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T A B L E  1 

COUPLING OF FRACTIONS FROM ACTIVATED AND 
UNACTIVATEI) I£XTRACTS 

Fract ions in Fracti,  m added P r , p i o n y l  p h , s p h a t e  
preincubation at ~cv~av t ime  f,lrmed 

P I '  I 'S 0. 3 l~3I 
PS  I ' P  o.2 
t )P  + PS  2. 3 
P P  (Act.)  * 2.5 
PS  (Act.)  l ' l '  o. - 
P P ( A c t . )  + P S ( A c t . )  -,.2 
P P  + P S  (Act.)  - 1.S 
I ' P  a n d  P S  (Act.)  ** - - o. 3 

C O l l d i t i o n s :  T h e  p r o t e l u  e l m ( c u t  
(ff the  f r a c t i o n s  (o.e ml  t)f each)  w:~s 
as  fo l lows:  PP,  1 .4mg:  I 'S, o(1 111k~: 
l ' I ' ( A c t . ) ,  I.S rag:  I'S(.\ct.). (,.s rag. 
T h e  f r a c t i o n s  w e r e  i n c u b a t e d  f(w ()o 
m i n u t e s  a t  3 ° ' w i th  2o 7 of l ipoic acid.  
4l~.11 ()f MgCI 2 and ~.2 p3l (d c o c a r  
b o x y l a s e ,  ;11/(1 t h e n  a s s a y e d  fi,r ~ ke to  
l m t y r a t e  d i s m u t a t i ~ m  a c t i v i l v  ( Io  
m i n u t e  a s say) ,  w i t h o u t  f u r t h e r  add i -  
t ion  of MgCI~ (,r c, warboxylz tse ,  1,nt 
w i t h  t he  i n d i c a t e d  l r m t i o n s  a d d e d  at  
t i m e  of a s say .  

W h e n  t h i s  f r a c t i o n  w a s  a s s a y e d  w i t h o u t  p r e i n c u b a t i o n ,  t he  r e s u l t  was  the  s ame .  
* *  F r a c t i o n s  w e r e  p r e i n c u b a t e d  s e p a r a t e l y  a n d  c o n l b i n e d  a t  t i m e  of a s say .  

f r o m  t h e  a c t i v a t e d  e x t r a c t  c o u l d  be  i n c u b a t e d  w i t h  l ipo ic  a c i d  a n d  F r a c t i o n  P P  f r o m  the  u n a c t i -  
r a t e d  e x t r a c t  t o  r e c o n s t r u c t  t h e  d i s m u t a t i o n  s y s t e m .  T h u s  far,  a t t e m p t s  to  d e t e c t  a h e a t  s t a b l e  or 
d i a l y z a b l e  c o m p o n e n t  w h i c h  c o u l d  r e p l a c e  F r a c t i o n  PS  h a v e  b e e n  unsucces s fu l .  
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The utilization of acid soluble phosphorus in growing bacteria 

111 s t u d y i n g  t h e  k i n e t i c s  of d e s o x y r i b o s e  nuc le i c  ac id  (DNA) or  r ibose  nuc l e i c  ac id  (RNA)  
s y n t h e s i s ,  b y  m e a n s  of a2p i n c o r p o r a t i o n ,  i t  is e s s e n t i a l  to  a s c e r t a i n  w h e t h e r  e x c h a n g e  of p h o s p h o r -  
us  t a k e s  p l a c e  b e t w e e n  t h e s e  s u b s t a n c e s  a n d  o t h e r  sou rce s  of p h o s p h o r u s  w i th in ,  and  w i t h o u t ,  
t h e  cell. 

T h i s  p r o b l e m  h a s  b e e n  s t u d i e d  r e c e n t l y  b y  HERSHEY 1 b y  g r o w i n g  l a b e l l e d  E. coli cei ls  in cold 
m e d i u n l  a n d  l o o k i n g  for  a r e d i s t r i b u t i o n  of a2p b e t w e e n  t h e  R N A  a n d  D N A  f rac t ions .  HERSHEY 
c o n c l u d e d  t h a t  t h e  c o n s e r v a t i o n  of a2p o b s e r v e d  in  b o t h  t h e  R N A  a n d  t h e  D N A  i n d i c a t e d  an  
a b s e n c e  of t u r n o v e r  or  of e x c h a n g e  of p h o s p h o r u s  w i t h i n  t h e s e  f r ac t ions .  

V(e h a v e  c o n f i r m e d  HERSHEY'S r e s u l t s  u s i n g  Salmonella typhimurium. T h e s e  r e s u l t s  in  t h e n >  
se lves ,  h o w e v e r ,  a re  n o t  dec i s ive .  S i m i l a r  r e s u l t s  w o u d  be  o b t a i n e d  if b o t h  R N A  a n d  D N A  
e x c h a n g e d  p h o s p h o r u s ,  t h r o u g h  a c o m m o n  p h o s p h o r u s  p o o l  a n d  if t h e  e x c h a n g e  r a t e s  w e r e  p ro-  
p o r t i o n a l  to  t h e  n e t  r a t e s  of s y n t h e s i s  of t h e s e  s u b s t a n c e s  1. H o w e v e r ,  if such  e x c h a n g e s  occur red ,  
t h e  t o t a l  a ~ p - a c t i v i t y  of t h e  t r i c h l o r o a c e t i c  ac id  (TCA) so lub l e  m a t e r i a l ,  of w h i c h  s u c h  a c o l n n n m  
p h o s p h o r u s  p o o l  m a y  be  a s s u m e d  to  he  a p a r t ,  w o u l d  r e m a i n  m o r e  or less c o n s t a n t  ( l u r ing  g r o w t h  
a n d  s y n t h e s i s  of n e w  nuc le i c  acid,  t h e  r e t u r n  of a2p f r o m  t h e  la rger ,  i n s o l u b l e  f r a c t i o n  m a i n t a i n i n g  
an  a l m o s t  c o n s t a n t  t o t a l  a c t i v i t y  in  t h e  so lub l e  f r ac t ion .  T h e  c o m b i n a t i o n  of a h i g h  r a t e  of ex-  
c h a n g e  a~*d Ioss of a c t i v i t y  Iron1 t h e  so lub l e  pool ,  w h e t h e r  to  t h e  m e d i u m  of t o  o t h e r  f r a c t i o n s  t h a n  
R N A  a n d  D N A ,  c a n  be  e x c l u d e d ,  s ince  we  k n o w  t h a t  t h e  a2p of t h e  nuc le ic  ac id s  is c o n s e r v e d  o v e r  
s e v e r a l  g e n e r a t i o n s  of g r o w t h  ~. 

A c c o r d i n g l y ,  a c u l t u r e  of Sahno~ella typhimurium w a s  d i l u t e d  to  a t i t e r  of 5 '  IO5 ce l l s /mi  in  
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bro th  diluted ten-fold with distilled water, to which 32p had been added, and grown to a ti ter of 
lO 8 cells/ml, at  which t ime no fur ther  increase in 3~P-activity/cell was detectable. The culture was 
then  chilled to 3 °, washed free of extra-cellular aSP-activity in the cold, and the cells finally re- 
suspensed at  a t i ter of IO ~ cells/ml and incubated at 37 ° (broth diluted i : io in o.o 7 M phosphate  
buffer being used throughout) .  4 ml samples were removed at intervals and treated as follows: 
2 ml were frozen at  once in plastic tubes  immersed in a dry ice ethanol mixture.  The remaining 
2 ml were filtered throug a CM-Schichten bacterial filter to obtain a cell-free filtrate which was 
likewise frozen. The filtrate was frozen within 2 min after removing the sample. The growth of the 
culture was followed by means of colony counts. At the conclusion of the experiment  both  the total 
and the cell-free samples were thawed to 3 °, precipitated with 5 % TCA (w/v) for I h at 3 °, carrier 
bacter ia  added, and the mixture  centrifuged at  85oo r.p.m, in the Sorvall S.S.I.A. centrifuge for 
15 min. o.15 ml volumes were removed from the top of the superna tan t  and counted as liquid 
samples. 

The results are presented in Fig. I in which the sample activities are given as a function of 
the number  of bacterial generations. 

Fig. I. 3aP-activity of cellular and 
extra-cellular TCA soluble material  in . 
a culture of Salmonella typhimurium 
as a function of the number  of genera- ,g  
t ions t ha t  the culture has grown at \ 
37 ° in "cold"  medium. Total activity z= 
of the culture was 84oo counts /min/  
o.15 ml liquid sample. The culture was 
mainta ined at a t i ter  of lO 7 cells/ml z 
during growth in the "cold"  medium, o 
by  means of appropr ia te  dilutions. 
Counts have been corrected for dilu- 
tion. Curve A: total  TCA soluble ac- - 
t ivity. Curve B: activity in TCA sol- t~ 
uble fraction of cell-free filtrate. Curve ~< 
C : difference between Curves A and B. 
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As may  be seen in Curve B, a considerable amoun t  of TCA soluble material appears  in the 
cell-free filtrate with continued incubation at 37 °. This was found to derive primari ly from TCA 
insoluble material  whose activity increased during the first generation from 6200 to 71oo counts /  
min b u t  then fell to a value of 6500 counts /min by  the fifth generation. 

The 32p found in the filtrate p robably  originates from cells undergoing autolysis as a result  
of injury caused by  packing during the centrifugations to free the cells from medium 32p. In 
initial experiments,  it was found tha t  a t t empts  to separate labelled cells from the s2p of the medium 
by centrifugation at room temperature resulted in the loss from the cells of up to 3 ° % of the TCA 
insoluble material. No decrease in act ivi ty of TCA insoluble phosphorus  is found if the cells are 
directly precipitated out  of the labelled medium with  TCA, washed and allowed to stand. 

As may  be seen from Curve C the intracellular TCA soluble fraction obtained as the difference 
between Curves A and B decreases to about  4 ° % its initial value within the first generation and 
then remains  constant .  This initial drop, together  with the constancy of the remaining activity 
for at least four generations, may  be regarded as conclusive evidence for the absence of exchange 
of phosphorus  between the TCA insoluble fraction and the TCA soluble fraction. The remaining 
4 ° % of the TCA soluble fraction represents in all probabil i ty inert  phosphorus  which does not  
mix with t ha t  por t ion of the TCA soluble pool concerned with synthet ic  activities. Such a fraction 
was described by SPIEGELMAN AND KAMEN 2 in yeast. 
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