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Inhibition of rat liver glutamine synthetase by phosphonic analogues of glutamic acid ~ 

B. Lejczak, H. Starzemska and P. Mastalerz 

Institute of Organic and Physical Chemistry, Technical University, PL-50370 Wroctaw (Poland), 25 September 1980 

Summmy. Analogues of glutamic acid, a-methylglutamic acid and glutamine in which the a- or 7-COOH groups are 
replaced by PO3H 2 or P(O)(OH3)OH functions competitively inhibit rat liver glutamine synthetase. The K I values are 
comparable to or lower than K M for L-glutamate. 

Aminophosphonates related structurally to glutamic acid 
appear to be of some interest as biologically active sub- 
stances. Thus, phosphinothricin (2, table) is a natural 
compound with antibiotic properties 2,3, while 2-amino-4- 
phosphonobutyric acid (1) competes with glutamate for 
receptors in nerve cells 4'5 and has been reported to have 
antiviral activity 6. 
The mode of antibacterial action of phosphinothricin in- 
volves inhibition of glutamine synthesis in the bacterial cell 
by competition with glutamic acid 2. Considering this fact, 
and the much earlier observation that 1 and its P-ethyl 
analogue are strong inhibitors of pigeon liver glutamine 
synthetase 7 it appeared worthwhile to extend the number of 
phosphonic analogues of glutamic acid examined for inhib- 
itory properties in glutamine synthesizing enzyme systems. 
In this communication we report the inhibition of rat liver 
glutamine synthetase by phosphonic and P-methylphos- 
phinic acids structurally related to gtutamic acid, c~-methyl- 
glutamic acid, glutamine and isoglutamine (table). 
All analogues listed in the table were prepared in our 
laboratory in the form of racemic mixtures 8-11 and were 
used as such in enzyme tests. 
The inhibition was studied using glutamine synthetase 
(EC.6.3.1.2) prepared from rat liver j2. Enzyme activity with 
and without inhibitors was assayed by the hydroxamate ! 
procedure 13 in which K M for L-glutamate was 2.4 x 10 -3 M. 
Assays were conducted at 37 ~ in 1 ml mixture which 
contained 50 gM imidazole, 20 gM MgC12, 100 ~tM 2 
NH2OH: HCI, 10 gM ATP, 25 ~tM 2-mercaptoethanol, 2.5- 
20 gM L-glutamate and 0-60 ~tM of inhibitor. Final pH 7.2. 
Reaction time was 15 min. K I values were determined from 3 
double reciprocal plots of velocity against glutamate 
concentration. 
All analogues listed in the table, although structurally quite 4 
diverse, are effective inhibitors of glutamine synthetase, 
acting competitively against L-glutamate. 
The inhibition constants K l shown in the table indicate that 5 
all the analogues examined have substantial affinities to rat 
liver glutamine synthetase. In fact, the values of K I ob- 
tained for most of our analogues are of the same order of 6 
magnitude as K M for L-glutamate and in four cases (com- 
pounds 1, 2, 4 and 6) the inhibitors are bound more tightly 
than the substrate. This demonstrates that substituting the 
phosphonic or P-methylphosphinic acid function for the 7 
COOH group, regardless of its position in the molecule, is 
an effective means of producing structural antagonists of 
glutamic acid. Comparison of inhibition by compounds 1, 8 
3, 5, 7 and 2, 4, 6, 8 shows that the P-methylphosphinic 
analogues have higher affinities for glutamine synthetase 
than the compounds with a PO3H 2 group. Another general 9 
trend is that analogues with PO3H 2 or P(O)(CH3)OH group 
in ? position (compounds 1-4) are better inhibitors that 
corresponding a analogues (compounds 5-8). l0 
The effect of an a methyl group is irregular: the K I values 
for compounds 1 and 5 are higher than those found for 
corresponding a-methyl derivatives 3 and 7 (note that 11 
a-methylglutamate is nor as good substrate for glutamine 
synthetase as glutamate 14) while the KI for phosphinothri- 
cin (2) is lower than that observed for the a-methyl 12 
derivative (4). It is worth noting that compound 4 is a 
strong inhibitor of rat liver glutamine synthetase, second 

only to the transition state analogue methionine sulphox- 
imine phosphate 15,16. Conversion of a COOH group in a or 
;~ phosphonic analogues to an amide or ester function 
(compounds 9-12) produces inhibitors with K I values of the 
same order of magnitude as K M tbr L-glutamate. It thus 
appears that the COOH group is not essential for effective 
binding by glutamine synthetase. 
In view of the efficient inhibition of rat liver glutamine 
synthetase by phosphonic and P-methylphosphinic sub- 
strate analogues reported here it was of interest to examine 
their effect on other enzymes involved in the metabolism of 
glutamic acid. Studies performed so far have included 
E. coli glutamate decarboxylase (EC.4.1.1.15), porcine heart 
alanine and aspartate transaminases (EC.2.6.1.2, 
EC.2.6.1.1) and bovine liver glutamate dehydrogenase 
(EC.1.4.1.3). No effect was observed in the case of gluta- 

Inhibition of rat liver glutamine synthetase (Km=2-43" 10 3 M) 
by phosphonic analogues of glutamic acid and glutamine 

Compound Structure K i [M] 

~.NH2 
H203P-CH 2 CH2-CH 8.8- 10 4 

COOH 

j N H 2  
HO(CH3)(O)P-CH2-CH2-CH 3.2. 10 4 

COOH 

/NH2 
H203P-CH2-CH2-C<-CH 3 6,3. 10 3 

"COOH 

/NH2 
HO(CH3) (O)P-CH2-CH2-C-CH 3 5.6. [0 -5 

"~'COOH 

j N H 2  
HOOC-CH2-CH2-CH 1.3. 10 3 

PO3H2 

/-NH2 
HOOC CHz-CHz-CH 7.9.10 -4 

~" e (O) (CHs)OH 

jNH2 
HOOC-CHz-CH2-C-CH 3 1,6. 10 -2 

NPO3H 2 

/NH2 
HOOC-CHz-CH2-C-CH3 9.5-10 -3 

"P (O)(CH3)OH 

/ N H 2  
H2NOC-CH2-CH2-CH 5.5.10 -3 

"~- PO3H 2 

j N H 2  
H203P-CH2-CH2-CH 6.2.10 -3 

~- CONH 2 

j NH2 
H203P-CH2-CH2-CH 8.7- 10 -3 

~- COOCH3 

NH2 
H3COOC-CHz-CHz-CH 2.1.10 -3 

PO3H 2 
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mate dehydrogenase, while inhibit ion of  decarboxylase and 
transaminases was insignificant. Thus, recognition of  
phosphonic and phosphinic analogues as being similar to 
glutamic acid might  be a peculiar property of  glutamine 
synthesizing enzymes. This might  be due to the similarity o f  
inhibitors to the intermediate 7-glutamyl phosphate. 
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Effect of  chol inesterase on the chemi luminescence  of  luminol  
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Summary. The chemiluminescent  oxidation of  luminol  was activated by cholinesterase. Physostigmine and dimethoate  
inhibited the luminescence, TEA had no effect. These results indicate that the esteratic site is responsible for the activating 
action of  the enzyme. 

The chemiluminescent  oxidation of  luminol  with hydrogen 
peroxide in aqueous alkaline solution occurs to a significant 
extent only in the presence of  an 'activating agent 'l. The 
activating action of  organophosphorous cholinesterase 
(ChE) inhibitors on the oxidation of  luminol  was first 
described by Goldenson 2. Weber  and co-workers have 
extensively studied the activating action of  DFP,  tabun, 
sarin 3 and various organophosphorous insecticides 4,5. In 
our previous papers, we reported that chol inomimetic  
agents (acetylcholine and pilocarpine) also activate the 
oxidation of  luminol  6 8. 
This study was undertaken to determine whether ChE 
exerts any action on the luminescence of  luminol,  and i f  so, 
to examine the interaction between the enzyme and its 
inhibitors. 
Material and methods. Luminescence intensity was recorded 
as a function of  t ime with a luminophotometer  described 

by Weber  9. M a x i m u m  luminescence intensity (~m) was 
plotted against the concentration of  the reagent investigat- 
ed. All experiments were performed with a reaction mix- 
ture containing 0.4 m M  luminol,  45 m M  N a O H  and 
various concentrations o f  H202. The total volume of  reac- 
tion mixture was 50 ml, the pH 12.2 and the temperature 
20~ Pseudocholinesterase (4 uni ts /mg)  was obtained 
from Calbiochem, and luminol  from Koch-Light.  All other 
reagents were o f  analytical grade. 
Results and discussion. U p o n  addit ion of  ChE to the reac- 
tion mixture an intense luminescence was immediately 
evident, indicating that the enzyme activates the oxidation 
of  luminol.  A linear relationship exists between maximum 
luminescence intensity and enzyme concentration. The in- 
tensity of  light produced is markedly affected by the 
amount  of  H20 2. Figure 1 shows the effect of  H20 2 
concentration on max imum luminescence intensity in the 
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Fig. 1. Maximum luminescence intensity vs H20; concentration. 
Activator: ChE 0.04 mg%. Conditions: 4. 10 -4  M luminol, reaction 
pH 12.2. 
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Fig.2. Maximum luminescence intensity vs H 2 0 2  concentration. 
Activator: dimethoate 0.1 mM. Conditions: 4.10 -4 M luminol, 
reaction pH 12.2. 


