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lnhibition of Utilization of Glutamic Acid by Lnctohacillus m-abinmt~s:* 
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F r o m  the W e r n s e  L n b o r a t o r ~ ~  of Cancer Research, Washington University Sclzool of Medicine, 

S t .  Louis, M o .  

Patterns of free amino acids determined by 
2-dimensional paper chromatography were 
studied in a variety of mouse tumors, com- 
paring the neoplastic with normal homologous 
tissues( 1,2). I t  was found that each normal 
tissue examined had a distribution of free 
amino acids characteristic for that tissue, 
while all of the tumors? regardless of origin 
or source, showed very similar patterns. One 
of the most interesting findings was that the 
glutamine levels in the tumors were uniformly 
lower than in most of the normal tissues. It 
appeared feasible to attempt to disturb the 
protein synthetic mechanisms in tumors by 
interference with glutamine metabolism, since 
glutamine may play a strategic role in protein 
synthesis by virtue of its participation in 
amide exchange reactions(3-5). Most normal 
tissues, which have relatively large amounts 
of free glutamine, would presumably be more 
resistant to such an interference. 

Glutamine metabolism could be disturbed 
by inhibiting the synthesis of glutamine or by 
blocking its subsequent utilization in further 
metabolic processes. Lactobacillus arabinosus 
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17-5 can serve as a good test organism for 
screening agents which can act in either 
manner, since this organism can be used both 
for glutamic acid and for glutamine assay. 
The present communication describes the re- 
sults of the tests of several compounds in these 
assay systems. Methionine sulfoside and 
P-hydroxyglutamic acid, previously reported 
antimetabolites fior glutamic acid in L. arabin- 
usus( 6,7) ? and 7-glutamylhydrazide, a gluta- 
mine antagonist for some strains of hemolytic 
streptococci (8) ,  have also been studied. 

Experimental ,  assay me thods .  The essential 
microbiological procedures have all been de- 
scribed previously( 9) and references to the 
original literature given. All glutamic acid 
assays were perfiormed at p H  6.0 in a low 
aspartic acid medium ( 10) (Medium 1 1, con- 
ditions which minimize lag. In  most instances 
the glutamine assays were performed a t  p H  
7.0 in a high aspartic acid medium(l1) 
(Medium 2 ) ,  under which circumstances there 
is a sharp differentiation in response to glu- 
tamine and glutamic acid in the low concen- 
tration ranges. In  other experiments the same 
conditions were used for glutamine as for glu- 
tamic acid. Solutions of all of the substances 
tested and glutamine were sterilized by Seitz 
filtration. When determination of growth was 
made a t  only one time interval? the turbidity 
readings were made a t  24 hours. Several ex- 
periments were performed in which readings 
were made a t  numerous time intervals. ,411 
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TABLE I. Inhibition of Growth by p-Hydroxyglutamic Acidt “ A ”  and I ts  Reversal with 
L-Glutamic Acid (Medium 1). 

,- Optical density- 
Amt of test sub- c--Optical density-7 Amt of glutainic S o  ad- 500 y of 
stance/tubr,” y BHG “A’’  BHG “€3” acid/tube, y dition BHG “_4’? 

.179 

.22,3 

.223 

.223 
-1612 
.0&4 
.014 
.o 
.0 
.0 

213 
2 3 7  
2.36 
2 5 7  
2 5 6  
251 
240 
280 
3 9 3  
2 5 5  

0 
1 0  
20 
30 
40 
50 
60 
90 
120 
150 

.o 

.030 

.061 
,095 
.lp4 
-19 6 
244 
,359 
A45 
.468 

.o 

.0 

.0 

.O 

.008 

.019 

.123 

.310 

.352 
-396 

~ ~ 

A11 tubes contained 50 of L-glutamic acid. t BHG. 

readings were made in a room maintained at  
37“,  so that the tubes were at the same tem- 
perature during the entire experiment. Com- 
pounds tested. Nine of the aompounds tested 
were kindly furnished by Dr. Karl Pfister of 
Merck and Co., Inc. Of these, L-methionine 
sulfoxide ( 12,6) , L-7-glutamyl hydrazide (8), 
DL-P-aspartyl hydrazide (8), L-y-methylglu- 
tamate( 1 3 ) ,  and DL-pyrrolidone carboxylic 
acid ( 14 ) were secured by the indicated litera- 
ture procedures. New synthetic methods, to 
be described in a later publication from the 
laboratories of Merck and CS., Inc.,S§ were 
employed in the preparation of DL-a-methyl- 
glutamic acid (m.p. 16’8-70’ decomp.) ; DL- 
P-hydrosyglutamic acid (“A” form, m.p. 198’ 
decomp.: “B” form, as hydrate, m.p. 1 8 0 - 5 O  
decomp.: anhydrous “B” form, m.p. 157-8” 
decomp.) . ( I t  is possible that a P-hydroxy- 
glutamic acid reported to melt a t  75” as a 
trihydrate and then to solidify and remelt a t  
185 (16) is identical with the “B” form of 
hydrosyglutamic acid mentioned above), The 
previously described y-methylamide of L- 
glutamic acid( 15)  was kindly furnished by 
Dr. F. C. Jleyer of the Research Department 
of the Monsanto Chemical Co. 

Results. Results of initial screening tests.  
In  the concentrations used (40 to 3W0 y per 
tube) only 2 of the substances were markedly 

$ Rogers, E. F., Conbere, J. P., Leanza, W. J,, 
and Piister. K. 
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of Merck and Co., for his interest which made pos- 
sible the cooperation of the St. Louis and Rahway 

inhibitory ior growth on glutamic acid and 
none of them inhibited the utilization of gluta- 
mine. Methionine sulfoxide was not inhibi- 
tory under the present conditions of testing, 
even when the concentration present was 60 
times that (of glutamic acid. Although L-y- 
glutamylhydrazide inhibits the utilization of 
glutamine in some streptococci (8), it did not 
inhibit the utilization of glutamine in the 
present test system. A more detailed descrip- 
tion of the inhibitory properties of a-methyl- 
glutamic acid and P-hydroxyglutamic acid 
“A” will follow. 

Inhibition of growth on glutamic acid by 
6-kydroxyglutamic acid “A”. Table I shows 
the results ‘of an experiment in which were 
tested the inhibitory effects of the racemates 
of the two diastermisomers of P-hydroxyglu- 
tamic acid (BHG) . The “A” acid was mark- 
edly inhibitory while the other isomer showed 
no inhibition and even possibly a slight stimu- 
lation of growth. It is seen that the inhibition 
is competitive with glutamic acid, since in- 
creasing amounts of glutamic acid in the 
presence of a constant amount of inhibitor 
decreased the extent of inhibition. 

TABLE 11. Inhibition of Growth by a-Methyl- 
glutamic &id (All Tubes Gonkained 50 y b- 

glutanlie Acid; Medium 1). 

Amt of a- 70 ‘of normal growth 
met hylglut amic 
acid per tube, y 1 2 3 

7- EXP. NO.--------, 

10.0 66.2 92.7 5 5 3  
200 37.5 71.1 54.3 
300 16.3 18.7 48 
40 0 6.9 3.9 - 
500 5.9 2.3 3 1.9 laboratories in this work. 
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TABLE 111. Rewrsa l  of Inhibition by a-Xethylglutamic Acid with L-Glutamic Acid 
(Medium 1). 

7- Optical density I 

, 7 E x p .  1---7 i‘ EXP. 2--7 
Amt of glutamic 500 y in- 500 y in- 1500 7 in- 

acid/tube, y Control hibitor/tube Control hibitor/tube hibitor/tuhe 

.022 

.04G 

. O i l  

.120 

.168 
2 1 9  
.343 
.432 
.438 

Inhibit ion of growth o n  glutainic acid b y  
a-metlzylglzrtanzic acid. In  Table I1 are the 
results of 3 different experiments showing the 
inhibitory effects of different concentrations 
of a-methylglutamic acid (AMG) on growth 
in the presence of 50 y of glutamic acid. Al- 
though inhibition was found in each experi- 
ment, the extent of inhibition differed from 
one experiment to the other. This was also 
found to be the case in a number of other 
similar experiments not reported in detail. A 
possible explanation for this will be suggested 
in a subsequent section. Increasing concen- 
trations of glutamic acid produced a reversal 
of the inhibition exerted by a given amount 
of AMG (Table 111) , showing the competitive 
nature of the inhibition. 

Time-course of growth on glutainic acid in 
presence and absence of AMG. I n  Fig. 1 is 
shown the 3-dimensional plot of the time- 
course of growth with glutamic acid alone 
under the standard assay conditions, employ- 
ing time, optical density, and glutamic acid 
concentration as the variables. It is seen that 
little additional growth occurred after 24 
hours a t  the lower concentrations and that 
suitable growth curves for assay purposes were 
obtained between 22 and 30 hours. I n  Fig. 2 
are plotted ithe results of an  experiment similar 
in all respects to that shown in Fig. 1 with the 
exception that all tubes contained 1500 y of 
AMG. A comparison of the results in Fig. 1 
and 2 shows clearly the marked inhibitory 
effect of the AMG. However, the inhibition 
was not absolute, since there was some growth 
in the presence of inhibitor a t  41 hours in the 
tubes containing the 4 highest concentrations 

of glutamic acid. Although the growth with 
150 y of glutamic acid in the presence of 
AMG was only 28% of the control a t  24 
hours, it  was 75% of the normal value at 
30 hours. Similarly, in the presence of 120 *{ 
of glutamic acid the inhibited growth was 9% 
of the control a t  24 hours, but 59% a t  30 
hours. It is evident from this that although 
readings taken a t  only one time interval may 
give good qualitative evidence of the inhibi- 
tory potentialities of a compound in the 
present test series, little quantitatiye signifi- 
cance can be attached to such results. In- 
hibition ratios calculated from such data 
would be of little value. The variability ob- 
served in the degree ‘of inhibition found for a 
given amount of AMG when growth was 
measured a t  24 hours (Table 11> could pos- 
sibly have been caused by  different rates at  
which the inhibition was overcome in the in- 
dividual experiments. 

Mechanism of action of a-nzethylglutanzic 
acid and p-hydroxyglutamic acid “A”.  Re- 
sults with methionine sulfloxide and an unre- 
solved mixture of BHG indicated that these 
substances were active by virtue of their 
ability to prevent the amidation of glutamic 
acid( 6,7). Small amounts of glutamine were 
able to overcome the inhibition, and the utiliz- 
ation of glutamine itself was not appreciably 
affected. The same mechanism is probably 
operative in the present experiments with 
-4MG and BHG. Neither compound inhibited 
the utilization of glutamine. AActually there 
may have been a slight stimulation by the 
AMG and BHG “A”, both of which were 
strongly inhibitory in the utilization of glu- 
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FIG. 1. Time-course of growth on different 
amounts of L-glubmic acid. 

FIG. 2. Time-course of growth on different 
aiiiouiitp of L-glutainic acid in the presence of 

1300 y of AMG per tube. 

F IG.  3. Time-course of growth on 50 y of L-glu- 
talnic acid in  the presence ,of varying amounts of 

AMG. 

tamic acid. In  an experiment in which the 
time-course of growth was followed it  was 
found that there was no growth for 18 hours 
when amounts of AMG from 300 to 15.00 y 
per tube were used in the presence of SO y of 
glutamic acid (Fig. 3 ) .  At this time the 
control tubes had attained almost maximal 
growth. However, a t  30 hours the tubes con- 
taining 300 -1 of AMG had 86% of the growth 
found in the controls, and the tubes containing 
600 and 900 y of AMG had begun to show a 
rapid growth. This emphasizes the import- 
ance lof the consideration of the time factor 
in the reversal as well as the inhibition studies. 

It is doubtful in the present instance that the 
inhibition is lovercome because of the destruc- 
tion of the inhibitor. It would rather appear 
that there is a very slow rate of synthesis of 
glutamine going on. When a small critical 
concentration of glutamine has been attained 
the utilization of glutamic acid may proceed 
independently of the ability of the organism 
to synthesize glutamine. 

Influence of a-metliylglutamic acid on the 
time-course of growth on glutamine alone and 
on a mixture of glutamine and glutamic acid. 
The standard growth curves for glutamine 
were very similar to those found for glutamic 
acid (Fig. 1) when assays were performed in 
Medium 1. When varying amounts of AMG 
were added to 50 y of glutamine virtually 
identical growth curves were obtained (Fig. 
4). No increased time-lag in growth was 
noted at  any Concentration of inhibitor tested. 
There was a slight depression in the extent of 
growth below that in the control tubes in all 
of the samples Containing AMG, but this was 
the same regardless of the concentration of 
AMG. A comparison of Fig. 3 and 4 shows 
clearly the remarkable difference between the 
effect of AMG on the utilization of glutamic 
acid and glutamine. I t  was previously sug- 
gested that AMG acts by preventing the syn- 
thesis of glutamine from glutamic acid, but 
that orice small amounts of glutamine become 
available the bacteria can utilize the remain- 
der of the glutamic acid. From this it would 
be expected that small amounts of glutamine 
should enable growth to take place on small 
quantities of glutamic acid in the presence of 

TIME CHRS.) 
FIG. 4. Time-course of growth 011 50 y of L-glu- 
tamine in the presence of varying amounts of 

BMG. 
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a large amlount of inhibitor. An experiment 
was performed in which each tube contained 
a mixture of 35 y of glutamic acid and 15 y 
of glutamine in the presence of varying 
amounts of AMG up to 1500 y per tube. 
When 50 y of glutamic acid alone was used 
in the presence of 1200 y and 1500 y of AMG 
per tube, there was no growth at  all in 30 
hours (Fig. 3 ) .  In  the present experiment 
there was visible growth in all tubes by 16 
hours. Even in the tubes containing 1200 y 
and 1500 y of AMG growth amounting to 
89% and 78% of normal was found at  30 
hours, showing clearly the marked protection 
afforded by small amounts of glutamine. 
However, some inhibition of growth by -4MG 
was noted in the earlier time periods. It may 
well be that AMG also inhibits some steps in 
glutamic acid utilization other than amidation. 

Inhibition of the  a-ketoglutarate-glutamine 
system. It was shown previously that a-keto- 
glutarate does not replace glutamine or glu- 
tamic acid for growth in Medium 2,(9). Good 
growth occurred with z-ketoglutarate in the 
presence of small amounts of glutamine. The 
results suggested that the role of glutamine is 
catalytic. I t  was of interest to see whether 
this system could be inhibited by some of the 
substances tested for glutamic acid antago- 
nism. From the results in Table I V  it is seen 
that methionine sulfoxide and -4MG are 
weakly inhibitory and that BHG “-4” appears 
to be a somewhat stronger inhibitor. These 
findings are being extended in further studies. 

Discussion. The purpose of the present in- 
vestigation was to find inhibitors of glutamic 
acid and glutamine utilization in a microbio- 
logical test system which would also be effec- 
tive in mammalian tissues. a-Methylglutamic 
acid (AMG) and one of the diastereoisomeric 
racemates of P-hydroxyglutamic acid were 
more potent inhibibors lof glutamic acid utiliza- 
tion for L. arabinosus than any compounds 
previously described. ,411 of the experiments 
performed were consistent with the interpreta- 
tion that these compounds acted by preventing 
the synthesis of glutamine from glutamic acid. 
Tests are in progress to determine whether the 
amidation of glutamic acid in animal tissues 
is also inhibited by these substances. Prelim- 
inary tests with mice of the C576 strain weigh- 

TABLE IT. Inhibition of the a-Ket rglinarate- 
Glutaniiiie System (All Tubes Contained 2.5 mg 

a-Iistoglutaric Amid and 30 y of C4utamine; 
Medium 2) .  

r Optical density--, 
L4iiit of Methio- 

inhihitor iiiiie a-Metliylglu- $-HydroxSglu- 
/tube. y sulfoxide tamic acid t a m i c  acid A 

ing between 14 and 18 g have shown that 
these animals can tolerate for a t  least 10 days 
3 0  mg of AMG administered daily by the in- 
traperitoneal route without showing any toxic 
symptoms lor loss in weight. *4n indication of 
the in vivo antagonism of AMG to glutamic 
acid also was obtained when it was found that 
this compound significantly enhanced the in- 
cidence of audiogenic seizures over the con- 
trols in a susceptible strain of mice (dba) 
tested under standard conditlons (1 7 ) .  Marked 
reductions in seizure incidence and in fatalities 
below the control levels were obtained when 
glutamic acid was given. Tests are now being 
conducted with AMG in tum,or-bearing ani- 
mals. ,4MG has also been found to be a 
potent inhibitor of a bacterial glutamic acid 
decarboxylase and a somewhat weaker inhib- 
itor of brain glutamic decarboxylase. These 
results will be reported subsequently. 

1. Ten compounds were tested 
for inhibition of utilization of glutamic acid 
and glu tamine by Lactobacillus ara binosus. 
2. DL-x-methylglutamic acid and one of the 
diastereoisomeric racemates of P-h_vdroxyglu- 
tamic acid were potent competitive inhibitors 
of glutamic acid utilization. Sone of the 
compounds tested was a glutamine inhibitor. 
3.  The results indicated that the two active 
compounds prevented the synthesis of gluta- 
mine from glutamic acid by the bacteria. 4. 
Experiments in which the time-course of 
growth was followed showed that under cer- 

Summary. 
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tain conditions the inhibition by a-methyl- 
glutamic acid could be overoome. A possible 
explanation was suggested for this finding and 
the importance of taking readings at  several 
time intervals was emphasized. 
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Virulence Enhancing Activities of Aureomycin on Candidn albicans.* 
(19418) 

ERICH SELIGMANN. (Introduced by William Antopol.) 
From the Division of Laboratories, Beth Israel Hospital, New York City. 

Personal observations and a number of re- 
ports in the literature( 1) indicate that pro- 
liferation of fungus-like organisms, notably 
Candida albicans may occur in patients 
treated with penicillin, aureomycin, chloram- 
phenicol. and terramycin. Not only is there 
a numerical increase in the oral cavity, in- 
testinal or urogenital tract, etc., but localized 
or disseminated disease with serious, and at  
times fatal consequences may develop. 

The mechanism of stimulation of growth 
and increase in pathogenicity of fungi in pa- 
tients treated with antibiotics is not fully 
understood. The frequency of these complica- 
tions has become ‘of sufficient impact to 
warrant the American Council on Pharmacy 
and Chemistry of the A.M.A. to issue “a warn- 
ing statement to be included in aureomycin 
hydrochloride, chloramphenicol and terramy- 
cin hydrochloride labeling”( 2 ) .  The Council 

*This investigation was supported by the Joseph 
and Helen Yeamans Levy Foundation. 

suggests that susceptible bacteria are sup- 
pressed by the bacteriostatic action of the 
drugs, and monilia or other yeast-like organ- 
isms may then replace the normal or abnormal 
bacterial flora, thus paving the way for secon- 
dary mycotic infection. The following ex- 
periments may shed some light on these prob- 
lems. 

Material and methods. Candida albicans. 
A strain isolated from the oral cavity of a pa- 
tient was used for all the tests. The strain 
grew in fluid media with sediment and no 
pellicle formation, femented dextrose, maltose 
and sucrose, did not attack lactose. On 
Sabouraud’s agar it produced white, creamy 
colonies, on blood agar plates dull grey colony 
forms and on corn meal agar streaks, i t  de- 
veloped the characteristic mycelium and yeast 
cell clusters. I t  was therefore considered a 
typical Candida albicans. For animal tests, 
the growth from Sabouraud’s agar slants was 
washed off with normal saline solution and 


