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r epo r t ed  in f igure  1. Fo r  t h i s  expe r i m en t ,  t h e  S e p h a d e x  
was swelled a n d  e lu ted  w i t h  a so lu t ion  of 5 m M  tris-HC1 
buf fe r  (pH 8.0) c o n t a i n i n g  0.2 mM U T P  a n d  2 m M  
1V[gCl~, because  Mg ++ a n d  p a r t i c u l a r l y  U T P  s tabi l ize  t h e  
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Fig. 2. Effects of DBcGMP on the 2 forms of nucleoside phospho- 
transferase of chick embryo retina. Peak I (tube numbers 11-15) 
and peak II (tube numbers 19-23) were collected separately and 
200 ill of each peak were utilized for the incubation sample. The 
activity was measured by using as phosphate donor UMP (�9169 
for peak I and AMP (D--O) for peak II. Data are the means ~ SE of 
6 separate experiments. 

u n s t a b l e  fo rm of nucleos ide  p h o s p h o t r a n s f e r a s e  6. The  
f igure  shows 2 peaks  of a c t i v i t y :  t h e  f i rs t  corresponds ,  
as p rev ious ly  d e m o n s t r a t e d  6, to  t h e  u n s t a b l e  nucleos ide  
p h o s p h o t r a n s f e r a s e  a n d  i t  prefers  U M P  as p h o s p h a t e  
donor ,  whi le  t h e  second  i s  r e p r e s e n t e d  b y  a s t ab l e  fo rm 
w h i c h  employes  p re fe ren t i a l ly  A M P  as subs t r a t e .  
As shown  in f igure  2, D B c G M P  m a r k e d l y  i n h i b i t s  t he  
nucleos ide  p h o s p h o t r a n s f e r a s e  of p e a k  I, whi le  a n y  
s igni f ica t ive  effect  was  n o t  obse rved  for  t he  a c t i v i t y  of 
p e a k  I I .  P r e v i o u s l y  ~ we h a v e  h y p o t h e s i z e d  t h a t  t he  
nucleos ide  p h o s p h o t r a n s f e r a s e  is p r e s e n t  in t h e  ch ick  
e m b r y o  r e t i n a  a t  l eas t  in  2 d i f fe ren t  forms,  w h i c h  could 
be  a n  express ion  of t h e  same e n z y m e  a t  d i f fe ren t  aggre-  
g a t i o n  s ta tes .  
I t  is possible  t h a t  D B c G M P  fac i l i t a tes  t h e  conve r s ion  of 
t h e  fo rm w i t h  h igher  m . w t  in to  a d i saggrega ted  s ta te .  
Th i s  s t a t e  could  be  r ep re sen t ed  b y  t h e  s t ab le  nucleos ide  
phospho t r ans f e r a se ,  a n  e n z y m a t i c  a c t i v i t y  wh ich  is able  
to  ut i l ize  as p h o s p h a t e  donors  also t h e  aden ine  nucleo-  
t ides .  These  cons ide ra t ions  cou ld  exp l a in  w h y  t h e  
D B c G M P  causes  an  i n c r e m e n t  of t h e  t h y m i d i n e  phos-  
p h o r y l a t i n g  r a t e  w h e n  t h e  r eac t ion  is measured ,  b y  us ing  
A M P  as p h o s p h a t e  donor ,  in  t he  105,000 g s u p e r n a t a n t .  
F u r t h e r m o r e ,  because  i t  seems t h a t  t he  nucleos ide  
p h o s p h o t r a n s f e r a s e  t akes  p a r t  in  t h e  con t ro l  of t he  
endogenous  pools  of nucleosides  a n d  nucleot ides ,  t he  
effects  of D B c G M P  on th i s  a c t i v i t y  could ind ica t e  t he  
p a r t i c i p a t i o n  of th i s  c o m p o u n d  in  t he  r egu la t i on  of 
nuc leo t ide  me tabo l i sm .  
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Summary. Oral  or p a r e n t e r a l  doses of m o n o s o d i u m  l * C - L ( + ) - t a r t r a t e  (400 mg/kg)  are r ap id ly  exc re ted  b y  r a t s  a n d  a 
p r o p o r t i o n  comple t e ly  m e t abo l i z ed  to  CO v T he  oral  dose was wel l -absorbed .  

T a r t a r i c  acid a n d  i ts  sa l t s  are used in medic ine  a n d  in t he  
food i ndus t ry .  I n  h u m a n s ,  t h e  acid is t h o u g h t  to  be  
poor ly  a b s o r b e d  1 a n d  w h e n  g iven  oral ly,  to  be  m e t a b o -  
l ized b y  t h e  gu t  f lora  2, 3, s ince i t  is r ead i ly  m e t abo l i z ed  b y  
mic roo rgan i sms  such  as P s e u d o m o n a s  p u t i d a  ~ a n d  Peni -  
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Cumulative excretion of radioactivity in the urine ( I ,  0) and ex- 
pired air (D, C) of rats dosed orally or i.v. respectively with mono- 
sodium 14C-L(+)-tartrate (400 mg/kg). 

c i l l ium charles i i  5, wh ich  c o n v e r t  i t  to  g lycera te  and  CO v 
S tudies  in  dogs and  r a b b i t s  h a v e  s h o w n  t h a t  oral  doses of 
t a r t a r i c  acid were excre ted  in t h e  u r ine  as u n c h a n g e d  
c o m p o u n d ,  t he  p r o p o r t i o n  of w h i c h  decreased  w i t h  
inc reas ing  doses 6. Much  of t he  t a r t a r i c  acid used is 
o b t a i n e d  as a b y p r o d u c t  of wine  m a n u f a c t u r e  and  is 
the re fo re  t h e  n a t u r a l l y - o c c u r r i n g  L ( + )  f o r m L  T h u s  the  
a b s o r p t i o n  a n d  b i o t r a n s f o r m a t i o n  of t a r t a r i c  acid ha s  
been  e v a l u a t e d  us ing  t h e  14C-L(+) form.  
Materials. (1,4-1*C)-DL-Tartaric acid c~f specific a c t i v i t y  
2-10  mCi /mmoles  was o b t a i n e d  f rom The  R a d i o c h e m i c a l  
Centre ,  A m e r s h a m ,  E n g l a n d ,  a n d  was  resolved in to  t he  
L( + ) - i s o m e r  s. The  resu l t ing  m o n o s o d i u m  14C-L(+)-  
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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 

Phosphorylase and phosphoglucolnutase activities and starch con- 
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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