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Vitamin Bzz and protein biosynthesis. V, The site of action of vitamin Ba2 
and its inhibition by a Bz2 antagonist*,** 

I t  has been reported f rom this  l abora tory  tha t  v i tamin  Blz funct ions in  vivo and in  vitro in the 
incorporat ion of amino acids into proteinl,2,3, 4, when the microsomal sys tem of KELLER AND 
Z A M E C N I K  5 is used. I t  was found 3 t h a t  much of the v i tamin  B12 is present  in the p H  5 enzymes. 
These enzymes have  now been f ract ionated for the separat ion of the v i tamin  B12-containing 
enzyme(s).  For  this  purpose  6.0 #C of S°Co-labeled v i tamin  Blz were injected into a rat,  and 8 h 
later  the ra t  was sacrificed and p H  5 enzymes prepared from the liver by the method of KELLER 
AND ZAMECNIK 5. The nucleic acids present  in these enzymes were removed by pro tamine  sulfate 
precipitat ion.  A m m o n i u m  sulfate f ract ionat ion of the resul tant  solution showed tha t  essentially 
all of the  radioact ivi ty  (i.e., the v i tamin  B12 ) is present  in the fraction precipi tat ing between 
4 ° and 60 % sa tu ra t ion  (Table I). 

T A B L E  I 

D I S T R I B U T I O N  O F  R A D I O A C T I V E  B i t  ~ I N  A M M O N I U M  S U L F A T E  F R A C T I O N S  

Counts/rain Counts~rain~rag 

Total  radioact ivi ty  in lO5,OOO × g supe rna t an t  88600 
Total  radioact ivi ty  in p H  5.o enzyme 074oo 
Total  radioact ivi ty  after  nucleic acid separat ion 02ooo 
Total  radioact iv i ty  in o-2o % a m m o n i u m  sulfate fraction Nil 
Total  radioact iv i ty  in 2o-4o % a m m o n i u m  sulfate fraction 68oo 
Total  radioact ivi ty  in 4o-6o % a m m o n i u m  sulfate fraction 518oo 
Total  radioact ivi ty  in 6o-8o % a m m o n i u m  sulfate fraction Nil 
Total  radioact ivi ty  in 8o - i oo  % a m m o n i u m  sulfate fraction Nil 
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17250 

T A B L E  i1 

I N H I B I T I O N  A N D  I N C O R P O R A T I O N  O F  2 - 1 4 C - A L A N I N E  

I N T O  P R O T E I N S  B Y  M I C E O S O M E  P R E P A R A T I O N S  S U P P L E M E N T E D  W I T H  pH 5 E N Z Y M E S ,  

A M M O N I U M  S U L F A T E  F R A C T I O N S  O F  p H  5 E N Z Y M E S  A N D  ANT1  ]312 

Complete sys tem contained 0. 3 ml microsomal suspension, o.2 m l p H  .5 enzymes solution; 0.25 
#mole  2-14C-alanine; i o/*moles phospho(enol )pyruvate ;  0.02 mg pyruva te  kinase; 0..5 #mole ATP 
and 0 .25/ ,mole  GTP. The incubat ion mixtures  5 - I 2  contained same a moun t  of 2-I4('-alanine, 
phospho(enol )pyruvate ,  py ruva t e  kinase, ATP and GTP. The final volume of the incubation 
mixture  was I.O ml. MS = microsomes;  NA = supe rna t an t  nucleic acid; ASF -- a m m o n i u m  

sulfate fraction. 

?;ystem used Counts min~ rag protein 

1. Complete sys tem 93 
2. Complete sys tem minus microsomes 32 
3. Complete sys tem minus pH 5 enzvmes 2z 
4. Complete sys tem + anti  B12 (250/~g) 52 
5. o.3 m l M S  + 0. 5 m g N A  + 2 mg ASF (o 2o%) 24 
6.0.  3 ml MS + 0. 5 mg NA + 2 mg ASF (20-40%) 07 
7- 0.3 ml MS + 0. 5 mg NA + 2 mg ASF (4o-6o°J~) 154 
8. 0. 3 ml MS + 0. 5 mg NA + 2 mg ASF (60 80°0) 28 
9.0.3 ml MS + 0. 5 mg NA + 2 mg ASF (8O-lOO°.o) 2o 

lO.O. 3 m l M S  + 0.5 mg NA + l mg A S F ( 2 o  4o% ) 
+ l m g  ASF (4 ° 60o0) 210 

l i .  0. 3 ml MS + 0. 5 mg NA + I mg ASF (20-40%) 
+ i mg ASF (40-60%) + Anti B12 (250/*g) 122 

12. 0. 3 r e iMS + 0. 5 mg NA + 2 mg ASF (20-40%) 
+ 2 mg ASF (4 ° 60%) + Anti B12 (25o/ ,g  ) ~93 

* Suppor ted  in pa r t  by grants-in-aid from the National Vitamin Fotmdat ion  and the U.S. 
Atomic Energy  Commission (AT(I i-i)-67). 

** The following abbrevia t ions  are used: ATP, adenosine t r iphosphate ;  AA, amino acid: AMP, 
adenosine monophospha te ;  PP, inorganic pyrophospha te :  GTP, guanosine t r iphosphate .  
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T h e  a c t i v i t y  of  t h e  v a r i o u s  a m m o n i u m  s u l f a t e  f r a c t i o u s  w a s  s t u d i e d  w i t h  r e g a r d  t o  t h e i r  
r e q t t i r e m e n t  ( in p l a c e  of  t h e  p H  5 e n z y m e s )  for  t h e  i n c o r p o r a t i o n  of  a m i n o  a c i d s  i n t o  p r o t e i n .  
I a b l e  11 s h o w s  t h a t  t h e  4 ° OoU. o f r a c t i o n  as  well  as  o t h e r  f r a c t i o n s ( c o  4 o° :  o f r a c t i o n }  an t i  n u c l e i c  
a c i d s  a r e  r e q u i r e d .  

In a s e a r c h  for  t h e  f u n c t i o n  of  t h i s  v i t a m i n  B ~  e n z y m e  (4 ° 0 o 3 0  f r a c t i o n )  e x p e r i m e n t s  
w e r e  c a r r i e d  <rot on  t h e  i n i t i a l  s t e p  of  t h e  a m i n o  a c i d  a c t i v a t i o n .  I n  t h e s e  e x p e r i m e n t s ,  t h e  4o 6o  o{) 
l r a c t | o n  w a s  i n c u b a t e d  w i t h  A T P .  a m i n o  a c i d  a n d  a ' aP- labe led  p y r o p h o s p h a t e .  A l a r g e  a m o u n t  
~1 r a d i o a c t i v i t y  w a s  f o u n d  t o  b e  i n c o r p o r a t e d  i n t o  A T P  ( t o t a l  c o u n t s  i n c o r p o r a t e d ,  0 S o / r a i n ) .  T h i s  
w a s  n o t  t h e  c a s e  w h e n  o t h e r  a m m o n i u m  s u l f a t e  f r a c t i o n s  of  t h e  p H  5 e n z w n e s  w e r e  u s e d  in  p l a c e  
,,1 t h e  4 o 6 o %  f r a c t i o n .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  v i t a m i n  ]-l~z f l m c t i o n s  in  t h e  a c t i v a t i o n  

B~, enzyme \ l) l ) ¢ , ,act i (m,  . \A  ÷ . \ T P \ - -  ~ A A  + . A n  a n t i v i t a m i n  13pz c o m p o u n d ,  t i le  an i l i ( le  o f  
l i l t  m(moca | - l ) ( )xv l ic  a c i d  of  v i t a m i n  B ~  ~, w a s  u s e d  t o  t e s t  f u r t h e r  t h e  s p e c i f i c i t y  o f  v i t a m i n  Bt= 
h~| t h i s  r e a c t i o n .  T h e  i n c l u s i o n  of  t h i s  a n t a g o n i s t  in t i le  i n c u b a t i o n  m i x t u r e ,  in a n  a m o u n t  e q u a l  
t,~ ~ooo t i m e s  t h a t  of  t h e  v i t a m i n ,  g r e a t l y  d e c r e a s e d  ( 5 5 ° b )  t h e  i n c o r p o r a t i o n  o f  p y r o p h o s p h a t e  
mr , ,  A T P  { to ta l  c o u n t s  i n c o r p o r a t e d ,  3 ~ o / m i n ) .  T h i s  w a s  p a r t i a l l y  r e v e r s e d  b y  d o u b l i n g  t h e  
v i t a m i n  Bz~ e n z y m e  (4 ° Oo°./, f r a c t i o n ) .  

T h i s  s a m e  a n t a g o n i s t  w a s  t h e n  u s e d  in t h e  u s u a l  m i c r o s o m a l  s y s t e m  fo r  a m i n o  a c i d  i n c o r p o -  
r a t i o n  i n t o  p r o t e i n .  T a b l e  I I  s h o w s  t h a t  a b o u t  44°'.o r e d u c t i o n  in i n c o r p o r a t i o n  w a s  o b t a i n e d ,  
a n d  t h i s  r e d u c t i o n  w a s  r e v e r s e d  b y  t h e  a d d i t i o n  of  a l a r g e  a m o u n t  of  v i t a m i n  B12 e n z y m e .  

T h e s e  r e s u l t s  i n d i c a t e  t h a t  v i t a m i n  B12 is h o u n d  t o  a n  e n z y m e  (or  e n z y m e s )  w h i c h  is i n v o l v e d  
in t h e  a c t i v a t i o n  of  a m i n o  a c i d  fo r  i n c o r p o r a t i o n  i n t o  p r o t e i n .  

\Ve a r e  g r a t e f u l  t o  Dr .  ( ' .  ROS~NB~UM of  M e r c k  & ( 'o .  I n c .  fo r  t h e  g e n e r o u s  g i f t  of  ~°Co- l abe l ed  
v i t a m i n  B le  a n d  t o  Dr.  F.. LEST~R SMH'n  of  G l a x o  l . a b o r a t o r i e s  ( E n g l a n d )  f o r  a n t i v i t a m i n  B~= 
(:l)Trlpounds 
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Biosynthesis of ribose and desoxyribose in Escherichia co/i* 

I~:,, ,'l s t u d i e s l . 2 ,  a s u g g e s t  t h a t  r i b o s e  a r i s e s  l a r g e l y  f r o m  g l u c o s e ,  w h i l e  t i le  o r i g i n  of d e s o x v r i b o s e  
~. i~.ss c e r t a i n .  In t h e  p r e s e n t  w o r k  R N A ,  I ) N A  a n d  p o l y g l u c o s a n  ~ w e r e  i s o l a t e d  f r o m  t"2. ~oli R-2 
a d a p t e d  to  g r o w  o n  a c e t a t e  as  sole  c a r b o n  s o u r c e .  R N A  w a s  c o n v e r t e d  t o  m o n o n u c l e o t i d e s  b y  
14()11 d i g e s t i o n ,  I ) N A  w a s  r e c o x e r e d  l) 7 , a c i d  p r e c i p i t a t i o n  a n d  d e g r a d e d  to  m o n o n u c l e o t i d e s  ~. 
N u c h . o t i d c s  w e r e  p u r i f i e d  b y  i o n - e x c h a n g e  c h r o m a t o g r a p h y ~ ,  7. 

h'ibose, P u r i n e  r i b o t i d e s  w e r e  h v d r o l v z e d  w i t h  p h o s p h a t a s e  s a n d  1 N H ~ S O  a. C y t i d y l i c  a c i d  
w a s  d e a m i n a t e d  a n d  a d d e d  t o  t h e  o r i g i n a l  u r i d v l i c  a c i d ,  w h i c h  w a s  t h e n  h y d r o l y z e d  w i t h  p h o s -  
p h a t a s e  a n d  u r i d i n e  n u c l e o s i d a s e .  T h e  r i b o s e  o b t a i n e d  w a s  p u r i f i e d  o n  c e l l u l o s e  c o l u m n s  a n d  t h e n  
d e g r a d e d  u. 

I)esoxyribose. T h e  p u r i n e  n u c l e o t i d e s  w e r e  c o m b i n e d  a n d  h y d r o l v z e d  t o  d e s o x y r i b o s e -  5- 
p h o s l ) h a t e ,  w h i c h  w a s  t h e n  c o n v e r t e d  t o  a c e t a l d e h y d e  a n d  l a c t i c  a c i d  b v - i n c u b a t i o n  w i t h  e x t r a c t s  
,,1 I :  ~,di TM a n d  r a b b i t  m u s c l e .  A c e t a l d e h y d e  w a s  o x i d i z e d  t o  a c e t i c  a c i d  a n d  t h e  a c i d s  w e r e  
deRt-;idt,d '~. 

(;I.~,Jse. T h e  p o l y g l u c o s a n  w a s  i s o l a t e d  f r o m  a p o r t i o n  of  t i le  c u l t u r e  Ely t h e  p r o c e d u r e  u s e d  
f,~r m a n m m l i a n  g l y c o g e n ,  a n d  h v d r o l v z e d  w i t h  1 N H 2 S ( )  a. G l u c o s e  w a s  d e g r a d e d  b y  t h e  m e t h o d  
It[ ]{t';RNN'I'|':IN ('1 ( I t  l l  . 

\]1 >illll[}]('S \\CI'C c o n x t . r t c d  tt~ I Ia ( ' ( )  a lint[ r a d i o a c t i x - i t v  I n e a s t l r e l n e n t s  cal-l-iod o u t  ill a 
~ Jt+(lt,~x h 'ss  <:(ranter,  a n d  c<)r rec ted  t() i n t i n i t e  t h i n n e s s .  T h e  rt+sttlts a r e  shc)xvn in Ta l l l c  I. In e x p e r i -  
m e n t s  ~xith _,2 h c u l t u r e s ,  t h e  i s o t o p e  d i s t r i b u t i o n  in r i b o s e  a n d  d e s o x v r i h o s c  w a s  aln+<+st i d e n t i c a l  
~ i t h  t h a t  s]l()\vn ill t h e  Tabh+,  a n d  t h e  p u r i n e -  a n d  1 w r i m i d i n e - b o t m d "  r i b o s e  h a d  t h e  s a m e  d i s t r i -  
btt t i+m. 

* SUl)p()r ted  in p a r t  b y  t h e  / ' . S .  A t o m i c  l g n e r g y  ( ' o t n n l i s s i o n .  C o n t r a c t  +Vl ' - (3o- i ) - i  320. 


