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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 .  

It  is a pleasure to record my indebtedness to Professor T. S. SA- 
nASIVAN for guidance and to Dr. C, V. SUBRAMANIAN for his keen 
interest in the work. My thanks are also due to the Government of 
India for the award of a senior research scholarship. 

K. LAKSHMtNARAYANAN 

University Botany Laboratory, Madras-5, India, June 
30, 1955. 

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). 
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Cytochrome solution 
Lecithine emulsion (in 0.10 ml) .  
Precipitate 
Supe rna tan t .  

Nitrogen Phosphorus 
mg ~ug 

1.428 
• 0.154 

0.756 
0.840 

6"90 
15.8 
16.22 

6"48 

I t  is c l ea r  f r o m  t h e  T a b l e  t h a t  a l a rge  p a r t  of c y t o -  
c h r o m e  C is p r e c i p i t a t e d  f r o m  t h e  s o l u t i o n  b y  t h e  ad -  
d i t i o n  of l ec i th ine  emu l s ion .  T h e  p r e c i p i t a t e  was  in-  
so lub le  in  ace tone ,  b u t  was  so lub le  in  e t h e r ;  t h e  co lou r  
of t h e  s o l u t i o n  was  red.  T h e  a b s o r p t i o n  c u r v e  of t h i s  
s o l u t i o n  is s h o w n  in  F i g u r e  2. I t  is c l ea r  t h a t  t h e  c u r v e  
shows  a s t r i k i n g  d i f f e rence  f r o m  t h a t  of  c y t o c h r o m e  C 
in t h e  reg ions  b e t w e e n  300 a n d  400 m/~, a n d  b e t w e e n  
500 -560  m/~. L e c i t h i n e  m a t e r i a l  f r o m  d i f f e r e n t  sources  
was  also t r e a t e d  for  i t s  a b i l i t y  t o  p r e c i p i t a t e  cy to -  
c h r o m e  C. L e c i t h i n e  e x t r a c t e d  f r o m  r a t  or r a b b i t  l i ve r s  
was  as  a c t i v e  as  t h a t  f r o m  b a k e r  yeas t .  L e c i t h i n e  p re -  
p a r e d  f r o m  c h i c k e n  eggs p r o d u c e d ,  o n  t h e  c o n t r a r y ,  on ly  
a v e r y  f a i n t  p r e c i p i t a t e  w h e n  a d d e d  to  c y t o c h r o m e  C 
so lu t ions .  

~ R t f f ~ ¢ # 4  Cytoe~tOtat ¢ 

. . . . . . . . . .  C¥Iaarom# ¢ * Ph o~phol;plde Ftaetioa 

i ........... O x l c l i ~ d  Cylochtom* ¢ 

i 

8¢¢kmo~a $1~*¢tropboto~ttet trod. O.U. 

Fig. 2. 

T h e  d ige s t i on  of y e a s t  or  l ive r  l e c i t h ine  f r a c t i o n  w i t h  
5 m g  C l o s t r i d i u m  W e l c h i i  l e c i t h i na s e  (20 m i n  a t  38°C) 
did  n o t  m o d i f y  t h e i r  a b i l i t y  t o  p r e c i p i t a t e  c y t o c h r o m e  C. 
Also t r y p t i c  a n d  p a p a i n i c  d iges t i ons  were  ine f fec t ive .  

T r e a t m e n t  of  f r a c t i o n  I w i t h  s a t u r a t e d  (NH,)~SO 4 
p r o d u c e d  t h e  f o r m a t i o n  of a dense  c o n g l o m e r a t e  on  t h e  
sur face  of t h e  f luid.  T h i s  m a t e r i a l  r e t a i n e d  i ts  a b i l i t y  to  
p r e c i p i t a t e  c y t o c h r o m e  C a f t e r  d ia lys i s  a g a i n s t  d i s t i l l ed  
w a t e r  a t  0°C for  48 h.  H e a t i n g  a t  100°C for  20 rn in  d id  
n o t  m o d i f y  t h e  p r e c i p i t a t i n g  power .  T h e  a d d i t i o n  of a 
s m a l l  a m o u n t  of  t h e  l e c i t h i n e  e m u l s i o n  to  a n  a l b u m i n e  
so lu t ion  f r o m  c h i c k e n  eggs  or  t o  h u m a n  h a e m o g l o b i n  
d i s so lved  in  d i s t i l l ed  w a t e r  d id  n o t  p r o d u c e  a n y  p rec ip i -  
t a t i o n .  A s t r o n g  p r e c i p i t a t e  was  f o r m ed ,  h o w e v e r ,  w h e n  
f r a c t i o n  I was  a d d e d  to  a s o l u t i o n  of i ron  s a l t  such  as  
F e S O  4 or Fe r r i c  a m m o n i a c a l  c i t r a t e .  

Mod i f i ca t i ons  of t h e  b io log ica l  p r o p e r t i e s  of  c y t o -  
c h r o m e  C: I n  t h i s  e x p e r i m e n t  t h e  r e a c t i o n  s y s t e m  con -  
t a i n e d  0.3 ml  of a 10% s u s p e n s i o n  of r a t  l ive r  m i t o -  
c h o n d r i a  in  0.25 M sucrose ,  6 m g  of N a  a s c o r b a t e ,  2 m g  
c y t o c h r o m e  C, 0-2 m l  30% K O H  in  t h e  c e n t r a l  well .  
Gaseous  e n v i r o n m e n t  was  100 % O~. 

I n  some  in s t ances ,  0.1 ml  of f r a c t i o n  I was  a d d e d .  I n  
t h e s e  cases,  t h e  p r e c i p i t a t e  was  r a p i d l y  f o r m e d  a n d  t h e  

02  u p t a k e  was  nit .  I n  a n o t h e r  e x p e r i m e n t ,  t h e  a m o u n t  
of c y t o c h r o m e  C was  10 m g  i n s t e a d  of 2 rag. T h i s  re- 
p r e s e n t e d  a la rge  excess  w i t h  r e s p e c t  to  t h e  a m o u n t  of 
f r a c t i o n  I w h i c h  was  a d d e d .  T h e  a i m  of t h i s  e x p e r i m e n t  
was  to  see if c y t o c h r o m e  C w h i c h  r e m a i n e d  in  s o l u t i o n  
a f t e r  t r e a t m e n t  w i t h  t h e  l e c i t h ine  f r a c t i o n  m a i n t a i n e d  
i t s  b io log ica l  a c t i v i t y .  T h e  O 3 u p t a k e  o b s e r v e d  in  t h i s  
e x p e r i m e n t  was  52.7 1, whi le  i t  was  49.5 I in  t h e  s y s t e m  
in  w h i c h  f r a c t i o n  I was  n o t  a d d e d ,  t h i s  m e a n s  t h a t  t h e  
b io log ica l  a c t i v i t y  was  n o t  los t  b y  c y t o c h r o m e  C re- 
m a i n i n g  in so lu t ion .  

L. MICHELAZZI 

Department o/General Pathology, University o/Genoa, 
June  16, 1955. 

Riassunto 

Nel  corso  di r i ce rche  s o p r a  l ' a z ione  e s p l i c a t a  d a  a l cune  
f r az ion i  l ip id iche  su l la  succ inoss idas i  p r e s e n t e  ne i  m i t o -  
c o n d r i  di  l e g a t o  d i  r a t t o ,  l ' a u t o r e  h a  o s s e r v a t o  che  il 
c i t o c r o m o  C a g g i u n t o  al  s i s t e m a  p r e c i p i t a  in  p r e s e n z a  
de l l a  f r az ione  c o n t e n e n t e  l ec i t ine  ce fa l ine  e fos fa t id i ,  
e s t r a t t a  da l  l i ev i to  o da l  l e g a t o  di  a n i m a l i  d ivers i .  

Di  q u e s t o  m a t e r i a l e  ~ s t a t a  c o m p i u t a  l ' ana l i s i  e l e t t ro -  
f o r e t i c a  su  c a r t a  che  n o n  h a  r i v e l a t o  p r o t e i n e  m i g r a n t i .  
L ' a n a l i s i  c r o m a t o g r a f i c a  su c a r t a  n o n  h a  m o s t r a t o  a m i n o -  
a c i d / l i b e r i ,  m a  dopo  idro l i s i  6 -10  a m i n o a c i d i  sono  evi-  
denz iab i l i .  I1 p r e c i p i t a t o  r i s u l t a n t e  d a l l a  u n i o n e  de l l a  
f r az ione  l e c i t i n i c a  con  iI c i t o c r o m o  C ~ s t a t o  a n a l i z z a t o  
pe r  il suo  c o n t e n u t o  in P ed  in  N c o m p a r a t i v a m e n t e  ai  
m a t e r i a l i  d i  o r ig ine .  D e t t o  p r e c i p i t a t o  ~ so lub i l e  solo in  
e t e r e  e la  c u r v a  s p e t t r o f o t o m e t r i c a  del  c i t o c r o m o  C in  
q u e s t e  c o n d i z i o n i  a p p a r e  m o d i f i c a t a  r i s p e t t o  a l l a  n o r m a .  

L a  f r az ione  l ec i t ine  n o n  p r e c i p i t a  in  p r e s e n z a  di a l b u -  
m i n a  di  u o v o  e di  e m o g l o b i n a  u m a n a ,  m e n t r e  dA u n  
fo r t e  p r e c i p i t a t o  in  p r e s e n z a  d i  so l f a to  di F e e  di  c i t r a t o  
fe r r ico  a m m o n i a c a l e ,  

L ' a t t i v i t £  b io log ica  del  c i t o e r o m o  C si a n n u l l a  com-  
p l e t a m e n t e  con  la  p r ec ip i t a z ione .  

I s o l i e r u n g  f l u o r e s z i e r e n d e r  S t o f f e  
a u s  Astac.s J l . v l a t i l l s  

Bei  Drosophila melanogaster k o n n t e  m i t  p a p i e r c h r o -  
m a t o g r a p h i s c h e n  M e t h o d e n  da s  V o r k o r a m e n  z a h l r e i c h e r  
f t u o r e s z i e r e n d e r  Stoffe  u n d  d e r e n  m e n g e n m ~ s s i g e  Ab-  
h / i ng igke i t  y o n  E r b f a k t o r e n  n a c h g e w i e s e n  w e r d e n  1. 
~ h n l i c h e  U n t e r s u c h u n g e n  w u r d e n  a n  Ephestia ki~hniella 2 
u n d  Bombyx  mori 3 d u r c h g e f i i h r t .  N e u e r d i n g s  i s t  es n u n  
a u c h  ge lungen ,  die c h e m i s c h e  N a t u r  e in ige r  d iese r  Sub-  
s t a n z e n  au fzuk l / i r en  4. 
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