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t a r t r a t e  was shown b y  p a p e r  c h r o m a t o g r a p h y  in a so lven t  
s y s t e m  of b u t a n - l - o l :  ace t ic  acid : w a t e r  (12 : 3 : 5, v /v)  to  
be  a t  l eas t  99% rad iochemica l ly  pure .  N o n - r a d i o a c t i v e  
m o n o s o d i u m  L( + ) - t a r t r a t e  was  p r o v i d e d  b y  Fides,  U n i o n  
Fiducia i re ,  Swi tzer land .  
Methods. A d u l t  C F Y  ra t s  (b .wt  200-250 g), a s t r a in  of 
Sp r ague -Dawley  or ig in  were o b t a i n e d  f rom Angl ia  Labo-  
r a t o r y  Animals ,  H u n t i n g d o n ,  E n g l a n d ,  and  were  Mlowed 
a pe l le t  d ie t  a n d  w a t e r  ad  l ib i tum.  The  ra t s  were dosed 
b y  oral  i n t u b a t i o n  or  b y  i n j ec t i on  in to  a ta i l  ve in  w i t h  
m o n o s o d i u m  1 4 C - L ( + ) - t a r t r a t e  a t  a dose level  of 400 
m g / k g  in aqueous  solut ion.  The  r a t s  were k e p t  s ingly in 
glass m e t a b o l i s m  cages, w h i c h  e n a b l e d  nrit~e, faeces a n d  
exp i red  a i r  to  be s e p a r a t e l y  co l lec ted ,  t he  u r ine  in to  
rece ivers  cooled in solid CO v and  t he  exp i red  a i r  (14CO2) 
i n to  t r a p s  c o n t a i n i n g  e t h a n o l a m i n e :  2 - e t h o x y e t h a n o l  
(1:4,  v /v) .  The  r a t s  were sacr i f iced a f t e r  2 days.  Rad io -  
a c t i v i t y  was m e a s u r e d  us ing  p rocedures  p rev ious ly  de- 
sc r ibed  9. 
Results. A n  oral  dose of m o n o s o d i u m  l * C - L ( + ) - t a r t r a t e  
was  r ap id ly  a b s o r b e d  a n d  exc re ted  b y  ra ts .  E x c r e t i o n  of 
r a d i o a c t i v i t y  in t h e  u r ine  was a l m o s t  comple t ed  w i t h i n  
12 h and  in t he  exp i red  a i r  w i t h i n  24 h (figure). A t  48 h 
a f t e r  the  ora l  dose to  r a t s  (33 + 39), 70.1 • 4 .1%,  

13.6 • 7 .3% and  15.6 ~: 2 .7% h a d  been  exc re ted  in t he  
urine,  faeces a n d  exp i red  a i r  r e spec t ive ly  ( i  SD). Af t e r  
t h e  i.v. dose, 81.8 :~ 4 .9%,  0.9 :L 1.1% a n d  7.5 -t- 0 .5% 
h a d  been  exc re ted  b y  these  rou tes  r e spec t ive ly  ( •  SD). 
R a t e s  of exc re t i on  of r a d i o a c t i v i t y  b y  ma le  a n d  female  
an ima l s  were s imilar .  
Discussion. The  u r i n a r y  excre t ion  d a t a  o b t a i n e d  in these  
s tud ies  are  in  a g r e e m e n t  w i t h  an  ear l ier  i n v e s t i g a t i o n  
wh ich  r e p o r t e d  t h a t  r a t s  exc re ted  in t he  u r ine  a m e a n  of 
68% of a n  ora l  dose of 400 m g / k g  of t a r t r a t e  g iven  as 
Rochel le  sa l t  6. However ,  t he  ear l ier  work  ~ sugges ted  t h a t  
t a r t a r i c  acid was on ly  me tabo l i zed  b y  t he  gu t  f lora a n d  
n o t  b y  t h e  t issues.  T h e  resu l t s  o b t a i n e d  in these  s tud ies  
c o n t r a d i c t  th i s  v iew since s ign i f i can t  a m o u n t s  of 14CO~ 
were exc re ted  a f te r  p a r e n t e r a l  a d m i n i s t r a t i o n  of 14C-L ( + ) -  
t a r t r a t e  showing  t h a t  sys temic  m e t a b o l i s m  of t a r t a r i c  
acid occurred.  Compar i son  of resu l t s  o b t a i n e d  a f t e r  oral  
or i.v. doses ind ica tes  t h a t  a n  ora l  dose of L( + ) - t a r t r a t e  
was  ex t ens ive ly  a b s o r b e d  and  t h a t  a p a r t  was comple t e ly  
me tabo l i zed  to  14CO2 a f t e r  oral  or  p a r e n t e r a l  a d m i n i s t r a -  
t ion .  
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Summary. A cons iderab le  decl ine in t h e  a c t i v i t y  of p h o s p h o g l u c o m u t a s e  appea red  to be a cause  for t he  s t a r c h  a c c u m u -  
l a t ion  in t he  leaves  of s anda l  a f fec ted  b y  spike disease.  

I n  t he  s anda l  ( S a n t a l u m  a l b u m  L.) af fected b y  spike 
disease,  m y c o p l a s m a l  in na tu re ,  t he  leaves  show s t u n t e d  
g rowth ,  chlorosis  a n d  a c c u m u l a t i o n  1 of large a m o u n t s  of 
s t a r c h  and  sugars,  a n d  t h e r e  is necros is  of p h l o e m  ele- 
m e n t s  in t he  diseased s ta te .  T he  suga r  a c c u m u l a t i o n  in 
t h e  ch loro t ic  sp iked  leaves,  p r e s u m a b l y  occur r ing  as a 
r e su l t  of i m p a i r e d  t r a n s l o c a t i o n  due to t he  necrosis  of 
p h l o e m  elements ,  n a t u r a l l y  leads to  increased  s t a r ch  
f o r m a t i o n  to  p r e v e n t  a b n o r m a l  rise in t he  osmot ic  pres-  
sure  of t he  t issue.  However ,  t he  enzym es  re la ted  to  s t a r c h  
b r e a k d o w n  also d e t e r m i n e  s t a r c h - b a l a n c e  in t h e  t issue. 
E x a m i n a t i o n  of t h e  d i a s t a t i c  a c t i v i t y  of t h e  diseased 
s a n d a l  leaves,  showed  it, c o n t r a r y  to expec ta t ion ,  to  be 
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tent in healthy and spiked sandal leaves 

a t  a h igh  level  ~, t h u s  a p p a r e n t l y  showing  no  co r re l a t ion  
to t he  h igh  s t a r c h  c o n t e n t  there in .  I t  is now k n o w n  t h a t  
in t he  p l a n t  t he  b r e a k d o w n  of s t a r c h  in t i ssues  o t h e r  t h a n  
s torage  t i ssues  a n d  g e r m i n a t i n g  seeds 3-5 is l a rge ly  b r o u g h t  
a b o u t  b y  p h o s p h o r y l a s e  6-s. G l u c o s e - l - p h o s p h a t e  (G- l -P)  
fo rmed  d u r i n g  the  phosphoro lys i s ,  is c o n v e r t e d  to  G-6-P  
b y  p h o s p h o g l u c o m u t a s e  for e n t r y  in to  glycolysis.  There -  
fore, these  2 enzymes ,  of r e levance  to s t a r c h  ba l ance  in 
t he  t issue,  were  s tud ied  in t h e  h e a l t h y  a n d  sp iked  sandM 
leaves to  e x a m i n e  t h e i r  r e l a t i on  to t he  s t a r c h  accumula -  
t ion  in t he  diseased s ta te .  
Material and methods. Samples  of y o u n g  a n d  m a t u r e  
leaves  f rom h e a l t h y  a n d  sp iked  sanda l  t rees  were t a k e n  
d u r i n g  J u l y  a n d  S e p t e m b e r  respec t ive ly ,  se lec t ing 6 t rees  
in each  case. As t he  sp iked  t rees  r e m a i n  v e g e t a t i v e  
t h r o u g h o u t ,  t he  h e a l t h y  leaf  samples  also were t a k e n  
f rom t rees  in  v e g e t a t i v e  s tage  for p r o p e r  compar i son .  

Healthy Leaves Spiked Leaves 
Young Mature Young Mature 

Phosphorylase activity* 4.15 5.20 18.30 18.70 
([xg Pi liberated]100 mg 
tissue/30 min) (0.36) (0.49) (0 .56)  (0.61) 

Phosphoglncomutase activity* 51.7 78.0 45.4 10.3 
(~tg Pi converted/150 mg 
tissue/30 min) (2.7) (4.4) (3.5) (1.7) 

Starch content* 105.7 73.3 179.2 461.0 
(rag/100 g dry leaf) (11.8) (12.1) (16 .5 )  (48.5) 

*Average of 6 replications. Figures in parenthesis represent SD. 
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The  samples  were t a k e n  b e t w e e n  08.00 a n d  09.00 h a n d  
used  up  for ana lys i s  w i t h o u t  delay.  S t a r c h  was d e t e r m i n e d  
on  o v e n d r y  (80~ samples  accord ing  to t he  m e t h o d  of 
S e n s a b a u g h  a n d  Rush% 
P h o s p h o r y l a s e  a c t i v i t y  was e s t i m a t e d  fol lowing t he  pro~ 
cedure  descr ibed  b y  M a d h a v  S ingh  e t  al. 1~ A 10% (w/v) 
leaf  h o m o g e n a t e  in  neu t r a l i s ed  cys te ine  so lu t ion  (0.015 M) 
fo rmed  t he  e n z y m e  source. O t h e r  t h i n g s  r e m a i n i n g  t h e  
same,  t he  a s say  s y s t e m  compr i sed  0.4 ml  c i t r a t e  buf fe r  
(0.1 M, p H  6.2), 0.3 ml  1% soluble  s ta rch ,  0.15 m l N a F  
(0.3 M), 0.5 ml  h o m o g e n a t e  and  0.15 ml  G-1-P (0.05 M, 
p H  6.2). Pi  l i be r a t ed  was e s t i m a t e d  b y  c h l o r o s t a n n o u s  
acid reagen t .  The  e n z y m e  ac t i v i t y .w as  expressed  as ~zg Pi  
l i be ra t ed /100  m g  t i ssue /30  m i n  u n d e r  t he  cond i t ions  of 
t he  expe r imen t .  
W i t h  respec t  to  p h o s p h o g l u c o m u t a s e ,  t he  e n z y m e  e x t r a c t  
(10% leaf h o m o g e n a t e )  was  p r e p a r e d  fol lowing t he  pro-  
cedure  descr ibed  b y  Card in i  11, a n d  t he  a c t i v i t y  was 
e s t i m a t e d  accord ing  to  t he  m e t h o d  of R a m a s a r m a  e t  al. 1~. 
The  r eac t i on  m i x t u r e  (1.5 ml  e n z y m e  p r e p a r a t i o n  
+ 0.5 ml  ve rona l  buf fer  (pH 7.5) c o n t a i n i n g  8.25 ~zmoles 
G - I - P  and  0.07 ~moles  G-1,6-di  P and  1.7 ~xmoles MgSO~) 
was i n c u b a t e d  for 30 m i n  a t  36 ~ a f t e r  wh ich  t he  r eac t i on  
was s t opped  b y  a d d i n g  1 ml  5N H2SO 4 and  t he  i n c u b a t i o n  
t u b e s  were k e p t  in  boi l ing  w a t e r  b a t h  for 10 m i n  to 
hyd ro ly se  res idua l  G-1-P.  T he  t u b e s  were t h e n  cen t r i fuged  
a n d  t h e  s u p e r n a t a n t  was  s e p a r a t e d  a n d  m a d e  up  to 25 ml.  
Pi  was  e s t i m a t e d  in an  a l i quo t  of this .  I n  t he  control ,  t h e  
H~SO~ was added  to t he  r eac t ion  m i x t u r e  before  t h e  s t a r t  
of i ncuba t i on .  The  e n z y m e  a c t i v i t y  was expressed  as ~zg Pi  
c o n v e r t e d / 1 5 0  m g  t i ssue /30  m i n  u n d e r  t he  cond i t ions  of 
t h e  expe r imen t .  
Results a~cd discussion. T he  resu l t s  o b t a i n e d  are p r e s e n t e d  
in t h e  tab le .  I t  c an  be  seen t h a t  in t he  diseased leaves,  
c o m p a r e d  to t he  hea l t hy ,  whi le  p h o s p h o r y l a s e  a c t i v i t y  

increased,  p h o s p h o g l u c o m u t a s e  a c t i v i t y  decreased,  more  
so a t  m a t u r e  s tage.  Diseased  leaves  showed  h i g h  s t a r c h  
c o n t e n t  p a r t i c u l a r l y  a t  m a t u r e  stage.  
I n  t he  h e a l t h y  leaves,  p h o s p h o r y l a s e  a c t i v i t y  r e m a i n i n g  
s t a t i ona ry ,  t h e  increase  in p h o s p h o g l u c o m u t a s e  a c t i v i t y  
a n d  decrease  in s t a rch  c o n t e n t  f rom y o u n g  to m a t u r e  
s tage,  seemed to  h a v e  a corre la t ion .  In  t he  diseased leaves,  
increased  p h o s p h o r y l a s e  a c t i v i t y  and  decreased  p h o s p h o -  
g lucomutase  a c t i v i t y  could cause  G-1-P  to accumula t e .  
Though ,  in  t he  p l an t ,  G-1-P  undergoes  convers ion  to  
sucrose for t r ans loca t ion ,  t h i s  convers ion  seemed n o t  to  
be  f reely occur r ing  in t he  sp iked  sanda l  due  to r e s t r i c t ed  
p h l o e m  t r ans loca t ion .  On t h e  o the r  h a n d ,  m u c h  of t h e  
G - I - P  in these  leaves  a p p e a r e d  to be  unde rgo ing  recon-  
vers ion  to  s t a r c h  for t he  r eason  t h a t ,  of the  s u b s t r a t e  
(adenos ine  d iphosphog lucose /u r id ine  d iphosphoglucose)  
a n d  t he  accep to r  (o l igosacchar ide /mal tose)  needed  for 
s t a r c h  synthes is4 ,  la,14, t h e  fo rmer  can  arise f rom the  
a c c u m u l a t i n g  G- l -P ,  a n d  t h e  h i g h  d i a s t a t i c  a c t i v i t y  in t he  
s t a r ch - loaded  diseased leaves  could m a k e  t he  l a t t e r  
read i ly  avai lable .  Thus ,  a cons iderab le  decl ine in t h e  
a c t i v i t y  of p h o s p h o g l u c o m u t a s e  appea red  to be  a con-  
t r i b u t i n g  fac to r  for t he  s t a r c h  a c c u m u l a t i o n  in t he  sp iked  
sanda l  leaves.  
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Summary. A m e t h o d  to m a n u f a c t u r e  specific an t i s e r a  w i t h  a m i n u t e  a m o u n t  of pure  e n z y m e  is p resen ted .  The  inf luence  
of an t ibod ie s  on  a c t i v i t y  a n d  i n h i b i t i o n  of an  a l los ter ica l ly  r egu l a t ed  e n z y m e  was s tud ied .  

N - a c e t y l g l u t a m a t e  5 -phospho t rans fe ra se  (E2, EC 2.7.2.8) 
ca ta lyzes  the  second s tep  in t he  b io syn thes i s  of t he  amino  
ac id  a rg in ine  (arg.). I n  P s e u d o m o n a s  ae rug inosa  t h i s  
e n z y m e  possesses t h e  key  pos i t ion  of the  whole anabo l i c  
sequence.  I t  is i n h i b i t e d  a l los ter ica l ly  b y  t he  e n d p r o d u c t  
arg. 
I t  was  of i n t e r e s t  to  i nves t i ga t e  the  inf luence  of specific 
a n t i b o d i e s  on  t h e  enzymic  a c t i v i t y  a n d  t he  a l los ter ic  
p rope r t i e s  of t h e  e n z y m e  in v i t ro .  I m m u n o c h e m i c a l  t ech-  
n iques  are cons idered  va luab l e  tools  in  all sectors  of bio-  
chemica l  research.  Therefore ,  i t  was  h o p e d  to  add  to t he  
m e t h o d o l o g y  in me tabo l i c  regu la t ion .  The  a rg  b iosyn-  
thes i s  was  chosen  as a mode l  p a t h w a y  because  m u c h  work  
ha s  been  d e v o t e d  to  t he  knowledge  of t he  r e spec t ive  en- 
zymes  a t  t h i s  i n s t i t u t e  (e.g.a-7). 
P s e u d o m o n a s  ae rug inosa  PAO-1,  a w i l d t y p e  s t ra in ,  was  
c u l t i v a t e d  b y  t h e  m e t h o d  of H a a s  a n d  Leis inger  3 w i t h  
s l igh t  modi f ica t ions .  T he  as say  p rocedure  for E2 a c t i v i t y  
was descr ibed  3 as:  T he  r eac t ion  ca t a lyzed  b y  t h e  e n z y m e  
yields  N - a c e t y l g l u t a m y l  5 - phos pha t e  a n d  A D P .  H y d r o x -  

y l a m i n e  p r e sen t  in t he  a s say  m i x t u r e  t r a p s  t he  p r o d u c t  
f o rming  N - a c e t y l g l u t a m y l  h y d r o x a m a t e  wh ich  in t u r n  is 
complexed  w i th  Fe  a+ to  p roduce  a b r o w n i s h  colour  
m e a s u r a b l e  a t  540 rim. 
The  pu r i f i ca t ion  p rocedure  a was  followed, excep t  for t h e  
ea r ly  h e a t  d e n a t u r a t i o n  s tep.  E2 in t h e  c rude  e x t r a c t  was  
obse rved  to  be  more  h e a t - s t a b l e  in t he  presence  of N-  
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