a t  th is  s tage ,  t h a w e d  and  dialy.-~-I fiw z h in 
Visk ing  ce l l ophane  t u b i n g  (x in) aga ins t  severa l  changes  o f  de ion ized  wa te r .  5 succes- 
s ive o .x-voL p o r t i o n s  o f  ca lc ium p h o s p h a t e  eel  a were  a d d e d  a n d  col lec ted  b y  sp inn ing  
a t  500 x g a f t e r  zo -min  equ i i ib ra t ion .  T h e  s u p e r n a t a n t s  were  a s sayed  aJad the  g~l 
p o r t i o n s  which  h a d  a b s o r b e d  mos t  a c t i v i t y  were  w a s h e d  wi th  x gel v o l u m e  o f  w a t e r  
a n d  e l u t e d  successively- w i th  z ge l -vo lume  portion.~ o f  o.z M p o t a s s iu m  p h o s p h a t e  
buf fe r  ( p H  5.8) a n d  o.5 bt buffer  (pH 7 .4 )  T h e  e iua te s  wexe a s sayed  and  tho--~ o f  
h ighes t  specific a c t i v i t y  c o m b i n e d  and  s to red  f r o z e ,  ove rn igh t  wi th  t o  -s M T P N - .  
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T h e  n e x t  d a y  the  sn lu t ions  were  t h a w e d  a n d  d ia lysed  as ab o v e ,  a n d  t h e n  a l lowed 
to  dr ip  at  z d rop / see  t h r o u g h  a W h a t m a n  D E A E - c e l l u l o s e  (floe) c o l u m n  o f  e x c h a n g e  
c a p a c i t y  o f  x mequ iv . / g ,  which  had  been  e q u i l i b r a t e d  w i th  o.05 M p h o s p h a t e  buffet" 
(pH 5 8 i .  T h e  c o l u m n  xva~ washed  wi th  w a t e r  un t i l  free o f  h a e m o g l o b i n  a n d  e lu ted  
wit!~ 6o m! o f  0.2 M p h o s p h a t e  buf fe r  ( p H  5.8) a n d  qo ml o f  0.5 M p h o s p h a t e  buf fe r  
(pH 7.4). zo-ml f rac t ions  were  col lec ted.  As s to rage  o f  t h e  c lua tzs ,  ev en  a t  - - I 5  °, 
r e su l t ed  in cnxisiderable losses o f  a c t i v i t y ,  t he  f r ac t i ons  o f  h ighes t  specific a c t i v i t y  
were i m m e d i a t e l y  a d j u s t e d  to  6 o %  a m m o n i u m  s u l p h a t e  s a t u r a t i o n .  Th e  p r e c i p i t a t e  
was  co l lec ted  b y  c e n t r i f u g a t i o n  at  xo ooo  "< g an d  r e s u s p e n d e d  in a smal l  v o l u m e  
o f  f~o¢?,.0 satd.  a m m o n i u m  su lpha te .  Th i s  suspens ion  was  s t ab le  a t  4" f~r a t  least  a 
week  and  was redis~olved for use b y  f l ia lys ing  aga ins t  water .  T h e  c o n c e n t r a t e d  sohx- 
t i~n so o b t a i n e d  (z.25 m g  p ro t e in /ml )  was  also s tab le  on  s to rage  a t  4 ~, b u t  a x : zo 
d i lu t ion  lost  5oq,~ a c t i v i t y  in 2 days .  T h e  mxsi~ension could  be  f u r t h e r  pur i f ied  b y  
f rac t iona l  clutir ,n f rom a c e l l u l o ~  c o l u m n  w i t h  g r a d u a l l y  dec reas ing  c o n c e n t r a t i o n s  
o f  a m m o n i u m  ~ulpha te  so lu t ion .  I I o w e v c r ,  t h e  a d d i t i o n a l  pur i f i ca t ion  o b t a i n e d  was  
o n l y  t . z - foh l  and ,  since losses were  fa i r ly  large ,  th i s  s t ep  was  s u b s e q u e n t l y  o m i t t e d .  

A m m o n i u m  s u l p h a t e  f r a c t i o n a t i o n  of  t he  ca l c ium p h o s p h a t e  e lua t e s ,  as  r e co m -  
m c n d e d  b y  M,X~KS e; al. ~, g a v e  no pur i f i ca t ion  a n d  fa i r ly  heav)"  lo.~es were  sus ta ined .  
H ea t i ng  of  t h e ~  e l u a t ~  to  52 -54  :~ fi>r 2 min ,  e v e n  in the  p resence  o f  ~o -~ M T P N * ,  
caused loss t)f a c t i v i t y  wi th  no  f u r t h e r  pur i f i ca t ion .  

T a b l e  I shows the  resu l t s  (~f a t y p i c a l  pu r i f i ca t ion  p ro ced u re .  T h e  pur i f i ed  
e n z y m e  was t'rro o f  6 -phosphog lu , -ona te  d e h y d r o g e n a s e .  

T A B L E  I 

~ L ' R I F I C A T I O N  P R O L ' E L ~ U b l I "  F O R  P k F . I ~ A R A ' ~ I O N  O F  G L | ~ C O . q E - 6 - P I I O S I ~ I t A T  F" D E H Y D R O G E N A S l ' :  

T ~ M  Sl~t¢it ic 
1;'1,a¢ t ton a t l  h "11 ~' ~t~ i t ~  y RCrOt'¢r)' PUs  I ~ M  

( U~dS l ~ a r t i n j  

H a e m o l y s a t e  zt~) 
:~tlnlnoniilnl .~ull)hat<~ F r a c t i o n  2 93  
C a l c i u m  phosphz t~e  e l u a t e s  57 
l)EAI-~-celtuhs, ' , :  E h a a l ~  ] 36 
DEAE-t~e l luh>~ '  Eluatt~a ', ] 2 
| : r ac t lon&l  a m m o n i u m  sul ! f laa te  e l u l i ~ n  

o f  p r e c i p i t a g e d  E t u a t e  ! ] ,  

¢1 ,OO l ~ I O O  l 

0-05 .17 33 
0.8 =8 530 

xo.4~ 700o 
4 . 0 j  -a ~ 3 °°° 

t 2.5 5.5 83 ° 0  

T h e  Km filr g l u c o ~  f - p h o s p h a t e  a t  p H  8.2 was  6.3" t o  ' s  M a n d  for T P N  ~ x. 3, 
z . I  a n d  z . 6 - x o  -6 M, as m e a s u r e d  on  3 b a t c h e s  o f  pur i f ied  e n z y m e . - T h e s e  f igures a re  
v e r y  s imilar  to  those  desc r ibed  b y  KIRK,MAN et ad. * w h o  f o u n d  K m  v a l u ~  o f  r . 3 .  xo-bM 
and  a . t - t o  -6 M for  g lucose  6 - p h o s p h a t e  a n d  T P N ÷ ,  r e spec t ive ly ,  a t  p H 8 . o ;  an d  
b y  MAUKS e t a / .  s who  o b t a i n e d  3.5 • xo-6 M a n d  4-2 '  xo -6 M, r e spec t ive ly ,  a t  p H  7.6. 
The  p H  o p t i m u m  was  f o u n d  to  be  a b r o a d  p e a k  b e t w e e n  p H  8 a n d  9 in T r i s - H C l  
buf fe r ;  in g l y c i n e - N a O H  a n d  2 - a m i n o - z - m e t h y l p r o p a n - x , 3 - d i o l - H C l  buffers ,  t h e r e  
was  a s l ight  p e a k  a t  p H  9.6, t he  shape  o f  t h e  c u r v e  a n d  the  va lues  o b t a i n e d  be ing  
v e r y  s imilar  t o  those  o b t a i n e d  b y  KIRR~AI~ et a/.  t. # - C h l o r o m e r c u r i b e n z o a t e  [ ro-n  M) 
inh ib i t s  e n z y m e  a c t i v i t y  4 4 % ,  i nd i ca t i ng  the  p re sence  o f  - S H  g ro u p s  in t h e  a c t i v e  
cen t re .  Th is  inh ib i t ion  was  on ly  s l ight ly  r eve r s ed  b y  xo -a M cys te ine .  
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Fig. [. Sal t  a c t i v a t i o n  o f  g lu t :o~ -0 -phosph l , t c  <t~'hvdr()~ena.-~+ ~D ~ ,  g l y t : i n e - N a ( ) l i  buffer 
(pH 9.3);  "C.;'---~-). z-amino-: ' .methylpr(~t>an-i, .~-tl t(fl  I I C I  boi ler  (pH q,t>l; × - :< . t ' r i s  14(:I 

buffer  (pII  8.2~ 

I n d i c a t i o n s  t h a t  y e a s t  gluco.~.-b-pho.~phate  dehydr~)ge.na-,;e i~ a c t i v a t e d  b y  v a r i o u s  
s a l t s  a r e  g i v e n  b y  GLASER AXl) BR()~,VN 9 who  ~ho',ved th:t t  the  e n z y m e  h a d  no a b s o l u t e  
r e q u i r e m e n t  f o r  m e t a l  i o n s ,  b u t  t h a t  t h e s e  a p p e a r e d  t o  i n c r e a s e  t h e  a f f i n i t y  oF t h e  

e n z y ' n l e  f o r  t h e  s u b s t r a t e .  F i g .  x s h o w s  th :x t  .~uch a c t i v a t i o n  a l s o  o c c u r s  w i t h  oTy-  

t h r o c y t i c  g h z 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 ,  o p t i m u m  a c t i v a t i o n  b e i n g  o b t a J n e x l  

w i t h  o . o t  M MgCL z, o.x M NaCI  a n d  o.x M KCt.  q-his a c t i v a t i o n  w a s  f o u n d  to  be. p H  
d e p e n d e n t ;  a t  p H  8.2 no  a c t i v a t i o n  occurre(] ,  b u t  t h e  a c t i v a t i o n  a t  t he  o p t i m u m  
sa l t  c o n c e n t r a t i o n  was  2o 26°,4, at  p H  9.0 ant! 50 ix>% a t  p H  9-5. T h e r e  was  no 
i n h i b i t i o n  of  e n z y m e  a c t i v i t y  b y  to  m M  E D T A ,  i n d i c a t i n g  t h a t  the  e n z y m e  ha.~ no 
abr, o l u t e  r e q u i r e m e n t  for  d i v a l e n t  met=,l ions.  

Thi~  w o r k  w a s  s u p p o r t e d  in p a r t  b y  g r a n t  I1-5448 o f  the  N a t i o n a l  I n s t i t u t c ~  of  
H e a l t h  (U.S.  Pub l i c  H e a l t h  Service) .  T h e  a t t t ho r s  are  i n d e b t e d  to  D r . . | .  I I  .q. GEAR 
f o r  h i s  c o n t i r ~ u c d  i n t e r e s t  i n  t h e s e  s t u d i c s  a n d  D r .  A .  Z O U T E N D Y K  fi)r  s u p p l y i n g  t h e  

b l o o d - b a n k  .,~am p i e s .  
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South African Institute for Medical Research, 
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