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The influence of thiamine on nitrogen metabolism 

Neopyr i th i amine ,  an  a n t i v i t a m i n  for t h i a m i n e  in r a t s  I and  mice ~, ha s  been found  to produce  
a m a r k e d  a c c u m u l a t i o n  of g lu tamic  acid, and  s i mu l t aneous ly  a considerable  fall in the  aspar t ic  
acid syn thes i zed  du r ing  the  ge rmina t ion  of green g r a m  ( P h a s e o l u s  r a d i a t u s )  seeds 3. These  resu l t s  
sugges ted  a convers ion  of g l u t ami c  acid to aspar t ic  acid and  asparag ine  du r ing  ge rmina t ion  
according to t he  sequence  of reac t ions :  

G lu t amine  - -+  Glu tamic  acid ---+ a-ke toglu tar ic  acid --~ Succ ina ldehyde  - -+  Succinic acid 
F u m a r i c  acid - -+  Malic acid ---> Oxalacet ic  acid -+ Aspar t ic  acid - -+  Asparagine .  

Neopy r i t h i amine  inhib i t s  th is  convers ion  by  in ter fer ing  wi th  the  deca rboxy la t ion  of a-keto-  
glutar ic  acid to succ ina ldehyde .  In  s u b s e q u e n t  inves t iga t ions  wi th  14C-labelled g lu tamic  acid 4, 
it h a s  been shown  t h a t  r ad ioac t iv i ty  is incorpora ted  into asparag ine  f rom g lu tamic  acid, and  
t h a t  n e o p y r i t h i a m i n e  inhib i t s  th is  incorporat ion.  In  the  p re sen t  s tudy ,  the  influence of neopyr i -  
t h i amine  on the  levels of t he  amides ,  g l u t a m i n e  and  asparagine ,  as well as free a m m o n i a  dur ing  
germina t ion ,  and  also the  abilities of t h i a m i n e  and  cocarboxylase  to reverse  the  changes  due  
to n e o p y r i t h i a m i n e  ha ve  been inves t iga ted .  

The  effects of n e o p y r i t h i a m i n e  on the  levels of g lu tamine ,  asparag ine  and  free a m m o n i a  
in green g r a m  seeds were s tud ied  by  ca r ry ing  ou t  ge rmina t ions  wi th  5 g lots of seeds in 11 cm 
petr i  d ishes  wi th  med ia  con ta in ing  (i) wa te r  on ly  (Control), (2) o.7 m g  neopy r i t h i amine  and  
(3) i .o m g  neopyr i th iamine ,  the  to ta l  vo lume  in all cases  being ad ju s t ed  to 2 4 ml  wi th  sterile 
water .  At  the  end of 7 2 h ge rmina t ion  in diffuse light, t he  seedl ings were washed ,  g round  wi th  
cold water ,  and  centr i fuged.  The  ex t r ac t  was removed ,  and  the  res idue  re -ex t rac ted  twice wi th  
cold water .  The  combined  ex t rac t s  were t hen  deprote in ised by  the  addi t ion  of a few drops  of 
glacial acetic acid jus t  to s t a r t  t he  coagula t ion  of the  pro te in  (pH 5.o to 5-5), and  t hen  by  rap id  
hea t i ng  to 9o ° C, when  the  prec ip i ta t ion  was complete .  The  solut ion was  cooled immedia te ly ,  
and  t h e n  m a d e  up  to a k n o w n  volume.  Glu tamine ,  asparag ine  and  free a m m o n i a  in th is  solut ion 
were e s t i m a t e d  according to VICKERY,  P U C H E R ,  CLARK, CHIBNALL AND W E S T A L L  5. A sl ight  
des t ruc t ion  of g lu t am i ne  wi th  a cor responding  increase in free a m m o n i a  m a y  t ake  place dur ing  
the  few m i n u t e s  of h e a t  coagula t ion ,  which,  however ,  is negligible, where  on ly  compar i sons  are 
made .  Also, as will be seen later,  t he  changes  p roduced  by  n e o p y r i t h i a m i n e  on free a m m o n i a  
are too large to allow a n y  smal l  error in th is  opera t ion  to v i t ia te  the  correct  in te rpre ta t ion .  

Ge rmina t ions  wi th  to ta l  m e d i u m  con ta in ing  (i) wa te r  only, (2) I.O m g  neopyr i th iamine ,  
(3) i .o m g  n e o p y r i t h i a m i n e  + 0. 5 m g  t h i ami ne  and  (4) I.O m g  n e o p y r i t h i a m i n e  + I.O nag co- 
carboxylase ,  were conduc ted  to s t u d y  the  coun te rac t ing  abilities of t h i a m i n e  and  cocarboxylase .  
H igh  concen t ra t ions  of t h i a m i n e  hydrochlor ide  (2. 5 m g  per  ml) and  cocarboxylase  (i .5 m g  per  ml) 
were found  to be toxic  by  themselves ,  p robab ly  due  to the i r  acidic na tu re .  

F r o m  Table  I, i t  will be  seen t h a t  neopy r i t h i amine  produces  a considerable  lowering in 
asparag ine .  Also, the re  is a s i mu l t aneous  increase in free a m m o n i a .  Neopy r i t h i amine  p robab ly  
does no t  inhibi t  t he  p roduc t ion  of a m m o n i a  by  the  d e a m i n a t i o n  of var ious  amino  acids, b u t  
in ter feres  only wi th  its n o r m a l  ut i l isat ion.  The  accumula t i on  of a m m o n i a  m a y  be due  to a lack 
of adequa t e  p roduc t ion  of oxalacet ic  acid to fix it  as asparagine .  If, as sugges ted  earlier 3, neo- 
p y r i t h i a m i n e  inhibi ts  the  convers ion  of a -ke toglu ta r ic  acid to succ ina ldehyde  du r ing  the  fo rma t ion  
of asparag ine ,  a pauc i t y  of oxalacet ic  acid could be expected.  This  would a c c o u n t  for the  ac- 
c u m u l a t i o n  of ammon i a ,  and  the  fall in asparagine .  I t  is r a the r  surpr is ing  to no te  tha t ,  while 
wide var ia t ions  occur  in the  levels of a sparag ine  and  free ammon ia ,  the  g lu t amine  level r ema ins  
r e m a r k a b l y  cons tan t .  Consider ing the  m a r k e d  a c c u m u l a t i o n  of g lu t amic  acid no ted  earlier a, one 
would expec t  the  g l u t a m i n e  level also to regis ter  a cor responding  increase. B u t  th is  is no t  so, 
t h o u g h  its i m m e d i a t e  precursors ,  g lu tamic  acid and  a m m o n i a ,  do show an  increase. This  can  
h a p p e n  if, owing to impai red  energy  me t abo l i sm  caused  by  neopy r i t h i amine  interference wi th  
the  Krebs  cycle, the re  is a lack of p roduc t ion  of adenos ine  t r iphospha te ,  which  is known  to be 
necessa ry  for g l u t a m i n e  syn thes i s  in seedl ings n. 

T A B L E  I 

THE EFFECT OF NEOPYRITHIAMINE ON THE AMIDES AND FREE AMMONIA IN GREEN GRAM SEEDS 

(Values in m g  per  5 g seeds) 

N eopyrithiamine 
Control 

o. 7 mg ,r.o mg 

Aspa rag i ne  70.2 lO.O 7 i 1.41 
G l u t a m i n e  29.85 3 °. 75 3 o. 28 
Free  a m m o n i a  o. 7577 3. i I I 2.735 
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The efteels of neop)r i t l f iamine (m free ammonia  and the amides are partially rcx-erscd I J\' 
tllialnil]e, while cocarboxylase is nltlch nit)re elfective tll/d brings about  nearly ¢onlp[etc reversal 
(Table II). On this basis, il is (ont ludcd that the changes observed with ni'otLvrithiamine are 
speci f ical ly  clue to its " an t i v i t am i n"  proper ty  in this species als(,. It has also been obserx ed that  
while, at the dosage employed, cocarboxylase nearly completely reverses the changes in asparagine 
and free anmlonia,  it is only slightly eltective in restoring the growth inhibited by neopyri- 
thiamine. This shows tha t  the changes observed in the ni trogeneous const i tuents  are primarily 
clue to a state of thianline deficiency, and m~t due to growth inhibition. The striking clIanxes 
produced by neopyri th iamine in the levels of glutamie acid, aspartic acid, asparagine and anl 
nlonia, substances which are all elosely linked with the Krebs tricarboxvlic ~wid cycle, seem to 
point  significantly to the influence, direct or indirect, which thiamine exerts on nitrogen metabo- 
lism. 

T:\  BIA'2 i f  

THE REVERSAL IIF NEOPYRITHIAMINE-EFFECT BY COCARBOXYLASE AND TItIAMINE 

(Values in mg per 5 g seeds) 

Neop.rrithilonine Xropyrithiamim, 
Control Neopyrilhiamine z m~; ] r mg [ 

t mg cocarboxvlasc  lhi~tminc 

Free anunonia  0.67 2.41 o.03- 3 l .471 
Glutamine 29.o9 32 .42 3 o. 2S 35.76 
: \ spa r a  gine 85.45 19.15 7 TM 7 s 3 TM "3 

Indirect  evidence for the absolute requireinent  of thiamine in glutamic acid nietabolism 
has  been obtained in animals also. While normally-fed rats  tolerated well a n  intraperitoneal 
injection of soilium glutamate,  neopyri thiainine-treated rats, showing n o  other symp toms  of 
v i tamin deficiency than  weight loss, developed immediately after  injectirui of g lu tamate  all the 
s y m p t o m s  of acute thiamine-deficiency hunched back, staggered gait, severe paralysis of the 
limbs, violent convulsions, the animals  rolling on their  sides and Itinging themselves in the air, 
ending finally in death, and till this occurring within an hour  of the injection. The same rats  had, 
three hours  earlier, wi ths tood well an injection of the same volunIe of sterile water, so tha t  the 
effect is not  due to the shock of the injectiim, bu t  to the g lu tamate  injected. This aggravation 
of thiamine deficiency s y m p t o m s  by glutaniic acid is interpreted as being clue to a complete 
utilization, and hence exhaust ion,  of all the available thialnine for the metabolism of the glutamic 
acid injected. 
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The estimation of cysteine and cystine by potentiometric titration 
with mercuric chloride 

Methods have so far been published for the est imation of thiols and disulphides by amperometr ic  
t i t rat ion with copper (II) 1, silver 2,3,4 and mercury  (II)4,5, 6 and by potent iometr ic  t i t rat ion w i t h  
silver 7. I t  has now been found tha t  potent iometr ic  t i t rat ion with mercuric chloride oilers sufficient 
advantages  to just ify the int roduct ion of yet  ano the r  method.  In  this short  comnmnicat ion the 
results  with cysteine and cystine are described. 


