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Table II . - -Turnover of DNA and PNA phosphorus in growing young rat 

[ExPERIENTIA VOL. X/4] 

Age day 

20 
30 

mg Phosphorus 
per liver 

DNA PN~ 

0.291 0.908 
0.517 2.52 

Specific activity 
count/rain/rag P 

DNA 

6390 
3410 

PNA i~rg.P. 

5630 3040 
1820 423 

Total activity 
count/rain/liver 

DNA l~Nk 

1860 5180 
1760 4580 

Corrected total activity 
count/rain/liver 

DNA [ PNA 

1860 5180 
1370 1790 

I 
I 

H a v i n g  a d m i n i s t e r e d  t o t a l  of 1 m c  pa2, suck l ing  b a b i e s  
were s e p a r a t e d  f r o m  t h e  m o t h e r  a n d  de l ive red  to  a n o t h e r  
l a c t a t i n g  female  r a t  w h i c h  h a d  n o t  r ece ived  p32, in 
orde r  t h a t  t h e  c o m p o u n d s  w i t h  h igh  specif ic  a c t i v i t y  in 
suck l ings  s h o u l d  be  t u r n e d  over .  T he  g r o w t h  of t h e  
b a b i e s  was n o r m a l .  A f t e r  t e n  days  of l a c t a t i o n  b y  t h e  
fos t e r - r a t ,  6 r a d i o a c t i v e  w e a n l i n g s  were o b t a i n e d .  T h e y  
were  t h e n  d i v i d e d  i n t o  4 a n d  2 ra ts ,  t h e  r a t i o  of t h e  t o t a l  
b o d y  w e i g h t s  of t h e  t w o  g roups  b e i n g  j u s t  2 :1 .  T h e  
f o r m e r  g r o u p  was  sac r i f i ced  d i rec t ly ,  t h e  l a t t e r  g r o u p  
a f t e r  b e i n g  a l l o w e d  to  grow for a n o t h e r  t e n  d a y  per iod .  
D N A  a n d  P N A  were  pur i f i ed  f rom poo led  l ivers  in  e a c h  
case.  T h e  t o t a l  a c t i v i t y  of t w o  nuc le ic  ac ids  pe r  l ive r  
d id  n o t  dec rease  s i g n i f i c a n t l y  d u r i n g  t h e  10 d a y  pe r iod  
of r a p i d  g r o w t h  of  t h e  l iver ,  w h i c h  c o r r e s p o n d e d  to  
b o d y  w e i g h t s  f r o m  28 to  53 g l  (Tab le  I I ) .  B u t ,  cons ide r -  
ing  t h e  p r e t t y  h i g h  specif ic  a c t i v i t y  of i n o r g a n i c  phos -  
p h a t e  in  t h e  l i ve r  of y o u n g e r  r a t s ,  c o r r e c t i o n  for  t h e  
s e c o n d a r y  i n c o r p o r a t i o n  was  m a d e  b y  a s s u m i n g  da i ly  
l i n e a r  i nc r ea se  of  P N A  a n d  D N A  p e r  l ive r  a n d  da i ly  
e x p o n e n t i a l  dec rease  in speci f ic  a c t i v i t y  of i n o r g a n i c  
p h o s p h a t e  as  t h e  p r e c u r s o r  of nuc le ic  ac id -P .  T h e  cor-  
r e c t e d  t o t a l  a c t i v i t y  * n o w  revea l s  t h a t  t h e r e  was  v e r y  
p r o b a b l y  a b r e a k d o w n  of P N A ,  a n d  to  a lesser  e x t e n t ,  
of  D N A ,  too,  d u r i n g  t h e  g r o w t h  of t h e  l iver ,  b u t  t h e  
e x t e n t  of t h i s  b r e a k d o w n  c a n n o t  be  c o r r e l a t e d  in  a n y  
s i m p l e  w a y  w i t h  t h e  a c t u a l  i n c r e m e n t  of P N A  a n d  D N A  
pe r  l iver .  

These  r e s u l t s  would ,  t h e n ,  sugges t  t h a t  t h e  m e c h a n i s m  
of nuc le ic  ac id  b i o s y n t h e s i s  does  no t  necessa r i ly  i n v o l v e  
a b r e a k d o w n  of t h e  p r e - e x i s t e n t  molecules  of t h e  s a m e  
c o m p o u n d .  
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Zusammenlassung 

Es  w u r d e  u n t e r s u c h t ,  o b  die B i o s y n t h e s e  de r  N u k l e i n -  
s~iuren in  w a c h s e n d e n  S y s t e m e n  m i t  d e m  A b b a u  y o n  
u r s p r i i n g l i c h  v o r h a n d e n e n  N u k l e i n s / i u r e n  d e r s e l b e n  A r t  
g e k o p p e l t  is t .  Die  V e r s u c h e  w u r d e n  m i t  B a k t e r i e n  
(E. coli) u n d  m i t  R a t t e n l e b e r  g e m a c h t .  Die  in  d e r  Zelle 
v o r h a n d e n e n  N u k t e i n s / i u r e n  w a r e n  m i t  ]p3~ m a r k i e r t ,  
u n d  es w u r d e  de r  V e r l u s t  a n  R a d i o a k t i v i t ~ i t  in  j e d e r  de r  
b e i d e n  N u k l e i n s / i u r e t y p e n  i m  L a u f e  des  "vVachstums 
gemessen .  Die  1Resultate wiesen  d a r a u f  h in ,  dass  das  

1 M. FOKVDA and A. SIBATANI, J. Biochem. (Japan) 40, 95 (1953). 
z The corrected values may be a little too low, because the 

estimated activity increment due to the secondary incorporation of 
pa~ into nucleic acids was subtracted from the observed total 
activity of the respective nucleic acids obtained from the 30 day old 
rats, neglecting the loss of activity due to the possible breakdown of 
nucleic acid molecules containing secondarily incorporated P~. 

3 Present address: Department of Cytoehemistry and Histology, 
Yamaguti Medical School, Nakaube, Ube, Yamaguti-Ken, Japan. 

A u f t r e t e n  v o n  n e u e n  N u k l e i n s A u r e m o l e k e l n  in de r  l eben-  
d e n  Zelle o h n e  den  b e g l e i t e n d e n  A b b a u  de r  a l t e n  Mole- 
ke ln  s t a t t f i n d e n  k a n n .  

T e m p e r a t u r e - D e p e n d e n t  C e l l u l a s e  P r o d u c t i o n  b y  
Neurospora crassa a n d  I t s  E c o l o g i c a l  

I m p l i c a t i o n s  

The  a s c o m y c e t e  Neurospora crassa SHEAR a n d  DODGE 
h a s  in  r e c e n t  yea r s  b e c o m e  a n  i m p o r t a n t  too l  in  bio-  
c h e m i c a l  gene t i cs .  T h e  m o l d  is u s u a l l y  g r o w n  o n  l iqu id  
or agar - so l id i f i ed  s y n t h e t i c  m e d i a  c o n t a i n i n g  i n o r g a n i c  
sa l t s ,  b io t in ,  a n d  a s u i t a b l e  c a r b o n  source .  I n  t h e  cou r se  
of some  r e c e n t  e x p e r i m e n t s  i t  b e c a m e  n e c e s s a r y  to  
m o d i f y  t h i s  p r o c e d u r e  s l i gh t l y  b y  g rowing  t h e  m o l d  in 
a g l y c e r o l - c o n t a i n i n g  l i qu id  m i n i m a l  m e d i u m  on 
f i l t e rpape r .  U n d e r  t he se  c o n d i t i o n s  t h e  m o l d  p r o d u c e s  
a c o n s i d e r a b l e  a m o u n t  of  g lucose  a t  35 ° C b u t  on ly  a v e r y  
s m a l l  a m o u n t  a t  25 ° C. T h e  s u g a r  is p r o d u c e d  on ly  in t h e  
p r e s e n c e  of f i l t e r p a p e r  a n d  i t s  f o r m a t i o n  is due  to  t h e  
p r o d u c t i o n  of an  e x t r a c e l l u l a r  cel tulase.  

Neurospora crassa s t r a i n  W 2 / 4 9  A is u sed ;  for  one  of 
t h e  e x p e r i m e n t s ,  s t r a i n s  A b b o t t  a a n d  Ch i l t on  a are  also 
used.  T h e  m e d i u m  e m p l o y e d  is a WESTERGAARD a n d  
MITCHELL 1 m e d i u m  c o n t a i n i n g  as t h e  c a r b o n  source  
20 ml  of g lycerol  pe r  l i t r e ;  15 ml  are  used  pe r  PETRI dish.  
To each  d i sh  a re  a d d e d  5 shee t s  of s te r i le  WHATMAN 
NO. 4 f i l t e rpape r ,  8 cm in d i a m e t e r .  T h e  u n i n o c u l a t e d ,  
a u t o c l a v e d  m e d i u m  gives  n e g a t i v e  BENEDICT a n d  
MOLISCH tes t s .  T h e  f i l t e r p a p e r  a lso is free of r e d u c i n g  
s u b s t a n c e s  as wel l  as so luble  s t a r c h .  I n o c u l a t i o n  is m a d e  
b y  a d d i n g  to  each  d i sh  0.5 ml  of a s u s p e n s i o n  of con id i a  
in s ter i le  d i s t i l l ed  wa te r .  The  t e m p e r a t u r e  of i n c u b a t i o n  
is 35 ° C o r  25 ° C. 

W h e n  t he  o r g a n i s m  is i n c u b a t e d  a t  35°C, a cons ide r ab l e  
a m o u n t  of a r e d u c i n g  s u g a r  a c c u m u l a t e s  in  t h e  m e d i u m .  
T h i s  s u g a r  gives  pos i t i ve  BENEDICT a n d  MOLISCH reac-  
t ions ,  a n d  n e g a t i v e  BARFOED, SELIVANOFF, muc ic  acid,  
ph to rog luc ino l -HCl ,  a n d  b e n z i d i n e  t es t s .  Microscopic  
e x a m i n a t i o n  of  t h e  o sazone  shows  a t y p i c a l  g lucosazone .  
A n  e l e m e n t a r y  ana ly s i s  of t h i s  o sazone  g ives  t h e  follow- 
ing  re su l t s  : 

g lucosazone  c a l c u l a t e d  C 60-32 H 6-19 N 15-63, 
CIsH2,O4N 4 f o u n d  C 60.18 H 6-34 N 15.68. 

F i n a l  i d e n t i f i c a t i o n  of t h e  s u g a r  is m a d e  b y  p a p e r  
c h r o m a t o g r a p h y ,  us ing  WHATMAN No.  1 f i l t e r p a p e r ,  
b u t a n o l - a c e t i c  a c i d - w a t e r  (4:1 : 5, v /v )  as  t h e  s o l v e n t ,  
a n d  an i l i ne  h y d r o g e n  p h t h a l a t e  as  t h e  d e v e l o p i n g  a g e n t .  
T h e  u n k n o w n  s u g a r  m o v e s  a t  t h e  s a m e  speed  as  glucose,  
a n d  gives  o n l y  one  spo t  w h e n  m i x e d  w i t h  a s a m p l e  of 
a u t h e n t i c  glucose.  T h e  a m o u n t  of g lucose  f o u n d  v a r i e s  
due  to  i t s  c o n t i n u a l  u t i l i z a t i o n  b y  t h e  o rgan i sm,  b u t  i t  
was  c a l c u l a t e d  t h a t  in  some  of t h e  e x p e r i m e n t s  r o u g h l y  

1 ~[. WESTERGAARD and H. K. MITCIIELL, Amer. J. Botany 34. 
573 (1947). 
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Determination of glucose formed from cellulose by filtrates from Neurospora crassa W 2/49 A. Organisms grown for 7 days (Nos. 1-3) or 
6 days (No. 4) at 35°C. Duration of enzymatic tests, ca. 48 h, temperature of incubation 35°C. In column 4 are given the mean values for 
the amounts of filtrate needed for the titration, fo|Iowed by the standard error of the mean; the number ofindividualdeterminations 

are in parenthesis. 

No. 
Presence or absence of 

filterpaper during growth 

present  
present  
present  
absent  

Test eonditions 

Fi l t rate  + fil terpaper 
Boiled fi l trate + fit terpaper 
Fi l t rate  alone 
Fi l t rate  + fil terpaper 

ml of filtrate 
used for titration 

1.33 ± 0.043 (7) 
1.71 4- 0-033 (4) 
1.72 4- 0.10 (2) 

Equivalent to 
mg of glucose 

per 10 nfl 
sample 

8-4 
6-5 
6.5 

0 

Net produc- 
tion of glucose 

in mg 

1-9 
0 
0 
0 

0-5 g of g lucose  c a n  be  i so l a t ed  f rom one  l i t re  of m e d i u m  
fo l lowing  f i l t r a t i o n  of  t h e  m y c e l i u m .  

T h e  glucose  cou ld  o r i g i n a t e  f rom e i t h e r  t h e  g lycero l  
or  f r o m  cel lulose p r e s e n t  in  t h e  fo rm of f i l t e rpape r .  To  
t e s t  th is ,  t h e  m o l d  is g r o w n  a t  35°C in sha l low laye r s  of 
l iqu id  m e d i u m  alone,  on  p e r f o r a t e d  r u b b e r  pads ,  a n d  on  
a g a r  i n s t e a d  of on  f i l t e rpape r .  U n d e r  such  c o n d i t i o n s  
o n l y  t r aces  of  a r e d u c i n g  s u g a r  a c c u m u l a t e  in  t h e  me-  
d i u m .  T h i s  s u g a r  m o v e s  on  a p a p e r  c h r o m a t o g r a m  w i t h  
t h e  s a m e  speed  as  ga lac tose ,  b u t  t h e  q u a n t i t i e s  p r e s e n t  
are  too  s m a l l  to  p e r m i t  d e f i n i t i v e  i d e n t i f i c a t i o n .  

T h e  p r e sence  of a n  e x t r a c e l l u l a r  ce l lu lase  is d e m o n -  
s t r a t e d  t h u s :  T h e  s u p e r n a t a n t  f r o m  o r g a n i s m s  g r o w n  
on  l i qu id  m i n i m a l  m e d i u m  on  f i l t e r p a p e r  a t  35°C for 7 
d a y s  is s t e r i l i zed  b y  f i l t r a t i o n  t h r o u g h  a b a c t e r i a l  f i l ter .  
S imi l a r  f i l t r a t e s  a re  o b t a i n e d  f rom o r g a n i s m s  g r o w n  on 
f i l t e r p a p e r  in  l i qu id  m e d i a  a t  25°C a n d  f r o m  o r g a n i s m s  
g rown  a t  35°C in t h e  a b s e n c e  of f i l t e rpape r .  10 ml  p o r t i o n s  
of t h e  f i l t r a t e  are  a d d e d  to  t i g h t l y  c o t t o n - s t o p p e r e d  
100 ml  ERLENMEYER f lasks  c o n t a i n i n g  pieces  of s ter i le  
f i l t e r p a p e r  a n d  i n c u b a t e d  for ca. 48 h a t  35 ° C. R e d u c i n g  
s u g a r  is d e t e r m i n e d  u s i n g  a s l i gh t  m o d i f i c a t i o n  of  BENV:- 
DICT'S m e t h o d L  R e s u l t s  of a n  e x p e r i m e n t  a re  g i v e n  
in t h e  Tab le .  Cel lulase  is f o r m e d  b y  t h e  m o l d  on ly  in 
t h e  p r e sence  of cel lulose d u r i n g  g rowth .  I t  appea r s ,  
t he re fo re ,  t h a t  t h i s  e x t r a c e l l u l a r  e n z y m e  is p r o d u c e d  
a d a p t i v e l y .  No t e s t s  were  done  to  d e t e r m i n e  w h e t h e r  
o t h e r  s u b s t r a t e s  c an  i n d u c e  t h e  f o r m a t i o n  of t h e  enzyme ,  
n o r  h a s  a n y  a t t e m p t  b e e n  m a d e  to  see w h e t h e r  m u t a t i o n  
a n d  se l ec t ion  or  a n  a d a p t i v e  e n z y m a t i c  r e s p o n s e  is 
i n v o l v e d ;  t h e  l a t t e r  is, h o w e v e r ,  c o n s i d e r e d  m o r e  
l ikely,  

F o r m a t i o n  of t h e  e n z y m e  is m a r k e d l y  t e m p e r a t u r e -  
d e p e n d e n t .  W h e n  s im i l a r  f i l t r a t e s  f rom o r g a n i s m s  g r o w n  
a t  25 ° C are  used  t h e r e  is on ly  a m u c h  sma l l e r  i nc rease  
in r e d u c i n g  sugar ,  r o u g h l y  2 0 %  of t h a t  f o u n d  w i t h  t h e  
35°C f i l t r a t e s ;  t h e  m e t h o d  b e c o m e s  i n a c c u r a t e  a t  s u c h  
low levels .  I t  m i g h t  be  a d d e d  t h a t  w h e n  t h e  m o l d  is 
g r o w n  a t  25°C on  f i l t e r p a p e r  in  t h e  p re sence  of a m i n o  
n i t r o g e n  (3,000 m g  pe r  l i t re)  n o t  e v e n  a t r a c e  of r e d u c i n g  
s u g a r  is f o u n d  to  a c c u m u l a t e  a n d  cel lu lase  is c o m p l e t e l y  
a b s e n t .  

T h i s  c a n  be  e v e n  more  c o n v i n c i n g l y  d e m o n s t r a t e d  b y  
g rowing  t h e  o r g a n i s m  in a m i n i m a l  m e d i u m  w h i c h  
c o n t a i n s  cel lulose as  t h e  o n l y  source  of  c a r b o n  (see a lso 
WENT* a n d  RYAN et al.3). On s u c h  a m e d i u m  t h e  m o l d  
grows v e r y  well  a t  35°C whi le  o n l y  a m u c h  s lower  a n d  
poore r  g r o w t h  o b t a i n s  a t  25°C (see F igure) .  On t h e  o t h e r  
h a n d ,  w h e n  g lycero l  is p r e sen t ,  t h e  f ina l  y ie ld  of cell 

1 C. BENEDICT, J. Amer. Med. Assoc. 57, 1193 (1911). 
F. A. F. C. WENT, Jb. Wissensch. Bot. 36, 611 (1901). 

s F. J. RYAN, G. W. BEAr)I,E, and E. L. TATUM, Amer. J. Botany 
30, 784 (1943). 

m a t e r i a l  is a p p r o x i m a t e l y  4 -6  t i m e s  g r e a t e r  a t  25°C t h a n  
a t  35°C. 

"With Ch i l t on  a, e s sen t i a l ly  s imi l a r  r e su l t s  are  o b t a i n e d  
as w i t h  W 2/49 A. W i t h  A b b o t t  a, howeve r ,  t h e  s i t u a t i o n  
is r e v e r s e d ;  a sma l l  b u t  de f in i t e  a m o u n t  of g r o w t h  is 
o b t a i n e d  a t  25°C whi le  a l m o s t  no  g r o w t h  occurs  a t  35°C. 
(On m i n i m a l  m e d i u m  th i s  s t r a i n  grows well a t  35°C.) 

Comparison of N. crassa W 2/49 A grown for 4 days on minimal 
medimn containing only cellulose as the carbon source. Temperature 

of incubation: left, 35~C; right, 25°C. 

Discuss ion .  N .  crassa s t r a i n s  h a v e  a l w a y s  b e e n  
co l l ec ted  f rom t rop i ca l  or  s u b t r o p i c a l  a reas ,  f r e q u e n t l y  
f r o m  b u r n e d  t r ees  (SHEAR a n d  DODGE1; BEADLE a n d  
TATUM*). Dr .  B.  O. DODGE ( p r i v a t e  c o m m u n i c a t i o n )  
a lso h a s  e x p r e s s e d  t h e  o p i n i o n  t h a t  N .  crassa m a y  be  
c o n s i d e r e d  a t rop ica l  or  s u b t r o p i c a l  species.  I t  s eems  
poss ib le  t h a t  t h e  a b i l i t y  of c e r t a i n  s t r a i n s  to  e l a b o r a t e  
ce l lu lase  a t  h i g h e r  t e m p e r a t u r e  r a n g e s  is a d e t e r m i n i n g  
f a c t o r  in  t h e i r  a b i l i t y  to  occur  in  t h e  wi ld  s t a t e  in  t h e  
w a r m e r  c l i m a t e s  b u t  n o t  in  t h e  t e m p e r a t e  or  co ld  ones  
( a p a r t  f r om baker ies ,  etc.)  a n d  t h u s  a d i r e c t  e n z y m o -  
logical  e x p l a n a t i o n  can,  p e r h a p s ,  b e  g i v e n  for  t h e  
o c c u r r e n c e  of t h e  o r g a n i s m  in i t s  o w n  p a r t i c u l a r  eco-  
logical  n iche ,  be th i s  on a s t r a i n  or  species  level .  

A n o t h e r  f ac to r  wh ich  m a y  a f fec t  t h e  o r g a n i s m ' s  
d i s t r i b u t i o n  is t h a t  b o t h  W 2/49 A a n d  C h i l t o n  a, w h e n  
g r o w n  o n  cel lulose med ia ,  f o rm  ae r i a l  h y p h a e  a n d  la rge  
n u m b e r s  of co n i d i a  a t  35°C, whi le  a t  25°C a l m o s t  n o  
ae r ia l  m y c e l i u m  a n d  few c o n i d i a  a re  p r o d u c e d .  T h e  
A b b o t t ,  a s t r a in ,  howeve r ,  p r o d u c e s  ae r ia l  m y c e l i u m  a n d  
con id ia  a t  25°C. 

A more  de t a i l ed  e n z y m o l o g i c a l  a p p r o a c h  to  some  
p r o b l e m s  of eco logy  m a y  p r o v e  to  be  of use  e l sewhere .  

1 C. 1.. SHEAR and B. O. I)olmE, J. Agric. Res. 34, 1019 (1927). 
2 G. W. BFADLE and E. L. TAT('M, Amer. J. Botany 32, ~7~ 

(1.q.15). 
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A g iven  o rgan i sm,  a l t h o u g h  s h o w i n g  c e r t a i n  g r o w t h  
c h a r a c t e r i s t i c s  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  m a y ,  
u n d e r  n a t u r a l  cond i t i ons ,  be  l i m i t e d  to  t h e  e x p l o i t a t i o n  
of one de f in i t e  source  of a m e t a b o l i t e  ( the  i d e n t i t y  ot 
wh ich  m a y  be d i f f icu l t  to  e s t ab l i sh )  a n d  i ts  d i s t r i b u t i o n  
t h u s  m a y  be a f fec ted  b y  t he  t e m p e r a t u r e  c h a r a c t e r i s t i c s  
of a n  e n z y m e  or  e n z y m e s  i n v o l v e d  in  t h a t  p a r t i c u l a r  
r eac t ion .  
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Zusammen]assung 

Bei  Neurospora crassa W 2/49 A wi rd  e ine  e x t r a -  
zellul~ire, t e m p e r a t u r a b h / i n g i g e ,  a d a p t i v e  Zel lu lase  be-  
s ch r i eben ,  we lche  die A n h / i u f u n g  b e m e r k e n s w e r t e r  Men-  
gen  yon  Glukose  v e r u r s a c h t .  Es  w i rd  e in  m 6 g l i c h e r  Zu-  
s a m m e n h a n g  zwischen  de r  (3kologie des  O r g a n i s m u s  u n d  
des sen  FXhigke i t ,  b e d e u t e n d e  M e n g e n  des  E n z y m s  bei  
h 6 h e r e r  T e m p e r a t u r  zu b i lden ,  k u r z  d i s k u t i e r t .  
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Concerning the Free Amino Acids in Amphibian 
Development 

T h e  p a p e r - c h r o m a t o g r a p h i c  m e t h o d  h a s  b e e n  u sed  
b y  s eve ra l  a u t h o r s  to  i n v e s t i g a t e  t h e  c h a n g e s  of free 
a m i n o  ac ids  in  a m p h i b i a n  d e v e l o p m e n t .  LI  a n d  RO- 
BERTS 1 were  u n a b l e  t o  d e t e c t  a n y  free a m i n o  ac ids  in  
t h e i r  a lcohol ic  e x t r a c t s  of Rana pipiens eggs a n d  
c o n c l u d e d  t h a t  such  ac ids  ex i s t  in  d e t e c t a b l e  q u a n t i t y  
on ly  a t  l a t e r  s t ages .  O n  t h e  o t h e r  h a n d ,  HOL'rFRET~R, 
t(OSZALKA, a n d  MILLER ~, w h o  also w o r k e d  on  Rana 
pipiens, r e p o r t e d  t h e  occu rence  of a n u m b e r  of free 
a m i n o  ac ids  a n d  o t h e r  n i n h y d r i n - p o s i t i v e  s u b s t a n c e s  in 
t h e  a lcohol ic  e x t r a c t  of t h e  o v a r i a n  eggs. S ince  t h e  s a m e  
c o m p o u n d s  were  f o u n d  in l a r v a e  e x t r a c t s ,  t h e  l a t t e r  
a u t h o r s  s t a t e d :  " A s  fa r  as t h e  a m p h i b i a n  egg is con-  
ce rned ,  t h e  c h r o m a t o g r a m s  give  no  i n d i c a t i o n  t h a t  new  
a m i n o  ac ids  a p p e a r  a n d  o t h e r s  d i s a p p e a r  in  t h e  course  of 
e m b r y o n i c  a n d  l a r v a l  d e v e l o p m e n t . "  R e c e n t l y ,  in  con-  
n e c t i o n  w i t h  e x p e r i m e n t s  d e v o t e d  to  s t u d i e s  of p r o t e i n  
m e t a b o l i s m  in l e t h a l  h y b r i d s  a n d  in sex  h o r m o n e  t r e a t e d  
e m b r y o s ,  we h a v e  p e r f o r m e d  a ser ies  of p a p e r  c h r o m a t o -  
g r a m s  on  t h e  free a m i n o  acids  a t  v a r i o u s  d e v e l o p m e n t a l  
s t ages  of Triton palmatus a n d  Triton alpestris. O ur  
p r e l i m i n a r y  r e su l t s  h a v e  ted us to  conc lus ions  w h i c h  
di f fer  in  m a n y  r e spec t s  f r o m  t h o s e  r e a c h e d  b y  t h e  
p r ev ious  a u t h o r s .  

W e  used  on ly  5 eggs for e a c h  c h r o m a t o g r a p h i c  sepa-  
r a t i o n .  T h e  eggs, a f t e r  b e i n g  s t r i p p e d  of t h e i r  je l ly ,  were  
m a s h e d  in  a b o u t  0.2 c m  3 of 8 0 %  m e t h y l  a l coho l  in  a 

1 C. T. LI and E. ROBERTS, Science 110, 4~5 (1949). 
2 J. ]TIOLTFRETER, T. R. KOSZALKA, and L. L. MILLER, Exp. cell 

Res. 1, 453 (1950). 

sma l l  t e s t  t u b e  a n d  k e p t  in  a r e f r i g e r a t o r  f r o m  over -  
n i g h t  u p  to  s eve ra l  days .  T h e  a lcohol ic  e x t r a c t  t o g e t h e r  
w i t h  t h e  p r o t e i n  p r e c i p i t a t e s  was  t h e n  a p p l i e d  w i t h  a 
f ine  p i p e t t e  t o  a f i l t e r  p a p e r  s h e e t  (WHATMAN NO. 1) 
28 × 46 c m  in size. The  s t a r t i n g  s p o t  u sua l l y  h a d  a 
d i a m e t e r  of a b o u t  1 cm.  F o r  s e p a r a t i n g  d i f f e r en t  free 
a m i n o  ac ids ,  t h e  t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  was  
e m p l o y e d ,  f i r s t  a s c e n d i n g  in  70 % n - p r o p a n o l  a n d  t h e n  
d e s c e n d i n g  in w a t e r - s a t u r a t e d  pheno l .  T h e  s h e e t  was  
f ina l ly  d r i ed  a n d  s p r a y e d  w i t h  0 .1% a lcohol ic  so lu t i on  
of  n i n h y d r i n .  

I n  t h e  u n f e r t i l i z e d  eggs, t w o  free  a m i n o  acids  h a v e  
b e e n  iden t i f i ed ,  n a m e l y  a s p a r t i c  ac id  a n d  g l u t a m i c  acid.  
A t  b l a s t u l a  a n d  g a s t r u l a  s tages ,  in  a d d i t i o n  to  t h e s e  t w o  
a m i n o  acids ,  four  m o r e  n i n h y d r i n - p o s i t i v e  s u b s t a n c e s  
were  f o u n d .  I n  t h e  y o u n g  l a r v a e  (HARRISON'S s t a g e  
31--32), t w o  new  spo t s  h a v e  b e e n  recorded ,  one  of w h i c h  
h a s  b e e n  iden t i f i ed  as ser ine .  D u r i n g  l a t e r  d e v e l o p m e n t  
(HARRISON'S s t a g e  40--44), t h e  c h r o m a t o g r a m  s h o w e d  
four  a d d i t i o n a l  a m i n o  ac ids :  t h r e o n i n e ,  a l an ine ,  v a l i n e  
a n d  leucine .  
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A aspartic acid, G glutamic acid, S serine, T threonine, Al alanine, 
V valine, L leucine, P polypeptide complex, AI_ , not yet identified 

ninhydrin-positive substances. 

One  fac t  w h i c h  d e s e r v e s  spec ia l  m e n t i o n  is t h a t  in  
Triton alpestris a p o l y p e p t i d e  c o m p l e x  of h i g h  R] v a l u e s  
in  b o t h  d i r e c t i o n s  was  f o u n d  a t  al l  s t ages  o b s e r v e d .  T h e  
h y d r o l y s i s  of t h i s  p o t y p e p t i d e  c o m p l e x  w i t h  6 N HC1 a t  
105°C r e v e a l e d  t h a t  i t  cons i s t s  of a s p a r t i c  acid,  g l u t a m i c  
acid,  ser ine ,  g lyc ine ,  a l a n i n e ,  t y r o s i n e  a n d  a n o t h e r  ac id  
w h i c h  h a s  n o t  y e t  b e e n  iden t i f i ed .  

F u r t h e r m o r e ,  we h a v e  su f f i c i en t  e v i d e n c e  t o  be l i eve  
t h a t  t h e r e  is a c h a n g e  of free a m i n o  ac id  c o n c e n t r a t i o n  
in t h e  course  of e m b r y o n i c  a n d  l a r v a l  d e v e l o p m e n t .  
D u r i n g  n e u r u l a t i o n ,  i t  s eems  t h a t  t h e r e  is a r e d u c t i o n  of 
t h e  n u m b e r  a n d  t h e  q u a n t i t y  of a m i n o  acids .  On t h e  
o t h e r  h a n d ,  t h e r e  is a n  inc rease  of t h e  ac id  c o n t e n t  
d u r i n g  s e g m e n t a t i o n  a n d  d u r i n g  l a r v a l  d e v e l o p m e n t .  
F o r  e x a m p l e ,  a t  l e a s t  as f a r  as a s p a r t i c  ac id  a n d  g l u t a m i c  
ac id  are  c o n c e r n e d ,  t h e  spo t s  a p p e a r  to  be  l a rge r  in size 
a n d  m u c h  more  i n t e n s i v e  in  co lour  in  t h e  l a r v a e  t h a n  
those  o b s e r v e d  a t  ea r l i e r  s t ages .  

C o n s i d e r i n g  t h a t  d u r i n g  all  t h e s e  i n v e s t i g a t e d  s t ages  
t h e r e  was no  i n t a k e  of food a n d  t h e  e m b r y o s  were  s t i l l  
a c losed s y s t e m ,  t h i s  f ac t  is of spec ia l  i m p o r t a n c e .  I t  g ives  
us  a n  i n s i g h t  i n t o  t h e  c h e m i c a l  c h a n g e s  of  t h e  ce l lu la r  
c o m p o n e n t s  pa ra l l e l  t o  t h e  m o r p h o g e n e t i c  d e v e l o p m e n t .  

I n  s u m m a r y ,  t h e  r e s u l t s  of t h e  p r e s e n t  s t u d y ,  show 
t h a t  t h e  free a m i n o  ac ids  do  ex i s t  in  " d e t e c t a b l e  
q u a n t i t y "  e v e n  in  u n f e r t i l i z e d  eggs a n d  c a n  be  ch ro -  
m a t o g r a p h i c a l l y  s e p a r a t e d  b v  us ing  o n l y  5 eggs. I n  t h e  


