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in  field and  l a b o r a t o r y  tes ts .  A s t a r t  ha s  been  m a d e  in  th i s  
d i rec t ion  b y  t he  suga r  i n d u s t r y  in  HawaiP-3) .  
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Phosphorylase Inhibitor in the Rind of Tapioca tuber 

D u r i n g  an  i nves t i ga t i on  on  t he  p h o s p h a r y l a s e  ac t i v i t y  
of t ap ioca  t u b e r  (Manihot utiHssima), i t  was  found  t h a t  
alcoholic ex t r ac t  of t he  r ind  and  also t he  f leshy po r t ion  of t h e  
t u b e r  to a m u c h  less ex ten t ,  c o n t a i n  an  inh ib i to r  o f p h o s p h o r y -  
lase ac t iv i ty .  The  presence  of a s imi lar  inh ib i to r  ha s  been 
repor t ed  in po t a to  tuber1).  The  p r e sen t  no te  deals  w i t h  
i nves t iga t ions  on  t h e  inh ib i to r  in  t ap ioca  r ind.  

The  r ind  (consis t ing of t he  por t ion  ou ts ide  t he  C a m b i u m  
layer) and  t he  f leshy po r t ion  (main ly  s econda ry  x y l e m  wh ich  
is t he  s to rage  t issue) of t he  fresh t u b e r  collected f rom the  
T u b e r  Crops R e s e a r c h  S ta t ion ,  T r i v a n d r u m ,  were e x t r a c t e d  
s epa ra t e ly  w i th  abso lu te  alcoh01. The  alcohol  so lu t ions  were 
c o n c e n t r a t e d  in  v a c u u m  and  t h e  so l ven t  r e m o v e d  comple te ly .  
The  b rown  m a s s  was  t a k e n  up  in water ,  t he  so lu t ion  cen t r i fuged  
and  t he  clear s u p e r n a t a n t  was  used  for t he  s t u d y  of inh ib i to r  
act ion.  T h e  ju ice  of t he  f leshy po r t ion  of t he  t u b e r  clarif ied 
b y  cen t r i f uga t i on  was  used  as t he  source  for phosphory la se .  
The  p h o s p h o r y l a s e  ac t i v i t y  was  m e a s u r e d  b y  t he  m e t h o d  of 
GREEN and  STUMPF2). T he  resu l t s  are  g iven  in t he  Table .  

Table. E]/ect o/the alcoholic exCract o/the rind and the/leshy portion 
on phosphorylase activity 

The reaction system contains t e e .  enzyme solution (clarified juice 
of fresh tapioca tuber) + 0.8 ec. inhibitor solution (0.8 cc. water in 
control) + 0"5 ce. of 0"5 M citrate buffer (Ph. 6.0) + 0.2 ec. of 5 % 
starch solution + 1 ec. of 0.t M. glucose-l-phosphate. - -  A Control; 
B enzyme + material  from the alcoholic extract  of the rind; C en- 
zyme + material  from alcoholic extract  of the .fleshy portion. 

Expert- % of inhibition 
ment  No. 

Phosphorylase activity in units/cc. 

A B C 

I 7-8 2.44 7"8 
II 6'83 O-00 4'87 
i I I  *) 3'90 0.00 2.92 
IV*) 1,46 0.00 0"97 
V*) 2.19 0.487 1"95 

*) Tuber collected during summer  months .  

B C 

68'71 0"00 
100"00 28"69 
100.00 25"13 
100.00 33"56 
77"76 10'95 

The  ma te r i a l  ob t a ined  f rom t he  r ind  t h u s  showed  inh ib i t ion  
of p h o s p h o r y l a s e  ac t i v i t y  r a n g i n g  f rom 68"75% to t 0 0 % ,  
while t he  f leshy po r t ion  showed  only  i nh ib i to ry  ac t iv i ty  
r a n g i n g  f rom 0 to 33%.  A n o t h e r  obse rva t i on  m a d e  du r ing  
these  i nves t i ga t i ons  was  t h a t  for t he  s ame  age group,  t he  
p h o s p h o r y l a s e  ac t i v i t y  of t he  t u b e r  was  a p p r o x i m a t e l y  50% 
less in s u m m e r  (May-June)  t h a n  in  o the r  m o n t h s .  

Alcoholic so lu t ion  of t h e  ma t e r i a l  f rom t h e  r ind  showing  
inh ib i to r  ac t iv i ty ,  on pape r  c h r o m a t o g r a p h y  u s i ng  N - b u t a n o l  
- -  acetic acid --  wa t e r  (4 : 1 : 5) as t he  so lven t  and  ferric chloride - -  
fe r r i cyan ide  so lu t ion  as t he  spo t t i ng  r eagen t  showed  t h e  
presence  of nea r l y  t 3 po lypheno l i c  c o m p o u n d s  w i t h / ? / v a l u e s  
r a n g i n g  f rom 0"047 to 0 '934. I n  th i s  connec t ion  i t  m a y  be 
m e n t i o n e d  t h a t  in  po ta to ,  t he  inh ib i to r  ac t iv i ty  is supposed  
to be  due  to chlorogenic  acidt) .  Deta i led  i nves t i ga t i on  on t he  
i so la t ion  and  n a t u r e  of t he  inh ib i to r  in t ap ioca  r ind  is in progress .  

Th i s  work  is p a r t  of a comprehens i ve  s cheme  of resea rch  
on  Tap ioca  and  o the r  tubers ,  p a r t l y  f inanced  b y  t he  I n d i a n  
Counci l  of Agr icu l tu ra l  Research .  T h a n k s  are due  to Prof .  
A. ABRAHAM, Special  Superv i s ing  Officer of t he  Scheme,  for  
his  i n t e r e s t  in th i s  work  a n d  to t he  U n i v e r s i t y  of Kera l a  for 
all facilities. 
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Large Accumulation of 0xaloacetic Acid in Leaves of Coleus Aromaticus 
(Hooker) 

The  recogni t ion  of ke to  acids  as i m p o r t a n t  i n t e r m e d i a r y  
p l a n t  me tabo l i t e s  h a s  resu l ted  in i nves t i ga t i ons  showing  the i r  
p resence  in a large va r i e t y  of p l a n t  t i s sues  1) and  s ign i f i can t  
h igh  va lues  h a v e  been  repor ted  for ~-ke tog lu ta r ic  acid, p y r u v i c  
acid and  g lyoxyl ic  acid.  P resence  of oxaloacet ic  acid ha s  been  
shown  in v e r y  few p l an t s  however  and  t he  h ighes t  va lue  re- 
po r t ed  so far  is of t he  order  of  650 vg  per  100 g f resh  we igh t  in 
s t r a w b e r r y  leaves~);  t he  o ther  lower va lues  be ing  106 vg  for 
washed  po t a to  slices, 50 ~zg for Oxycoccus quadripetalus berr ies  
a n d  25 gg  for Vaccinium vitis-idaea berriesa).  The  low va lues  
of oxa loace t ic  acid are  of course  due  to i ts  key  pos i t ion  in t h e  
opera t ion  of t he  citr ic acid cyle, be ing  invo lved  in the  p r i m a r y  
c o n d e n s a t i o n  reac t ion  : 

Oxaloace t ie  acid + Ace ty l -CoA --~ Citric ac id .  

Ana lys i s  of ke to  acids,  as the i r  hydrazones ,  p r e sen t  in the  
leaves  of Coleus aromaticus, a p l a n t  be long ing  to f ami ly  Lab ia -  
tae,  h a s  s h o w n  large  a c c u m u l a t i o n  of oxa loace t ic  acid wh ich  
is of t he  order  of 13,000 ~g per  100 g f resh we igh t  of t he  leaves.  
The  ke to  acids  were ex t r ac t ed  as descr ibed b y  TOWERS et  al.~) 
s t a r t i n g  w i th  38 g f resh  we igh t  of t he  leaves.  T h e y  were sepa-  
r a t e d  on  special  c h r o m a t o g r a p h i c  g rade  oi W h a t m a n  No. t 
f i l ter  pape r  b y  a scend ing  c h r o m a t o g r a p h y  in t h r ee  so lven t  
s y s t e m s  viz. n - b u t a n o l  s a t u r a t e d  wi th  ammoniaS) ,  n - b u t a n o l -  
e t hano l -wa t e r  6) and  two d imens iona l  c h r o m a t o g r a p h y  us ing  
c o m b i n a t i o n  of so lven t s  I and  2. Ke to  acid h y d r a z o n e s  pre-  
pa red  f rom s y n t h e t i c  ac ids  were r u n  s i m u l t a n e o u s l y  for com-  
par i sons .  

The  keto  acids  were de tec ted  b y  the i r  yel low spo t s  a n d  b y  
v iewing  t h e m  u n d e r  a ch roma to l i t e  U.V. l amp.  T h e y  were 
ident i f ied  on t he  bas is  of  the i r  /~[, t he  charac te r i s t i c  colour  
r eac t ion  w i th  alcoholic s o d i u m  h y d r o x i d e  s p r a y  a n d  the i r  
abso rp t ion  spect ra .  The  oxaloace t ic  acid h y d r a z o n e  spo t  gave  
a charac te r i s t i c  da rk :g r een -b rown  colour  w h e n  s p r a y e d  w i th  
e thanol ic  s o d i u m  hydrox ide .  Mic rogram of oxaloacet ic  acid 
p r e s e n t  was  ca lcu la ted  in t e r m s  of abso rp t ion  of ~-ke tog ln ta r ic  
acid h y d r a z o n e  s ince  t he  s y n t h e t i c  oxaloacet ic  ac id  (NBCO) 
was  c o n t a m i n a t e d  w i th  i ts  b r e a k d o w n  p roduc t s  and  was  
therefore  u n s u i t a b l e  for be ing  used  as a s t a n d a r d .  Moreover  t h e  
Emax of OAA and  c~-KGA h y d r a z o n e s  h a v e  been  s h o w n  to  be  
s imilar ,  th i s  be ing  ve ry  close to 385 m~z7)- A ca l ibra t ion  curve  
was  ob t a ined  wi th  a - K G A  h y d r a z o n e  b y  m e a s u r i n g  t he  opt ical  
dens i t y  a t  385 m a us ing  m e r c u r y  l ine. 

The  s t r ik ing  s imi la r i ty  in t h e  c h r o m a t o g r a m s  showin g  t h e  
s epa ra t i on  of ke to  acid h y d r a z o n e s  of Coleus leaf  e x t r a c t  an d  
of t he  s y n t h e t i c  oxa loace t ic  acid w i th  i ts  b r e a k d o w n  produc t s ,  
on a two-d imens iona l  c h r o m a t o g r a m  and  t he  large  a m o u n t  
of oxa loace t ic  acid t h a t  is p r e sen t  in  Coleus leaves  m a y  well 
sugges t  t h a t  oxaloacet ic  acid was  p r o b a b l y  t h e  m o s t  d o m i n a n t  
ke to  acid p r e sen t  in  th i s  t i s sue  and  t h a t  du r ing  ex t r ac t i o n  a 
p a r t  of i t  was  decomposed  to yield p y r u v a t e  and  g lyoxy la t e  
spo t s  wh ich  therefore  m a y  or m a y  n o t  be n a t u r a l  c o n s t i t u e n t s  
of Coleus leaves.  The  chocolate  b rown  spo t  h a v i n g  R) ~ 0.28/0.54 
does n o t  co r respond  to a n y  of t he  reference ke to  acid h y d r a -  
zones and  th i s  un iden t i f i ed  ke to  acid is t he  o the r  m a j o r  com-  
p o n e n t  of t he  Coleus ke to  acid pool. 

The  me tabo l i c  even t s  l ead ing  to t h e  a c c u m u l a t i o n  of OAA 
in Coleus l eaves  are unde r  s t u d y .  

W e  wish  to t h a n k  Dr.  (Miss) K . K .  PAT?;AIK for he r  he lp  
in t he  ex t r ac t i on  of t h e  ke to  acids  a n d  to Professor  R . N .  TAN- 
DOt; for  p rov id ing  t he  l abora to ry  facilities. 
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