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Glucosamine-6-phosphate deaminase* 
The format ion of hexose phospha te  from N-acetylglucosamine (2-acetamido-2-deoxy-D-glucose) 
and ATP by cell-free extracts  of Escher ich ia  coli was reported by  SOODAK 1. He postulated t ha t  
at least four  steps were involved in the reaction sequence. Recently, the deaminat ion of glucos- 
amine-6-phosphate  (Gm-6-P; 2-amino-2-deoxy-n-glucose-6-phosphate) by  extracts  of E.  coli has 
been studied by  several invest igators (ROSEMAN 2, W O L F E  AND :NAKADA 3, ASAHINA AND YAMAHA4).  
The product  of this reaction, however, has not  been clearly defined. 

In  the present  investigation the conversion of crystalline 2 Gm-6-P to hexose phospha te  by  
cell-free extracts  of E.  coli ]3 was studied. Our results indicate tha t  fructose-6-phosphate (F-6-P) 
is the  initial product .  

E.  coli B was grown in a mineral  medium containing glucosamine as the sole source of 
carbon. The specific activity of cells grown on glucosamine is ten t imes t ha t  of cells grown on 
glucose. 

The deanlination of Gm-6-P to hexose phospha te  proceeds rapidly in the presence of crude 
extract  (Table I) bu t  it is impossible to determine whether  glucose-6-phosphate (G-6-P) or F-6-P 
is the first p roduct  of the reaction. An active phosphoglucose isomerase is present  in the crude 
ext rac t  which rapidly interconverts  the F-6-P and G-6-P formed; consequently,  the deaminat ion 
step appears  to be the rate  controlling reaction. In  addition, some hydrolysis of the sugar  phos- 
phates  occurs; this may  explain both  the fact t ha t  hexose phosphate  formation proceeds to a 
m a x i m u m  in ten minutes  and then decreases, and the fact tha t  the ratio of F-6-P to G-6-P is 
somewhat  higher than  expected. 

Purification of the extract  (Table II)  removed all detectable phosphoglucose isomerase activity. 
Incuba t ion  of the purified enzyme with Gm-6-P (2.48 /2mol/ml) yielded the following balance 

TABLE I 

DEAMINATION OF GLUCOSAMINE-6-PHOSPHATE WITH CRUDE E,  coli EXTRACT 

Hexose-6-phosphate 

Time Total G-6-P F-6-P F-6-P as % 
mi• Itmol/ml I~mol/ml I~mol/ml o/total 

5 1.56 o.91 0.65 42 
IO 2.29 1.4 ° 0.89 39 
15 2.1o 1.25 0.85 4 ° 

The incubat ion mixture  contained 0.2 ml of neutralized o . o s M  Gm-6-P;  i .o ml of o.o5 M Tris 
buffer, p H  7-9 ; and 0.05 ml of enzyme. G-6-P was determined with "Zwischenferment"  and TPN. 
F-6-P was  determined by  a modified ROE method.  

TABLE I I  

PURIFICATION OF GLUCOSAMINE-6-PHOSPI-IATE DEAMINASE 

Step No. Purification % Yield of Isomerase 
[actor activity activity 

I. Crude ext rac t  I.O IOO 4 +  
2. Pro tamine  4.5 7 ° 4 +  
3- Heat,  p H  8'3 7 ° 4 +  
4. Calcium phospha te  

gel I 15.o 44 i + 
5. Calcium phospha te  

Gel I I  13.o 3 ° o 

Protein was determined nephelometrically wi th  sulfosalicylic acid. The incubation mixture  was 
the same as indicated in Table I. 

* The Rackham Arthri t is  Research Uni t  is suppor ted  by  a grant  from the Horace H. Rackham 
School of Gradua te  Studies. The expenses of this s tudy  were defrayed in pa r t  by  grants  from 
the Michigan Chapter, Arthri t is  and Rheuma t i sm  Foundat ion,  and Gran t  A-512 (C2) from the 
United States Public Heal th  Service, th rough  the :National Ins t i tu te  of Arthri t is  and Metabolic 
Diseases. 
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da t a :  Gm-6 -P  ( - -0 .77  /~mol/ml), F -6-P  ( +  0.80 #mol /ml )  a n d  N H  8 ( +  0 .79/~mol/ml) .  There  was  
no de tec table  G-6-P in t he  incuba t ion  m i x t u r e  w h e n  ana lyzed  wi th  yea s t  " Z w i s c h e n f e r m e n t "  
and  T P N .  

LELOIR AND CARDINI ~ h a v e  shown  t h a t  ex t r ac t s  of Neurospora crassa when  incuba t ed  wi th  
F -6 -P  or G-6-P  and  g l u t ami ne  yie lded G m - 6 - P  and  g l u t amic  acid. By  r e m o v i n g  i somerase  from 
ex t r ac t s  of th i s  mold,  BLUMENTHAL el al. e were able  to d e m o n s t r a t e  t h a t  F -6-P  was  required 
by  t he  e n z y m e  which  syn thes i zes  Gm-6-P .  

Apparen t ly ,  t he  E. coli e n z y m e  does no t  s i mp l y  reverse  the  reac t ion  ca ta lyzed  by  the  
N. crassa ex t r ac t  s ince (a) g lu t amic  acid does no t  s t i m u l a t e  the  reaction,  and  (b) a s l ight  reversi-  
b i l i ty  occurs  when  t h e  purified e n z y m e  is i ncuba t ed  wi th  F -6 -P  and  NHa,  whereas  no de tec table  
revers ib i l i ty  occurs  wi th  F -6 -P  and  g lu t amine .  

A t  t he  p re sen t  s t age  of pur i f icat ion no cofactor  r e q u i r e m e n t s  have  been de tec ted  for t he  
G m - 6 - P  deaminase .  

U n d e r  op t ima l  condi t ions  the  specific ac t iv i ty  of the  m o s t  purified p repa ra t ion  (45 ×)  was 
1.2 m m o l  F-6-P  f o r m e d / m g  of p ro te in / I5  minu te s .  

D. G. COMB 
Rachham Arthritis Research Unit and Department o[ Biological Chemistry, S. ROSEMAN 

University o] Michigan, Ann Arbor, Mich. (U.S.A.) 

1 • .  SOODAK, Bacteriol. Proc., (1955) i31. 
2 S. ROSEMAN, Federation Proc., 13 (1956) 34 o. 

J.  B. \VOLFE AND H. I. NAKADA, Bacteriol. Proc., (1956) lO8. 
4 1VL ASAHINA AND T. YAMAHA, J .  Japan. Biochem. Soc., 26 (I955) 666. 

I. F.  LELOIR AND C. E. CARDINI, Biochim. Biophys. Acta, 12 (1953) 15. 
6 H. J. 3LUMENTHAL, S.T. HOROWlTZ, A. HEMERLINE AND S. ROSEMAN, Bacteriol. Proc., (1955) 137. 

Received May  i6 th ,  r956 

Sulfate-dependent exchange of pyrophosphate with 
nucleotide phosphate* 

The  enzymic  fo rma t ion  of su l fa te  es ters  f rom inorganic  su l fa te  and  h y d r o x y l  c o m p o u n d s  requires  
the  pa r t i c ipa t ion  of adenos ine  t r i p h o s p h a t e  (ATP) in an  init ial  ac t iva t ion  of sulfate ,  followed 
by  a t r ans fe r  of t he  su l fa te  group to t he  h y d r o x y l  acceptor  1-3. I n  order  to ob ta in  in fo rmat ion  
regard ing  t he  n a t u r e  of t he  ac t i va t ed  su l fa te  in te rmedia te ,  s tudies  of the  c o m p o u n d s  l iberated 
f rom A T P  c o n c o m i t a n t  wi th  su l fa te  ester if icat ion h a v e  been unde r t aken .  

The  e n z y m e  s y s t e m  used  in these  e x p e r i m e n t s  was ob ta ined  f rom an  h o m o g e n a t e  of r a t  
l iver p repared  as p rev ious ly  descr ibed ~, excep t  t h a t  homogen iza t ion  was  in o.05 M Tris  ace ta te  
buffer, p H  7.5, i n s t ead  of KC1 solut ion.  T he  s u p e r n a t a n t  solut ion ob ta ined  af ter  cen t r i fuga t ion  
was  fu r the r  t r e a t ed  to reduce  by  6o-8o % t he  h igh  level of non - su l f a t e -dependen t  o r t h o p h o s p h a t e  
(Pi) l ibera t ing  ac t iv i ty  wh ich  ser iously  in ter feres  wi th  s tudies  of the  reac t ion  mechan i sm .  

The  resu l t s  p resen ted  in Table  I i l lus t ra te  the  su l f a t e -dependen t  exchange  of p y r o p h o s p h a t e  
wi th  nucleot ide  phospha t e .  T he  la t te r  was  s epa ra t ed  f rom Pi and  p y r o p h o s p h a t e  by  t he  charcoal  
adsorp t ion  m e t h o d  of CRANE AND LIPMANN 4. I t  can  be seen t h a t  the re  was some  exchange  of Pi 
and  nucleot ide  p h o s p h a t e  wh ich  was  no t  s igni f icant ly  increased by  the  addi t ion  of sulfate .  An 
equ iva l en t  a m o u n t  of p y r o p h o s p h a t e  was  incorpora ted  on ly  to t h e  s a m e  e x t e n t  as Pi in the  
absence  of added  su l fa te  (reflecting t he  rap id  b r e a k d o w n  of p y r o p h o s p h a t e  to Pi by  a con t ami -  
n a t i n g  p y r o p h o s p h a t a s e  p re sen t  in t he  e n z y m e  prepara t ion) .  However ,  the  addi t ion  of sul fa te  
in th i s  case s t imu la t e d  t he  incorpora t ion  of t he  label over  ioo  %, ind ica t ing  tha t ,  in t he  presence 
of sulfate ,  p y r o p h o s p h a t e  is incorpora ted  di rect ly  into t he  nucleotide.  

These  resu l t s  sugges t  t h a t  p y r o p h o s p h a t e  is released in a reversible reac t ion  dur ing  t he  
process  of su l fa te  ac t iva t ion .  F u r t h e r  evidence for t he  i n v o l v e m e n t  of p y r o p h o s p h a t e  comes  f rom 
s tudies  of i ts  abi l i ty  to inh ib i t  t he  ester if icat ion react ion.  U n d e r  t he  condi t ions  of the  e x p e r i m e n t s  
p r e sen t ed  in Table  II,  p y r o p h o s p h a t e  inh ib i ted  s ignif icant ly  in as low a final concen t ra t ion  as 
I o - 3 M  and  Ioo % inhib i t ion  occurred a t  concen t ra t ions  of 6. i o - 3 M  and  higher .  Pi  on t he  o the r  
h a n d  h a d  no effect on the  ra te  a t  a concen t ra t ion  of Io -ZM.  

U n d e r  condi t ions  of i ncuba t ion  as ind ica ted  in Tables  I and  II  no p y r o p h o s p h a t e  fo rma t ion  

* Suppor ted  b y  g r an t s  f rom t he  Resea rch  Corpora t ion  and  the  U.S. Publ ic  Hea l t h  Service 
(A-875). 


