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b u n g  °) o h n e  j eg l i che  V e r f ~ r b u n g  dar .  B e i  de r  B i l d u n g  
dieser  S~ture h a n d e l t  es s ich  u m  Line R i n g e r w e i t e r u n g ,  
wofi ir  in de r  L i t e r a t u r  1 s c h o n  e in ige  Beisp ie le  vor l i egen .  

Ff i r  die R i n g e r w e i t e r u n g  s p r a c h e n  die Z i n k s t a u b -  u n d  
N a t r o n k a l k - D e s t i l l a t i o n  de r  SAure iv,  die i m m e r  e rheb -  
f iche M e n g e n  I n d o l d e r i v a t e  l i e fe r t en ,  die d u r c h  s t a r k e  
F i c h t e n s p a n -  u n d  p o s i t i v e  E h r l i c h s c h e  R e a k t i o n  e r k a n n t  
w u r d e n .  D a n e b e n  e n t s t a n d  s u c h  C h i n a l d i n ;  w e i t e r  
k 6 n n e n  die f o l g e n d e n  B e f u n d e  n u r  au s  de r  K o n s t i t u t i o n  
IV g e d e u t e t  we rden .  

W i r d  IV m i t  D i a z o m e t h a n  b e h a n d e l t ,  so erh~ilt  m a n  
" die V e r b i n d u n g  Cx~H10OaNs, de r  die K o n s t i t u t i o n  v e ines  

s p i r a n a r t i g  v e r k n f i p f t e n  P y r a z o l i n s  m i t  e i n e m  I n d o l i n  
z u k o m m e n  muss .  W i r d  d iese r  T r i ca rbons~ iu ree s t e r  v i m  
H o c h v a k u u m  des t i l l i e r t ,  so e rhAl t  m a n  n a c h  h e f t i g e r  
G a s e n t w i c k l u n g  e in  O1, .das wi r  zu r  K r i s t a l l i s a t i o n  ge- 
b r a c h t  h a b e n .  Diese  V e r b i n d u n g  v o m  Smp ,  87 ° besass  
die Z u s a m m e n s e t z u n g  ClCH1706N u n d  s t e l l t  d en  de r  
T r i c a r b o n s A u r e  IV e n t s p r e c h e n d e n  T r i m e t h y l e s t e r  v i i  
dar .  De r  Beweis  h ier f f i r  i s t  d i e  T a t s a c h e ,  dass  die Ver -  
b i n d u n g  v i i  b e i m  V e r s e t z e n  m i t  C H , N ,  in  q u a n t i t a t i v e r  
A u s b e u t e  w iede r  die S u b s t a n z  v l iefer t .  

B e i . d e r  D e s t i l l a t i o n  y o n  v e n t s t e h t  n e b e n  d e m  E s t e r  
v i i  n o c h  e in  (~1, de r  Z u s a m m e n s e t z u n g  C17H19OsN. F i i r  
d iesen  K 6 r p e r  s c h l a g e n  wir  die F o r m e l n  v i i i  bzw.  IX m i t  
V o r b e h a l t  vor ,  wei l  n u r  aus  i h n e n  die T a t s a c h e  i n t e r -  
p r e t i e r b a r  ist ,  dass  das  {)1 nact~ V e r s e i f u n g  m i t  HC1 u n d  
a n s c h l i e s s e n d e r  N a t r o n k a l k d e s t i l l a t i o n  aussch l i e s s l i ch  
2, 3 - D i m e t h y l c h i n o l i n  XlI l iefer t .  E i n e  V e r b i n d u n g ,  n a c h  
III f o r m u l i e r t ,  w i r d  e i n e m  s o l c h e n  R e a k t i o n s v e r h a l t e n  
n i c h t  ge rech t .  Die  B i l d u n g  de r  P r o d u k t e  de r  t h e r m i s c h e n  
Z e r s e t z u n g  v o n  v i m  H o c h v a k u u m  h a b e n  e ine  wei t -  
g e h e n d e  X h n l i c h k e i t  m i t  d e n  in  de r  L i t e r a t u r  z be sch r i e -  
b e n e n  R e a k t i o n e n  y o n  a - M e t h y l z i m t s / i u r e  u n d  Diazo-  
m e t h a n .  

Ff i r  das  V o r l i e g e n  Liner  o - A m i n o z i m t s ~ u r e s t r u k t u r  
gem/iss  I V  bzw.  v i i  s p r a c h e n  s u c h  U V . - s p e k t r o s k o p i s e h e  
B e o b a c h t u n g e n ,  die a n  a n d e r e r  Ste l le  n~iher er l~iuter t  
we rden .  

Die  s a u r e  H y d r o l y s e  y o n  v i i  e r g a b  n a c h  B e h a n d l u n g  
des  H y d r o l y s a t s  m i t  C H , N  2 Ch ina ld in -4 -ca rbons~ iu re -  
m e t h y l e s t e r  x.  U b e r r a s c h e n d e r w e i s e  e n t s t e h t  d ieser  
KOrper  n i c h t  f iber  die C h i n a l d i n - 4 , 8 - d i c a r b o n s ~ i u r e  vI,  
die bei  de r  H y d r o l y s e  u n t e r  den  g le i chen  ]3ed ingungen  
v611ig u n v e r ~ n d e r t  b l e ib t .  E s  k a n n  also die d e m  E s t e r  x 
e n t s p r e c h e n d e  S/iure n i c h t  aus  de r  C h i n o l i n s t r u k t u r  vI  
h e r v o r g e g a n g e n  sein.  E i n i g e  we i t e r e  N e b e n b e f u n d e  
wol l en  w i r  in  de r  d e m n / i c h s t  e r s c h e i n e n d e n  aus f i ih r -  
l i chen  A r b e i t  n ~ h e r  b e h a n d e l n .  

E i n  w i c h t i g e r  ]3efund  ffir das  Vor l i egen  e ines  I n d o l -  
d e r i v a t e s  in  IV u n d  v i i  k o n n t e  w e i t e r  d u r c h  die Ozoni-  
s i e rung  des  k r i s t a l l i s i e r t e n  T r i m e t h y l e s t e r s  v i i  e r b r a c h t  
w e r d e n  ; m a n  e r h i e l t  h i e r b e i  I s a t i n - 7 - c a r b o n s ~ u r e m e t h y l -  
e s t e r  xI .  W e n n  f iber  die d u r c h l a u f e n e n  S t u f e n  bis  zu r  
I s a t i n b i l d u n g  n i c h t s  G e n a u e s  g e s a g t  w e r d e n  k a n n ,  so 
h a l t e n  wir  die B i l d u n g  y o n  x I  d o c h  ffir s t r u k t u r b e w e i -  
send.  E i n e  we i t e r e  S t i i t ze  ffir u n s e r e  F o r m u i i e r u n g  s t e l l t  
die P h o t o d i m e r i s a t i o n  des  E s t e r s  v i i  dar .  Be i  de r  Be-  
s t r a h l u n g  des E s t e r s  v i i  m i t  U V . - L i c h t  fiil l t  e in  k r i s t a l l i -  
s i e r t e r  K 6 r p e r  de r  Z u s a m m e n s e t z u n g  Cs~Hz,O,,N, (Smp.  
232 °) an,  de r  i m  H o c h v a k u u m  n i c h t  m e h r  f l i i ch t ig  ist.  
I n  Ana log i e  zu d e n  B e s t r a h l u n g s p r o d u k t e n  de r  t r a n s -  
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Zimts~iure is t  das  D i m e r i s a t  v o r a u s s i c h t l i c h  e in  Cyclo-  
b u t a n d e r i v a t  x m  m i t  a - T r u x i l l s / i u r e s t r u k t u r .  

Alle aus  de r  T r i c a r b o n s / i u r e  IV d u r c h  die v e r s c h i e d e n -  
s t e n  R e a k t i o n e n  e r h a l t e n e n  C h i n o l i n d e r i v a t e  m 6 c h t e n  
wir  n a c h  d iesen  B e f u n d e n  als A r t e f a k t e  a n s e h e n .  

Herrn Dr. OTTO SVtER.~K ln~Jchte ich f/ir seine Mitarbeit bestens 
danken. 

K.  EITER 

I I .  Chemisches Laboratorium der Universitdt Wien, den 
6. Januar 1955L 

Summary.  

U s i n g  series of d i f f e ren t  r e a c t i o n s  i t  h a s  b e e n  poss ib le  
to  d e m o n s t r a t e  t h a t  t he  t r i c a r b o x y l i c  ac id  a r i s i n g  f r o m  
a n t h r a n i l i c  acid a n d  p y r u v i c  ac id  h a s  n o t  t h e  c o n s t i t u -  
t i o n  i b u t  is co r rec t ly  r e p r e s e n t e d  b y  IV. S e v e r a l  d e r i v a -  
t i v e s  of t h i s  t r i c a r b o x y l i c  ac id  were  s h o w n  to  h a v e  
f o r m u l a e  t h a t  are  in  s h a r p  c o n t r a s t  to  t h o s e  f o u n d  in  
l i t e r a t u r e .  

1 Eine ausffihrliche, aber mit vorliegender Mitteilung inhaltlich 
identische Arbcit ging dcr Redaktion bereits am 21. Oktober 1954 zu. 

M o r p h o g e n e t i c  E f f e c t s  of  Centr i fuga t ion  o n  t h e  

I so la t ed  E c t o d e r m  and Whole  E m b r y o  

o f  S o m e  A n u r a n s  1 

I n  c e r t a i n  a m p h i b i a n s ,  a s e c o n d a r y  t a i l  is f o r m e d  
w h e n  t h e  e m b r y o s  are s u b j e c t e d  to  c e n t r i f u g a t i o n  *. 
R e c e n t l y  PASTEELS s r e p o r t e d  t h a t  in some  spec ies  t h e  
s e c o n d a r y  t a i l  was  p r o d u c e d  a t  h igh  f r e q u e n c y  o n l y  
w h e n  l a t e  b l a s t u l a e  or ea r ly  ga s t ru l ae  were  c e n t r i f u g e d  
u n d e r  p r o p e r  cond i t i ons .  The  s e c o n d a r y  t a i l  t h u s  f o r m e d  
c o n t a i n e d  s p i n o - c a u d a l  s t r uc tu r e s ,  such  as n o t o c h o r d ,  
m y o t o m e  a n d  s p i n a l  cord,  a n d  was o f t en  c o m p l e t e l y  
s e p a r a t e d  f r o m  t h e  p r i m a r y  axis.  F u r t h e r m o r e  PASTEELS 
i so l a t ed  t h e  e c t o d e r m ,  w h i c h  was  fo lded  d u r i n g  t h e  
c e n t r i f u g a t i o n  of whole  embryos ,  a n d  c u l t u r e d  i t  in 
vitro or t r a n s p l a n t e d  i t  to  a n o t h e r  e m b r y o ,  l~esu l t s  were  
p r e s e n t e d  w h i c h  i n d i c a t e d  t h e  d i f f e r e n t i a t i o n  of sp ino-  
c a u d a l  a n d  o t h e r  ax ia l  s t r u c t u r e s  f r o m  t h i s  e c t o d e r m a l  
piece.  F r o m  t h e s e  e x p e r i m e n t s ,  he  s u g g e s t e d  t h a t  t h e  
c e n t r i f u g a t i o n  can  d i r ec t ly  a f fec t  t h e  p r e s u m p t i v e  
e c t o d e r m  a n d  i n i t i a t e  t h e  ax ia l  d i f f e r e n t i a t i o n  in  i t  a. 
I n  o r d e r  to  e s t a b l i s h  such  a poss ib i l i ty ,  i t  s e e m s  neces-  
s a r y  to  m a k e  a n  e x p e r i m e n t ,  in w h i c h  t h e  p r e s u m p t i v e  
e c t o d e r m  is p r e v i o u s l y  i so l a t ed  a n d  t h e n  c e n t r i f u g e d .  
Such  e x p e r i m e n t s ,  ca r r i ed  ou t  on  t h e  e m b r y o s  of Bu/o 
vulgaris, Rana iaponica a n d  R.  nigromaculata are  
r e p o r t e d  in t h i s  p a p e r  w i t h  some  o t h e r  r e l a t e d  expe r i -  
m e n t s .  

I Supportcd by a grant from the Rockefeller Foundation, the 
Scientific Research Found of tile Ministry of Education, and the 
Asahi Grant for Scientific Research. 
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I.-The Conditions o/ Centri[ugation Necessary /or 
Obtaining the Secondary Tail in the Whole Embryo. Some  
p r e l i m i n a r y  e x p e r i m e n t s  were r u n  in o rde r  to  d e t e r m i n e  
t he  s tage  a n d  c e n t r i f u g a l  force o p t i m a l  for  o b t a i n i n g  
s e c o n d a r y  s t r u c t u r e s  b y  c e n t r i f u g a t i o n .  T h e  t e m p e r a -  
t u r e  a t  t h e  t i m e  of c e n t r i f u g a t i o n  was  chosen  a c c o r d i n g  
to  t h a t  of t he  b r e e d i n g  season  of e ach  species  used :  
5°C for  Rana japonica, 10°C for Bu/o vulgaris, 20°C for  
Rana nigromaculata. T h e  o p t i m a l  c e n t r i f u g a l  force was 
f o u n d  to  be  b e t w e e n  350 a n d  400 g for  Bu,[o vulgaris, 
a n d  b e t w e e n  500 a n d  800 g for  Rana :aponica a n d  R. 
nigromaculata for  d u r a t i o n  of 5 rain.  

Of al l  fac tors ,  t h e  s t age  of c e n t r i f u g a t i o n  seems  to  be  
m o s t  i m p o r t a n t .  T h e  t y p e  of a b n o r m a l i t y  a n d  s i te  of 
s e c o n d a r y  ax i s  v a r i e d  a c c o r d i n g  to  t h e  s t age  of c en t r i -  
f u g a t i o n .  On c e n t r i f u g i n g  a t  t h e  ea r l i e s t  s t age  of g a s t r u -  
l a t ion ,  i.e. a t  t h e  t i m e  of a p p e a r a n c e  of p i g m e n t  in t h e  
f u t u r e  b l a s t o p o r a l  a rea ,  wel l  d e v e l o p e d  s e c o n d a r y  ta i l s  
were  o f t en  f o r m e d  f rom t h e  m e d i o - v e n t r a l  r eg ion  of t h e  

t h e  f r e q u e n c y  of d o u b l e - t a i l e d  e m b r y o s  was  be low 30 % 
a n d  t h e  d i f f e r e n t i a t i o n  of t h e  accesso ry  t i s sues  was  n o t  
well  a d v a n c e d  as in  o t h e r  species.  I n  genera l ,  t h e  r e su l t s  
of t h i s  ser ies  of e x p e r i m e n t s  c o n f i r m e d  t h e  a b o v e  c i t ed  
d a t a  of PASTEELS. 

Fig. 3.-A secondary tait produced by centrifugation of whole embryo 
of Bu/o wdgaris. A large notochord with myotome, spinal cord, and 

pronephros (about 4(t x ). 

Fig. l .-A secondary tail produced by centrifugation of whole embryo 
of Rana iaponica, located mealie-ventrally in the trunk. Notochord, 
myotome, spinal cord, pronephros and mesenchyme are visible 

{about 40 × ). 

iI.-Centri/ugation o/ the Isolated Ectoderm, T h e  
p r e s u m p t i v e  e c t o d e r m  was i so l a t ed  f rom t h e  l a t e s t  
b l a s t u l a  i m m e d i a t e l y  before  t h e  a p p e a r a n c e  of t h e  
p i g m e n t e d  spo t  a t  t h e  p o s i t i o n  of t h e  f u t u r e  b l a s t o p o r e .  
Two i so l a t ed  pieces  were  fused  w i t h  t h e i r  i n n e r  sur faces  
f ac ing  each  o the r .  O p e r a t i o n ,  c e n t r i f u g a t i o n  a n d  c u l t u r e  
were  done  in  HOLTFRETER s o l u t i o n  b u f f e r e d  a t  p H  7.0. 
T h e  e x p l a n t s  t h u s  o b t a i n e d  were  p l aced  in  a sea led  t u b e  
a n d  c e n t r i f u g e d  u n d e r  s te r i l e  co n d i t i o n s .  As con t ro l ,  
i n t a c t  e m b r y o s  f r o m  t h e  s a m e  b a t c h  a n d  of  t h e  s a m e  
s t age  were  c e n t r i f u g e d  s i m u l t a n e o u s l y  w i t h  t h e  e x p l a n t s .  

e m b r y o .  C e n t r i f u g a t i o n  a t  a l i t t l e  ear l ie r  or  l a t e r  s t age  
gave  r ise to  s e c o n d a r y  s t r u c t u r e s  l oca t ed  in t h e  b e a d  
region.  On c e n t r i f u g i n g  s t i l l  ear l ier ,  or  s t i l l  l a te r ,  o n l y  
h e a d  m a l f o r m a t i o n s  were  o b t a i n e d  b u t  n o  s e c o n d a r y  
tai ls .  VChen e m b r y o s  were  c e n t r i f u g e d  st i l l  l a te r ,  i.e. 
s h o r t l y  a f t e r  t h e  b e g i n n i n g  of a c t u a l  i n v a g i n a t i o n ,  
n e i t h e r  s e c o n d a r y  t a i l  n o r  h e a d  m a l f o r m a t i o n  could  be  
p r o d u c e d ,  a n d  t h e  s u b s e q u e n t  d e v e l o p m e n t  of t h e  
e m b r y o  was  c o m p l e t e l y  n o r m a l .  T h u s  i t  is o b v i o u s  t h a t  

Fig. '2. CcntrifugcdcctodcnnMexplant of Rana japonica. Differctttia- 
tion of epidermal cells (about 50 x). 

t h e  r e a c t i v i t y  of t h e  e m b r y o  to  f o r m  s u p e r n u m e r a r y  
s t r u c t u r e s  u n d e r  c e n t r i f u g a t i o n  is s t r i c t l y  l i m i t e d  to  a 
s h o r t  pe r iod  of f r o m  one  to  two  h o u r s  d u r a t i o n .  I n  t h e  
e m b r y o  of Rana ~aponica a n d  Bu/o vulgaris, a welt-  
de f ined  s e c o n d a r y  axis  cou ld  be o b t a i n e d  in s o m e  in-  
s t a n c e s  a t  t he  f r e q u e n c y  of 100 %. A c c o r d i n g  to  h i s to log i -  
cal e x a m i n a t i o n s ,  t h e  m a j o r i t y  of t h e  s e c o n d a r y  axis  
c o n t a i n e d  s p i n e - c a u d a l  s t r u c t u r e s ,  s u c h  as  n o t o c h o r d ,  
l n y o t o m e ,  a n d  s p i n a l  cord.  S o m e  of t he se  were  p e r f e c t l y  
s e p a r a t e d  f r o m  t h e  p r i m a r y  axis.  In  Rana nigromaculata, 

Fig. 4.-Centrifuged ectodermal explant of Bu/o vutgaris. Epidermal 
cells and sucker cells (about 40 x }. 

T h e  c o n d i t i o n s  e s t a b l i s h e d  in  ser ies  I were fo l lowed as 
s t r i c t l y  as  poss ib le .  I t  was  o b s e r v e d  t h a t  t h e  e x p l a n t s  
were  r e m a r k a b l y  f l a t t e n e d  b y  c e n t r i f u g a l  force,  b u t  
were  n e v e r  fo lded  as in  t h e  case of t h e  whole  e m b r y o  
(set; above) .  T h e  e x p l a n t s  were  c u l t u r e d  for  f r o m  7 to  
9 d a y s  a t  20°C a n d  s t u d i e d  in  sec t ions .  As s h o w n  in 
T a b l e  I ,  t h e  c e n t r i f u g e d ,  i s o l a t e d  e c t o d e r m  of Bu/o 
vulgar.is a n d  Rana ~aponica d i f f e r e n t i a t e d  t h e  e p i d e r m i s  
a n d  o cca s i o n a l l y  t h e  s u c k e r  cells, b u t  i t  d id  n o t  show 
a n y  m e s o d e r m a l  or n e u r a l  d i f f e r e n t i a t i o n  a n d  cou ld  n o t  
be  d i s t i n g u i s h e d  f r o m  t h e  u n t r e a t e d  e c t o d e r m a l  e x p l a n t s  
e i t h e r  b y  h i s to log ica l  or  e x t e r n a l  o b s e r v a t i o n s .  T h a t  t h e  
i so la t e  of t h e  p r e s u m p t i v e  e c t o d e r m  of a n u r a n  g a s t r u l a  
d i f f e r e n t i a t e s  s u c k e r  celIs was  wel l  e s t a b l i s h e d  b y  ea r l i e r  
e x p e r i m e n t s  1. T h e  c e n t r i f u g e d  whole  e m b r y o s  of the  

1 T. "~'AXtADA, J. Factd. Sci., Tokyo Imp. Univ. 3, 239 (1933}. - 
J. t~OLTFRETER, ROUX' Arch. 129, 669 (1933).-T. YA-'~.4.DA, J. Facul. 
SeL, Tokyo hnp. Univ. 5, iaa (1938). - 1.. RAUNIC~, Monitore 
Zool. Ital. 8, 11 {1942). 
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Table /,-Effects of centrifugation of isolated ectoderm and whole embryo 

193 

Species 

Bulo 
vulgaris 

R a~n ( ,  

japonica 

Batch 

A-1 
B-1 
B-2 
C-1 
C-2 

A-1 
A-2 
B-1 
C-1 
C-2 

Stage* 

II 
II  
I 
I 
I 

ICentrifugal 
force** 

g 

40O 
35O 
50O 
35O 

1800 

5O0 
800 
8OO 
8OO 
5OO 

Centrifuged explant 

Usable 
cases 

49 

36 

Centrifuged whole embryo 

Neural 
o r  n l e s O -  

dermal 
tissues 

Usable Secondary Head real- 
cases tail formation 

22 19 1 
21 17 2 
18 t2 4 
22 12 3 

83 60 10 

3O 9 12 
25 7 12 
27 1 0 
41 11 11 
38 2 3 

162 30 38 

S u b -  
n o r m a l  

2 
2 
2 
5 

11 

7 
4 
4 

10 
23 

48 

Normal 

0 
0 
0 
2 

2 
2 

22 
9 

10 

45 

* Stage 0: The latest blastula immediately before the onset of gastrulation. Stage I: The earliest gastrula at the moment of ap- 
pearance of the pigmented spot in the blastoporal region. Stage lI: The succeeding stage with the small pigmented patch. 

** The length of time of centrifugation is 5 rain respectively. 

c o n t r o l  series d i f f e r e n t i a t e d  the  s e c o n d a r y  axis  a t  a 
f r e q u e n c y  h igher  in Bu/o vulgaris (60 ou t  of 83 cases) 
t h a n  in Rana japonica (30 ou t  of 161 cases).  In  Rana 
nigromaculata (da ta  no t  s h o w n  in t h e  table) ,  t he  i so la ted  
e c t o d e r m  was  cen t r i f uged  at  250 to  2000 g. Di f fe ren t ia -  
t i on  of ep ide rmi s  and  sucker  cells b u t  no o t h e r  t i ssue  was 
o b s e r v e d  in 105 t h u s  t r e a t e d  exp l an t s .  H o w e v e r ,  as 
the  f r e q u e n c y  of t he  s e c o n d a r y  axis  f o r m a t i o n  in t he  
s i m u l t a n e o u s i y  cen t r i f uged  whole  e m b r y o  of t he  con t ro l  
series was  ve ry  low, t h i s  nega t i ve  resu l t  was  n o t  as 
conv inc ing  as t hose  of e x p e r i m e n t s  on Bu]o vulgaris a n d  
Rana japonica. 

Tile resu l t s  of series I I  cons ide red  toge the r ,  do n o t  
s u p p o r t  t he  idea  of d i r ec t  a c t i v a t i o n  of t he  p r e s u m p t i v e  
e c t o d e r m  by  t h e  cen t r i fuga l  force, p rev ious ly  m e n t i o n e d .  

III.-Subcytolylic Treatment of the Presumptive Ecto- 
derm, A close s imi l a r i t y  of t he  basic  m e c h a n i s m  of t h e  
s u b c y t o l y t i c  n e u t r a l i z a t i on  of t he  e c t o d e r m  isolate  and  
t h a t  of t he  s e c o n d a r y  axis  f o r m a t i o n  by  cen t r i f uga t i on  
was sugges t ed  by  PAGTEELG 1. Howeve r ,  the  pub l i shed  

1 j .  PASTEELS, Expcr. 3, 30 and 73 (1947); J. Cyto-embryol. 
belgomeerland. Gand 88 (1949); J. Embryol. exp. Morph. l, 5 and 
1"25 (1953). 

expe r imen t s~  of subcy to ly t i c  neura l i za t ion  were  l imi ted  
to  Triturus, which  is known  to  be n o n - r e a c t i v e  t o w a r d  
cen t r i fuga t ion .  F u r t h e r m o r e ,  th is  s u b c y t o l y t i c  t r e a t -  
m e n t  was  found  to  lead to  the  fo rma t ion  of u n o r g a n i z e d  
neu ra l  t i ssue  a n d  a rehencepha l ic  s t r u c t u r e s  such  as 
bra in ,  eye, nose and  m e s e n c h y m e ,  bu t  no t  to  t he  f o r ma -  
t ion  of sp ino-eauda l  s t ruc tu res  such as no toco rd ,  somi tes ,  
a n d  sp ina l  cord,  which  are e n c o u n t e r e d  in our  s e c o n d a r y  
axis% F o r  th i s  reason,  i t  is wor th -whi l e  to  i n v e s t i g a t e  
t he  m o r p h o g e n e t i c  ef fect  of subcy to ly t i c  s t i m u l u s  on  t h e  
e c t o d e r m  of the  amph ib i ans ,  whose e m b r y o s  are  k n o w n  
to  reac t  to  cen t r i fuga t ion .  

The  p r e s u m p t i v e  e c t o d e r m  of ear ly  g a s t r u l a  of Rana 
nigromaculata was isola ted  and  exposed  to  a so lu t ion  of 
a m m o n i a  ( p i t  12-0). Out  of 41 aggrega tes  t h u s  o b t a i n e d ,  
16 d i f f e r e n t i a t e d  the  m e s e n c h y m e  and neura l  t issue,  The  
o t h e r  s t r u c t u r e s  d i f f e ren t i a t ed  were ep ide rmi s  a n d  
sucker  cells, bo th  of which occurred  also in t he  con t ro l  

1 j .  HOLTVRETER, J. exp. Zool. 9s, 161 (1945). - T. YAMAr)A, Biol. 
Bull. 98, 98 (1950 a). 

By subcytolytic treatment, myotomes and notoehord were 
obtained in the isolate from the ventral marginal zone of Triturus- 
gastrula, which without tile treatment differentiated the blood 
island, mesothelium and pronephrie tubules (YAMADA, 1950a). 

Table//.-Histological observation of abnormality of Bufo vulgaris caused by centrifugation (cultured for 6 days at 20°C) 

Batch 

A-1 
B-1 
B-2 
C-1 

Abnormality of 
Centri- primary axis 
fuged Usable , ~ "~ ~d ~ ~ ; 

embryo cases S~ ~ ' ~  ~ " ' ~  ~ ~ ~ = ° ' ~  -~ ~ '~ ~ .~ "~ 

= S  g0 

24 
26 
30 
25 

22 
21 
18 
22 

83 

3 
8 

10 
7 

28 105 

Otic 
vesicle Brain 

24 

Histological constitution of secondary axis 

Neural 
tube 

13 
8 
9 
8 

38 

Noto o 
chord 

3 13 1 
7 8 1 
7 9 0 
8 9 1 

25 39 3 

Myo- Prone- Mesen- 
tome phros ehyme 

19 
15 
12 
11 

57 

Blood Fin Sucker 
cells 

4 4 1 1 
5 1 1 

10 3 2 
4 2 1 

23 10 5 

Gut 

11 

Exper. 18 
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series. In another  series ~, the presumptive ectoderm of 
early gastrula of Rana pipiens was isolated and t reated 
with 0.2 M borate buffer at pFI 9.3 for 6-12 min. One 
hundred and sixty-six isolates thus t rea ted  were allowed 
to reaggregate into 20 larger explants,  and cul tured at  
18°C tor 4 to 8 days. Eighteen pieces of such aggregates 
could be studied in sections, and 23 neural  s tructures 
were recognized, of which 7 were classified into the 
brain-type and 2 into the nose-type2, while others were 
unorganized neural  fragments.  AtI aggregates contained 
extensive groups of sucker ceils as well as epidermis and 
neural cells. Wi thout  close compara t ive  study, the large 
vacuoles of sucker cells could have been mistaken for 
notochord vacuoles. 

The results of this series do not support  the assump- 
tion tha t  the secondary axial system in question is 
caused by a mechanism similar to subcytolyt ic  st imula- 
tion of the isolated ectoderm, by showing tha t  the la t te r  
causes only archencephalic type or unorganized neurM 
differentiation, and not the spino-caudal type encoun- 
tered in the secondary axis produced by centrifugation. 

The data  presented here seem to throw doubt  on the 
assumption tha t  a simple, direct ac t ivat ion of individual  
cells of the presumptive epidermis by centr ifugation is 
the cause of the formation of a secondary axis. However,  
the possibilities are not  excluded tha t  the centrifugal 
force affects the presumpt ive  ec toderm directly when it 
is within t h e w h o l e  intact  embryo,  perhaps by changing 
its relat ionship with  other components  of the embryo.  

S. KARASAKI and T. YAMADA 

Biological Institute, Faculty o] Science, Nagoya Uni- 
versity, Nagoya, Japan, November 75, 1954. 

Zusammen/assung 

Zentrifugierung der Froschkeime gerade vor oder am 
ersten Anfang der Gastrulat ion bringt bekanntl ich ein 
sekundlires axiales System an der ventralen oder latera- 
len Flanke der Embryonen  hervor.  U m  die Annahme zu 
priifen, dass diese spino-kaudalen Gebilde aus dem 
pr~sumptiven Ek tode rm dutch eine direkte Wirkung der 
Zentrifugierung hervorgehen,  wurde isoliertes, pr~sump- 
fives Ek tode rm unter  den genau kontrol l ier ten t3edin- 
gungen zentrifugiert  und  geziichtet. Die Isolate differen- 
zierten Epidermis und Haftdriisenzellen, aber kein 
axiales Gewebe. Subzytolyt ische t3ehandlung des isolier- 
ten, pr~Lsumptiven Ektoderms  der jungen Gastrulae 
brachte unorganisierte Neuralgewebe oder archen- 
kephale Gebilde, aber kein spino-kaudales Gewebe 
hervor. Also gaben die beiden Versuchsreihen keine 
Unters t i i tzung fiir die oben genannte Annahme.  

1 The experiment was performed at the Institute for Cancer 
Research and Lankenau Hospital Research Institute in Philadelphia, 
by one ol the writers, YA~ADA, when he was there as a guest in- 
vestigator. He expresses his sincere thanks to Dr. R. BRINGS and 
other members of the Institute for their kind help. 

2 T. YA~aADA, l?mbryologia 1, 1 (1950b). 

On Phosphorylat ion in Brain Tissue  in the Chick 

Exper iments  in the l i terature relate Ps~ exchange in 
tissue to the biosynthesis of adenosine tr iphosphate,  a 
recent report  by KR~SS ~ presents an approach which 
differs from those previously employed. In his experi- 
ments use is made of sufficiently large quanti t ies of 
adenosinetr iphosphate and inorganic phosphate as a 
carrier for the label tha t  any fate of the isotope beyond 
tha t  of its exchange with  the adenosine phosphates is 
negligible in the dilute enzyme system employed. In  
addition, the organic phosphates are separated by paper 
chromatography in order t ha t  the fate of the label 
within this system can be well ascertained. However,  
SLAT~R and HOLTON ~ believe tha t  the kinetic t r ea tment  
of KR~:BS was over simplified. Their  criticism was based 
on an argument  involving the system: 

(1) Alpha-Kg + CoA + DPN+ kl Succinyl-CoA + 
-~ D P N H  + H+. 

(2) Succinyl-CoA + A D P  + HsP04~__ ;~ Succinate + 
CoA + ATP. 

]Essentially, if h 2 and k s are large with respect to k 1, then 
exchange of A T P  with inorganic phosphate  will not  
measure A T P  synthesis. Al though the technique might  
not  be sufficiently critical in experiments  designed to 
search for errors in P/O ratios, we believed tha t  such an 
approach could be suitable to compare tissues with 
respect to P~2 exchange. Repor ted  below is an application 
of the above exper imenta l  design in its simplest aspects. 
P~2 exchange was examined in liver and brain homo- 
genates from these tissues of the chick embryo.  

Three 17 day chick embryos and a day old ha tched 
chick were used for each experiment .  The brain and 
liver were rapidly removed,  weighed and placed in 
beakers containing ice cold saline. These beakers were 
stored for fifteen minutes at  freezing temperatures,  
homogenized, and sufficient saline was mixed with the 
homogenate  so tha t  for each gm of tissue there would 
be 20 ml of saline. 4 ml each of liver and brain suspensions 
were incubated with 12 mg of commercial ly prepared 
ATP and 0-2 ml of P32 as IKH~PO4 in a Dubnoff meta-  
bolic shaker. At  the end of the t imes indicated below 
(Table) 1 ml of the enzyme suspension was removed from 
the beaker, placed into a 15 ml conical centrifuge tube, 
and the enzyme act iv i ty  was stopped by adding 0'2 ml 
of 30% trichloracetic acid. The centrifuge tubes were 
placed in an ice bath and centrifuged at  5 ° for 15 rain. 
The supernatant  solutions were frozen and stored for 
the chromatographic  separation of the labeled compo- 
nents. When the chromatograms were complete, the 
paper was cut  into one-fourth inch strips after being 
numbered consecutively, so tha t  the strip having the 
number  one was nearest the origin, and the strip having 
the highest number  was nearest the solvent front. Each 
strip was then measured for radioact ivi ty  using a Geiger 
tube with an efficiency of approximately  2 %. After this 
measurement  each strip was placed in a test  tube, 5 ml 
of water  were added, and ' the  optical density at 260 m/~ 
was recorded using the Beckman Model DU spectro- 
photometer .  

1 H. A. KREBS, A. RUFrO, M. Jonuso~, L. V. EGGLESTON, and 
R. HEMS, Biochem. J. 54, 107 (1953). 

2 E. C. SLATER and F. A. HOLTON, Biochem. J. 56, 28 (1954), 
3 L. V. EGCLESTOt~ and R. HEMS, Biochem, J. $2, 156 (195'2). 
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