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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 .  

1 U. s. Public Health Service Research Fellow of the National 
Institutes of Health. 

Present address: ~74 Lyon Laboratory, Medical School, Univer- 
sity of Minnesota, Minneapolis 14, Minn. 

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  
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course  of e m b r y o n i c  and  la rva l  d e v e l o p m e n t ,  t he re  is a 
change  of t h e  acid  c o n c e n t r a t i o n  and  a p p e a r a n c e  of 
new a m i n o  acids.  A more  de t a i l ed  ana lys i s  of all n in-  
h y d r i n - p o s i t i v e  ma te r i a l s  is s t i l l  in progress  L 

We are indebted to Dr. ~LISABETH ~TUMM-ZOI.LIN(}I~:R for her 
valuable help and suggestions in the course of these experiments. 

P.  S. CHEN a n d  J. RICKENBAEHI,:R 

Zoologisch-vergleichend A natomisches Inst i tut  und A na- 
tomisches Inst i tut  der Universitiit Ziirich, 26. Oktober 1953. 

Zusammen /as sung  

"~Vir u n t e r s u c h t e n  K e i m e  v e r s c h i e d e n e r  A l t e r s s t ad i en  
yon  Triton palrnatus und  Tri ton alpestris mi t  Hilfe der  
P a p i e r c h r o m a t o g r a p h i e  auf  das  V o r k o m m e n  von  f re ien 
A m i n o s f m r e n  u n d  P o l y p e p t i d e n .  I m  Gegensa t z  zu a n d e r n  
A u t o r e n  f a n d e n  wi t  solche in allen S tad ien  in nachwei s -  
ba ren  K o n z e n t r a t i o n e n .  Ih re  Zahl und  Menge / indern  
sich im Lauf  der  E n t w i c k l u n g .  

Asparagins/~ure und  Glu tamins / iu re  k o m m e n  in j ede r  
A l t e r s s tu fe  vor.  Bei j u n g e n  L a r v e n  (HARRISON 31--32) 
k o n n t e n  wir  n e b e n  a n d e r n  N i n h y d r i n - p o s i t i v e n  Sub-  
s t a n z e n  auch  Serin nachwe i sen .  Bei ~tltern L a r v e n  
(HARRISON 40--44) t r e t e n  Th reon in ,  Alanin ,  Val in  u n d  
Leuz in  neu in E r s c h e i n u n g .  Bei Tri ton alpestris f anden  
wir  in allen u n t e r s u c h t e n  S t ad i en  e inen  P o l y p e p t i d -  
komplex ,  welcher  in be iden  v e r w e n d e t e n  L 6 s u n g s m i t t e l n  
eine hohe  W a n d e r u n g s g e s c h w i n d i g k e i t  aufwies .  E r  be-  
s t e h t  aus :  Asparag ins / iu re ,  Glu tamins / iu re ,  Serin,  
Glyzin,  Thyros in ,  Alan in  u n d  e iner  noch  n i ch t  ident i f i -  
z ie r ten  Aminos / iure .  

Mit  der  N e u r u l a t i o n  s che in t  eine A b n a h m e  yon  Zahl 
und  Menge der  f re ien Aminos / iu ren  und  der  P o l y p e p t i d e  
v e r b u n d e n  zu sein. F u r c h u n g  u n d  L a r v e n e n t w i c k l u n g  
s ind j edoch  d u t c h  eine Z u n a h m e  g e k e n n z e i c h n e t .  

1 After we sent our manuscript for publication the work of 
~(UTZKY, EAKIN,  BERO, a n d  KAVANAU ( J .  e x p .  Z o o l .  124,263 [1.q53]) 

was made known to us. "l hey worked on Rana pipiens and their 
results concerning the free amino acids are essentially similar to those 
mentioned in this paper. Since our experiment is still in progress, 
we refrain from giving a detailed discussion of the minor differences 
which might be inherent in the materials used in both experiments. 

spores  d i f fd renc i&s  d a n s  des  a sques  d6g4n&6s d o n t  le 
c y t o p t a s m e  f r agmen t6  es t  e n c o m b r 6  de g o u t t e l e t t e s  lipi- 
d iques  ais(~inent co lorab les  p a r  le bleu de Nil (voir f igures  
c i -dessous) .  
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Rosettes d'asqucs de Sordaria sp. photographides '20 jours aprbs 
l'inoculation. Fig. 1. Cnl ture  t( 'n ioin sur nli l iel i  optinial (17(I y). 

Photos J. C.ULi,,~Im 

Aux doses  de 1/5000 e t  1/10000, l ' ac t ion  de l ' ac ide  
bor ique  es t  plus s(~v&e et ,  /k l ' i n s t a r  d ' une  for te  ca rence  
en b io t ine ,  se t r a d u i t  pa r  une s t&il i t~  presque  to t a l e  des 
cu l tu res  d o n t  la c ro issance  v~g6tat ive  n ' e s t  pa r  a i l leurs  
m6me pas  ra len t ie ,  

L'acide bor ique ,  inhibi teur  de la dif f6renciat ion 
des  a s c o s p o r e s  chez  Sordarla 

Les cond i t i ons  phys io log iques  p r & i d a n t  ~ la diff6ren-  
e la t ion  des  ascospores  des c h a m p i g n o n s  A s c o m y c & e s  
s o n t  encore  maI  connues  1. 

BARNETT e t  LILLY = o n t  d6mon t r6  te r6te d d t e r m i n a n t  
jou~ pa r  la b io t ine  dans  la d i f f6 renc ia t ion  des ascospores  
de Sordaria [imicola. En  pr6sence  de doses  m i n i m a  de bio- 
t ine  (0,8 y pa r  l i tre),  c o m p a t i b l e s  avec  la seule cro issance  
v6g6ta t ive  du c h a m p i g n o n ,  ces au t eu r s  on t  observ6 un 
a v o r t e m e n t  p re sque  c o m p l e t  des asques  e t  des  ascospores .  

E n  c u l t i v a n t  Sordaria sp. (esp&e h o m o t h a l l i q u e  
isol6 d ' u n  sol de v ignoble  vaudois)  sur  mil ieu op t ima l  a 
add i t i onn6  de 1/20000 d ' a c ide  bor ique ,  nous  avons  eu 
la su rpr i se  d ' o b t e n i r  des  f igures  d ' a v o r t e m e n t  des  a sques  
e t  des  ascospores  r a p p e t a n t  de  man ib re  f r a p p a n t e  celles 
p u b t i & s  pa r  BARNETT e t  LILLY: m~me absence  d ' a sco -  

1 V. G. LILLY et H. L. BARNETT, Physiology o i theFungi (.Xlc(;raw 
Hill, 1951). 

2 H. L. BARNETT et V. G. LILLY, Amer. J. Botany a4, 19t3 (19,17). 
a MgSO 4 7 H20, 0,5 g; KH2PO4, 1,0 g; extrait de levure Difco, 

4,0 g; glucose 20,0 g; amidon soluble ~0,0 g; agar 15,0 g; eau distill&, 
1 litre. 
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Fig. '2. Culture sur le nl~me niilieu additionn6 de 1]20~10o d'acide 
borique (eoutraste de phase, 170 ,< ). 

On peu t  se d e m a n d e r  si ce cu r i eu x  p h 6 n o m b n e  de 
c o n v e r g e n c e  m o r p h o - p a t h o l o g i q u e  ne t r a h i t  pas  une  
in te r f6 rence  de l ' ac ide  bor ique  avec  l ' u t i l i s a t ion  de la 
b io t ine  1 au cours  des p rocessus  sexuels  de Sordaria. 

G+ TURIAN 

Ins l i tu t  de botaniq~te g&&ale ,  Universitd de Gen&e, et 
Station /dddrale d'essais agricoles, Lausanne,  le 22 dd- 
cembre t95,3. 

S u m m a r y  

Sordaria sp. ,  when  g rown  on a g l u c o s e - s t a r c h - y e a s t  
e x t r a c t  m e d i u m  wi th  1/20 000 boric  acid,  p r o d u c e d  on ly  
ab o r t i v e  or a b n o r m a l  asci w i t h o u t  d i f f e r e n t i a t e d  asco- 
spores• 

I Sordaria sp, est hdt('rotrophe pour la biotine. 


