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ly t i c  waves  (Figure  2, cu rve  h). F r o m  t he  h e i g h t  of t h e  F3 
f r ac t ion  wave  i t  m a y  be deduced  t h a t  i t  c o n t a i n s  a s l igh t  
a m o u n t  of cys te ine .  
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The  decrease,  d e f o r m a t i o n  or  d i s a p p e a r a n c e  of t h e  
c a t a l y t i c  waves  of h i s t ones  a t  increased  p r o t e i n  concen-  
t r a t i o n  (F igure  2, cu rves  e - h )  m a y  be  e x p l a i n e d  b y  t h e  
agg rega t i on  of t h e  h i s t o n e  molecules  a t  bas ic  p H  I4. 
Therefore ,  f o r m a t i o n  of CoZ+-protein complexes  caus ing  
t h e  p o l a r o g r a p h i c  a c t i v i t y  is m e t  w i t h  spa t i a l  diff icult ies.  
Th i s  p h e n o m e n o n  m a y  exp l a in  t h e  fac t  t h a t  polaro-  
g r aph i ca l l y  HAMER la d id  n o t  f ind a n y  cys te ine  in calf 
t h y m u s  h i s tone .  

Zusammen[assung. Das E r y t h r o c y t e n h i s t o n  des  H i i h n -  
chens  zeigt  e ine p o l a r o g r a p h i s c h e  Akt iv i tAt ,  die fiir das  
V o r h a n d e n s e i n  yon  S H - G r u p p e n  spr ich t .  E x t r a h i e r t e s  
G e s a m t h i s t o n  wurde  a n  e iner  Ca rboxyme thy l ce l l u lo se -  
sgule c h r o m a t o g r a p h i e r t .  V o n  d e n  e r h a l t e n e n  4 F r a k -  
t i o n e n  e n t h i e l t  n u r  e ine (F3) p o l a r o g r a p h i s c h  nachweis -  
ba res  Cys te in .  
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Fig. 2. Polarographic curves of the chicken erythrocytc histones. 
Curves a-g: WH (gO, 80, 50, 100, 150, ~O0 and 2500 ptglml); curve 
h: WH oxidized with performic acid (100 [zg/ml); curve i: FIA 
histone (60 [~g/ml); curve j: FIB hlstone (50 tzglrnl); curve k: Ft 

histone (58 ~tg/ml); curve 1 : F a histone (45 btg/ml). 
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F o r m a t e  O x i d a t i o n  in  S a c c h a r o m y c e s  cerevis iae 

O x i d a t i o n  of f o r m a t e  to  c a r b o n  d ioxide  is a s ign i f ican t  
p a t h w a y  in a v a r i e t y  of a n i m a l  and  p l a n t  t issues.  E v i d e n c e  
h a s  been  p r e s e n t e d  b y  CHANCE 1 a n d  o the r s  2,3 t h a t  in  
a n i m a l  t i ssues  t h e  pe rox ide -ca t a l a se  com pl ex  is respon-  
s ible  for t h i s  ox ida t ion .  I n  t h e  case of mic roorgan i sms ,  
d iverse  m e c h a n i s m s ,  such  as a t r u e  ox idase  in Aspergillus 
niger* a n d  cy tochrome-spec i f i c  d e h y d r o g e n a s e  in  Escheri- 
chia coli6 a n d  Nitrobacter agitis ~, h a v e  b e e n  s h o w n  to  be  
opera t ive .  

A de novo syn thes i s  of ca t a l a se  on  a e r a t i o n  of anae ro -  
b ica l ly  g rown cells of Saccharomyces cerevisiae has  been  
r epo r t ed  ear l ier  7,s. F o r m a t e  o x i d a t i o n  in such  a s y s t e m  
has  now been  s tud ied  to  e x a m i n e  the  poss ib i l i ty  of a 
c a t a l a s e - d e p e n d e n t  r eac t i on  in t h i s  o rgan i sm.  

A local ly  i so la ted  s t r a i n  of Saccharomyces cerevisiae was 
g rown on  a m e d i u m  cons i s t ing  of glucose 2%,  Bac to -  
p e p t o n e  1%,  yeas t  e x t r a c t  0 .2% for 20 h a t  30°C. Anaero -  
bic cond i t ion  was ensured  b y  us ing  500 mt  conical  f lasks 
filled to  t h e  n e c k  w i t h  t h e  m e d i u m .  T h e  cells were t h e n  
h a r v e s t e d  b y  c e n t r i f u g a t i o n  a n d  were  s u s p e n d e d  in  a 
f resh  n o n - g r o w t h  m e d i u m  of compos i t i on  glucose 1%,  
p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  1%,  m a g n e s i u m  sul-  
p h a t e  0 .01% and  ca lc ium chlor ide  0 .01%.  Th i s  suspens ion  
was  d iv ided  in to  10 ml  po r t i ons  a n d  was a e r a t e d  in 50 m l  
conical  f lasks b y  s h a k i n g  in a r ec ip roca t ing  s h a k e r  for 
d i f fe ren t  per iods ,  a f t e r  wh ich  the  cells were sepa ra t ed ,  
w a s h e d  w i t h  dis t i l led w a t e r  a n d  used for  t h e  a s say  of 

ca t a l a se  a c t i v i t y  a n d  f o r m a t e  ox ida t ion .  Ca ta lase  a c t i v i t y  
was  e s t i m a t e d  b y  a modi f ied  t i t a n i u m  colour  r eac t i on  
m e t h o d  0 a n d  is expressed  as Karl, where  

Kat] = (lnXo/Xt)/et" l 0  S 

in w h i c h  X 0 a n d  X ,  are t h e  r e s idua l  h y d r o g e n  pe rox ide  
a t  '0 '  a n d  't' m i n u t e s  a n d  'e' t h e  c o n c e n t r a t i o n  of t he  en- 
z y m e  source.  T h e  e x t e n t  of f o r m a t e  o x i d a t i o n  was  fol- 
lowed b y  i n c u b a t i n g  t h e  cells in  s t a n d a r d  W a r b u r g  
r e s p i r o m e t e r  vessels  a t  37°C for  15 ra in  w i t h  K r e b s -  
R i n g e r  p h o s p h a t e  buf fe r  p H  7.4, 0.1 M a n d  f o r m a t e - C  1. 
(1.4-104 cpm,  Iq~adiochemical Centre ,  A m e r s h a m ,  E n g -  
land)  to  a t o t a l  v o l u m e  of 3 ml.  T h e  resp i red  c a r b o n  
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dioxide  was t r a p p e d  in 0.2 ml  of 10% p o t a s s i u m  h y d r o x -  
ide c o n t a i n e d  in t h e  c e n t r a l  well  a n d  was  p r e c i p i t a t e d  as 
b a r i u m  c a r b o n a t e ,  t r a n s f e r r e d  to  c o u n t i n g  p t a n c h e t s  for 
the  a s say  of r a d i o a c t i v i t y  in  T r a c e r l a b  SC-16 windowless  
gas-f low c o u n t e r  in  c o n j u n c t i o n  w i t h  SC-51 au tosca le r .  

Effect of aeration on catalase induction and formate oxidation in 
Saccharomyces cerevisiae 

Period of Catalase Carbon dioxide 
aeration activity activity 
h Units/ml cpnl 

0 34 117 
1 138 566 
2 182 811 
4 246 1131 
4~ 43 212 

With addition of potassium cyanide (0.01 M), 

i t  m a y  be  seen f rom t h e  Tab le  t h a t  cells of Saccharo- 
myces cerevisiae g r o w n  a n a e r o b i c a l l y  are  p r ac t i c a l l y  de-  
v o i d  of ca t a t a se  ac t i v i t y ,  a n d  such  cells also oxidize  
labe l led  f o r m a t e  o n l y  to  a sma l l  e x t e n t ,  A e r a t i o n  of t he se  
cells for  1, 2 a n d  4 h leads  to  g r a d u a l  inc rease  in ca t a l a se  
a c t i v i t y  a c c o m p a n i e d  b y  inc rease  in  o x i d a t i o n  of fo rmate ,  
Besides,  t h e  a d d i t i o n  of p o t a s s i u m  c y a n i d e  (0 .01M)  to  
i n c u b a t i o n  m e d i u m  c o n t a i n i n g  cells a e r a t e d  for  4 h, in-  
h i b i t s  t h e  o x i d a t i o n  of t he  s u b s t r a t e  a l m o s t  comple te ly .  
These  f indings  i nd ica t e  a c a t a l a s e - d e p e n d e n t  m e c h a n i s m  
of f o r m a t e  o x i d a t i o n  in yeas t .  

Rdsumd. L a  synthdse ,  de novo, de la  ca t a l a se  p e n d a n t  
l ' a6 ra t i on  des  cellules de Saccharomyces cerevisiae q u ' o n  
a fa i r  c ro t t re  p r 6 a l a b l e m e n t  en  l ' a b s e n c e  d ' o x y g ~ n e  es t  
a ceompagn6e  d ' u n e  capac i t6  a u g m e n t 6 e  p o u r  l ' o x i d a t i o n  
du  f o r m i a t e  m a r q u &  Le c y a n u r e  de p o t a s s i u m  i n h i b e  
l ' ac t iv i t~  ca t a l a s ique  auss i  b i en  que  l ' o x i d a t i o n  d u  for- 
mia te .  

S. VENKATARAMAN a n d  A. SREENIVASAN 

Central Food Technological Research Institute, Mysore 
(India), January 14, 1964. 

Biosynthesis of Alkaloids. On the O c c u r r e n c e  o f  

K e t o  A c i d s  i n  P a p a v e r  s o m n i f e r u m  L .  Plants 

The  b io syn the s i s  of  o p i u m  a lka lo ids  f rom t h e  a m i n o  
acid,  ty ros ine ,  h a s  b e e n  p r o v e d  b y  feeding e x p e r i m e n t s  
us ing  label led  t y r o s i n e l - L  T h e  sequence  of  r eac t ions  
leading f rom a m i n o  acids or t h e i r  b iochemica l  e q u i v a l e n t s  
to a lka lo ids  of t h e  p a p a v e r i n e  or m o r p h i n e  t y p e  is be-  
l ieved to c o n t a i n  d e a m i n a t e d  a n d  d e c a r b o x y l a t e d  de r iva -  
t ives  of tyrosineS,% T h e  p r e s e n t  s t a t e  o£ knowledge  of 
a lkaloid  b io syn the s i s  T, 8 d c m o n s t r a t e s  t h e  genera l  im-  
p o r t a n c e  of ke to  ac ids  in  th i s  process.  

The  occur rence  of ke to  acids ha s  been  i n v e s t i g a t e d  in 
p l a n t s  of -Papaver somni/erum L. a t  va r ious  s tages  of t h e i r  
d e v e l o p m e n t  b y  m e a n s  of p a p e r  c h r o m a t o g r a p h y  of t h e i r  
2, 4 - d i n i t r o p h e n y l h y d r a z o n e s .  T h e  p l a n t s  were t r e a t e d  ac- 
Cording to  " a n d  lo a n d  t he  2, 4 - d i n i t r o p h e n y l h y d r a z o n e s  
o b t a i n e d  were  c h a r a c t e r i z e d  b y  m e a n s  of p a p e r  clxro- 
m a t o g r a p h y  us ing  n - b u t a n o l - e t h a n o l - 0 ,  5 N - N H  3 (7 : 1 : 2) n 
I n  a l l  t h e  o n t o g e n e t i c  s t ages  s t u d i e d  py ruv i c ,  ~-keto-  
g lu ta r i c  a n d  oxa loace t i c  acids  were  f o u n d  in v a r y i n g  
amoun t s .  A t  t h e  s tages  i m m e d i a t e l y  before  a n d  a f t e r  
f lowering, t r aces  of s u b s t a n c e s  were  found  w h i c h  m i g h t  
cor respond  to t he  2, 4 - d i n i t r o p h e n y l h y d r a z o n e s  of some 
a r o m a t i c  ke to  acids.  I n  l a t e r  e x p e r i m e n t s  we succeeded 
to d e m o n s t r a t e  t h e  presence  of p h e n y l p y r u v i c  a n d  p -hy -  
d r o x y p h e n y l p y r u v i c  acid.  T he  2 , 4 - d i n i t r o p h e n y l h y d r a -  
zones,  o b t a i n e d  b y  t r e a t i n g  a large a m o u n t  of ma te r i a l  
(677 g a n d  954 g of f resh  p l a n t s  respec t ive ly)  f rom the  
a b o v e  m e n t i o n e d  s tages,  were  s e p a r a t e d  b y  m e a n s  of p a p e r  
c h r o m a t o g r a p h y  us ing  t h e  s y s t e m  n - b u t a n o l - 3  % N H  3 (1 : 1) 
for t h e  f i rs t  r un ,  a n d  v e r o n a l - a c e t a t e  buf fe r  so lu t ion  (pH 
8,6) for t h e  second  d i rec t ion  on  W h a t m a n  No. 312; t h e i r  
i d e n t i t y  was  p r o v e d  b y  t r e a t i n g  t h e  s t a n d a r d  k e t o  acids  in  
a s imi la r  way.  I n  add i t ion ,  t h e  2, 4 - d i n i t r o p h e n y l h y d r a -  
ZOnes were c o n v e r t e d  to t he  c o r r e s p o n d i n g  a m i n o  acids b y  
r educ t i on  accord ing  to xa. H i g h  c o n c e n t r a t i o n s  of a spa r t i c  
and  g l u t a m i c  acid a n d  of a l an ine  in t e r f e red  in c h r o m a t o -  
graphic  ana lys is .  A r o m a t i c  a m i n o  acids  were the re fore  
s epa ra t ed  b y  a d s o r p t i o n  on  ac t ive  c a r b o n  (Sutcliffe,  

S p e a k m a n  a n d  Co. Ltd . ,  Leigh,  Lancash i r e )  a c t i v a t e d  
accord ing  to  14 and ,  a f t e r  w a s h i n g  w i t h  wa te r ,  were  
e lu ted  b y  3-fold e x t r a c t i o n  w i t h  20% ace t ic  ac id  w i t h  5 %  
pheno l ;  a f t e r  r e m o v i n g  p h e n o l  a n d  d i n i t r o - a n i l i n e  b y  
e ther ,  t h e  a m i n o  ac ids  were  b o u n d  on  D o w e x  50?< 8, 
e lu ted  w i t h  a m m o n i a  a n d  t h e  so lu t ion  ana lysed .  I t  is t h u s  
possible  to  d e t e r m i n e  t he  p resence  of p h e n y l a l a n i n e  a n d  
ty ros ine  in  t h e  p resence  of a 500-fold excess of a l ipha t i c  
amino  acids.  A m i x t u r e  of t h e  2 , 4 - d i n i t r o p h e n y l h y d r a -  
zones f rom p o p p y  p l an t s ,  t r e a t e d  in the  m a n n e r  descr ibed,  
gives spo ts  c o r r e s p o n d i n g  to  p h e n y l a l a n i n e  and  ty ros ine  
a f t e r  p a p e r  c h r o m a t o g r a p h y  us ing  t h e  n - b u t a n o l - a c e t i c  
ac id -wa te r  (4 : 1 : 5) sys tem.  Th i s  fac t  p r o v e s  t he  p resence  
of p h e n y l p y r u v i c  a n d  p - h y d r o x y p h e n y l p y r u v i c  acid in  
Papaver somni/erum p l a n t s  a t  t h e  a b o v e - m e n t i o n e d  
s tages.  

T h e  o b s e r v a t i o n  of t h e  a r o m a t i c  k e t o  ac ids  in  p o p p y  
p l a n t s  is in  l ine  w i t h  p r e s e n t - d a y  op in ions  o n  t h e  m e c h a -  
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