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Short Communications and Preliminary Notes 

The o-91ucosamine-6-phosphate N-acetylase of yeast 
L E L O I R  ANI)  C A R D I N I  have  found 1 t h a t  crude e x t r a c t s  of Neurospora crassa are able  to  ca ta lyze  

the N-ace ty la t ion  of D-glucosamine and  of D-g lucosamine-6-phospha te  (Gm-6-P). The reac t ion  
requires  coenzyme .\ (coA), a d e n o s i n e t r i p h o s p h a t e  (ATP) and ace t a t e  ion, and  presunlab ly ,  goes 
by  way  of ace ty l -coA formed b y  the  ace t a t e  a c t i v a t i n g  enzyme  of LIP~ANY et al. ~. Because  of the  
presence of hexok inase  which  ca t a lyzed  the  p h o s p h o r y l a t i o n  of g lucosamine  to Gm-6-P by  ATP a 
and of var ious  phospha tases ,  i t  was  not  possible to decide whe t he r  the  Neurospora enzyme  ace ty l a t e s  
only  the free amino  sugar,  only  Gm-6-P, or both  substances .  The N - a c e t y l a t i o n  of added  g lucosamine  
had  a l r eady  been found to  occur as a slow reac t ion  in a c rude  enzyme  sys t em i so la ted  by C n o u  
.\ND SOODAK from pigeon l iver  4. }{ATZ et al. 5 have  descr ibed a s imi la r  reac t ion  in Clostridium kluyve~i. 
.\ p r e l im ina ry  repor t  has  been pub l i shed  by  ROSEMAY ~ of the p repa ra t i on  of N-ace ty l -g lucosamine-  
6 -phospha te  (Ac-gm-6-P) by  chemica l  a c e ty l a t i on  of Gm-6-P.  

An enzyme  has now been ob ta ined  from ba ke r ' s  yeas t  which ca t a lyzes  the N-ace ty la t ion  of 
Gm-6-P. Ne i the r  g l u c o s a m i n e - i - p h o s p h a t e  (Gm-~-P) nor g lucosamine  is a c e t y l a t e d  a t  a measu rab le  
rate.  The p roduc t  of the  reac t ion  wi th  Gm-6-P has  been shown to be Ac-gm-6-P by  i so la t ion  of the  
l a t t e r  es ter  t h rough  b a r i u m  sa l t  p rec ip i t a t i on  by  e thanol  followed by  c h r o m a t o g r a p h y  on Dowex- i  
(formate).  In  one expe r in l en t  in which  i i . 6 / , m o l e s  of Ac-gnl-6-1 ) ( together  with adenosine-5 ' -  
phospha te )  were in the  ba r ium-f ree  so lu t ion  sub jec ted  to c h r o m a t o g r a p h y ,  5-3 / ~ moles were recovered  
as a d ry  powder  fol lowing lyoph i l i za t ion  of the  i N HCOOH elua tes  which  inc luded the  peak.  \~:hen 
this  m a t e r i a l  was dissolved in 5.o ml  of water ,  the  solut ion con ta ined  1.o 7 f, moles /ml  of Ac-gm-6-P 
as de t e rmined  by a modi f ica t ion  of the  MORGAN AYD ELSON me thod  7 with N-ace ty lg lucosamine  as 
a reference s t anda rd .  The so lu t ion  con ta ined  no inorganic  phosphorus  and ~.~ 1 l~moles/ml of to ta l  
o rgan ica l ly  bound  phosphorus  (FISKE-SUBBAROW determinat ionS).  These ana lyses  ind ica te  t h a t  the  
enzymica l l y  p repa red  Ac-gm-6-P is s u b s t a n t i a l l y  pure. The  y e a s t  enzyme  which  has  been s tud ied  
here t ransfers  ace ty l  groups  from acetyl-coA to Gm-6-P as shown by  i ts  r equ i r ing  e i ther  chemica l ly  
syn thes i zed  acetyl-coA (prepared accord ing  to KAUF~4AN et al. 9) or the  a c e t a t e - a c t i v a t i n g  enzyme  
sys t em of LIPMANN 2 (see Table  I). 

T A B L E  I 

E N Z Y M I C  F O R M A T I O N  OF N - A C E T Y L - G L U C O S A M I N E - 6 - P H O S P H A T E  

R e a c t i o n  m i x t u r e s  con ta ined :  g lu ta th ione ,  7 . i o - a M ;  p o t a s s i u m  phospha te ,  3 .1o  ~ :14; MgCI,,, 
7 . I o - S M ;  KF,  3 . 3 . i o - 2 M ;  Gm-6-P, 1 . 5 . i o - a M ;  vol. 3 ml;  37 :. In  A , B , C , D , E , F , G ,  po t a s s ium 
aceta te ,  6. 7. i o  -z M ;  ATP, 1.3" IO -2 M ;  i n c u b a t e d  3 ° rain. G and  H also con ta ined  tris-(hydroxy- 
m e t h y l ) - a m i n o - m e t h a n e  buffer (THM), 2.9' IO -2 114 r. E x p t .  H, i ncuba t ion  t ime,  20 min.  

Gm 6-P Additional Pabst Synthetic .4 c-g-6 -P 
Expt. ,-i cetylating .cetate activating CoA acetyl-coA pH Formed 
No. enzyme enzyme 

(m~ protein) (m~ protein) (M) (M) (~lmoles) 

:\ I .o o o o 7.2 o 
B i.o o 8- IO .5 o 7.2 t..i I 
C o 0.9 8. lO 5 o 7.2 o.o2 
D I .o 0. 9 8. lO -5 o 7.2 ~ .6 3 
E I . o  o .  9 8 .  IO - 4  o 7 . 2  ~ .7  b 

F T.O 0.9 8" 10 -5 o 6. 7 1.2 3 
G I.O 0.9 8'  1o .5 o 8.2 2.18 
H 2. 3 o o 3.0.IO -a 8. t r .L t 

The  a c e t y l a t i n g  enzyme  has  been o b t a i n e d  b y  sonic d i s in t eg ra t ion*  of y e a s t  (Fle ischmann)  in 
p o t a s s i u m  p h o s p h a t e  so lu t ion  accord ing  to  the  procedure  descr ibed  for the  a c e t a t e - a c t i v a t i n g  

* The a u t h o r  wishes to  t h a n k  Prof. ARTItUR KORNBERG for m a k i n g  ava i l ab le  to  h i m  a to kc 
R a y t h e o n  m a g n e t o s t r i c t i v e  osci l la tor .  
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enzyme< Precipitat ion of nucleic acid with protainine sulfate, followed by dialysis of the superna tan t  
fluid against  o.0o2 M ethylenediaminetetraacet ic  acid (EDTA), p f I  6.7, gave a solution of the crude 
enzyme which could be frozen and thawed repeatedly wi thout  change in activity. I t  could be purified 
fur ther  by (NH4)~SOa fractionation and t r ea tment  with calcium phosphate  gel. F ig  ~ shows the 
formation of Ac-gm-6-P as a function of time and of enzyme concentration. \Vhen glucosaminc 
was added as the only subs t ra te  to a system similar to tha t  of Fig. ~, acetylated amino sugar  appeared 
at the same rate. This was due to the presence of hexokinase which rapidly converted the added 
glucosamine to Gm-6-P, the true subs t ra te  of the acetylating enzyme. This fact was demonstra ted  
by  test ing the activity of the enzwne toward glucosamine in the presence of preformed acetyl-coA 
and in the absence of ATP. As shown in Fig. 2, no aeetylated product  was formed, whether  the 
acetyI-coA was synthesized chemically or by the action of the acetate-act iwtt ing enzyme (in this 
case, ATP was removed subsequent  to acetyl-coA formation by incubating with excess glucose and 
a large amoun t  of yeast  hexokinase). 
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Fig. i. Enzymic  synthesis  of N-acetyl-glucosa- 
mine-6-phosphate  by a specific N-acetylase from 
yeast.  The yeast  fraction also contained the 
acetate-act ivat ing enzyme. Composit ion of reac- 
t ion mixtures :  Gm-6-P, e.48. ~o -a M:  gluta- 
thione, 7 . i o  -a AJ; KF,  3.3-1o -" .~I; K acetate, 
6. 7. IO -a 3I; potass ium phosphate ,  3-3" ~o-'~ 3I;  
MgCI~, 7'IO-a.l 'ir; Pabs t  coA, 8.~o S J l ;  ATP, 
~.3 .~o-~M;  vol. 3 ml; p H  7.5; 37 °. Curve A, 

3.o mg protein ; curve B, 6. ~ mg protein. 
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Fig. 2. Non-acetylation of glucosamine by glu- 
cosamine-6-phosphate  N-acetylase in presence of 
added acetybcoA. Curves A and D with synthet ic  
acetyl<oA,  3 6 '  to a AI and -'.3 mg protein. In  
A the subs t ra te  was 1.55-io 131 glucosamine; 
in D the subs t ra te  was n 4 3 . I o  a M Gm-6-P. 
Curves B and C with acetyl-coA preformed by 
acetate-a.ctivating enzyme and present  at 
4 . i .  Io 4:1I; o.78 mg protein containing the 
acetylat ing enzyme, in B the subs t ra te  was 
1 . 4 5 . i o - 3 3 I  glucosamine; in C the subs t ra te  
was 1.39" to-a ~,1I Gm-6-P. Additional comt)onents 
of all reaction mixtures :  glutathione, 6. io -a 3l ;  

potassium phosphate ,  -'.5" IO-2 3l :  KF, 3" ~o- 2 3I;  
MgC12, 5.1o 33.I; THM, 3.~o 231; vol. 3 m]; pH 8.i ;  
37 ° . In B and C, adenosine-5 ' -phosphate,  3"~o a 3I; 

glucose, t .2. lo "- M. 

Fig. 3. Non-acetylat ion of glucosanl ine- i -phosphate  
by glucosamine-6-phosphate  N-acetyIase in presence 
of acetate-act ivat ing enzyme. Composition of reaction 
mixture :  GIn-l-P,  4.1o. lO t 31; Gm-6-P, 1.27" io 13 f :  
ATP, 5. 3 .~o -2 .11, MgC12, 6. 7 . Io  -3 M;  K acetate, 
6.4.IO -a ill; coA, 8. 3. to %tl; potass ium phosphate ,  
2. I .  I o -2 M ; glutathione, 6. 5 • ~ o -a ~,]1; KF,  3. i " I O  - 2  M ;  

THM, 2 .9 . io -231 ;  EDTA, ~.7.1o 4M;  vol. 9.6 ml; 
io. 4 mg protein;  pH 8.2; 37". O, Analysis of filtrate 
prior to acid hydrolysis;  + ,  analysis of filtrate after 
hydrolysis  for 4 min at  ~oo ° in o.58 N HC1. 12.2 ffmoles 

Gm-6-P and 3.9 ffmoles G-m-i-P present  initially. 
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The possibility of activity of the enzyme with Gin- i -P  as subs t ra te  was invest igated by preparing 
an equil ibrium mix ture  of Gm-6-P and G m - l - P  with rabbi t  muscle phosphoglucomutase  TM. After 
heat ing to destroy the mutase,  the solution was added to an acetylat ing sys tem (Fig. 3). The reaction 
was then allowed to proceed to completion, and the a m o u n t  of acetylated amino sugar  at  various 
t imes was determined in aliquots of the reaction mixture  before acid hydrolysis  (analysis for Ac- 
gm-6-P), and after acid hydrolysis  (analysis for Ac-gm-6-P plus any Ae-gm-I -P  which may  have 
been present).  I n a s m u c h  as there was no increase produced by  acid hydrolysis  in the a m o u n t  of 
acetylated product,  and since the acetylat ing reaction went  at  least 90 O/,o of the way to completion 
calculated from the Gm-6-P added, there was no evidence for any acetylation of Gm-I -P .  Since 
the analytical method used to determine Ac-gm-6-P is specific for acetylhexosamines in which carbon 
a tom I is not  combined in glycosidic linkage, Ac-gm- l -P  would be expected to give a positive test  
only after  acid hydrolysis  to N-acetyl-glucosamine. 

The enzyme which acetylates Gm-6-P does not  require Mg ~+ or inorganic phospha te  ion. I t  is 
not  inhibited by fluoride ion. The Michaelis cons tan t  for Gm-6-P appears  to be about  5"IO ~ M. 
The enzyme appears  to be sa tura ted  at ra ther  low concentrat ions of acetyl-CoA. The fur ther  puri- 
fication of this enzyme, its properties,  and its role in glucosamine metabolism are being studied. 

The au thor  is grateful to DOROTHY PATRICIA FROST for her technical assistance, and to the 
Nutr i t ion Foundat ion,  Inc., for financial support .  
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Fractionation of deoxyribonucleoprotein 
CHARGAFF 1 el al. recently achieved a fract ionation of 'DNA into fractions of differing base 

composit ion by extract ing denatured nucleoprotein with sodium chloride solutions of increaNng 
concentrat ion.  They suggested t ha t  the basis of this fractionation might  be the existence of bonds  
of vary ing  stabil i ty between the protein and the DNA which were broken progressively with in- 
creasing salt concentration. In  a previous communica t ion  2, we showed tha t  nucleoprotein fractions 
containing nucleic acids having differing base composit ions may  be obtained by  successive extract ions 
with salt solutions of cons tan t  s trength.  I t  was shown also t ha t  the proport ions  of protein to DNA 
varied in the nucleoprotein fractions obtained in this way. 

A part ial  analysis has now been made of the proteins present  in the calf t h y m u s  nucleoprotein 
fractions obtained by successively extract ing chloroform-denatured nueleoprotein with 0.6 M 
sodium chloride solutions. I t  has been found tha t  the ratios of the basic amino-acids, arginine and 
lysine, differ considerably in the different fractions (Table I). 

In  these exper iments  the saline extracts  of chloroform-treated nucleoprotein were obtained 
as previously described 2. Normal  hydrochloric acid was then added to each ext rac t  to a final concen- 
t ra t ion of N/5 HC1. The solutions were allowed to s tand several hours  and then centrifuged. The 
result ing supe rna t an t  solutions were adjusted to p H i  i with amnlonium hydroxide and the histories 
precipitated by  addit ion of two volumes of acetone. The histones were redissolved in water,  dialysed 
and finally freeze dried. All operat ions were carried out  below 5 ° C. 

I t  has been shown tha t  relatively small amoun t s  of protein remain with the nucleic acid after 
one extract ion with a s t rong acid a. However,  there is no reason to suppose tha t  the s t rong acid 
preferentially extracts  one histone component  (al though weak acids do) a. The amino-acid compo- 
sitions of these residual amoun t s  have not so far been determined, bu t  they are unlikely to change 
the general character  of the results giwm here, which are though t  to be of sufficient interest  to 
just ify publication. 


