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A R G I N I N E  I N H I B I T I O N  OF GLUTAMATE U T I L I Z A T I O N  

by 

J O A N N E  M. RAVEL* AND W I L L I A M  S H I V E  

Biochemical Institute and the Department o[ Chemistry, The University of Texas, 
and Clayton Foundation ]or Research, Austin, Texas (U.S.A.) 

Arginine specifically inhibits the utilization of lysine by a lysineless mutant  of 
Neurospora crassa (No. 4545), the index for half-maximal inhibition being ap- 
proximately one 1. 

In the present investigation, which is a part of a systematic study of amino 
acid antagonisms, arginine has been found to inhibit competitively the utilization 
of glutamate and less effectively glutamine in Streptococcus lactis 8o39. The effect of 
proline on the inhibition is consistent with the interpretation that arginine prevents 
the utilization of either glutamate or glutamine in the biosynthesis of proline. A study 
of this inhibition and its relationship to aspartic acid as an inhibitor of glutamate 
utilization was undertaken. 

EXPERIMENTAL METHODS 

The assay procedure and medium** were the same as previously described 2 except tha t  the  
medium was modified to contain no arginine, 5 my of biotin per 5 ml, and 20 y each of adenine, 
guanine and uracil per  5 ml. Glutamine, when supplemented as indicated in the Tables, was 
dissolved in sterile water  and added aseptically to the autoclaved medium. Cultures of Strepto- 
coccus lactis 8039 grown in IO ml of yeast  ext ract -peptone medium for 2o to 24 hours at 3 ° °  
were used to inoculate assays as previously described z. 

RESULTS 

The minimum toxic concentration of arginine is 0. 5 mg per 5 ml for S. lactis 8039 
in the basal medium containing 0.2 mg of DL-glutam_ic acid per 5 ml, and as little 
as I y of glutamine per 5 ml prevents the inhibition of this level of arginine. Glutamine 
reverses the inhibition in a competitive manner, as indicated in Table I, such that 
the ratio of arginine to glutamine necessary for inhibition of growth is approximately 
2000. 

As shown in Table If, glutamic acid also prevents the toxicity of arginine in 
a manner similar to glutamine but is much less effective. The ratio of arginine to 
glutamic acid at which inhibition of growth occurs is slightly variable from 2.5 at 
the lower levels of glutamic acid to 5 at the higher levels. Increasing the concentration 
of glutamic acid from 0.2 to 0. 5 mg per 5 ml has only a slight effect on the amount 

* Eli Lilly and Co. pre-doctoral fellow, 1953-4; Rosalie B. Hite post-doctoral  fellow, 1954-5. 
* *  Calcium pan to thena te  (3 mg per 3 ° ml of vi tamin supplement)  was inadver tent ly  omit ted 

f rom the list of const i tuents  of the basal m ed i um  previously described 2. 
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T e s t  o r g a n i s m ,  .~ , ' l rcp l , )~ .cgus  l a ~ t i s  8039 ,  i n c u b a t e d  -'4 h o u r s  a t  3o 

Supplements 

1-Ghttamin~, "2 per 5 m/ 

~) I 2 5 I 0  20 

G a l w m o m e t e r  r e a d i n g s *  

4o 
3 s 4-' 

(.) 41 4 t 

3 37 4 t 43 
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1 0  29 
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* .\ m e a s u r e  of  c u l t u r e  t u r b i d i t y ;  d i s t i l l e d  w a t e r  r e a d s  o, a n  o p a q u e  o b j e c t  Ioo .  

T . \  B L F .  I i  

E F F E C T  O F  G L U T A M I C  A C I D  O N  A R G I N I N E  T O X I C I T Y  

T e s t  o r g a n i s m ,  S t r e p t o c o c c u s  l a c t i s  8o39 ,  i n c u b a t e d  24 h o u r s  a t  3 ° . 
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* G l u t a m i c  a c i d  o m i t t e d  f r o m  b a s a l  m e d i u m .  
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55 47 5 ~ 55 
57 33 5 ° 54 
I 5 21 27 44 

3 0 5 2 z  

O. 2 

5 ° 

of arginine necessary for inhibition of growth of the organism in tile presence of 20 y 
of glutamine per 5 ml. However ,  increasing the concentration of glutamine from 
2o 7 to 5 ° y per 5 ml increases approximate ly  two-fold the amount  of arginine neces- 
sary for inhibition of growth in the presence of 2oo Y of g lutamic acid per 5 ml. 
Separate experiments  indicate no more than an addit ive effect of combinat ions  of 
g lutamine and glutamic acid in reversing the arginine toxic i ty .  

The effect of proline on arginine inhibition of the uti l ization of glutamine is 
indicated in Table III .  If proline is omi t t ed  from the basal medium,  the inhibition 
index determined over a ten-fold range of g lutamine concentration is approximate ly  
IOOO. In the presence of a supplement  of proline, the  inhibit ion index is increased 
sl ightly more than two-fold over that determined in the absence of exogenous  proline. 
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T A B L E  I I I  
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T e s t  o r g a n i s m ,  Streptococcus lactis 8039, i n c u b a t e d  24 h o u r s  a t  3 o°.  
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S upplements* Supplemotts* 

I.-A vginine L-Glutamine L-Proline L-A rginine L-Glutamine L-Proline 
rag per y per None 200 y mg per y per None ioo y 

5 ml 5 ml per 5 ml 5 ml 5 ml per 5 ml 

0 . 2  2 

0. 5 2 
i 2 
2 2 

5 2 

o.5 5 
I 5 

2 5 
5 5 

io  5 

G a l v a n o m e t e r  r e a d i n g s  G a l v a n o m e t e r  r e a d i n g s  

4 ° i i o  42.5 
37.5 44 2 io  39-5 49 
17.5 43 5 IO 13 47 

5 29 IO io  8 20 
8 2 0  IO 12  

43 2 20 44-5 5 ° 
4 ° 49 5 20 38 53 
27.5 47-5 IO 2o 18 45 

6. 5 25 2o 2o 13 25 
9 

* P ro l i ne  o m i t t e d  f r o m  ba s a l  m e d i u m .  

As indicated in Table IV, aspartic acid exerts inhibitory effects on S. lactis 8o39 
similar to the toxicities observed with Lactobacillus arabinosus 17-53. Glutamic acid 
prevents the toxicity of aspartic acid in a similar manner for both organisms in that 
the reversal is not strictly competitive, a two-fold increase in aspartic acid concen- 
tration for each 50% increase in glutamic acid concentration being necessary for 
inhibition of growth of the organisms. 

T A B L E  I V  

E F F E C T  OF G L U T A M I C  A C I D  ON A S P A R T I C  ACID T O X I C I T Y  

T e s t  o r g a n i s m ,  Streptococcus lactis 8o39, i n c u b a t e d  21 h o u r s  a t  3 o°.  

oL-Aspartic nL-Glutamie acid* ~, per 5 ml 
acid ~ 

3" per 5 ml 2 5 0  4 ° 0  5 ° 0  7 5  ° IOOO 15OO 

G a l v a n o m e t e r  r e a d i n g s  

i oo  42 48 49 5 ° 5 ° 5 ° 
2ooo 34 37 
5000 I 3 22 

IOOOO 18 3 ° 41 45 48 
2OOOO 13 25 33 43 46 
5 °000  14 25 36 44 

* G l u t a m i c  acid,  pro l ine ,  a n d  a s p a r t i c  ac id  o m i t t e d  f r o m  b a s a l  m e d i u m  s u p p l e m e n t e d  w i t h  
5 ° 7 L - a r g i n i n e  pe r  5 ml.  

Also, in separate experiments with S. lactis 8039 proline increases the ratio of 
aspartic acid to glutamic acid necessary for inhibition of growth analogous to the 
effect observed with L. arabinosus 17-58. 

The effect of glutamine on aspartic acid toxicity for S. lactis 8o39 paralleled that 
obtained with L. arabinosus. Since glutamine is (500 times) more effective than 

Re/erences p. 539. 



. 5 3 8  J . M .  I C \ V E I . ,  W .  S H I V F  VOI. .  18 ( i  ].5.5~ 

glutamic  acid in p revent ing  the tox ic i ty  of aspar t ic  acid, it  appeared  l i k e h  that  
aspar t ic  acid and arginine inhibi t  the  same or closeh'  re la ted  functions.  To de te rmim'  
whether  the  same . r  di i terent  mechanisms of act ion of the two inhibi tors  were 
involved,  the  effect of arginine on aspar t ic  acid tox ic i ty  was inves t igated.  Results  
shown in Table V indicate  a synergis t ic  ac t ion  for the two i n h i b i t o r s . . \  combina t ion  
of as l i t t le  as one-fifth the amount  of aspar t ic  acid and one- tenth  the amount  of 
arginine sepa ra te ly  necessary for inhibi t ion  of growth prevents  the growth of 5. lactis 

8o39. Similar  exper iments  ill which proline was omi t t ed  from the basa l  medimn also 
showed synergis t ic  inh ib i to ry  effects of combina t ions  of arginine and aspar t ic  acid. 

"l',k Bid; V 
S Y N E R G I S T I C  E F F E C T  OF A R G I N I N E  ON ASPARTIC AC|D T O X I C t I ' Y *  

Test organisnl, Streploc~ccus lactis 8o39, incubated 24 hours at 3 ° . 

DL-A spartic L A r~ininc. ;, per 5 m/  
acid 

~ g  Der ,5 m[ ~ o  I o o  2 0 0  5 o o  1 o(7(/ 

Galvanometer readings 

o. r 53 55 51  34 
I .o 5 ° 49 -'o 
2 44 33 IO 
5 33 Io 3 

[ o 9 S 

20 37 8 
~O I I 

I 0 0  .5 

* DL-Glutamic acid increases to 250 7 per ml. 

D I S C U S S I O N  

Arginine prevents  t i le u t i l iza t ion  of e i ther  g lu tamic  acid or g lu tamine  in a 
compet i t ive  manne r ;  however,  g lu tamine  is from 5oo to IO0O t imes as effective as 
g lu tamic  acid in p reven t ing  the  inhibi t ion.  Since g lu tamine  and g lu tamic  acid are 
each compet i t ive  reversing agents  for the same inhibi tor  and combinat ions  of 
g lu tamine  and g lu tamic  acid exer t  add i t ive  ra ther  than  synergist ic  effects, these 
metabol i t es  appear  to compete  (or form substances  which compete) with arginine 
for a specific site. Glu tamine  is more easily ut i l ized to in terac t  with the specific site 
than  is g lu tamic  acid under  the tes t ing conditions.  

Since supplements  of prol ine at  modera te  concent ra t ions  increase the ra t io  of 
arginine to g lu tamine  necessary for inh ib i t ion  of growth,  prol ine p r o b a b l y  ei ther  
allows growth  b y  exer t ing  a spar ing  effect on the  p roduc t  of the  inh ib i ted  sys tem 
or is the  p roduc t  of the  first inh ib i ted  react ion.  In  e i ther  case, t i le resul ts  are con- 
s is tent  with the  in t e rp re t a t ion  t ha t  arginine prevents  the  u t i l iza t ion  of g l u t a m a t e  
for the  b iosynthes i s  of proline. 

The synergis t ic  effect of aspar t ic  acid and arginine indicate  t ha t  different 
mechanisms  of inhibi t ion  of u t i l iza t ion  of g l u t a m a t e  are involved,  p re sumab ly  in- 
volving separa te  si tes funct ioning in sequence 4. Resul ts  r epor ted  elsewhere show tha t  
g lu tamine  at  low concent ra t ions  increases the  a s p a r t a t e - g l u t a m a t e  ra t io  necessary 
for g rowth  inhib i t ion  and at  higher  concent ra t ions  exer ts  an add i t iona l  addi t ive  
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effect  w i t h  g l u t a m a t e  3. Since no such  syne rg i s t i c  effect  is n o t e d  w i t h  g l u t a m i n e  a n d  

g l u t a m i c  ac id  in r e v e r s i n g  a rg in ine  t ox i c i t y ,  i t  a p p e a r s  t h a t  a rg in ine  e x e r t s  i t s  effect  

a t  a s t age  such  t h a t  g l u t a m i n e  can  on ly  c o m p e t e  w i t h  t h e  i nh ib i t o r ,  whi le  a s p a r t i c  

ac id  i n h i b i t s  a t  a s t age  such  t h a t  g l u t a m i n e  can  e x e r t  a s p a r i n g  effect  on  t h e  i n h i b i t e d  

e n z y m e  s y s t e m .  These  r e su l t s  are  c o n s i s t e n t  w i t h  t h e  i n t e r p r e t a t i o n  t h a t  a s p a r t i c  

ac id  e x e r t s  i ts  effect  p r io r  in t h e  s e q u e n c e  to  a rg in ine .  

SUMMARY 

Arginine competitively inhibits the utilization of either glutamic acid or glutamine in 
Streptococcus lactis 8o39, the inhibition indices for maximal inhibition being 2- 5 and approximately 
2ooo, respectively. Combinations of glutamic acid and glutamine exert additive rather than 
synergistic effects in reversing the inhibition. Proline increases the inhibition index approximately 
two-fold over a Io-fold range of concentrations of glutamine. Aspartic acid, the toxicity of which 
is also reversed by glutamic acid or glutamine, exerts a synergistic effect with arginine in inhibiting 
S. lactis 8o39. These results are consistent with the interpretation that  arginine competitively 
prevents the utilization of either glutamate and less effectively glutamine for biosyntheses 
including that  of proline by a mechanism different from aspartic acid inhibition. 

Rt~SUMt~ 

L'arginine inhibe comp6titivement l'utilisation soit de l'acide glutamique soit de la glutamine 
par Streptococcus lactis 8039, les indices d'inhibition pour l'inhibition maximum 6rant respective- 
ment de 2-5 et d'environ 2ooo. Dans des mdlanges, l'acide glutamique et la glutamine exercent 
des effets additifs plut6t que synergiques sur le renversement de l'inhibition. La proline augmente 
l'indice d'inhibition d'environ deux fois, les concentrations en glutamine variant entre elles de 
i /~ io. L'acide aspartique, dont la toxicit6 est 6galement supprim6e par l'acide glutamique ou 
la glutamine, exerce un effet synergique de celui de l'arginine sur l'inhibition de S. lactis 8o39. 
Ces rdsultats sont en accord avec l'hypoth6se selon laquelle l'arginine empScherait comp6titive- 
ment l'utilisation du glutamate et, k un degr6 moindre, de la glutamine, dans des biosynth6ses. 
entre autres celle de la proline, par un m6canisme diffdrent de celui de l'inhibition par l 'acide 
aspartique. 

ZUSAMMENFASSUNG 

Arginin wirkt kompetitiv hemmend auf den Glutaminsgure- oder Glutaminverbrauch yon 
Streptococcus lactis 8039; die Hemmungsindexe ffir die maximale Hemmung betragen 2-5, bezw. 
ungefiihr 2000. Die vereinigte Wirkung von Glutaminsiiure und Glutamin auf die Aufhebung 
der Hemmnng ist eher additiv als synergistisch. Prolin erh6ht den Hemmungsindex, tiber ein 
zehnfaches Konzentrationsgebiet von Glutamin, ungefiihr auf das Zweifache. Asparagins~iure, 
deren Toxizitgt gleichfalls yon Glutaminsgure oder Glutamin rfickgiingig gemacht wird, iibt mit 
Arginin eine synergistische Wirkung auf die Hemmung von S. lactis 8039 aus. Diese Ergebnisse 
stimmen mit der Hypothese iiberein, dass Arginin den biosynthetischen Verbrauch von Glutamat  
oder, in geringerem Masse, von Glutamin, sowie von Prolin kompetitiv verhindert  undzwar 
durch einen Mechanismus, welcher sich von der Asparaginsgurehemmung unterscheidet. 
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