
45 

Effect of Carbohydrates on Aspartic Acid Deaininase Activity of Bacteria.* 
(20OlS) 

WILLIAM L. BOYD AND HERMAX C .  LICHSTEIN 
Front the Department of Bacteriology and Immunology, l ' n i vus i t y  of Minnesota, Minneapolis. 

The observation that glucose, when incor- 
porated into growth media, exerts an inhibi- 
tory effect upon bacterial deaminase activity 
is established, but the mechanism of action has 
been obscure ( 1 ) . Recently evidence was pre- 
sented in support of the concept that the glu- 
cose effect is not primarily on apoenzyme pro- 
duction, but rather the coenzyme of certain 
bacterial deaminases is resolved during gly- 
col ysis ( 2 ) . 

The present paper is concerned with the 
effects of other carbohydrates and the varia- 
tion in the mechanism of action in different 
strains of microorganisms. 

Materials and qnethods. The microorgan- 
isms studied were strains of Escherichia coli, 
-4 erobacter aeyogenes, PYoteus vulgaris, and 
Bacterium cadaveris. Two types of media 
were employed. Medium A consisted of 1% 
each of yeast extract and pepticase and 0.5%) 
K2HP04 adjusted to a final pH between 6.5 
and i .0.  Medium B was composed of 0.1% 
each of KH2P04, K2HP04, and NaCl; 0.4% 

sodium citrate; and 0.5% vitainin-free acid- 
hydrolyzed casein! adjusted to a final pH be- 
tween 6.5 and 7.0. I t  was necessary to employ 
casein in medium B to furnish carbon sources 
for those control cells which were grown in the 
absence of a carbohydrate. The carbohy- 
drates were added aseptically from sterile 20% 
solutions to yield the concentrations desired. 
The cells were incubated for a period of from 
16 to 18 hours at  3OoC, harvested by centri- 
fugation, washed once with distilled water, 
and resuspended in distilled water to give a 
cell concentration of 0.5 to 1 mg of bacterial 
nitrogen per ml. The deamination experi- 
ments were performed at  pH 7 in 51/20 phos- 
phate buffer a t  37"C, using adequate controls 
without added aspartic acid. The reaction 
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was terminated by the addition of 0.2 ml of 
2 5% trichloroacetic acid, the tubes centri- 
fuged, and an aliquot of the supernatant fluid 
removed for ammonia determination by 
Nesslerization. Color was measured in a 
Klett-Summerson photoelectric colorirneter 
using a blue filter (400-465 mp) . 

Results. Since previous data on the inhib- 
itory effect of glucose had been obtained by 
growing bacterial cells in the presence of 2% 
glucose(3). it was desirable to determine the 
effect of other concentrations of this sugar on 
aspartic acid deaminase activity. Flasks of 
medium B containing from 0.02 to 2p glucose 
were inoculated with E .  coli, strain 86 G, 
incubated for 18 hours, and the aspartate de- 
aminase activity of the washed cell suspen- 
sions determined. Fig. 1 presents the results 
of this experiment. A concentration of 2% 
glucose was the most effective, whereas 0.012F 
exhibited essentially no inhibition. Since 
0.2% was relatively as effective as 27G7 this 
concentration of glucose was employed in 
subsequent experiments. 

These findings led to studies of the effects 
of other sugars and related compounds on 
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E'IG. 1. Effect of graded concentrations of ~ I U C O S ~  
i n  prowtli nwdiuiii A on the aspartic acid deaniiii- 
:isc activity of Es.cl i~ri~7i in coli (.085 mg lmcterial 
nitrogen per tube ) . A 1 no carbohydrate : E = 
2% glucose.: c' z 2% glucose; D =.= .02% pluc.ow?. 
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T-IELE 1. Ef'ccts of Presence of Glucose in  Synthetic and Coinplex Media, as well as o f  pH, on Aspar- 
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(Tesas) .083 51  31 23.8 ti7.A 64.4 21.8 
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deaminase activity in order to ascertain the 
specificity of the so-called glucose effect. 
Representative members of the triose. pen- 
tose. hesase. and disaccharide groups were 
chosen for investigation using - 4 ,  aerogenes as 
the test organism. The individual carbohy- 
drates were incorporated singly into srowth 
niedium a t  a concentration of 0.25t .  The 
flasks of media were inoculated with .4. 
( I C I * O ~ C I Z C S ,  incubated for 18 hours. and the 
aspartate deaniinase activity of the washed 
cell suspensions determined. In  Esp. 1 
(initial pH of media adjusted to 6.5)  using 
0.085 n ~ g  of cell nitrogen per tube. the am- 
monia produced in 30 minutes was the follow- 
ing: no carbohydrate (final pH 6.5) ,  14.4 
,q S H D - S :  glucose (final pH 4.9). 5.8 pg 
SH.:-S; sylose (final pH 4.9). 7.8 p g  
SH,,-S;  glycerol (final pH 6.01, 9.9 p g  
SH,-S: sucrose (final pH 6 . 5 ) .  17.4 pg 
SH3-S. In  Exp. 2 (initial pH of media ad- 
justed to 6.7) using 0.18 mg of cell nitrogen 
per tube the ammonia produced in 30 minutes 
was the following: no carbohydrate (final pH 
6.7) .  62.1 pg SH,-X: glucose (final pH 4.6) .  
S.7 1.1g S H r 3 - S :  citrate (final pH 7.1); 31.3 
pg SH,-S;  inositol (final pH 5.3).  29.0 pg 
S H , - S :  maltose (final pH 5 . i ) .  9.0 pg 
SH::-S.  It is clear from the changes in pH 
during growth that this strain of .4. aeraycncs 
utilized each of the compounds tested save 
sucrose. It is equally manifest that all of the 
compounds utilized had an adverse effect on 
the aspartic acid deaminase activity of the 
harvested cells. although the degree of inhibi- 
tion varied considerably among the carbohy- 

drates tested. On the basis of these data 
it may be concluded that the effect on de- 
aminases attributed to glucose is common to 
other carbohydrates utilized by the organisms 
during growth. The results with citrate were 
particularly revealing for, although this car- 
bohydrate was less effective than others, it  did 
exert a definite inhibitory action on the 
aspartate deaminase activity of the cells, in 
spite of the fact that there was an  increase 
in pH during growth rather than a decrease 
as is noted with the other carbohydrates util- 
ized by this organism. 

Even though the foregoing results supported 
the hypothesis that the adverse effect of the 
presence of carbohydrate during growth on 
certain enzyme systems is not due to the re- 
sultant drop in pH( l ) ,  nevertheless the effect 
of increased hydrogen ion concentration was 
reinvestigated and the effect of other medium 
constituents on the carbohydrate action was 
determined. Seven strains of microorganisms 
were employed in order to ascertain whether 
or not strain variation exists. Medium A and 
B were used with and without the addition of 
0.2% glucose a t  an initial pH of 7.0. For con- 
trol purposes, a flask of each medium without 
added carbohydrate and adjusted to pH 5 
was included in order to simulate the increase 
in hydrogen ion concentration anticipated 
when the carbohydrate was present. 

The results of these experiments (Table 1)  
reveal several points of interest. It is noted 
that the nature of the medium had little effect 
on the deaminase activity of the cells or on the 
inhibitory action of the added carbohydrate. 



URIC ACID PRODUCTION 47 

More significant, however, was the variation 
in response exhibited by different strains to 
altered pH and/or the presence of glucose. 
On the basis of these responses, the 7 strains 
studied may be divided into 3 groups. Group 
1. composed of E .  coli, strains Tennessee and 
Tesas, and P. vulgaris, exhibited no pH effect, 
while a definite glucose effect was apparent. 
Group 2 ,  composed of Bact. cadaveris and A .  
aerogenes, was affected by both the increased 
hydrogen ion concentration and by the pres- 
ence of glucose, but the carbohydrate effect 
was far greater than that of the altered pH. 
Group 3, composed of the Gratia and Crookes 
strains of 23. coli, exhibited a reduced aspartic 
acid deaminase activity when grown at  acid 
pH, but no reduction in enzyme activity when 
grown in the presence of glucose, Growth in 
the glucose medium was associated with an 
increase in hydrogen ion concentration. 

Discfission. It is manifest from the results 
presented that the presence of glucose or other 
fermentable carbohydrates in the growth 
medium exerts an adverse effect on the as- 
partic acid deaminase activity of the harvested 

also supported by the observation that the 2 
strains not affected by the presence of glucose 
in the growth medium exhibited a lowered 
deaminase activity when cultured at  a pH 
close to that which resulted from the utiliza- 
tion of the carbohydrate. 

It is pertinent here to comment that in 
sharp contrast to the carbohydrate effects 
noted in this study and others where the 
sugar had been incorporated into the growth 
medium, the addition of such substances to 
resting cell suspensions resulted in a pro- 
nounced stimulation of the rate of deamina- 
tion of aspartic acid (4). 

1. The reduction in aspartic 
acid deaminase activity in cells harvested 
from a medium containing glucose has been 
shown not to be specific to this sugar, but 
rather is shared by other fermentable carbo- 
hydrates. 2. The effect of the carbohydrate 
varies among the several strains s tudid,  and 
is not associated with the increase in hydro- 
gen ion concentration due to th2 production 
of fermentation acids. 

Summary. 

cells of many, but not all, bacterial species 
studied. In  those strains which are adversely 
infhenced by the presence of glucose the effect 
is much greater than can be accounted from 
the resultant increase in hydrogen ion concen- 
tration. As noted earlier, the results with 
citrate speak strongly for an action not at  all 
related l o  the concurrent pH change. This is 
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By measuring the isotopic composition of 
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