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T A B L E  I I  

EFFECT OF INHIBITORS 

I n h i b i t o r s  were m i x e d  w i t h  t he  e n z y m e  before the  add i t i on  of the  o the r  c o m p o n e n t s  of the  assay  
as  desc r ibed  in Table  I a nd  inc lud ing  o.I / tmole  v i t a m i n  K 

Final 
Compound added concentration % lnl, i~ilion 

KCN IO -3 M IOO 
a-a' D i p y r i d y l  6- IO -3 M 67 
o -Phenan th ro l i ne  5" IO-3 M 90 
Na  d i e t h y l d i t h i o c a r b a m a t e  IO - a  M 29 
Sal icyl ic  acid IO - a  M 32 
8 - H y d r o x y q u i n o l i n e  IO -3 M 29 
Th iourea  I o -3 M 4 I 

2 - H e p t y l - 4 - h y d r o x y q u i n o l i n e  4" IO-4 M 95 

W o r k  is now in process  to  c lar i fy  th i s  s y s t e m  and  i ts  phys io logica l  significance.  
We are  g ra te fu l  to  Dr. SOLS for va luab le  sugges t ions  in the  p r e p a r a t i o n  of the  manusc r ip t .  
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Biosynthesis of hyaluronic acid by cell-free extracts of 
group-A streptococci* 

P r e v i o u s  s tud ies  laave d e m o n s t r a t e d  t h a t  bo th  the  g lucosamine  and  g lucuronic  acid moiet ies  of 
HA** syn thes i zed  by  Group-A s t rep tococc i  are der ived  from glucose 1. The d i scovery  of ur idiue 
nuc leo t ides  con t a in ing  N - a c e t y l a t e d  amino  sugars  2 and  g lucuronic  acid 3 and  the  e s t ab l i shed  role 
of u r id ine  nuc leo t ides  as g lycosyl  donors  ~ sugges ted  t h a t  these  compounds  are  i n t e r m e d i a t e s  in t i le  
b io syn thes i s  of mucopo lysaccha r ides .  (]IFONELLI AND DORFMAN 5 have  d e m o n s t r a t e d  the  presence  
of U1)I~AG, U1)I 'GA and  o the r  non- ident i f ied  f rac t ions  con t a in ing  nronic  ac id  and N-acct \q-  
g lncosamine  in a s t ra in  of Group-A s t rep tococcus  grown unde r  cond i t ions  oi~timal for the  pro- 
duc t ion  of HA.  The only  d i rec t  ev idence  in s uppo r t  of the  role of u r id ine  nuc leo t ides  in acid muco-  
po ly saccha r ide  syn thes i s  is g iven  by the  r epo r t s  of GLASER ANt) ~C~ROWN6,7 t h a t  e x t r a c t s  of Rous  
sa rcon la  incorpora te  in to  HA, xaC from labeled u I ) p A G ,  A G - 6 - P + U T P ,  or UDPG.  However ,  a 
la rge  po r t ion  of the  r a d i o a c t i v i t y  was  It)st on r ep rec ip i t a t i on  or e lec t rodia lys is .  No incorpora t ion  
was  o b t a i n e d  when  labe led  f ! I )PGA was  used. 

I t  is the  tmrpose  of t h i s  c o m m u n i c a t i o n  to p re sen t  ev idence  t h a t  a cell-free e x t r a c t  of a s t r a in  
of Grout)-A s t r ep tococcus  (.\ i 1 [, Type  1 8) incorpora tes  glucoronic  ac id  f rom UI)PGA.  This  s y s t e m  
has  an abso lu t e  r equ i r en len t  for U I ) P A G  and Mg + + and  a r e l a t ive  r e q u i r e m e n t  for A G - t - P  and  
AT I'. 

( 'ells were g rown as p rev ious ly  descr ibed 5, h a r v e s t e d  b y  cen t r i fuga t ion  a t  3o,ooo x g for 
lo  rain, and  washed  twice  wi th  o.o 5 .1/ p h o s p h a t e  hul ler ,  p H  7.0. Fol lowing t r e a t m e n t  in a 

* This  i n v e s t i g a t i o n  was  suppor t ed  by  g r a n t s  f rom the Na t iona l  H e a r t  In s t i t u t e ,  l ' n i t e d  S ta los  
l ' ub l i c  Hea l th  Service (tt-311) and  the  Chicago I t ea r t  . \ ssocia t ion.  

** The fol lowing a l ) lwevia t ions  arc usod it) th is  pape r :  h \ ' a lu rouic  acid, 1 I . \ :  tu-iditw tliphost~ho- 
N-ace ty lgh lcosaminc ,  l r l ) l ' . \ ( ; ;  l t r idine d iphosphoghzcorunic  acid, t ' l } l ' ( ; . \ ;  ur id ine  d iphospho-  
glucose ; u r id ine  t r i phospha t e ,  l YI'P: adenos ine  t r iphost )hate ,  . \TI ' ;  d iphost)hot)yr idine  nucleot ide ,  
D P N ;  N-ace ty tgh~cosamine- l -phos t )ha te ,  A G - I - P ;  N-ace ty lg lucosamine -o -phospha te ,  AG-6-P. 
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R a y t h e o n  s o n i c  o s c i l l a t o r  a t  9 kc ,  t h e  s o n i c a t e  w a s  c e n t r i f u g e d  a t  i o , o o o  • g f o r  IO m i n  a t  4 ° a n d  
t h e  s u p e r n a t a n t  u s e d .  T h e  U D P G A  w a s  i s o l a t e d  f r o m  a n o t h e r  s t r a i n  of  s t r e p t o c o c c u s  ( R i c h a r d s  
s t r a i n )  b y  t h e  m e t h o d  p r e v i o u s l y  r e p o r t e d  5. T r i t i a t i o n  w a s  c a r r i e d  o u t  b y  t h e  m e t h o d  of  WlLZBACH 8 
a n d  r e p u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  u s i n g  t h e  n e u t r a l  a m m o n i u m  a c e t a t e - e t h a n o l  
s o l v e n t  o f  PALADINI AND LELOIR 9. T h e  r e p u r i f i e d  m a t e r i a l  s h o w e d  t h e  s a m e  a c t i v i t y  a s  a g l u c u r o n y l  
d o n o r  w i t h  p - n i t r o p h e n o l  a s  t h e  h i g h l y  p u r i f i e d  s t a r t i n g  m a t e r i a l  1°. T h e  A G - I - P  w a s  p r e p a r e d  b y  
t h e  m e t h o d  of  MALEY, MALEY AND LARDY 11. ( ! D P A G  w a s  o b t a i n e d  f r o m  t h e  S i g m a  C h e m i c a l  
C o m p a n y .  

T h e  H A  f r o m  e a c h  s a m p l e  w a s  i s o l a t e d  a n d  p u r i f i e d  in  t h e  f o l l o w i n g  f a s h i o n .  A f t e r  t h e  
i n d i c a t e d  i n c u b a t i o n  t i m e ,  i .o 7 m g  H A  ( i s o l a t e d  f r o m  t h e  g r o w t h  s u p e r n a t a n t  of  t h e  s a m e  o r g a n i s m  
b y  t h e  m e t h o d  of  CIFONELLI AND MAYEDA 12) ",*,'as a d d e d  a n d  t h e  s a m p l e  b o i l e d  f o r  5 m i n .  S u f f i c i e n t  
a d d i t i o n a l  H A  w a s  a d d e d  t o  m a k e  a t o t a l  of  lO. 7 m g .  A f t e r  a d j u s t i n g  t h e  v o l u m e  t o  i o  m l  t h e  t u b e s  
w e r e  c e n t r i f u g e d  f o r  2o r a i n  a t  2 o o o  r . p . m .  T h e  s u p e r n a t a n t  w a s  d i a l y z e d  s u c c e s s i v e l y  f o r  6 h 
a g a i n s t  r u n n i n g  t a p  w a t e r ,  lO h a g a i n s t  15 1 d i s t i l l e d  H 2 0 ,  a n d  f i n a l l y  f o r  24  h a g a i n s t  15 1 
d i s t i l l e d  H 2 0 .  T h e  s a m p l e  w a s  c e n t r i f u g e d  f o r  2o r a i n  a t  3 o , o o o  × g a n d  t o  t h e  s u p e r n a t a n t  w e r e  
a d d e d  I d r o p  4 N N a O H  a n d  I d r o p  p h e n o l p h t h a l e i n .  T h e  s o l u t i o n  w a s  b r o u g h t  j u s t  t o  t h e  p o i n t  
o f  b o i l i n g ,  c o o l e d ,  n e u t r a l i z e d  w i t h  3 - 4  d r o p s  i N HC1, a n d  p a s s e d  o v e r  a n  8 o o - m g  c o l u m n  of  
N o r i t e - A - 2 o ° L  s t e a r i c  a c i d .  T h e  l a t t e r  t r e a t m e n t  r e m o v e s  a l l  u l t r a v i o l e t  a b s o r b i n g  m a t e r i a l .  
T h e  H A  w a s  p r e c i p i t a t e d  a s  t h e  c e t y l  p y r i d i n i u m  c o m p l e x  b y  t h e  a d d i t i o n  o f  1--2 d r o p s  I M 
N a 2 S O  4 a n d  1 . 5 - 2 . o  m l  i O//o c e t y l  p y r i d i n i u m  c h l o r i d e .  T h e  c o m p l e x  w a s  c e n t r i f u g e d ,  w a s h e d  3 
t i m e s  w i t h  H 2 0 ,  a n d  d i s s o l v e d  in  5 m l  m e t h a n o l .  I n s o l u b l e  m a t e r i a l  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n .  
T h e  H A  w a s  p r e c i p i t a t e d  f r o m  t h e  s u p e r n a t a n t  w i t h  I vo l .  g l a c i a l  a c e t i c  a c i d  a n d  w a s h e d  3 t i m e s  
w i t h  m e t h a n o l ,  o n c e  w i t h  m e t h a n o l  e t h e r ,  t w i c e  w i t h  e t h e r  a n d  d r i e d  in  a v a c u u m  d e s i c c a t o r  o v e r  
D r i e r i t e .  T h e  H A  w a s  d i s s o l v e d  in  I m l  I M h y a m i n e  la, 14 a n d  t h e  r a d i o a c t i v i t y  d e t e r m i n e d  in  t h e  
T r i - C a r b  L i q u i d  S c i n t i l l a t i o n  S p e c t r o m e t e r ,  u s i n g  2 , 5 - d i p h e n y l o x a z o l e  a s  a p h o s p h o r  in  t o l u e n e .  
H A  p r e p a r e d  b y  t h i s  m e t h o d  s h o w e d  a h e x o s a m i n e  : u r o n i c  a c i d  : N m o l a r  r a t i o  of  i : o . 99  : o .9 .  

T h e  r e s u l t s  of  a t y p i c a l  e x p e r i m e n t  a r e  i l l u s t r a t e d  in  T a b l e  I. O m i s s i o n  of  MgC12 o r  U D P A G  
r e s u l t e d  in  f a i l u r e  of  i n c o r p o r a t i o n  of  r a d i o a c t i v i t y  w h i l e  o m i s s i o n  of  A G - I - P  o r  A T P  c a u s e d  a 
s i g n i f i c a n t  d i m i n u t i o n .  

W h e n  t h e  i s o l a t e d  H A  w a s  r e p u r i f i e d  b y  a d s o r p t i o n  a n d  e l u t i o n  f r o m  D o w e x - I  CI- ,  n o  c h a n g e  
in  s p e c i f c  r a d i o a c t i v i t y  w a s  o b s e r v e d .  

I n  o t h e r  e x p e r i m e n t s  e m p l o y i n g  t h e  s a m e  c o m p o n e n t s  as  a b o v e ,  b u t  u t i l i z i n g  A G - I - P  as  t h e  
r a d i o a c t i v e  c o m p o n e n t ,  r a d i o a c t i v e  H A  w a s  o b t a i n e d .  U n d e r  t h e s e  c o n d i t i o n s  t h e  U D P G A  c o u l d  
b e  r e p l a c e d  b y  U D P G  a n d  D P N .  T h e  i n c l u s i o n  of  U T P  in  t h e  p r e s e n c e  o f  A G - I - P  a b o l i s h e s  t h e  
a b s o l u t e  r e q u i r e m e n t  fo r  U D P A G .  

I n  o n e  e x p e r i m e n t  u t i l i z i n g  a n  e n z y m e  o b t a i n e d  f r o m  a 3 o - m i n  s o n i c a t e  ( T a b l e  I) ,  12. 5 % 
of  u r o n i c  a c i d  o f  t h e  U D P G A  w a s  i n c o r p o r a t e d  i n t o  H A .  T h i s  c a l c u l a t i o n  w a s  b a s e d  o n  t h e  a s -  
s u m p t i o n  t h a t  t h e  / I D P G A  w a s  u n i f o r m l y  l a b e l e d .  C o r r e c t i o n  fo r  t h e  p r e s e n c e  of  H A  in  t h e  e n z y m e  
p r e p a r a t i o n  r e s u l t s  in  a n  i n c r e a s e  in t h e  e s t i m a t e  of  i n c o r p o r a t i o n .  

T A B L E  I 

I N C O R P O R A T I O N  O F  a H  F R O M  a H - U D P G A  I N T O  H A  

All  t u b e s  c o n t a i n e d  a t o t a l  v o l u m e  of  I. 5 m l  i n c l u d i n g  o .75  m l  of  e n z y m e  w i t h  a f i na l  p h o s p h a t e  
c o n c e n t r a t i o n  ( p H  7.o) o f  o .o5  M .  io .  7 m g  c a r r i e r  t-IA w a s  a d d e d  t o  e a c h  t u b e .  T h e  a H - U D P G A  

u s e d  h a d  a n  a c t i v i t y  of  5 8 o , o o o  c o u n t s / m i n / / z m o l e .  

T i m e  ~H-UDI'GA UI)t'AG N-Ac-Gm i t' ~]lgCl., ATP Radioactivity 
rain l~mole l~mole llmoIe I~moles 12mole coungs/min/mg HA 

o i .o i . o  i .o i o . o  i .o o 
i 3 o  i . o  i . o  i . o  IO.O i . o  820  
1 3 o  i . o  i . o  o i o . o  i . o  6 1 o  

13o I .O O I , O  I O . O  I . O  3 

i 3 o  I.O I.O I.O o I.O 15 
13 ° I .o I .o 1 .o IO.O o 6 0 0  
1 3 0  I . O  I .O 1 .O 1 0 . O  I .O 2 6 0 0  

* .The e n z y m e  u s e d  in  t h i s  p r e p a r a t i o n  w a s  o b t a i n e d  f r o m  a 3 o - m i n  s o n i c a t e ,  w h i l e  t h a t  u s e d  
in  a l l  o t h e r  t e s t  c o m b i n a t i o n s  w a s  f r o m  a 1 5 - r a i n  s o n i c a t e .  
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The role of deoxyribonucleic acid in a2p incorporation 

into isolated nuclei * 

The impor tance  of deoxyribonucleic acid (DNA) in the synthesis  of nuclear protein  and ribonucleic 
acid (RNA) has been demonstra ted,  bu t  its action does not  seem to be very specific1, ~. Since 
different workers  have observed the incorporat ion of various precursors  into DNA in isolated 
nuclei 8-~, we have under taken  to clarify the role of pre-existing DNA in DNA synthesis  with 
rabb i t  appendix  nuclei. 

Nuclei isolated f rom the appendix  and Peyer 's  patch of adult  rabbi t s  by a slight modification 
of the method  of ALLFREY et aL 1 were incubated wi th  32p-orthophosphate according to FRIEDKIN 
AND WOOD 4. The procedure of digestion wi th  pancreatic deoxyribonuclease (DNase) and subsequent  
t r e a t m e n t  of nuclei were essentially similar to the ones employed by ALLFREY et al. l. i ml of in- 
cubat ion  mix ture  containing about  3" lOS nuclei and IO /zC n2p were shaken at 37 ° for 90 min. 
The acid-soluble organic-phosphate  fraction (OASP) was obtained according to HOKIN AND 
HOKIN ~. Nucleic acids were extensively purified by  the routine method used in this labora tory  7. 
Radioact ivi ty  incorporated into RNA and DNA was evenly distr ibuted among various nucleotide 
fract ions obtained chromatographical ly  (Dowex-i ,  formic acid systems) following alkaline hydrol-  

10C 

Fig. 1. The effect of DNase t r e a t m e n t  of  ~o 
iso lated nuclei .  A c t i v i t y  refers to  the  t o t a l  o 
r a d i o a c t i v i t y  (counts / ra in / tube) .  W i t h  ~6 
nucleic acids, th is  was ca lcu la ted f r om  the  # 5C 
specific act ivi ty  (counts/min/t~g P) of 
purified samples  and the  tota l  a m o u n t  
(/~g P/ tube)  determined by  the conven- 
t ional Schneider method.  Specific activi- 
ties of OASP, RNA and DNA of unt rea ted  
control nuclei were 1o76, 32, 2. 4 (Expt .  a) 

and 759, 43  0.8 (Expt .  b). 
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* Th is  w o r k  was aided in par t  by  Gran ts  for Fundan 'mnta l  ,qcientil ic Research of  the M i u i s t r y  
of Educat ion.  a2t' used was obtained from Radiochenlical ( 'eutre,  England, on allocation of J. R. A. 
We express  our  thanks  to many  colleagues of tha t  count ry  for various gifts and for their  advice. 


