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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 
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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. 

P. S. CHEN 

Insti tute o/Zoology and Comparative A n a t o m y ,  Univer- 
si ty o / Z u r i c h ,  J a n u a r y  18, ?954. 

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). 
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t eno ids  as when  g rown  in t he  l ight ,  SPOI~IIR and  MILNER 1 
repor t  t h a t  inc reas ing  t h e  R v a l u e  (degree of reduct ion)  
of  t he  cu l tu re  m e d i u m  reduces  cons ide rab ly  t h e  chloro-  
phy l l  and,  to  a lesser  ex t en t ,  t he  c a ro t eno id  synthesis .  

The  e x p e r i m e n t s  r epo r t ed  here  were  car r ied  ou t  to 
de t e rmine  q u a n t i t a t i v e l y  and  q u a l i t a t i v e l y  the  caro-  
tenoids  syn thes i sed  by  Ch. vulgaris when  grown under  
c o m p a r a b l e  cond i t ions  in t he  l igh t  and dark.  

The  alga, ob t a ined  f rom the  T y p e - c u l t u r e  col lect ion of 
the  B o t a n y  School,  Cambr idge ,  was cu l tu red  s t a t i ca l ly  
a t  25 ° in 100 ml  conica l  f lasks  con ta in ing  25 ml  of t he  
fo l lowing m e d i u m  :-- KNOa 0.025 g, MgSOa. 7H~O, 0-027 g, 
KH~PO4, 0-02 g, glucose 1-0 g, pep tone  0-5 g, and  
wa te r  100 ml.  I n o c u l a t i o n  was wi th  1 ml  of a 5-7 d a y  
old cu l tu re  g rown in t he  l igh t  on the  same med ium.  The  
cu l tures  were  k e p t  in a t h e r m o s t a t i c a l l y  con t ro l l ed  
wa te r  ba th ,  e i the r  in a t in  (dark) or  con t inuaI ly  exposed  
a t  a d i s tance  of 20-30 cm to  2 × 80 W. f luorescent  
" d a y l i g h t "  tubes .  

The  cul tures  were  h a r v e s t e d  and the  p igmen t s  ex-  
t r a c t e d  using a m e t h o d  dev ised  byGooDwlN and  JA~II KORN 
(1954). Us ing  t h e  usua l  c r i te r ia  of iden t i f i ca t ion  ~, t he  
fo l lowing ca ro t eno ids  were  found in b o t h  l igh t  and  da rk  
cu l tures  :-- f l -carotene,  lu te in ,  v io l axan th in  (in traces) ,  
and  n e o x a n t h i n .  T h e  r e l a t ive  a m o u n t s  of these  p i g m e n t s  
p resen t  were  t he  same  in l ight  and dark  cu l tures  n a m e l y  
f l -carotene 10%,  lu te in  and v i o l a x a n t h i n  7 5 - 8 0 % ,  and 
n e o x a n t h i n  10-15 %. These  resul ts  ind ica te  a v e r y  close 
p i g m e n t  r e l a t ionsh ip  be tween  our  CA. vulgaris and  the  
Ch. pyrenoidosa e x a m i n e d  by  STRAIN 8, t he  on ly  differ- 
ence  be ing  t h a t  no  e-carotene  could  be found  in t he  
former .  F u r t h e r m o r e ,  these  obse rva t ions  also add 
ev idence  to  s u p p o r t  t he  genera l i za t ion  * t h a t  a l t hough  
m e m b e r s  of t h e  Chlo rophyceae  t e n d  to  r e semble  green 
leaves  in t he i r  c a ro t eno id  d is t r ibu t ion ,  the i r  x a n t h o p h y l l  
m i x t u r e  is m u c h  less compl i ca t ed  t h a n  t h a t  of green 
leaves,  which  con ta ins  a t  leas t  15 c o m p o n e n t s  5. 

The  q u a n t i t a t i v e  resul ts  g iven  in the  a c c o m p a n y i n g  
tab le  show t h a t  unde r  our  e x p e r i m e n t a l  condi t ions  
g rowth  is c o m p l e t e  in  b o t h  l ight  and  d a r k  cu l tures  a f te r  
14 days  and  t h a t  t he  a m o u n t  of  g rowth  in the  d a r k  is 
on ly  a b o u t  1/6 t h a t  o b t a i n e d  in i l l umina t ed  cul tures .  
F u r t h e r m o r e ,  a l t h o u g h  p i g m e n t  p r o d u c t i o n  is of the  
same  o rde r  in i l l u m i n a t e d  and  non- i l lumina ted  y o u n g  

1 t{. A. SPOEHR and H. W. MILtqXR, Plant Physiology Z4, 120 
(1949). 

2 T. W. GooDwn, L Biochem. J. 50, 550 (1952). 
8 H. H. STRAIN ill Manual o/ Phycology (Waltham Chroniea 

Botanica Co., 1952). 
4 T. W. GOODWIN, The Comparative Biochemistry o/the Caroten- 

oids (Champan & Hall, London, 195~). 
5 H. H. ST~AIS, Lea/Xanthophylls (Carnegie Inst., Washington, 

1938). 

cul tures ,  in old cu l tu res  the re  is r e l a t i ve ly  m u c h  more  
p i g m e n t  in d a r k  t h a n  in l i gh t  cu l tures .  The  difference 
is qu i t e  obv ious  v isua l ly ,  and  m u s t  also i nvo lve  chloro-  
phyl l  synthesis ,  old l igh t  cu l tures  being a v e r y  fa in t  
green whi ls t  old dark  cu l tures  are  d a r k  green.  In  some 
e x p e r i m e n t s  (not recorded  here),  th is  di f ference was 
obv ious  even  af te r  21 days.  The  ca ro teno id  concen t r a t i on  
con t inues  to  increase  in t he  fu l ly  g rown da rk  cul tures ,  
and  e v e n t u a l l y  becomes  h igher  t h a n  the  m a x i m a l  va lues  
o b t a i n e d  in l igh t  cul tures .  The  reason for these  resul ts  is 
no t  known,  b u t  i t  is p robab ly  t h a t  t h e  con t inous  i l lumina-  
t ion  des t roys  t h e  p i g m e n t s  in t h e  fu l ly  g rown cul tures .  
The  concen t r a t i ons  r ecorded  in t h e  Table ,  for b o t h  t i le  
t o t a l  ca ro teno ids  and  f l-carotene,  fal l  w i th in  t h e  l imi t s  
recorded  for a n u m b e r  of fresh wa te r  C h l o r o p h y c e a e L  

Action of diphenylamine. TURIAN 2 found t h a t  di- 
p h e n y l a m i n e  i nh ib i t ed  ca ro t eno id  syn thes i s  in Myco- 
bacterium phlei, and  this  has  been fu r t he r  d e m o n s t r a t e d  
in Phycomyces blakesleeanus 8 and  Rhodospirillum ru- 
brutal  E x p e r i m e n t s  w i t h  th i s  i nh ib i to r  showed  t h a t  
CA. vulgaris was v e r y  sens i t ive  to  it ,  g r o w t h  being 
comple t e ly  inh ib i t ed  a t  a c o n c e n t r a t i o n  of 1/280,000. 
This  e x t r e m e  sens i t i v i t y  to  d i p h e n y l a m i n e  has also 
r ecen t ly  been n o t e d  in a n o t h e r  green a lga  Haemato- 
coccus pluvialis 5. On the  o t h e r  hand ,  t he  bac t e r i a  and  
fungi  jus t  l isted,  g row n o r m a l l y  on a concen t r a t i on  of 
1/35,000-1/70,000 a l t hough  p i g m e n t  syn thes i s  is con- 
s iderably  inh ib i ted .  

T. W. GOODWIN 

Department o/Biochemistry,  University o/ Liverpool, 3, 
England, December 10, 1953. 

Zusammen/assung 

W i r d  Chlorella vulgaris in e inem Medium,  das Glukose,  
P e p t o n  und  Mineralsa lze  enthi i l t ,  gezi ichte t ,  so syn the t i -  
s ier t  sie sowohl  in L i c h t  wie im D u n k e l n  fl-Carotin,  Lu-  
tein,  V io l axan th in  und N e o x a n t h i n .  Das W a e h s t u m  im 
D u n k e l n  be t r l ig t  j edoch  nu r  1/8 yon  demjen igen  im L ich t .  
Die Caro t ino ide  ve r schwinden  aus  a l ten  L i c h t k u l t u r e n ,  
werden  aber  in a l ten  D u n k e l k u t t u r e n  we l t e r  s y n t h e t i -  
siert .  D i p h e n y l a m i n  h e m m t  das  "Wachstum dieses Or- 
ganisnlns  bei  e iner  K o n z e n t r a t i o n  von  1/280 000 voll-  
st~indig. 
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Carotenoid synthesis by Ch. vulgaris. 
(Amounts produced in 25 ml medium in 100 ml conical flasks: Temperature 25 o.) 

Light Cultures Dark Cultures 

Carotenoids fl-Carotene Carotenoids /~-Carotene 
Age of Dry Total Cone. as % of Dry Total 

weight Amount Cone. as % of Culture weight Amount (rag[100 g total (mg[100 g total 
(days) mg {~g) dry weight) pigments (rag) (/~g) dry weight) pigments 

7 21"0 10.7 51 8,5 4"7 7'0 15 13"8 
14 57"3 60"0 105 10,4 11.7 8"9 76 6.4 
21 58-3 65.2 112 6.7 10.5 21.4 204 11,8 
28 68.7 52.1 76 10.0 9.4 17.4 185 10.7 


