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The  m i n e r a l  n u t r i e n t  so lu t i on  used  in o u r  w h e a t -  
o v a r y  cu l t u r e s  was  t he  s a m e  w h i c h  we h a d  spec i a l l y  
e l a b o r a t e d  for  e m b r y o  c u l t u r e  ~, s u p p l e m e n t e d  w i t h  3 % 
of sugar ,  0.8 % of agar ,  a n d  w i t h  v i t a m i n s .  An  a d d i t i o n  
of 5 % of t h e  ju ice  of ma ize  in t h e  m i l k y  s t age  b e n e f i t e d  
t he  d i f f e r e n t i a t i o n .  

Zusammen/assung 

Es  w u r d e n  2 -4  Tage  n a c h  d e m  A n t h e s i s  W e i z e n o v a r i e n  
in vitro in  K u l t u r  gef i ih r t .  8 -10  Tage  sp / i te r  w u r d e n  die 
E m b r y o n e n  pr~ipar ier t  u n d  w i e d e r  k i i n s t l i e h  gez i ich te t .  
Die  so e r h a l t e n e n  l e b e n s f ~ h i g e n  K e i l n p f l a n z e n  en t -  
w i c k e l t e n  s i ch  n a c h  sp~iterer  A u s p f l a n z u n g  zu s a m e n -  
b r i n g e n d e n  P f l a n z e n .  E s  i s t  u n s  ke in  Fa l l  b e k a n n t ,  wo 
aus  V~reizen P r o e m b r y o n e n  in vitro K e i m l i n g e  gezogen  
w u r d e n .  

Fig. 1.-Wheat ovaries (upper row), flowers and spikelet (lower row) 
on the Iourth day after anthesis when the culture was started. 

A f t e r  n a t u r a l  p o l l i n a t i o n  occur red ,  t h e  sp ikes  were  c u t  
off, t r e a t e d  w i t h  a 1 0 %  c a l c i u m  h y p o c h l o r i t e  so lu t i on  
f o r 1 0 - 1 5  min ,  a n d  w a s h e d  t h o r o u g h l y  w i t h  s ter i le  wa te r .  
Ovar ies ,  f lowers,  or sp ike l e t s  w i t h  qu i t e  sma l l  r ach i l l ae ,  
t a k e n  o n l y  f r o m  the  m i d d l e  t h i r d  p a r t  of t h e  spikes,  were  
used  for  t he  c u l t u r e s  (fig. 1). The  age of t h e  ova r i e s  was  
d e t e r m i n e d  as  b e g i n n i n g  w i t h  t h e  d a y  on  w h i c h  t h e  
a n t h e s i s  of t h e  t w o  m a i n  f lowers  of t h e  sp ike l e t s  was  
r eco rded .  D e v e l o p m e n t  was  t h e  b e t t e r  t h e  more  of t h e  
r ach i l l ae  a n d  p a l e a e  r e m a i n e d  a t t a c h e d  to  t h e  ovar ies .  I f  
ova r i e s  d e p r i v e d  of al l  o t h e r  m a t e r n a l  t i s sues  were  
p l a n t e d  on t h e  n u t r i e n t  m e d i u m ,  t h e  e m b r y o s  se ldom 
c o n t i n u e d  to  deve lope .  Ova r i e s  e n v e l o p e d  b y  two  pa l eae  
o r d i n a r i l y  p r o m o t e d  t h e  d i f f e r e n t i a t i o n  of  t h e  e m b r y o ,  
e v e n  t h o u g h  t h e  c a r y o p s i s  g rew b u t  l i t t l e  in  size. T h e  
e n d o s p e r m  d i s c o n t i n u e d  d e v e l o p i n g  n o r m a l l y ,  g r ew  b u t  
feebly,  a n d  f o r m e d  a glassy,  je l ly- l ike  s u b s t a n c e .  

H a v i n g  c u l t u r e d  t he  ovar i e s  for  8 -12  days ,  t h e  e m b r y o s  
were exc i sed  a n d  t r a n s f e r r e d  to  a f resh  m e d i u m  of t h e  
s a m e  c o m p o s i t i o n ,  b u t  s u p p l e m e n t e d  w i t h  0 .5% of 
case in  h y d r o l y s a t e .  T h e y  c o n t i n u e d  to  deve lope ,  a n d  a 
few d a y s  l a t e r  g e r m i n a t i o n  b e g a n .  F r o m  ova r i e s  c u l t u r e d  
for  more  t h a n  a f o r t n i g h t  a dec rease  in  t h e  n u m b e r  of 
v iab le  e m b r y o s  was  o b s e r v e d .  L a t e r ,  t h e  e m b r y o s  
g e r m i n a t e d  were  p l a n t e d  in po ts .  T h e y  t h r o v e  wel l  
d e v e l o p i n g  i n to  f a i r l y  n o r m a l  p l a n t s .  

I n  a s ingle  case,  e m b r y o s  c a p a b l e  of g e r m i n a t i n g  were  
o b t a i n e d  e v e n  f rom in v i t r o  c u l t i v a t e d  ova r i e s  exc i sed  on  
t h e  second  d a y  a f t e r  p o l l i n a t i o n .  F r o m  ova r i e s  exc i sed  
on  t h e  f o u r t h  a n d  s i x t h  day ,  r e spec t ive ly ,  t h e  e m b r y o s  
cou ld  be  deve loped  i n t o  seed l ings  q u i t e  r egu la r ly .  

As fa r  as we k n o w  t h i s  is t h e  f i r s t  i n s t a n c e  r e p o r t e d  
of o b t a i n i n g  v iab le  p l a n t s  f r o m  in vitro c u l t u r e s  of w h e a t  
p r o e m b r y o s  b y  s u b c u l t u r i n g  e m b r y o s  exc i sed  f r o m  o v a r y  
cu l tu res .  
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R o l e  of  C y s t i n e  C h e l a t i o n  in  the  M e c h a n i s m  
. o f  F u s a r i u m  W i l t  o f  C o t t o n  

T h e r e  h a s  b e e n  m u c h  d i f fe rence  of o p i n i o n  on  t h e  
m e c h a n i s m  of p a t h o l o g i c a l  w i l t i n g  of p l a n t s  b y  p a t h o -  
gen ic  F u s a r i a L  GXUMANN ~ a n d  his  schoo l  of w o rk e r s  
w o r k i n g  on  t h e  t o m a t o  wil t  b y  Fusarium o,vysporum f. 
lycopersici (SAcc,) h a v e  a t t r i b u t e d  t h e  wi l t  s y m p t o m s  to  
a n  i r r eve r s ib l e  d e s t r u c t i o n  of t h e  o s m o t i c  p r e - r e q u i s i t e s  
for  t u r g o r  b y  t h e  s y s t e m i c  t o x i n  l y c o m a r a s m i n .  ~VALKER 3 
a n d  h is  school  of worke r s ,  w h o  f o r m e r l y  a d v a n c e d  t h e  
vessel  p l u g g i n g  t h e o r y  a g a i n s t  t h e  s y s t e m i c  t o x i n  t h e o r y ,  
h a v e  s u b s e q u e n t l y  r e p o r t e d  t y p i c a l  wi l t  s y m p t o m s  in 
t o m a t o  w i t h  funga l  e x t r a c t s  r ich  in  p e c t i n  m e t h y l  
e s t e r a se  a c t i v i t y  a n d  c l a i m e d  t h a t  pec t ic  e n z y m e s  cou ld  
r e p r o d u c e  m a n y  of t h e  wi l t  s y m p t o m s t  W h i l e  i t  h a s  
b e e n  e s t a b l i s h e d  t h a t  r e s i s t a n c e  or  s u s c e p t i b i l i t y  to  
F u s a r i u m  wi l t s  is o n l y  w i t h  r e fe rence  to  t h e  f u n g u s  a n d  
n o t  to  t h e  a c t i o n  of t h e  a c t i v e  t ox i c  p r i n c i p l e  ~, l i t t l e  is 
k n o w n  of t h e  m e c h a n i s m  of in vivo d e t o x i c a t i o n  in t h e  
r e s i s t a n t  va r i e t i e s  p a r t i c u l a r l y  in  c o t t o n .  

E x t e n s i v e  c h r o m a t o g r a p h i c  s t u d i e s  m a d e  b y  t h e  
a u t h o r  r e c e n t l y  ( e m p l o y i n g  t h e  c i r c u l a r  m a c r o  -s a n d  
m i c r o - % e c h n i q u e s  d e v e l o p e d  in t h i s  c o n n e c t i o n )  on  t h e  
d i s t r i b u t i o n  of ~ - a m i n o  c o n s t i t u e n t s  (pos i t ive  t o  n in -  
h y d r i n e )  in  roo t s ,  s h o o t s  a n d  l eaves  of s u s c e p t i b l e  a n d  
r e s i s t a n t  va r i e t i e s  of  c o t t o n  ( K a r u n g a n n i  2, C a m b o d i a  
a n d  M a d r a s  U g a n d a ) ,  h a v e  r e v e a l e d  t h e  i n t e r e s t i n g  fac t  
t h a t  t h e  r e s i s t a n t  va r i e t i e s  of c o t t o n ,  b o t h  t h e  shoo t s  
a n d  roo t s ,  p a r t i c u l a r l y  t h e  l a t t e r  c o n t a i n e d  co n s i d e r ab l e  
a m o u n t s  of c y s t i n e  bes ides  t h e  m a j o r  c o n s t i t u e n t s  as 
a s p a r a g i n e ,  g l u t a m i n e  a n d  o t h e r  m i n o r  a m i n o  acids,  
whi le  t h e  s u s c e p t i b l e  ones  d id  n o t  r e v e a l  a n y  cys t ine .  I t  
was  t h e r e f o r e  c o n s i d e r e d  w o r t h w h i l e  t o  i n v e s t i g a t e  if 
c y s t i n e  was in a n y  w a y  r e l a t e d  to  r e s i s t ance  to  wi l t  b o t h  
in t h e  p re sence  a n d  in a b s e n c e  of fer r ic  i ron,  p a r t i c u l a r l y  
in  v iew of t h e  ear l ie r  r e p o r t s  t h a t  t h e  a n t i b i o t i c  a c t i v i t y  
of c l a v a c i n  was  due  to  i ts  c h e l a t i o n  to  s u l f h y d r y l  g roup  
in p l a n t  s a p s L  

C u t  s h o o t s  of c o t t o n  (Suscep t ib l e  v a r i e t y  K a r u n g a n n i  
2-Gossypium arboreum) 10 to  12 d a y s  old,  g r o w n  in 
n o r m a l  g a r d e n  soil  were t r e a t e d  to  n e a t  d i a ly sed  c u l t u r e  
f i l t r a t e s  of Fusarium vasin/ectum Atk .  s (g rown in 

1 K. LAKSI1MINARAYANAN, Proc. Indian Acad. Sci. 41B, 132 
(1955). - T. S. SADASlVAN and C. V. $UBRA~tANIAN, J. Indian bot. 
Soc. 38, 162 (1954),- C. V. SrrBRAMA~'IA~, Curr. ScL 24, 144 (1955), 

2 E. GXL~MA~, Adv. Enzym. 11, 401 (1951), 
a R. P. SCIIEFFER and J. C. WALKER, Phytopathology 43, 116 

(1953). 
4 S. S. GOTHOfiKAR, R. P. SCHEFFER, J.  C. ~¢VALKER, and M. A. 

STAHMANN, Phytopathology, ~3, 535 (1953). - N. N. WINSTEAD and 
J. C. WALKER, Phytopathology 44, 153 (1954). 

5 K. LAKSHMINARAYANAN, Arch. Biochem. Biophys. 49, 396 
(1954). 

K. LAKSHMINARAYANAN, Arch. Biochem. Biophys 51, 367 (1954). 
G. MIESCl~ER, Phytopath. Z. t6, 369 (1950). 

8 R. KALYANASUNDARAM and K. LAKSHMINARAYANAN, Nature 
171, 1120 (1953). 



[15. X. 1955] Kurze Mitteilungen - Brief Reports 389  

R i c h a r d ' s  m e d i u m  for  8 weeks  a n d  s te r i l ized  b y  se i tz  
f i l t r a t ion )  p r e c h e l a t e d  w i th  fer r ic  ch lo r ide  a t  t h e  fol low- 
i n g l e v e l s o f F e  "~ for 2 4 h :  10 -1, 10 -2, 10 -3, 10 -4, 10~-M. 
F e "  was  n o t  t o x i c  a t  leve ls  lower  t h a n  10-3M. a n d  
g r e a t l y  i nc r ea sed  t h e  t ox i c  s y m p t o m s  as  sh r ive l l ing ,  yello- 
wing  a n d  ve in  c l e a r i n g  a t  t h e  o p t i m u m  level  i n d i c a t i n g  
t h a t  t h e  a c t i v e  t ox i c  p r inc ip l e  of F. vasin/ectum ac t s  in a 
m a n n e r  a n a l o g o u s  t o  l y c o m a r a s m i n  on  t o m a t o  b y  
f o r m i n g  a che l a t e  c o m p l e x  w i t h  Fe" .  Cys t ine  was  a d d e d  
to  t h e  che l a t e  c o m p l e x  (at  10-~M. F e "  level) a t  t h e  
fo l lowing  levels  b o t h  before  a n d  a f t e r  c h e l a t i o n :  10 -1, 
10 -2, 10 -~, 10 -4, 10-5M. Cys t ine  was  n o t  t o x i c  t o  t h e  
cu t  shoo t s  a t  levels  lower  t h a n  10-4M. no r  was t h e  
c y s t i n e - i r o n  complex .  A d d i t i o n  of c y s t i n e  a t  t h e  op t i -  
m u m  level  10-4M. to  t h e  t o x i n - i r o n  c o m p l e x  before  
c h e l a t i o n  gave  e f fec t ive  p r o t e c t i o n  to  t h e  c u t  s h o o t s  
w h i c h  i n d i c a t e d  no  tox ic  s y m p t o m s  c o m p a r e d  to  t h e  
con t ro l s  w i t h o u t  cys t ine .  A c o m p l e t e  se t  of c o n t r o l s  was  
m a i n t a i n e d .  Cu t  shoo t s  p r e t r e a t e d  to  cy s t i ne  a t  t h e  
o p t i m u m  level  for  24 h were  ab le  to  o v e r c o m e  t h e  tox ic  
ef fec ts  of t h e  t o x i n - F e "  c o m p l e x .  I n  t h e  a b s e n c e  of 
a d d e d  F e "  c y s t i n e  p r o d u c e d  no  s i g n i f i c a n t  benef i c i a l  
e f fec ts  in  o v e r c o m i n g  t he  t ox i c i t y .  T h e  r e su l t s  s u g g e s t  
t h a t  c y s t i n e  p r e s e n t  in t h e  r e s i s t a n t  v a r i e t i e s  of c o t t o n  
pos s ib ly  c h e l a t e s  w i t h  t h e  F e "  a v a i l a b l e  in  t h e  h o s t  a n d  
r e n d e r s  i t  u n a v a i l a b l e  for  c h e l a t i o n  w i t h  t h e  t o x i n  w h i c h  
s eems  to  be  a p r e - r e q u i s i t e  for  t o x i g e n i c  w i l t i ng  of 
c o t t o n .  T h e  a v a i l a b i l i t y  of free fer r ic  i ron  in t he  h o s t s  for  
t h e  in vivo f o r m a t i o n  of t h e  t o x i c  c h e l a t e  w o u l d  t h u s  
be  a n  i m p o r t a n t  f a c t o r  in  d e t e r m i n i n g  r e s i s t a n c e  or  
s u s c e p t i b i l i t y  to  wil t .  

F u r t h e r  w o r k  on  t h e  m e c h a n i s m  of c y s t i n e  f o r m a t i o n  
a n d  i t s  c h e l a t i o n  is u n d e r w a y  a n d  is l i ke ly  t o  t h r o w  
m o r e  l i gh t  on  t h e  m e c h a n i s m  of wi l t  r e s i s t a n c e  in c o t t o n .  
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interest in the work. My thanks are also due to the Government of 
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K. LAKSHMtNARAYANAN 
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Zusammen/assung 

C y s t i n  v e r h i n d e r t  in vitro in  G e g e n w a r t  y o n  Fe  Ill- 
I o n e n  bei  s ens ib l en ,  a b g e s c h n i t t e n e n  B a u m w o l l s c h 6 s s -  
l i ngen  e ine  V e r g i f t u n g  d u r c h  K u l t u r f i l t r a t  y o n  Fusar ium 
vasin[ectum. Die m6g l i che  B e t e i l i g u n g  v o n  C y s t i n  a m  
M e c h a n i s m u s  de r  W e l k e r e s i s t e n z  y o n  B a u m w o l l e  wi rd  
d i s k u t i e r t .  

T h e  P r e c i p i t a t i o n  of  C y t o c h r o m e  C w i t h  
a Lip id ic  F r a c t i o n  f r o m  T i s s u e s  and Y e a s t  

D u r i n g  some  r e s e a r c h  w o r k  o n  t h e  in f luence  of l ip idic  
e x t r a c t s  f r o m  b a k e r  y e a s t  o n  t h e  s u c c i n o x i d a s e  a c t i v i t y  
of h o m o g e n a t e s  a n d  m i t o c h o n d r i a  f rom r a t  l iver ,  i t  was  
o b s e r v e d  t h a t  p r e c i p i t a t e  was  f o r m e d  a l m o s t  i m m e d i a t e l y  
a f t e r  t h e  a d d i t i o n  of c y t o c h r o m e  C. I t  s e e m e d  m o s t  
l ike ly  t h a t  t h i s  p r e c i p i t a t e  c o n t a i n e d  t h e  c y t o c h r o m e  C. 

T h e  s y s t e m  a d a p t e d  in t h e  e x p e r i m e n t  was  : 0.20 m l  of 
r a t  l ive r  h o m o g e n a t e  p r e p a r e d  in P o t t e r - E l v e h j e m  a n d  
d i l u t e d  1 : 1 0  w i t h  0.25 M sucrose  + 2 ml  of 0.067 M 
P u f f e r  P h o s p h a t e  P h  7.4 + 0.20 ml  of A1C13 + 0-20 ml  
of CaC12 + 0.40 ml  of N a  s u c c i n a t e  (f inal  c o n c e n t r a t i o n  : 
0-125 M) + 1 m g  of c y t o c h r o m e  C. Gas :  O 2. 

F o l l o w i n g  t h e  a b o v e  o b s e r v a t i o n ,  I i n v e s t i g a t e d  t h e  
r e a s o n  for  t h i s  p r e c i p i t a t i o n .  

Material and Methods 

T h e  l ip idic  f r a c t i o n  f rom b a k e r ' s  yeas t ,  a n d  f rom 
r a b b i t ' s  or r a t ' s  l ive r  was  p r e p a r e d  a c c o r d i n g  to  FAURE'S 
t e c h n i q u e t ;  a s l igh t  m o d i f i c a t i o n  was  i n t r o d u c e d :  700 ml  
of s u l p h u r i c  e t h e r  was a d d e d  to  0.5 kg  of b a k e r  y e a s t  
a n d  s h a k e n ;  t h e n ,  700 ml  of 95 % alcool  was  also a d d e d  
a n d  s h a k e n  a g a i n ;  t h e  m a t e r i a l  was  t h e n  p l a c e d  in 
w a t e r - b a t h  a t  37 ° for  12 h a n d  t h e n  dr ied  in a c ry s t a l -  
l i za to r  a t  a t e m p e r a t u r e  of 37 °, 

T h e  d r i ed  m a t e r i a l  was  t r e a t e d  w i t h  100 ml  of CHC13 
a t  r o o m  t e m p e r a t u r e ;  t h e  inso lub le  res idue  w h i c h  con-  
s i s t ed  m a i n l y  of p o l y s a c c h a r i d e s  was  t h e n  d i s c a r d e d  b y  
f i l t r a t i on .  T h e  f i l t r a t e  was  t r e a t e d  w i t h  2 v o l u m e s  of 
ace tone ,  t h e  r e s u l t i n g  p r e c i p i t a t e  was  s e p a r a t e d  b y  
c e n t r i f u g a t i o n  a t  low speed,  a n d  t h e n  t r e a t e d  w i t h  e the r .  
T h e  f r a c t i o n  of p r e c i p i t a t e  w h i c h  was  so lub le  in e t h e r  
c o n t a i n e d  m a i n l y  lec i th ines ,  c e p h a l i n e  a n d  p h o s p h a t i d e s  
( f r ac t ion  I), w h i l s t  t h e  in so lub le  f r a c t i o n  ( f r ac t ion  I I )  
c o n t a i n e d  m a i n l y  c e r e b r o s i d e s  a n d  s p h y n g o m y e l i n e .  

Fig. 1 . -From right to left: Phenylalanine, leucine, alanine, thre- 
onine, glutamie acid, glycine, serine, aspartic acid, histidine, 

exonic basis. 

F r a c t i o n  I was  t h e  p a r t  w h i c h  i n t e r e s t e d  t h e  i nves t i -  
g a t o r  a n d  was s u b j e c t e d  to  t h e  fo l lowing a n a l y s e s :  

(1) P a p e r  e l e c t r o p h o r e s i s  (which  was  m a d e  w i t h  a n  
E l p h o r  a p p a r a t u s ) :  no  m i g r a t i n g  p r o t e i n  was  d e t e c t e d .  

(2) P a p e r  c h r o m a t o g r a p h y :  no  free a m i n o  acids  were  
found ,  A f t e r  h y d r o l y s i s  w i t h  6 N H C 1  for 24 h a n d  
d e s a l t i n g  w i t h  C o n s d e n  a p p a r a t u s ,  6 -10  a m i n o  ac ids  
(see Fig.  1) b e c a m e  e v i d e n t .  

T w o  p r e p a r a t i o n s  of c y t o c h r o m e  C were  u s e d :  t h e  
f i rs t  one  was  p r e p a r e d  f r o m  horse  h e a r t  a c c o r d i n g  to  t h e  
m e t h o d  of KEILIN a n d  HARTREE a n d  c o n t a i n e d  0-35 % 
F e ;  t h e  s e c o n d  one  was  a n  e l e c t r o p h o r e t i c a l l y  p u r i f i e d  
p r e p a r a t i o n  w h i c h  was  r ece ived  t h r o u g h  t h e  c o u r t e s y  of  
I .S .M. ;  i t s  F e  c o n t e n t  was  0 .43%.  

I n  a f i r s t  e x p e r i m e n t ,  0.10 m l  of a 10 % s u s p e n s i o n  of  
l e c i t h ines  p r e p a r e d  f rom b a k e r  y e a s t  were  a d d e d  t o  a 
1 %  s o l u t i o n  of c y t o c h r o m e  C in d i s t i l l ed  wa te r .  A l m o s t  
i m m e d i a t e l y  a dense  r ed  co lou red  p r e c i p i t a t e  was  fo rmed .  
T h e  p r e c i p i t a t e  was  s e p a r a t e d  b y  c e n t r i f u g a t i o n .  N i t ro -  
gen  a n d  P c o n t e n t s  of t h e  o r ig ina l  l ec i th ine  e m u l s i o n  
a n d  of t h e  o r ig ina l  c y t o c h r o m e  C so lu t i on  as well  as of 
b o t h  p r e c i p i t a t e  a n d  s u p e r n a t a n t  f lu id  were  d e t e r m i n e d .  
The r e su l t s  o b t a i n e d  a re  s u m m a r i z e d  in t h e  T a b l e :  

1 M. FAURE, Techniques de Laboratoire (Masson Publ., Paris 1947). 


