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TEORELL 1 h a b e n  n a c h g e w i e s e n ,  dass  in vitro k lc ins t e  
P r o t e i n m e n g e n  die A n f t i r b u n g  de r  NS.  m a s k i e r e n  k 6 n -  
nen  (Versuche  m i t  M a l a c h i t g r i i n ,  M e t h y l v i o l e t t  u .a .) .  
E n t s p r e c h e n d e  e igene  V e r s u c h e  m i t  GC. h a b e n  gezeigt ,  
dass  s e tb s t  bei  r e l a t i v  h o h e n  K o n z e n t r a t i o n e n - , - o n  Eiweiss -  
k 6 r p e r n  (2,5 % R N S .  m i t  5 % A l b u m i n )  die  A n f i i r b u n g  
de r  R N S .  n i c h t  g e s t 6 r t  wird .  Dos  s t a r k  p o s i t i v  g e l a d e n e  
GC.-Moleki i l  h a t  e ine  w e i t a u s  s t i i rke re  Affini t~i t  zu r  
R N S .  a ls  die E i w e i s s k S r p e r  u n d  v e r d r t t n g t  v i e l l e i ch t  so- 
ga r  die E i w e i s s k 6 r p e r  aus  i h r e r  B i n d u n g  m i t d e r  N u k l e i n -  
s~iure, wie dies z u m  7Beispiel v a n  L a n t h a n  b e k a n n t  is t .  
I m  h i s t o l o g i s c h e n  S c h n i t t  s c h e i n e n  / ihnl iche  V e r h ~ l t -  
nisse zu b e s t e h e n .  E s  i s t  z u d e m  a n z u n e h m e n ,  dass  die 
13indung zwi schen  E i w e i s s k S r p e r n  a n d  N u k l e i n s / i u r e  
d u r c h  die F i x a t i o n  so we l t  ge locke r t  wird,  dass  die 
Phosphors~Luregruppe  de r  NS.  frei  w i rd  n n d  d e m  F a r b -  
s tof fmolekf i I  zu r  Ve r f f i gung  s t eh t .  

Die  F r a g e  des  spez i f i s chen  C h a r a k t e r s  de r  GC.-F/ i r -  
b u n g  u n d  d e r  q u a n t i t a t i v e n  V e r b i n d u n g  m i t  D e s o x y -  
r ibonuk le ins /~ure  sol l  i n  w e i t e r e n  U n t e r s u e h u n g e n  gekl~trt 
w e r d e n .  

~;tvr. ~ANDRITTtgR, H. DltgFI!;Nt3ACH 
a n d  F.  KRANTZ 

Aus  dem Senckenbergischen Pathologischen Institut der 
Universiti~t Frank[art am Main, den 11. Januar 195d. 

Summary  

I t  is s h o w n  t h a t  t he  dye  g a l l o c y a n i n c h r o m a l u m  
c o m b i n e s  q u a n t i t a t i v e l y  w i t h  r i b o n u e l e i c  acid.  1 mole -  
cule g a l l o c y a n i n  is e q u i v a l e n t  to  a p p r o x i m a t e l y  15 phos -  
p h o r u s  a t o m s .  T h e  q u a n t i t a t i v e  c o m b i n a t i o n  in vitro is 
n o t  d i s t u r b e d  b y  p ro t e in s .  

1 E. ~lrtd G. HAMMARS'rEN and T. TEOI~ELL, Act.a Med. Scand. 6~, 
~l.q (19~s). 

O b s e r v a t i o n s  on  the  N u c l e i c  A c i d s  D u r i n g  the 
Development of the Lethal Hybrid Tri ton 

palmafus ~ × Salamandra atra ~1 

T h e  v iew t h a t  t h e  nuc le ic  ac id  c o n t e n t  is c losely  
r e l a t e d  to  t h e  m o r p h o g e n e t i c  a c t i v i t y  h a s  d r a w n  s u p p o r t  
f r o m  c y t o c h e m i c a l  a n d  m i c r o p h o t o m e t r i c a l  s t u d i e s  
d u r i n g  t h e  d e v e l o p m e n t  of v a r i o u s  o rgan i sms .  R e c e n t l y  
e v i d e n c e  h a s  b e e n  c i t ed  t h a t  t h e  d e v e l o p m e n t a l  f a i lu re  
in  a m p h i b i a n  l e t h a l  h y b r i d s  is p r i m a r i l y  due  to  a n  
i n t e r r u p t i o n  in t h e  s y n t h e s i s  of nuc le ic  ac id  s . L ike  m o s t  
of t h e  i n t e r spec i f i c  crosses  b e t w e e n  a n u r a n s  a, t h e  h y b -  
r ids  o b t a i n e d  b y  f e r t i l i z ing  Triton patmatus eggs w i t h  
Salamandra atra s p e r m s  are  l e t h a l  a n d  t h e i r  deve lop -  
m e n t  is a r r e s t e d  a t  t h e  l a t e  b l a s t u l a  or  t h e  e a r l y  gas-  
t r u l a  4. B y  m e a n s  of t h e  FEULGEN r e a c t i o n  a n d  U~NA'S 
m e t h y l  g r e e n - p y r o n i n  m i x t u r e ,  a p p r o a c h e s  were  m a d e  b y  
BALTZEa a n d  SCH6N~ANN ~ to  e s t i m a t e  t h e  nuc l e i c  ac id  
c o n t e n t  in  t h e  e m b r y o n i c  cells  of s u c h  l e tha l s .  T h e i r  
r e su l t s  s h o w e d  t h a t  t h e  h y b r i d  cell  is poo r  in  de s oxy -  
r i b o n u c l e i c  ac id  (DNA) whi le  i t s  a m o u n t  of r i b o n u c l e i c  
ac id  (RNA)  is n o r m a l  *. O b v i o u s l y  a more  a c c u r a t e  

1 This work was supported by a grant from the Karl-Hescheler- 
Stiftung. 

J. BRACHET, Syrup. Sac. Exp, Biol. 6, 173 (1952). 
a j .  BRACKET, Ann. Sac. Zool. Belg. 76, 49 (1944). - J. A. MOORE, 

J. Exp. Zool. 101, 173 (1946). 
4 W. SCH6N~tANN, Roux' Arch. 138, 345 (1938). 
5 F. BALTZER and W. SCHSN~,~n, Rev. suisse Zool. 53, 459 

(L,~51). 
F. BALTZF.R, Syrup. Sac. Exp. Biol. 6, 230 (1952). 
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m e t h o d  is n e e d e d  i n  o r d e r  to  g ive  a de f in i t e  a n s w e r  to  
t h i s  p r o b l e m .  T h e r e f o r e  f u r t h e r  e f fo r t s  h a v e  b e e n  m a d e  
b y  s u b j e c t i n g  t h e  l e t h M  h y b r i d  T. palmatus f~ × S. atra 
to  m i c r o p h o t o m e t r i c M  ana lys i s .  T h e  p r e s e n t  r e p o r t  
dea l s  w i t h  q u a n t i t a t i v e  m e a s u r e m e n t s  of R N A  a n d  
D N A  a t  d i f f e ren t  d e v e l o p m e n t a I  s t ages  of b o t h  h y b r i d s  
a n d  con t ro l s .  

Eggs  t a k e n  o u t  of t h e  o v i d u c t  of  T. pahnatus females ,  
w h i c h  h a d  b e e n  t r e a t e d  p r e v i o u s l y  w i t h  g o n a d o t r o p i c  
h o r m o n e ,  were  p a r t l y  i n s e m i n a t e d  w i t h  S. atra s p e r m s  
(pat h y b r i d )  a n d  p a r t l y  w i t h  s p e r m s  of t h e  s a m e  species 
(pp cont ro l ) .  B o t h  t y p e s  of eggs were  k e p t  a t  18°C u n t i l  
t h e  des i red  s t ages  were  r eached .  F o r  a s s a y i n g  t h e  nuc le ic  
ac id  c o n t e n t ,  t h e  m i c r o p h o t o m e t r i c a l  m e t h o d  of OGUR 
a n d  ROSt~N 1 was  used.  Br ie f ly ,  e a c h  egg was  f ixed  in 
9 6 %  e t h y l  a l coho l  a n d  t h e n  t r e a t e d  twice  w i t h  10% 
t r i c h l o r a c e t i c  ac id  for  a t  l e a s t  ha l f  a n  h o u r  in  t h e  refr ig-  
e r a to r .  Af t e r  w a s h i n g  a g a i n  in a lcohol  i t  was  t r e a t e d  
w i t h  t e t r a h y d r o f u r a n  u n d e r  r e f lux  for  4 h.  T h e  e x t r a c -  
t i o n  of R N A  was  m a d e  in  3 c m  a of 5 % pe rch lo r i c  ac id  
a t  r o o m  t e m p e r a t u r e  for  20 h a n d  t h a t  of D N A  a t  70°C 
for  40 ra in .  T h e  nuc le ic  ac id  c o n t e n t  in  t h e  egg e x t r a c t  
was  f i n a l l y  d e t e r m i n e d  b y  t h e  BECKMA~ s p e c t r o p h o t o -  
m e t e r  a t  220 -280  mr2. 
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Fig. 1.---Content of RNA during the early development of Triton 
palmatus and tile lethal hybrid Triton palmatus ~ x Salamandra 

atra ~. 

V e r y  r e c e n t l y  t h e  m e t h o d  of OouI~ a n d  ROSEN for t h e  
d e t e r m i n a t i o n  of nuc le ic  ac id  in  a m p h i b i a n  eggs was  
c r i t i s i zed  b y  SZE ~. A c c o r d i n g  to  h i m  t h e  v a l u e  g i v e n  b y  
t h i s  m e t h o d  is t oo  h igh ,  p r o b a b l y  due  to  t h e  p r e s e n c e  of 
o t h e r  d i s t u r b i n g  s u b s t a n c e s .  W e  h a v e  s t a n d a r d i z e d  t he  
m e t h o d  w i t h  a s o l u t i o n  of p u r e  nuc le ic  ac id  ( H o f f m a n n -  
L a  IZoche, Basel ) .  A c o n c e n t r a t i o n  of 54 7 / c m  ~ gave  a n  
e x t i n c t i o n  of 1-39 un i t s .  T h e  t~NA c o n t e n t  in  t h e  ea r ly  
g a s t r u t a  of the cont i 'o l s  h a s  a v a l u e  of 4.78 y / e m b r y o .  
T a k i n g  t h e  size of  t h e  egg i n t o  c o n s i d e r a t i o n ,  t h i s  v a l u e  
is e s s e n t i a l l y  in  a c c o r d a n c e  w i t h  t h a t  o b t a i n e d  b y  
STEIN~RT 3 in  Rana esculenta, b u t  a p p a r e n t l y  t o o  h i g h  
c o m p a r e d  w i t h  t h e  D N A  c o n t e n t  g iven  b y  Sz~ a for  
Rana pipiens. H o w e v e r ,  in  t h i s  w o r k  t h e  h y b r i d  a n d  
t h e  c o n t r o l  eggs were  m e a s u r e d  u n d e r  i d e n t i c a l  con-  
d i t i ons  a n d  t h e  t e c h n i c a l  e r ro r  i n h e r e n t  in  t h e  m e t h o d  
c a n  be  c o n s i d e r e d  as ins igni f icant , .  

The  e x t i n c t i o n  v a l u e s  a t  260 ru/* are  p r e s e n t e d  
g r a p h i c a l l y  in  F i g u r e s  1 a n d  2. W e  sha l l  cons ide r  f i r s t  
t h e  c h a n g e s  of R N A  a n d  D N A  in  t h e  pp con t ro l s .  F r o m  
t h e  m o r u l a  to  t h e  ea r ly  g a s t r u l a  t h e r e  i s  a h a r d l y  
d e t e c t a b l e  i nc r ea se  of 1RNA. T h i s  is i n  a g r e e m e n t  w i t h  
t h e  o b s e r v a t i o n s  b y  STVZlNERT a in  a n u r a n s ,  A c c o r d i n g  to  

1 M. OGUR and G. ROSEN, Arch. Biochem. 25, 262 (1950). 
2 L. C, SzF., J. Exp. Zool. 122, 577 (1953). 

M. ST]~INERT, Bull. Sac. Chim. biol. 33, 549 (1951). 
4 L. C. SzE, J. Exp. ZooI. 122, 577 (1953). 
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him,  t h e  i nc r ea se  of R N A  does  n o t  b e c o m e  s i gn i f i c an t  
un t i l  g a s t r u l a t i o n .  T h e  p i c t u r e  is, howeve r ,  d i f f e r en t  for  
DNA.  T h e  a m o u n t  of t h i s  s u b s t a n c e  inc reases  r a t h e r  
r a p i d l y  f r o m  t h e  l a t e  c l eavage  t o  t h e  m i d d l e  b l a s t u l a  
s tage,  a n d  a f t e r w a r d s  i t  r ises  on ly  s l i gh t ly  u n t i l  t h e  
ea r ly  g a s t r u l a .  I n  t h e i r  s t u d y  of t h e  D N A  c o n t e n t  in  
Rana temporaria eggs, HOFF-JORGENSEN a n d  ZEUTHEN 1 
found  t h a t  t h e  s y n t h e s i s  of t h i s  ac id  b e g i n s  a t  t h e  l a t e  
b l a s t u l a  s t age  a n d  c o n t i n u e s  a t  a lower  r a t e  d u r i n g  
g a s t r u l a t i o n .  A c c o r d i n g  to  t h e  p r e s e n t  resu l t ,  i t  s e e m s  
t h a t  .the s y n t h e s i s  of D N A  beg ins  ea r l i e r  i n  Triton 
palmatus t h a n  in  R a n a  temporaria. T h e  ea r ly  i nc rease  of 
D N A  is u n d e r s t a f i d a b l e  because ,  as p o i n t e d  b y  BRA- 
CHET 2, t h e r e  is a s t e a d y  inc rease  of t he  cell  nuc le i  d u r i n g  
s e g m e n t a t i o n  a n d  t h e  FEULGEN r e a c t i o n  b e c o m e s  m o r e  
in t ense  a t  l a t e r  d e v e l o p m e n t a l  s tages ,  t(UTSKY 3 a n d  
SzE 4 also r e p o r t e d  t h a t  t h e r e  is a s t e a d y  i n c r e a s e  of 
D N A  d u r i n g  t h e  d e v e l o p m e n t  of Rana  pipiens.  T h e  
l a t t e r  a u t h o r  f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  i nc rease  of 
the  cell  n u m b e r  is h i g h e r  before  g a s t r u l a t i o n .  T h i s  f a c t  
affords a n  e x p l a n a t i o n  of w h y  t h e  D N A  c o n t e n t  in-  
creases f r o m  t h e  m o r u l a  to  t he  b las tu la .  
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Fig. 2.--Content of DNA during the early development of Triton 
palmatus and the lethal hybrid Triton palmatus ~ × Salamandra 

atra (~. 

Le t  us  n o w  t u r n  to  t h e  nuc l e i c  ac id  c o n t e n t s  in  t h e  
pat h y b r i d .  T h e  m i c r o p h o t o m e t r i c a t  m e a s u r e m e n t s  
r evea l ed  t h a t  a t  18 h a f t e r  f e r t i l i z a t i on  t he  s y n t h e s e s  of 
R N A  a n d  D N A  are  e q u a l l y  e f f ic ien t  in  t he  t w o  t y p e s  of 
embryos .  H e r e a f t e r  t h e  a v e r a g e  v a l u e s  of t h e  h y b r i d s  
become  a p p a r e n t l y  lower  t h a n  t hose  of t h e  c o n t r o l s  5. I t  
shou ld  be  m e n t i o n e d  t h a t  STEINERT ~ r eco rded  a s i m i l a r  
d rop  of t h e  R N A  c o n t e n t  a t  t h e  l a t e r  d e v e l o p m e n t  of 
the  l e t h a l  h y b r i d  R a n a  esculanta ~. × R a n a  temporaria ~. 
H o w e v e r  t h e  t e n d e n c y  of t h e  R N A  r e d u c t i o n  in  t h e  
p r e sen t  case o b v i o u s l y  occurs  ea r l i e r  t h a n  t h a t  in  t h e  
a n u r a n  h y b r i d .  T h e  c u r v e  in  F i g u r e  2 a lso i n d i c a t e s  t h a t  
in  t he  pat h y b r i d  t h e r e  is a s l i g h t  i nc rease  of D N A  up  to  
24 h, a l t h o u g h  i t  n e v e r  r eaches  t h e  a m o u n t  of t h i s  
s u b s t a n c e  in  t h e  con t ro l s .  I n  o t h e r  words ,  t h e  t r e n d  of 
the  c u r v e  i n d i c a t e s  t h a t  t h e  D N A  s y n t h e s i s  in  t h e  l e t h a l  
h y b r i d  is r e d u c e d  b u t  b y  n o  m e a n s  e n t i r e l y  s t o p p e d .  

Cyto log ica l ly ,  t h e  l e t h a l  h y b r i d  f i r s t  shows  a b n o r m a l  
mi toses  at the l a t e  b l a s t u l a  s t a g e  (cr i t ica l  phase ,  ca. 
23-29  h a f t e r  fer t i l iza t ionT) .  W e  h a v e  seen  t h a t  i t  is 

t F. HOFF-JoRGENSEN and E, ZEUTHEN, Nature 169, 245 (1952). 
2 j .  BRACHET, Symp. Sac. Exp. Biol. 6, 173 (1952). 
3 p. B. KUTSKY, J. Exp. Zool. 115, 429 (1950). 
a L. C. SzE, J. Exp. Zool. 1~2, 577 (1953). 
5 The differences in RNA between control and hybrid eggs are 

statistically, significant at both blastula and gastruta stages. The 
same is true for DNA at the gastrula stage. 

M. STEINEaT, Bull. Sac. Chim. biol. 33, 549 (1951). 
7 W. SCn6NMANN, Roux' Arch. 138, 345 (1938). 

e x a c t l y  a t  t h i s  p e r i o d  t h a t  t h e  s y n t h e s i s  of nuc le ic  ac id  
b e c o m e s  e f fec t ive ly  b locked ,  D u r i n g  s e g m e n t a t i o n ,  so 
fa r  as t h e  cy to log ica l  p i c t u r e  shows,  t h e  l e t h a l  h y b r i d  h a s  
a n o r m a l  d e v e l o p m e n t .  I t s  s l i g h t  i nc r ea se  of D N A  a t  
t h e  e a r l y  d e v e l o p m e n t  is t h e r e f o r e  u n d e r s t a n d a b l e .  

T h e  d r o p  of t h e  nuc le ic  ac id  c o n t e n t  is a p p a r e n t l y  
o n l y  one  of t he  n l a n y  d a m a g i n g  e f fec t s  in  t h e  l e t h a l  
h y b r i d .  F o r  i n s t a n c e  t h e r e  h a v e  b e e n  r e c o r d e d  s e v e r a l  
s t u d i e s  s h o w i n g  t h a t  t h e  r a t e  of o x y g e n  u p t a k e  is lower  
in  t h e  l e t h a l  h y b r i d  t h a n  in  t h e  c o n t r o l  1. S i n c e  o u r  
k n o w l e d g e  c o n c e r n i n g  t he  m e c h a n i s m  of nuc le ic  ac id  
s y n t h e s i s  is s t i l l  h i g h l y  h y p o t h e t i c a l ,  i t  w o u l d  be  unwise  
in t h i s  p lace  to  d iscuss  a t  l e n g t h  t he  u l t i m a t e  cause  
w h i c h  leads  to  t h e  nuc le ic  ac id  r e d u c t i o n  in  s u c h  l e t h a l  
e m b r y o s .  ~RACHET 2 h a s  p u t  f o r w a r d  t h e  i d e a  t h a t  t h e  
i n t r o d u c t i o n  of a fo re ign  s p e r m  i n t o  t h e  egg causes  a 
b r e a k d o w n  of t h e  s y n t h e s i s  of c y t o p l a s m i c  r i b o n u c l e o -  
p r o t e i n  w h i c h  is n o r m a l l y  u n d e r  t h e  c o n t r o l  of t h e  
nuc leus .  I n  o r d e r  to  c l a r i fy  t h e  s i t u a t i o n ,  more  c r i t i ca l  
s t ud i e s  of t h e  n u c l e o - c y t o p l a s m i c  r e l a t i o n s h i p  in s u c h  
h y b r i d  m a t e r i a l s  are  b a d l y  needed .  

The auttmr is indebted to Prof. Dr. E. HADORN for his interest in 
this investigation and to Mr. C. ZEL~A~R for his advice concerning the 
technical part. 
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Insti tute o/Zoology and Comparative A n a t o m y ,  Univer- 
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Zusammen /as sung  

Der  G e h a I t  a n  R i b o n u k l e i n s i i u r e  u n d  D e s o x y r i b o -  
nuk l e in sXure  de r  n o r m a l e n  T r i t o n e i e r  (T .palmatus)  u n d  
de r  l e t a l e n  B a s t a r d e i e r  ( T .paImatus  ~ × S.atra ~) w u r d e  
i m  Moru la - ,  B l a s t u l a -  u n d  G a s t r u l a s t a d i u m  m i k r o p h o t o -  
m e t r i e r t .  Be i  n o r m a l e n  E i e r n  w u r d e  ke ine  w e s e n t l i c h e  
~ n d e r u n g  des  R i b o n u k l e i n s ~ u r e g e h a l t e s  f e s t g e s t e l l t . H i n -  
gegen  n a h m  die K o n z e n t r a t i o n  de r  D e s o x y r i b o n u k l e i n -  
s / lure v a n  de r  sp / i t en  M o r u l a  his  zu r  m i t t l e r e n  B l a s t u l a  
d e u t l i c h  zu u n d  ze ig te  d a n n  bis  z u m  G a s t r u l a s t a d i u m  
n u t  ger inge  Z u n a h m e .  

W~ihrend  de r  F u r c h u n g  i s t  de r  N u k l e i n s l i u r e n g e h a l t  
de r  B a s t a r d e i e r  n o r m a l .  Die  m i t t l e r e  B l a s t u l a  (k r i t i sehe  
P h a s e :  e t w a  24 h be i  18°C) i s t  a b e r  g e g e n i i b e r  den  K o n -  
t r o l l k e i m e n  b e d e u t e n d  ~irmer a n  b e i d e n  Nukle ins~iuren .  
E i n e  l e i ch t e  Z u n a h m e  de r  D e s o x y r i b o n u k l e i n s / i u r e  vo r  
de r  k r i t i s c h e n  P h a s e ,  o h n e  j e d o c h  die K o n z e n t r a t i o n  
e ines  n o r m a l e n  E ies  zu e r r e i chen ,  w u r d e  b e o b a c h t e t .  Die  
e n t w i c k l u n g s p h y s i o l o g i s c h e  D e u t u n g  de r  v o r l i e g e n d e n  
B e f u n d e  w i r d  d i s k u t i e r t .  
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S o m e  O b s e r v a t i o n s  on  C a r o t e n o i d  S y n t h e s i s  by  
the  A l g a  C h l o r e l l a  v u l g a r i s  

V e r y  l i t t l e  is k n o w n  a b o u t  t h e  o c c u r r e n c e  or  b io syn -  
thes i s  of c a r o t e n o i d s  in  ChlorelIa spp.  STRAIN 1 s t a t e s  t h a t  
Ch. pyrenoidosa c o n t a i n s  ~-, fl-, a n d  e -ca ro tenes ,  lu t e in ,  
v i o l a x a n t h i n  a n d  n e o x a n t h i n ,  a n d  MYERS = f o u n d  t h a t  
Ch. vulgaris w h e n  g r o w n  in t h e  d a r k  p r o d u c e d  t h e  s a m e  
c h l o r o p h y l l s  a n d  p r o b a b l y  t h e  s a m e  m i x t u r e  of  ca ro-  

1 H. H. STRAIN in Manual o] Phycology (Waltham Chronica 
Botanlca Co., 1952). 

2 j .  Mv~as, Plant Physiology 15, 575 (19,10). 


