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SYNTHESIS 

Our  p rev ious  inves t iga t ions  on the  inf luence of n e o p y r i t h i a m i n e  and  y- (3 ,4-ureylenecyclohexyl ) -  
bu ty r i c  acid on amino  acid changes  du r ing  ge rmina t ion  of Phaeseolus radiatus seeds 1 h a v e  p rov ided  
s t r ong  p r e s u m p t i v e  evidence for a convers ion  of g lu t amic  acid to aspar t i c  acid* * du r ing  ge rmina t ion .  
Norma l ly  the re  is a m a r k e d  fall in g lu t amic  acid and  considerable  rise in aspar t ic  acid as  ge rmina t ion  
proceeds.  B u t  t h e  add i t ion  of inc reas ing  a m o u n t s  of t hese  a n t i v i t a m i n s  to  t he  g rowth  m e d i u m  
p roduces  a progress ive  a c c u m u l a t i o n  of g l u t ami c  acid and  a cor respond ing  fall in t h e  aspar t i c  acid 
syn thes i zed .  These  obse rva t ions  are exp la ined  on t h e  basis  t h a t  g lu t amic  ac id  is conver ted  into 
aspar t i c  acid and  asparag ine  du r ing  ge rmina t ion  and  t h a t  t he  two a n t i v i t a m i n s  inh ib i t  th i s  con- 
version.  Also, since the  fall in aspar t ic  acid, expressed  in t e r m s  of g r a m m e  molecules,  far  exceeded 
the  rise in g lu t amic  acid a t  severa l  concen t ra t ions  of the  an t i v i t amins ,  i t  was  also pos tu l a t ed  t h a t  
g lu tamic  acid is no t  t he  sole source for aspar t ic  acid, and  t h a t  t he  fo rma t ion  of aspar t ic  acid f rom 
o the r  source  or sources  is also inhib i ted  by  these  a n t i v i t a m i n s  p roduc ing  t he  excess ive  fall observed  
in aspar t ic  acid. W i t h  t he  use  of un i fo rmly  14C-labelled g lu t amic  acid a n d  glucose, we have  now 
obta ined  direct  evidence for the  fo rma t ion  of a spa rag ine  f rom these  c o m p o u n d s  a n d  for t h e  inh ib i t ion  
by  n e o p y r i t h i a m i n e  of t hese  convers ions .  Glucose t h u s  cons t i t u t e s  t he  o the r  i m p o r t a n t  source  for 
a spa rag ine  b iosyn thes i s .  

The  e x p e r i m e n t  cons is t s  essent ia l ly  in ge rmi na t i ng  the  seeds (Phaeseolus radiatus) wi th  the  
labelled c o m p o u n d  (either g lu t amic  acid or glucose as t he  case m a y  be) in t h e  m e d i u m ,  i so la t ing  
the  asparag ine  in a pu re  crys ta l l ine  s t a t e  f rom t he  seedl ings a f te r  7 2 h ge rmina t i on  carr ied ou t  in 
diffused l ight ,  and  m e a s u r i n g  the  r ad ioac t iv i ty  of t he  sample  in a flow-gas coun t e r  us ing  an  autoscaler .  
For  t he  isolat ion of asparagine ,  the  seedl ings were ex t r ac t ed  wi th  w a r m  water ,  and  the  ex t r ac t  
deprote in ised  b y  h e a t  coagu la t ion  a t  p H  5.o-5.5. An a l iquo t  of the  doprotoinised e x t r a c t  was  used  
for a sparag ine  e s t ima t i on  2, while the  rest ,  a f te r  t he  add i t ion  of carrier  a sparag ine  a n d  a d j u s t m e n t  
of p H  to 7.o, was  concen t r a t ed  in vaeuo, clarified wi th  basic  lead ace ta te  a n d  af te r  r e m o v a l  of lead 
as sulphide,  concen t r a t ed  to c rys ta l l i sa t ion .  

To s t u d y  the  inh ib i to ry  effect of neopy r i t h i amine ,  n e o p y r i t h i a m i n e  h y d r o b r o m i d e  was  added  
to  t he  m e d i u m  (1.6 m g  per  2 4 ml) a n d  t he  ge rmina t ion  carr ied ou t  s i m u l t a n e o u s l y  wi th  t he  Controls  
(i.e. w i t h o u t  neopyr i th i amine ) .  Resu l t s  ob ta ined  are p resen ted  in Tab le  I. 

T A B L E  I 

I N C O R P O R A T I O N  O F  R A D I O A C T I V I T Y  F R O M  14C-GLUTAMIC ACID AND 14C-GLUCOSE INTO ASPARAGINE 

14C-Glutamic acid x4C-Glucose 

Neopyrithiamine Control Neopyrithiamine 
Control added added 

A c t i v i t y  suppl ied  in c .p .m.  2.852- lO s 2.852" lO 6 5.9o6 • lO s 5.9 °6 .  lO 8 
Aspa rag ine  formed in m g  283.4 lO5.8 139.5 28.87 
A c t i v i t y  incorpora ted  

in a spa rag ine  in c .p .m.  2o,633 6996 21,994 1,913 
Pe rcen t  ac t iv i ty  incorpora ted  

in a spa r ag ine  0.7235 0.2453 0.3723 0.0324 

The  pe rcen tage  of ac t iv i ty  incorpora ted  f rom b o t h  t he  sources  are  of the  s ame  order  t h o u g h  
different  in  m a g n i t u d e .  T hus ,  t he  amide  is syn thes i zed  by  t he  degrada t ion  of b o t h  p ro te ins  and  
ca rbohydra tes .  Neopy r i t h i ami ne  exer t s  a g rea t e r  i nh ib i to ry  effect on t h e  fo rma t ion  of a spa rag ine  

* G o v e r n m e n t  of Ind ia  Senior Resea rch  Scholar.  
* *  The t e r m  "Aspa r t i c  ac id"  used  here  ac tua l ly  refers to bo th  aspar t ic  acid and  asparagine ,  since 

the  m e t h o d  of e s t i m a t i o n  employed  does no t  d i s t ingu ish  be tween  the  two,  b u t  g ives  t he  s u m  of bo th .  
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f rom glucose t han  on its format ion f rom glutamic acid. I t  has  also been found tha t  the incorporat ion 
of radioact ivi ty f rom glutamic acid proceeds also during germinat ion in complete darkness.  A marked  
accumulat ion of free ammonia  during neopyri th iamine t r ea tmen t  was also noticed, possibly due 
to a lack of adequate  product ion of oxalacetic acid to fix it as asparagine.  Full  details will be published 
elsewhere. 

We wish to t hank  Dr. KARL FOLKERS of Merck & Co., Inc., Rahway,  N.J .  (U.S.A.) for a generous 
gift of neopyr i th iamine hydrobromide used in this investigation.  
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In  1951 DAVIDSON, FRAZER AND HUTCHISON 1 pointed out  t ha t  when liver tissue is submi t ted  
to the  procedure of SCHMIDT AND THANNHAUSER 2 for the separat ion of ribonucleic acid and deoxy- 
ribonucleic acid, the  mix ture  of r ibonucleotides obtained by  alkaline hydrolysis  and subsequent  
acidification (fraction A2S ) is insufficient to account  for all the phosphorus  in the  fraction. DAVIDSON 
AND SM ELLI E  3 showed tha t  this fraction contained, in addit ion to the  ribonucleotides which accounted 
for some 75 to 8o % of its phosphorus ,  at  least six phosphorus  compounds,  one of which was inorganic 
phosphate .  These compounds  could be separated from each other  and from the  ribonucleotides by  
ionophoresis on paper  and were provisionally designated, in descending order of mobility,  con- 
comi tan ts  A, B, C, D, E and F. When  nervous  tissue was submi t ted  to the  procedure of SCHMIDT 
AND THANNHAUSER by LOGAN, MANNELL AND ROSSITER 4 only about  25 to 50 % of the  phosphorus  
of the  ribonucleotide fraction was found to be derived from ribonucleotides. The remainder  consisted 
of a small  a m o u n t  of inorganic phospha te  and a large amoun t  of organic phospha te  which LOGAN 
et al. designated "inositide P"  since FOLCH AND LE BARON 5 and FOLCH 6 had claimed tha t  neuro- 
kerat in  after  extract ion of lipids still contains prote in-bound inositol d iphosphate  which is released 
by  warm alkali. 

We have recently submi t ted  the A2S fraction 1 obtained from ra t  liver tissue by  the  method 
of SCHMIDT AND THANNHAUSER 2 as modified by DAVIDSON AND SMELLIE 3 not only to ionophoresis 
on paper  bu t  also to ch romatography  on columns of Dowex ion exchange resins. A prel iminary 
removal  of adenylic, guanylic and cytidylic acids was carried out  by  passage th rough  a Dowex 
5 ° column. The uridylic acid fraction containing the concomitants  was  adsorbed on a Dowex i 
column and the column eluted successively with water  and increasing concentrat ions of formic acid 
and a m m o n i u m  formate.  By using material  f rom ra ts  injected with radioactive inorganic phosphate ,  
it was possible to follow the elution of the phosphorus  derivatives by  allowing the eluate to pass  
th rough  a flow counter  a t tached to a ra temeter  and a recording milliameter. In  this manner  some 
fifteen major  act ivi ty  peaks were detected. The multiplici ty of phospha te  esters in the A2S fraction 
is also revealed by  ion-exchange ch roma tography  of the  concomitants  A to F respectively. 

The material  which passed th rough  the Dowex i column wi thout  exchanging (eluate I) was 
n inhydr in  posit ive and could be subdivided into a dialysable peptide fraction containing about  75 % 
to the total  phosphorus  and a non-dialysable peptide fraction containing about  25 % of tile total  
phosphorus .  On hydrolysis  bo th  fractions yielded phosphoser ine which was identified by  chro- 
matography .  The major  pa r t  of this material  appeared to have the  same ionophoretic mobil i ty as 
concomi tan t  F. 

In  view of the claim of FOLCI# tha t  inositol d iphosphate  is released by  alkaline incubat ion 
of neurokerat in ,  the fractions obtained by  column and ionophoretic separat ions  were hydrolysed 


