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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 .  
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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 .  
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obtained with whole cells of a m u t a n t  strain of E. coli and with extracts  of liver mitoch(mdria. 
Washed resting cells of E. coli (55-1) accumulate A'-pyrroline-5-carboxylic acid (glutamic 7-selni- 
aldehyde) with glutamic acid as the substrate .  (A'-pyrroline-5-carboxylic acid was deterinined by 
reaction with o-ainino benzaldehyde a and by  assay with another  m u t a n t  strain of E. coli (55-25)~.) 
The format ion of glutamic y-semialdehyde in these cells is an aerobic process and is markedly 
s t imulated by  the addition of any of the following compounds ;  lactate, pyruvate ,  glucose and 
forlnate, py ruxa t e  being most  effective. An additional s t imulat ion in the presence of pyruva te  is 
obtained upml addition of adenosine monophospha te  (AMP) and to a lesser extent  with adenosine 
diphosphate  (:\DI)) (Table 1). 

TABLE I 

The incubation mixture  (2.o inl) contained 0. 3 ml 
of a 3 ° °o suspension of cells, 3 ° l~M of potass ium 
glutanlate,  50 t131 of potass ium pyruvate ,  io p M  
of A3,'ll ~ and ~oo i t3l  of either t r is(hydroxy-  
methyl)anainomethane or po tass ium phosphate  
lmffer (pH 7.6). (A'-pyrroline-5-carboxylic acid 
(glutamic 7-semialdehyde) was assayed by re- 
acting with o-amino benzahlehyde 3 and deter- 

mining the absorpt ion at 43 ° m/~.) 

TABI .E  II 

The complete system (2.0 ml) contained 0. 3 nil 
of the enzyme solution obtained by  subject ing a 
sucrose suspension of mitochondria  of rat  liver to 
sonic oscillation, o.9 #M of I ' -pyr ro l ine-5-car -  
boxylic acid, 200 ~ of I )PN,  loo 1~3I of tris- 
(hydroxymethyl )aminomethane  buffer (pH 7.~)) 
and 5 ° t iM of either potass ium phospha te  or 
sodiunl arsenate. The disappearance o f .  l ' -pyr-  
roline-5-carboxylic acid was determined as the 
difference between an enzymic and non-enzymic 

incubation mixture.  

Components 1) 4:~o Components 1) 4:., 

Cells ahme o. ~ o 5 Complete systena o.50o 
Cells + g lu tamate  o.46o Complete system - phost~laate o 
Cells ~ g lu tamate  + pyruva te  r.35o Complete system DPN o 
Cells -1 g lu tamate  + pyruva te  -+- AMP 1.8oo Complete system phosphate  
Complete sys tems oxygen o + arsenate 0.46o 

Efforts t~) obtain a cell-free prepara t ion of the enzynle system from E. coli have up to now 
not  been successful. However,  extracts  of ra t  liver mitochondria  catalyze the oxidation of synthet ic  
A'-pyrroline-5-carboxylic acid. This oxidation requires diphosphopyridine nucleotide (DPN) and 
inorganic phosptlate  or arsenate (Table II) .  

Paper ch romatography  of the products  of the oxidation of I ' -pyrrol ine-5-carboxyl ic  acid shows 
the presence of glutamic acid roughly proport ional  to the disappearance of A'-pyrroline-5-carboxylic 
acid. 

These mitochondrial  extracts  also catalyze the formation from proline of a compound  which 
reacts with o-anlino benzaldehyde. The reaction proceeds anaerobically bu t  it has not  been possible 
up to now to increase the activity by addition of soluble components .  Addition of DPN and phospha te  
results in the disappearance of the enzymically formed compound.  Using an enzyme obtained fronl 
Neurospora crassa YURA AND VOGEL 5 have observed a pyridine nucleotide dependent  reduction of 
synthet ic  A'-pyrroline-5-carboxylic acid to proline. Purification of the enzyme systenls will aid in 
the s tudy of the detailed mechanisnls  of the metabolic interconversions of glutamic acid and proliue. 
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