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On the Mechanism of the Cation- and Substrate 
Analog-act ivated Enzyme Reaction: 

Glucosamine-6-phosphate  Deaminase  

W e  p r e s e n t  t h e  case of g l u c o s a m i n e - 6 - p h o s p h a t e  de- 
a m i n a s e  r e a c t i o n  in  w h i c h  t h e  p r o d u c t i o n  of f ructose-6-  
p h o s p h a t e ( p )  occurs  in t he  absence  a n d  presence  of di-  

I t  a p p e a r s  t h a t  t h e  essen t i a l  f e a t u r e  of t h e  m e c h a n i s m  
sugges ted  he re  is t h e  e n h a n c e m e n t  of t h e  r a t e  b y  t h e  
che la t ion  b e t w e e n  E S  c o m p l e x  a n d  t h e  l a t t e r ' s  in  t h e  
p resence  of t h e  ca t ions  a n d  s u b s t r a t e  ana logue .  I t  is pos-  
sible t h a t  b o t h  t h e  s u b s t r a t e  a n d  ana logue  are  b o u n d  to  
t h e  e n z y m e  sur face  t o  p r o v i d e  r i g id i ty  for  f a v o u r a b l e  
che la t ion .  T h e  m e c h a n i s m  p roposed  c a n  be  of  v a l u e  in 
u n d e r s t a n d i n g  t h e  a c t i v a t i o n  of e n z y m e  r eac t i ons  5. 
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v a l e n t  ca t ions  such as Mn++, Hg++ a n d  Co++ a n d  t h e  
s u b s t r a t e  ana logue  (A), N - a c e t y l  g lucosamine -6 -phos -  
p h a t e ,  r e spec t ive ly ,  b u t  w i t h  t h e  m a x i m u m  r a t e  in  t h e  
p resence  of b o t h  t he  ca t ion  a n d  t h e  ana logue  1. The  r a t e  of 
t h e  r e a c t i o n  c a n  b e  expressed  as  fol lows:  

dp/dt = h(ES) + k'(ESM) + k"(ESMA) 

where  k 's  a re  r a t e  c o n s t a n t s ,  a n d  (ES), (ESM) a n d  
(ESMA) are  t h e  e n z y m e - s u b s t r a t e ,  e n z y m e - s u b s t r a t e -  
m e t a l  a n d  e n z y m e - s u b s t r a t e - m e t a l - a n a l o g u e  complexes ,  
r espec t ive ly .  

F r o m  the  p H  profi le  of t h e  r e a c t i o n  w i t h  t he  m a x i m a  
a t  p H  8 z a n d  8.5 2,~, a poss ible  m e c h a n i s m  of t h e  r e a c t i o n  
c a n  be  sugges ted ,  a c c o u n t i n g  for  t h e  overa l l  r e a c t i o n  in 
t he  p resence  of b o t h  t h e  ca t ions  a n d  s u b s t r a t e  ana logue .  

T h e  f i r s t  s t ep  m a y  be  t h e  f o r m a t i o n  of a che l a t e  be-  
t w e e n  E S  c o m p l e x  a n d  t he  ana logue .  T h e n ,  a bas ic  g roup  
w i t h  h i g h  p K  p r e d i c t a b l e  f rom t h e  p H  profi le  m a y  de-  
p r o t o n a t e  c a r b o n  2 of t h e  s u b s t r a t e  b o u n d ,  fol lowed b y  
t h e  sh i f t  of t h e  pa i r  of e lec t rons  t o w a r d s  t h e  ca rbony l -  
m e t a l  bond .  The  r e su l t i ng  eno la t e  4 will s u b s e q u e n t l y  be  
h y d r a t e d  a n d  d e a m i n a t i o n  ass i s ted  b y  t h e  c h e l a t i o n  will  
follow, as s h o w n  be low:  
whe re  E r e p r e s e n t s  t h e  e n z y m e  molecule .  

Zusammenlassung. Die R e a k t i o n  d e r  G l u k o s a m i n - 6 -  
P h o s p h a t - D e a m i n a s e ,  a n  de r  MetaUionen  u n d  e in  Sub -  
s t r a t a n a l o g o n  t e i l n e h m e n ,  w u r d e  v o m  m e c h a n i s t i s c h e n  
S t a n d p u n k t  aus  b e a r b e i t e t  u n d  a u f  d e r  Bas i s  de r  K o m -  
p l ex i e rung  des  ES-Komplexes m i t  d e n  o b e n g e n a n n t e n  
A k t i v a t o r e n  darges te l l t .  
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Red Cell Agglutination by S Protein, 
a Lipoprotein from Erythrocyte Stroma 

I t  was p rev ious ly  repor ted  by  D~ C. BA~CER z t h a t  
h o m o l o g o u s  a n d  some he t e ro logous  r ed  cells were  agglu-  
t i n a t e d  b y  h a e m o l y s a t e s  m a d e  f rom r a b b i t ,  r a t  a n d  
gu inea -p ig  r ed  cells. E v i d e n c e  was also ava i l ab l e  t h a t  t h i s  
p h e n o m e n o n  was  p r o b a b l y  due  to  a s u b s t a n c e  l i b e r a t e d  
f rom t h e  s t roma ,  r a t h e r  t h a n  to  h a e m o g l o b i n ,  s ince t h e  
f i l t e red  h a e m o g l o b i n  p r o d u c e d  no  a g g l u t i n a t i o n  of i n t a c t  
r ed  cells. 

T h e  fol lowing s t u d y  was  u n d e r t a k e n  to  i n v e s t i g a t e  t h i s  
poss ib i l i ty .  Therefore ,  t h e  p r o t e i n  n o w  k n o w n  as S pro-  

te in ,  was  s e p a r a t e d  f rom t h e  cells of m a n  a n d  of a n u m b e r  
of d i f f e ren t  a n i m a l s  b y  t h e  o r ig ina l  m e t h o d  of MosKowlTz  
e t  al.  2. I s o t o n i c i t y  was t h e n  r e s to r ed  b y  d ia lys is  ag a i n s t  
large q u a n t i t i e s  of buf fe red  NaC1 in the  cold for  48 h. F ina l  
c e n t r i f u g a t i o n  was  a l w a y s  neces sa ry  for  e l i m i n a t i o n  of 
some r e s idua l  t u r b i d i t y .  T h e  NaCl -buf fe r  r e c o m m e n d e d  
b y  PONDER 8 for t h e  r ed  cells, is m a d e  b y  m i x i n g  75 ml  of 
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