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Short Communications and Preliminary Notes 

Stability of deoxypentosenucleic acid phosphorus (DNA-P) 
in 9rowing tissue* 

S i n c e  t h e  LEBLOND s c h o o l l ,  2 r e p o r t e d  e x p e r i m e n t s  p o i n t i n g  t o  t h e  r e p l a c e n l e n t  of  e v e r y  o n e  
p r e e x i s t e n t  D N A  m o l e c u l e  w i t h  t w o  n e w l y  s y n t h e s i s e d  o n e s  t o  r e s u l t  in t h e  d o u b l i n g  of  DN.X p e r  
o n e  m i t o t i c  d i v i s i o n ,  d a t a  s u p p o r t i n g  t h i s  v i e w  h a v e  r a p i d l y  b e e n  a c c u m u l a t e d  a l o n g  s e v e r a l  d i f f e r e n t  
l ines  of  a p p r o a c h a ,  4,5. B u t  t h i s  c o n c e p t  is a c u t e l y  in c o n t r a d i c t i o n  w i t h  t h e  r e s u l t s  o b t a i n e d  w i t h  
m i c r o o r g a n i s m s <  v, w h i c h  s h o w  t h e  c o n s e r w t t i o n  o f  D N A  n m l e c u l e s  ( l u r i n g  r a p i d  p r o l i f e r a t i o n ,  a n d  
e v e n  t h r o u g h o u t  m a n y  g e n e r a t i o n s ,  of  b a c t e r i a l  ce i ls .  E x p e r i m e n t s  u s i n g  r a t  Iivers~, 9 h a v e  a l so  f a i l ed  
t o  p r o v e  t h e  l a b i l i s a t i o n  of  D N A  m o l e c u l e s  in  t h e  c o u r s e  of  ce l l  p r o l i f e r a t i o n .  \ V i t h  g r o w i n g  y o m l g  
r a t s ,  i t  h a s  a l so  b e e n  s h o w n  b y  FUJISAWA AND S I B A T A N I  6 t h a t  a n e a r l y  t w o - f o l d  i n c r e a s e  of  l iver  
D N A  m a y  n o t  b e  a t t e n d e d  b y  a n y  e x t e n s i v e  r e l e a s e  o f  p r e e x i s t e n t  D N A - P .  T h i s  l a s t  e x p e r i n l e n t ,  
h o w e v e r ,  i n v o l v e d  t h e  d a t a  s u g g e s t i n g  a n  e v e n t u a l  p r e s e n c e  of  D N A - P  t u r n o v e r  t o  s o m e  e x t e n t .  

E x p e r i m e n t s  of t h e  s a m e  t y p e  w i t h  m i n o r  m o d i f i c a t i o n s  a r e  t h e r e f o r e  b e i n g  r e p e a t e d  t o  a s c e r t a i n  
w h e t h e r  t h e r e  is a n y  m e a s u r a b l e  t u r n o v e r  of  I ) N A - P  in  d i v i d i n g  a n d  n o n - d i v i d i n g  l i v e r  ce l l s  of  r a t s ,  
a n d  wi l l  b e  de ta i l ec t  in a l a t e r  c o m m u n i c a t i o n .  T h e  c a l c u l a t i o n  o f  t h e  f r a c t i o n  o f  D N A  r e t a i n e d  
( l u r i n g  t h e  e x p e r i m e n t a l  p e r i o d ,  a s  a t t e m p t e d  b y  FUJISAWA A N D  SIBATANI 6, v¢as m a r r e d  b y  a n  o v e r -  
s i m p l i f i c a t i o n  w h i c h  h o w e v e r  is b y  n o  m e a n s  u n f a m i l i a r  t o  t h i s  s o r t  of  t r a c e r  s tuc l ies  11~, 11~ W e  h a v e  
n o w  d e v e l o p e d  a t h e o r y  o f  e s t i m a t i n g  t h e  t u r n o v e r  r a t e  of  n u c l e i c  a c i d  P in g r o w i n g  s y s t e m s ,  
w h i c h  m a y  b e  s u m m a r i s e d  as  f o l l o w s :  

I n  a g r o w i n g  s y s t e m ,  A ,  t h e  t u r n o v e r  r a t e ,  1", of  n u c l e i c  a c i d  P of a g i v e n  t y p e  ( N A P )  is d e f i n e d  
I d D  

b y  1" w h e r e  Q(I) is t h e  t o t a l  a n m u n t  o f  N A P  in A a n d  d D  t h e  a m o u n t  of  N A P  r e l e a s e d  
Q dt ' 

d u r i n g  t h e  t inae  i n t e r v a l  d t .  A s s u m i n g  t h e  h o m o g e n e i t y  of  t h e  a 2 p - l a b e l l e d  N A I ?  p o o l  of A ,  i t  is s een  

T A B L E  I 

T H E  T U R N O V E R  R A T E  O F  D N A - P  A N D  P~N~=A-P  I N  T H E  L I V E R S  O F  Y O U N G  R A T S  

Expt. Number o/ PerbM o/ Quotient o/ Turnover rate T (day i ) 
expt. I)NA increase 

No. animals* t (day) Q(t),'Q(o) D N A - P  t>NA-A 

F-S6 4 - e 1o 1.8 o .oz  7 o .~o  
I - A B  2 - ~ 7 1.7 - - o . o 4 I  0.057 
I - A C  2 -  t 7 1.2 0 . 0 0 9  0 . 0 0 4  
2 - A B  4 - -" io  2. 4 0 . 0 3 4  0 .27  
2 -AC**  4 - 4 lO I .o  o .o41  0 .38  
2 - A D  4 -  i 14 2 . I  O.OlI  o . l  7 
3 - A B  3 - I 7 r . 9  o . o 4 i  o . I "  
3 - A C  3 - 1 16 2 .6  O.Ol 5 o . I  5 
3 - B C  I - I 9 I. 3 o . o l l  o .13  

W e i g h t e d  m e a n  * * * o .o  12 o. t8  

* N u m b e r s  of  a n i m a l s  of  t h e  t w o  g r o u p s ,  y i e l d i n g  i n i t i a l  a n d  f ina l  v a l u e s  r e s p e c t i v e l y  a n d  c o r r e -  
s p o n d i n g  t o  t h e  a l p h a b e t i c  s i g n s  in  co l .  l ,  a r e  g i v e n  in t h e  o r d e r  m e n t i o n e d .  

** S u p p l i e d  d a i l y  w i t h  r e s t r i c t e d  a m o u n t s  of  d i e t  so a s  t o  k e e p  t h e  b o d y  w e i g h t  u n c h a n g e d .  
*** T v a l u e s  o f  e a c h  l ine  w e r e  m u l t i p l i e d  w i t h  t h e  sun1 of 2 f i g u r e s  in c o l u m n  2 a n d  a v e r a g e d  w i t h i n  

i n d i v i d u a l  e x p e r i m e n t s  ( E x p t .  i ,  e, etc.) t o  y i e h l  t h e  p r i m a r y  w e i g h t e d  m e a n s .  T h e s e  w e r e  t h e n  
m u l t i p l i e d  w i t h  t h e  a c t u a l  t o t a l  n u m b e r  of  a n i m a l s  in  r e s p e c t i v e  e x p e r i m e n t s  a n d  f i n a l l y  a v e r a g e d  
t o  g i v e  t h e  v a l u e s  l i s t ed .  

* A i d e d  in  p a r t  b y  t h e  G r a n t  fo r  F u n d a m e n t a l  S c i e n t i f i c  R e s e a r c h  of  t h e  M i n i s t r y  of  E d u c a t i o n ,  
a w a r d e d  t o  t h e  C o o p e r a t i v e  R e s e a r c h  o n  " T h e  N u c l e i c  A c i d s " .  a2p u s e d  in  t h i s  s t u d y  w a s  o b t a i n e d  
o n  a l l o c a t i o n  of  U . S .  A t o n l i c  E n e r g y  C o m m i s s i o n .  
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t h a t  :;2t ~ present in N A P  at (t given lime (I --  o) is lost  in a c c o r d a n c e  wi th  an e x p o n e n t i a l  tuuct i~m 
w i t h  t he  speci f ic  r a t e  c o n s t a n t  of 7". B u t  t i le  t o t a l  a m o u n t  of a'.'p in N A P  ¢}1' ~1, to be  o b s e r v e d  a t  
t h e  t i m e  ! > o, is f u r t h e r  c o n t r i l m t e d  bv  a'al' c o m i n g  f rom the  p r e c u r s o r  pooI wh ich  m a y  s t i l l  be  
r e t a i n i n g  i t s  l abe l .  To  e s t i m a t e  t he  m a g n i t u d e  ~)f t h i s  s e c o n d a r y  i n c o r p o r a t i o n ,  t~RANSON'S i n t e g r a l  
e q u a t i o n  TM m a y  be e m p l o y e d  in the  p r e s e n t  case  t h a t  is q u i t e  f a v o u r a b l e  in t h i s  r e s p e c t  (c/. ref. la). 
l ' o s t u l a t i n g  a s i m p l e  e x p o n e n t i a l  d e c r e a s e  in t he  specif ic  a c t i v i t y  of a c i d - s o l u b l e  1', wh ich  shouh l  
be in e q u i l i b r i u n l  w i t h  d i r e c t  p recurs t ) r s  c)f N A P  in our  s y s t e m  a, and  an  " a u t o c a l a l y t i c "  s y n t h e s i s  
of N A P ,  t he  BRANSON'S e q u a t i o n  w a s  so lved  to  y i e l d  a c o m p o u n d  e x p o n e n t i a l  e q u a t i o n  r e l a t i n g  
i n i t i a l  a n d  f ina l  v a l u e s  of (2 (t), (j* (t), a n d  c(l), to  be  o b t a i n e d  e x p e r i m e n t a l l y ,  to  7' (as a c o n s t a n t ) ,  
w h e r e  (_)* d e n o t e s  t he  t o t a l  a c t i v i t y  c)f N: \ -a2p  in .4 a u d  c t h e  specif ic  a c t i v i t y  of t o t a l  ac id  so lub le  
(or i n o r g a n i c )  I'. In t h i s  e q u a t i o n ,  7" can  t a k e  n e g a t i v e  as  wel l  as p o s i t i v e  va lues ,  the  p o i n t  7" o 
s h o w i n g  no p e c u l i a l i t y  in t i l e  0 * t / } - T  cu rve ,  a l t h o u g h  a n e g a t i v e  7" v a l u e  is of no b io log ica l  sig-  
n iCe ; lu t e .  

7/" v a l u e s  o b t a i n e d  u p  to t he  p r e s e n t  t i m e ,  f rom our  r e c e n t  e x p e r i m e n t s ,  a l o n g  wi th  t i le  ones  
r e c a l c u l a t e d  f r o m  FUJISAWA AND SIBATANI 6 are  c o m p i l e d  in T a b l e  I. A l t h o u g h  t he  i n d i v i d u a l  7" v a l u e s  
a re  s u b j e c t  to  c o n s i d e r a b l e  f l u c t u a t i o n  f rom e x p e r i m e n t  to  e x p e r i m e n t ,  t h i s  m a y  be due  to  errcws 
i1 : t roduced in v a r i o u s  w a y s .  I t  is n o w  a l m o s t  c e r t u m  t h a t  7" of I ) N A - P  is n o t  i n c r e a s e d  to  a n y  sig- 
n i f i c a n t  e x t e n t  b y  t h e  a u g m e n t a t i o n  of () (l)/(J (o). Moreover ,  t he  w e i g h t e d  mea l l  of T for D N A  I '  
is v e r y  c lose  to  n i l  w h i l e  t h a t  for P N A - P  {pen tosenuc le l e  acid P) h;is a p o s i t i v e  v a l u e  of a r e a s o n a b l e  
magnitu¢le. 

i t  m a y  t h u s  be i n f e r r ed  t h a t  in g r o w i n g  y o u n g  r a t s  t h e r e  is l i t t l e  if a n y  t u r m ) x e r  of DN.K-P, 
w h e t h e r  or n o t  t he  s y n t h e s i s  of new  ] ) N A  molecule.,; is a c t i v e l y  g o i n g  (m. T h i s  conclusio,a  is a t  v a r i a n c e  
w i t h  t he  one  s u p p o r t e d  b y  t he  I,EBLOND g l o u p l ,  2 a n d  s o m e  o t h e r  w o r k e r s  :L4.5. 14ut t h e  d a t a  of th,- 
C a n a d i a n  a u t h o r s  fl~r r a t  l ive rs  a t  l eas t  w o u l d  t)e s u b j e c t  to  a p p r e c i a l ) l e  i n a c c u r a c y ,  s ince  the  SCHMlWr- 
THANNHAUSER f r a c t i o n a t i o n  of D N A  as e m p l o y e d  b y  t h e m  m a y  wel l  h a v e  c a u s e d  a c o n t a m i n a t i ~ m  
of n o u - D N A  a 2 p - c o m p o u n d s ,  as wi l l  be s h o w n  e l s e w h e r e  on t h e  bas i s  of ou r  r e c e n t  f i nd ings  w i t h  
p r e p a r a t i o n s  of h i g h l y  p o l y m e r i s e d  I ) N A  o b t a i n e d  f rom l ivers  of a2P- iu jec ted  a d u l t  r a t s  ( \MaNO,  
K~H,\R.~, AND S1BA'rAr,'I, to  be  p u b l i s h e d ) .  I t  fo l lows  t h a t  t h e  speci f ic  a c t i v i t i e s  of 1)N \-1 ~ i:~ r a t  l ive rs  
as s u b m i t t e d  b y  t h e  LEBLOND school  were  in all  l i k e l i h o o d  to¢, h igh  to  r e p r e s e n t  the  t r u e  r a t e  ()t" 
f . r m a t i o n  of n e w  D N A  molecu les .  

HIROZI K. KlttAl'¢.\ 
(:y/ochemislry I.aboralory, Yam~tgttli M~dica! School, tzbe (Japan) .\TUHIRO ~IBATANI 
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R e c e i v e d  M a y  15th, ~955 

The interconversion of glutamic acid and proline* 

S e v e r a l  l ines  of e v i d e n c e  i n d i c a t e  t h a t  in  a n i m a l  t i s s u e s  g l u t a m i c  ac id  ('till be  c o n v e r t e d  to  
p r o l i n e  a n d  t h a t  p r o l i n e  is o x i d i z e d  to  g l u t a m i c  ac id  (c/.1). I t  h a s  a lso  b e e n  s h o w n  in g r o w t h  expe r i -  
m e n t s  w i t h  m i c r o o r g a n i s m s  t h a t  g l u t a m i c  ac id  c a n  se rve  as  a p r e c u r s o r  of p r o l i n e  w i t h  t h e  i n t e r -  
m e d i a t e  f o r m a t i o n  of g l u t a m i c - 7 - s e m i a l d e h y d e  (@2). The  e x p e r i m e n t a l  p r o c e d u r e s  used  in t he se  
i n v e s t i g a t i o n s  a re  n o t  v e r y  s u i t a b l e  for  a s t u d y  of t h e  e n z y m i c  m e c h a n i s m s  i n v o l v e d  b u t  do  s u g g e s t  
t h e  f o l l o w i n g  se r ies  of r e a c t i o n s  

g l u t a m i c  ac id  ~ g l u t a m i c  7 - s e m i a l d e h y d e  
A ' - p y r r o l i n e - 5 - c a r b o x y l i c  ac id  ~ -  p r o l i n e  

In  ou r  l a t / o r a t o r y ,  r e s u l t s  b e a r i n g  on  t he  e n z y m i c  m e c h a n i s m s  of t i l e  a b o v e  r e a c t i o n s  h a v e  beeu  

* "l'his w o r k  w a s  s u p p o r t e d  in  p a r t  b y  a g r a n t  f r o m  t h e  N a t i o n a l  I n s t i t u t e  of N e u r o l o g i c a l  D i s e a s e  
a n d  B l i n d n e s s  ( G r a n t  B-226)  of t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  Pub l i c  H e a l t h  Serv ice .  


