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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 

z S. B. DE C. BAKER, Nature 185, 547 (1960). 
M. MOSKOWITZ, W. B. DANDLIKER, M. CALVIN, and R. S. EVANS, 
J. Immunol. 65, 383 (1950). 

s E. PONDEn, Hemolysis and Related Phenomena (Grune & Stratton, 
New York 1948), p. 104. 
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1.2 g/100 ml  NaC1 w i t h  25 ml  of a m i x e d  buf fe r  composed  
of 72 ml  of M/15 N a , H P O  4 a n d  28 ml  of M/15 K H 2 P O  4. 
The  p H  was 7.0 a t  25°C. All samples  of S p r o t e i n  were 
a n a l y s e d  for  n i t rogen  b y  m i c r o - K j e t d a h l  m e t h o d ;  t h e r e -  
af ter ,  t h e y  were b r o u g h t  to  t h e  s ame  n i t r o g e n  c o n t e n t  
(mg 130%).  The  presence  of h a e m o g l o b i n  in t h e  so lu t ion  
of S p ro t e in  should  no t  in te r fe re  w i t h  t h e  p r e s e n t  resul ts ,  

Table I. Haemagglutinating activity of S protein derived from man, 
horse, rabbit, guinea-pig and rat  on the corresponding red cells 

Red cells S protein from red cells of: 
from : 

Man a Horse Rabbit Guinea-pig Rat 

Man 0 0 0 0 0 
Horse 0 0 0 0 0 
Rabbit 0 + + 0 0 0 
Guinea-pig 0 + + + + + + + + + + 
Rat 0 + + + 0 0 0 

a Human S protein was obtained from 0 Rh positive red cells of 
normal donors. 

Table II. The lack of relationship between red cell agglutination by 
S protein and beterogenetic antibodies derived from residual plasma 

proteins 

Red cells Plasma of: 
from : 

Man Horse Rabbit Guinea-pig Rat 

Man 0 0 + + + 0 0 
Horse 0 0 0 0 0 
Rabbit + + + 0 0 + 0 
Guinea-pig + + + 0 + + 0 0 
Rat + + +  0 + +  + + +  0 

s ince  h a e m o g l o b i n ,  as e s t ab l i shed  before,  does n o t  cause  
h a e m a g g l u t i n a t i o n .  

The  red b lood  cells were washed ,  before  using,  f ive  
t i m e s  w i t h  0 .9% NaC1 so lu t ion  a n d  m a d e  u p  to  a 3 %  sus- 
pens ion  in NaCl-buffer .  T h e  r eac t i on  was  c a r r i e d  o u t  on  
mic roscope  slides. A large d r o p  of cell su spens ion  was  
a d d e d  to  each  d r o p  of S p ro t e in .  Comple t e  m i x i n g  was  
secured  f i rs t  b y  s t i r r ing ,  l a t e r  b y  rock ing  to  a n d  fro. T h e  
progress  of r e a c t i o n  was  obse rved  a g a i n s t  a w h i t e  b a c k -  
g round .  T h e  t e s t  is o b s e r v e d  for  15, o r  a t  t h e  m o s t  30 min .  
F i n e  a g g l u t i n a t e s  were g r a d e d  as one  plus,  med ium-s i ze  as 
two  plus,  a n d  la rge  c lumps  as t h r e e  plus.  

As s h o w n  in T a b l e  I, S p r o t e i n  was ac t ive  in p r o d u c i n g  
a g g l u t i n a t i o n  of r a b b i t ,  r a t  a n d  gu inea -p ig  e r y t h r o c y t e s .  
Howeve r ,  in  c o n t r a s t  to  t h e  a b o v e - m e n t i o n e d  s tud ies ,  
t h i s  h a e m a g g l u t i n a t i n g  a c t i v i t y  was no t  con f ined  to  t h e  
t h r e e  r o d e n t  species here  cons ide red  b u t  was  also f o u n d  
in t he  samples  f rom horse  blood. Moreover ,  gu inea -p ig  S 
p r o t e i n  ac ted  o n l y  u p o n  t he  red cells of t he  same  species 
whereas  t he  h u m a n  one fai led to  cause  a g g l u t i n a t i o n  of 
cells of a n y  species. 

T h e  e x p l a n a t i o n  of these  f ind ings  is no t  easy ;  i t  seems, 
however ,  r ea sonab le  to  r ega rd  t h e m  as rea l ly  due  to  S pro- 
t e i n  a n d  no t  due  to  h e t e r o g e n e t i c  a n t i b o d i e s  de r ived  f rom 
r e s idua l  p l a s m a  in t he  p ro t e in .  T a b l e  I I  indica tes ,  in  fact ,  
t h a t  t h e r e  was no  r e l a t i o n s h i p  b e t w e e n  i ts  h a e m a g g l u t i -  
n a t i n g  p r o p e r t y  a n d  t h e  cross r eac t ions  obse rved .  

Riassunto. L a  p r o t e i n a  ~, S ~ dello s t r o m a  e r i t roc i t a r io  di 
a l cune  specie an ima l i  (uomo, caval lo ,  coniglio,  cav ia ,  
r a t t o )  si 5 d i m o s t r a t a  capace ,  pe r  a l eune  d i  esse, di  agglu-  
t i n a t e  le emazie  omologhe  ed e te ro loghe .  II f e n o m e n o  sem-  
b r a  l ega to  a l la  p r o t e i n a  ~c S ~ e n o n  a d  a n t i c o r p i  e te rogene-  
t iei  d e r i v a n t i  d a  t r acce  di p l a s m a  p re sen t i  ne l la  p r o t e i n a  
s t roma le .  

G. VULPIS, NICOLETTA VULPIS, 
a n d  C. SANTORO 

Clinica Medica dell'Universith di Bari (Italy), 
November 29, 7963. 

A n d r o g e n  I n f l u e n c e  o n  P r o t e i n  a n d  E n z y m e  
P a t t e r n  o f  R a t  K i d n e y  1 

C o l u m n  c h r o m a t o g r a p h y  on  s u b s t i t u t e d  cel lulose ion 
e x c h a n g e r  ha s  b e e n  used  in p r ev ious  researches  to  frac-  
t i o n a t e  so luble  p ro t e in s  e x t r a c t e d  f rom t h e  s u b m a x i l l a r y  
g l and  of ma le  a n d  of female  mouse .  C lea r -cu t  d i f ferences  
in  t he  p r o t e i n  c o m p o s i t i o n  of ma le  a n d  female  g lands  were 
d e m o n s t r a t e d ,  t h e  c h r o m a t o g r a p h i c  p a t t e r n s  a p p e a r i n g  
d i s t i nc t i ve  a n d  cha rac t e r i s t i c  for e ach  sex ~. 

B y  us ing  c o l u m n  c h r o m a t o g r a p h y  BOND was  ab le  to  
d e m o n s t r a t e  a sex-specif ic  p ro t e in ,  of st i l l  u n k n o w n  func-  
t ion ,  in  r a t  l iver  3. Th i s  p r o t e i n  is p r e s e n t  in  t he  ma te  r a t  
l iver  a n d  is suscep t ib le  to  h o r m o n a l  m a n i p u l a t i o n .  W e  
h a v e  e x t e n d e d  th i s  t y p e  of i n v e s t i g a t i o n  to o t h e r  o rgans  
k n o w n  for t h e i r  sexua l  d i m o r p h i s m .  T h e  p r e s e n t  p a p e r  is 
conce rned  w i t h  c h r o m a t o g r a p h i c  f r a c t i o n a t i o n  of p ro t e in s  
of e x t r a c t s  of ma le  a n d  female  r a t  k idneys ;  four  e n z y m e  
ac t iv i t i e s  h a v e  been  local ized in the  f r ac t ions ;  in  a d d i t i o n  
t he  effect  of t e s t o s t e rone  t r e a t m e n t  on  t he  female  p a t t e r n  
h a s  been  s tud ied .  

Materials and Methods. A d u l t  a lb ino  r a t s  of a n  i n b r e d  
l a b o r a t o r y  s t r a i n  were used.  The  r a t s  were k e p t  h o u s e d  in 
t he  s ame  a n i m a l  room a n d  fed t he  same  d ie t  ad libitum; 
w a t e r  was  g iven  freely.  T r e a t e d  female  r a t s  rece ived  3 m g  
of t e s t o s t e r o n e  p r o p i o n a t e  in j ec ted  i n to  t he  g lu tea l  musc le  
e v e r y  o t h e r  d a y  for  a t o t a l  of f ive in jec t ions  (10-day course)  
in  one  g roup  (6 an imals ) ,  12 in j ec t ions  (24-day course) in  
t h e  o t h e r  (6 an imals ) .  Con t ro l  female  r a t s  r ece ived  no  
in jec t ions .  48 h fol lowing t h e  l a s t  dose of t e s tos t e rone ,  t h e  
a n i m a l s  were  ki l led b y  d e c a p i t a t i o n .  The  k idneys  were  
r e m o v e d  a n d  h o m o g e n i z e d  in 4 vo lumes  of t r i s - ( h y d r o x y -  
m e t h y l a m i n o m e t h a n e ) - p h o s p h a t e  bu f f e r  0.005 M, p H  7.25 
in a W a r i n g  B l e n d o r  a t  0-3°C,  for 2 min .  The  h o m o g e n a t e  
was cen t r i fuged  a t  0°C a t  20 ,000×  g for 30 rain.  T h e  
s u p e r n a t a n t  was  d e c a n t e d  a n d  d ia lysed  for  18 h a g a i n s t  

a Supported by NIH Grant and by the CNR. 
2 R. LI~vI-MONTALCINI and P. U. ANGELETTI, International Sym- 

posium on Salivary Gland, Seattle (1962). 
3 H. E. BOSD, Nature 196, 242 (1962). 


