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1. Introduction

The pathway of y-aminobutyrite . GABA) catabo-
bism in £. coli K-12 consists of two sters catalyzed by
y-aminobutyrate-a-ketoglutarate transaminase (GSST,
EC 2.6.1.19) and succinic semi-aldehyde dehydroge-
nase (SSDH. EC 1.2.1.16). respe-tively. We have shown
earlier that the synthesis of these two enzymes is s* b-
Ject 1o catabolite repression. In contrast to other
E. coli enzymes. which also succumb to catabohite re-
pression. ($-galactosidase. EC 3 2.1 23, and aspartate-
ammonia lyase (AAL.EC 4.3 1 1), the synthesis of
the GABA pathway enzymes 1s specifically rebeved
from catabolite repressicn upon growth in a glucose
medium in which the ammonium salts had been sub-
sututed by GABA. aspartate or glutamate (1]

In the work of Privai and Magasanik [2] a situation
has been described in which the sythesis of histidase
(EC 4.3.1.3) and of proline oxidase (EC 1.4.3.2)1n
Kiebsiella aerogenes escapes from catabolite repression
m a glucose medium when the nitrogen supply 1s being
limited, while the synthesis of oher catabolite-repres-
sion-sensitive enzymes (m)o-inositol dehydrogenase,
EC 1.1.1.18, S-galactosidase) remains rcpressed. The
authors suggested that enzymes which catalyze the
breakdown of nitrogenous compounds serving as the
nitrogen source for the cells are r:leased from catabo-
lic repression under conditions of nitrogen hmitation.
The ability of these enzymes to escape from catabolite

represnon in a aitrogen-limited medivm was shown to
be related to the level of glutamine synthetase in the
cells {3,4]). The authors also showed that in addition
to the release of histidase and proline oxidase synthesis
from catabolite repression by nitrogen limstation, these
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enzymes. in common with many other enzymes whose
synthesis is sensitive to catabolite repressior.. are de-
represscd 1n the presence of cych. 3 <" adenosine
monnphosphate (¢cAMP). Under conditions »f nitrogen
imitation Prival and Magasamik also sicceeded in de-
monstraung release of histidase svnthesis irom cata-
bolite repression 1n a cAMP requiring mutant in the
abs nce of CAMP (2).

n the present communication we intend 1o show
tha: the escape of the synthesis ot the GABA-pathway
en.ymesin £ ¢/ K-12 from catahohite repression
also depends or the availability of nitrogen. tutis not
¢ffected by the adaitior. of cAMP t»» the medum
From expertments in which the effect of L-glutamine
on the extent f relief from repress:on was examined.
we conclude that glutamine does not cause depression.
However. since glucamine 1s a good source of ammonia
for £ colt the ievel »f the GAVA-enzymes in cells
grown in a glucose - glutamine medium is as low as :n
cells from a glucose - ammoria medium

2. Materials and methods

2.1, Chermucals

L-Aspartic acxd. Dglucose and sodium suc:inate
were purchased from British Drug Houses. Ltd.. Poole.
England L-Glutamin~ was a product of Manr: Re-
search Laboratones, Inc., New York. GABA was ob-
tained trom Nutritional Biochem.cals. Corp.. Cleveland.
Ohjo. Isopropyl-8-D-thiogalactopyranoside. ortho-ny-
trophenvi-S-galactopyranosids and cyclic 3’ 5'-adenc-
sine monophosphate were products of Sigma Chemi-
cal Co., 5t. Lours, Mo. L-Methionine and 2-mercapto-
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ethanol were purchased from E. Merck AG Darmstadt,
Germany and nicotinamide adenine dinucleotide phos-
phate (NADP) was from Boehringer and Sons, Mann-
heim, West Germany. 14C-o-ketoglutarate was ob-
tained from The Radiochemical Centre, Amersham,
Bucks., England. Succinic semi-aldehyde (SSA) was
prepared by synthesis and hydrolysis of dimethyl-
formylsuccinate [5]. Nessler's reagent was prepared
by the method of Johnsen [6].

2.2. Bacterial strain

Strain C§101B, a mutant capable of utilizing GABA
as a sole nitrogen source was used in the following ex-
periments. This mutant was obtained, by ultraviolet
mutagenesis, from E. coli K-12 Hfr Cavalli, strain
CS101A, a methionine auxotroph, as described earli-
er [1,7].

2.3. Media and bacteriological techniques

The composition of growth media and techniques
used for growing bacteria and determination of growth
rates were as earlier described [7]. MM designates min-
imal medium and (MM-N) means minima! medium
without ammonium salts.

2.4, Preparation of cell extracts

Cell extracts used for testing GSST, §SDH, g-galac-
tosidase and AAL activities were prepared by sonic
oscillation as described [7].

2.5. Determination of GSST and SSDH

The assay procedures have been described elsewhere
[7], except that the concentration of NADP used in
the SSDH assay was increased to 0.5 mg/ml.

2.6.3-Galactosidase determination

B-galactosidase was determined by the method of
Pardee et al. [8]. The protein concentration used was
about 4 ug/ml.

2.7, Determination of AAL

The activity of aspartase was measured as described
by Halpern and Umbarger [9].
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Table 1
Catabolite repression and the effect of cAMP on the synthesis
of GSST, SSDH, g-galactosidase and AAL in CS101B.

Addition Specific activity
of 2mM (nmoles/mg protein/min)
cAMP GSST SSDH p-galacto- AAL

sidase

MM+succinate,1% - 61.9 161.0 6.7 300
MM+succinate, 1% + 46.8 198.0 7.0 304
MM+glucose, 0.5% — 6.1 6.0 1.5 122
MM-+glucose, 0.5% + 8.6 27.0 4.7 202
(MM-N}*+GABA,

0.4%+glucose,0.5% - 102.1 390.0 1.1 112
{MM-N)+GABA,

0.4%+glucose,0.5% + 83.1 358.0 9.0 240

All the media were supplemented with 25 ug/ml L-methionine

3. Results

3.1. Effect of cAMP on the levels of GSST, SSDH,
(-glactosidase and AAL in the presence of succi-
nate and glucose as the source of carbon

We have previously shown [1] that specific release
of the synthesis of the GABA-enzymes from catabo-
lite repression can be obtained by substituting GABA
for the ammonium salts in the medium. The synthesis
of other catabolite-repression-sensitive enzymes (f-ga-
lactosidase, AAL) remains repressed under these con-
ditions. Since the synthesis of all the other known
catabolite-repression-sensitive enzymes is depressed
by the addition of cAMP to the glucose mediuvm, we
examined the effect of cAMP on the synthesis of the

GABA-pathway enzymes in £. cofi K-12. As shown

in table 1, cAMP has no effect on the level of GSST

and SSDH in a glucose-ammonia medium, while caus-
ing derepression of f-galactosidase and AAL synthesis.

Addition of cAMP had also no effect on the synthesis

of GSST and SSDH in a medium in which GABA

served as the source of nitrogen. As expected, the
synthesis of §-galactosidase and AAL was relieved
from catabolite repression under these conditions.
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Table 2
Effect of growth in the presence of various concentrations of
ammonium salts on the synthesis of GSST and SSDH in
CS101B.
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Table 3
Effect of growth in the presence of different concentrations
of GABA and aspartate as the nitzogen source on the syn-
thesis of GSST and SSPDH in C5101B.

Total concentration Generation Specific activity

of ammonijum salts time (nmoles/mg protein/min}
(mM) (min}) GSST SSDH
80 120 89.7 159.8
4 192 109.4 219.2
0.4 210 3222 510.0

Bacteria were grown in MM medium in which the ammonium
salts were reduced to the levels indicated in the table} with
sodium succinate (1%) as carbon source, supplemented with
L-methionine (25 ug/ml).

3.2, Effect of ammonig limitation on the synthesis of
the enzymes of the GABRA pathway

The escape of the synthesis of the GABA-pathway
enzymes from catabolite repression in a medium in
which the ammonium salts were entirely substituted
by GABA [1] raised the possibility that release from
repression would also take place if the concentration
of the ammonium salts in the medium were reduced.
Indeed, as shown in table 2, growth in a succinate
medium in which the concentration of ammonium
salts was reduced to 0.4 mM resulted in a 3—4-fold
increase in the levels of GSST and SSDH activity.

3.3. Effect of varying concentrations of nitrogen sources
other than ammonia on the extent of escape from
catabolite repression

From the above results (table 2) one could assume
that the reason for the release of the synthesis of the

GABA enzymes from catabolite repression in a medium

in which GABA or aspartate were used as the nitrogen

source instead of ammonia salts [1], was due to the
limited rate of ammonia supply to the cell. If this were
so, one would expect that increasing the concentration
of GABA or aspartate in the medivm would bring about

a decrease in the rate of synthesis of these enzymes.

Indeed, one can see in table 3, that the concentration

of nitrogen sources other than ammonia affects the

synthesis of the enzymes of GABA catabolism. The
nature of the nitrogen source also influences the rate

of enzyme synthesis.

Carbon Nitrogen Generation  Specific activity
source source time (nmoles/mg
protein/min)
{min) GSST SSDH
Succinate,1% GABA,0.2% 245 140.8 733.0
Succinate,1% GABA,0.4% 217 86.6 279.0
Glucose,0.5% GABA,0.2% 260 234.4 880.0
Glucose,0.5% GABA0.4% 230 101.8 390.0
Glucose,0.5% Aspartate,0.2% 155 80.0 220.0
Glucose,0.5% Aspartate,0.4% 95 26.5 - 96.9

Bacteria were grown in minimal medium in which the ammo-
nium salts were substituted by the indicated nitrogen source
at the concentration specified, with succinate or glucose as
carbon source.

3.4. Effect of L-glutamine on the synthesis of the
enzymes of the GABA-degradative pathway

The finding that the enzymes involved in GABA
catabolism are released from catabolite repression
only in situations in which growth of the culture is
limited by nitrogen indicates that this escape is some-
how related to control mechanisms operating at the
junction of carbon and nitrogen metabolic pathways,
where glutamine occupies a preminent position {10].
A correlation between the escape from catabolite re-
pression and the activity of glutamine synthetase has
indeed been found in the case of histidase synthesis
is Klebsiella aerogenes [3,4} . We therefore studied
the effect of the additien of L-glutamine to the growth
medium on the extent of synthesis of the enzymes of
the GABA pathway in E. coli K-12.

One can see from table 4 that L-glutamine added
to a medium containing an excess of ammonium salts,
does not result in derepression of GSST and SSDH
synthesis (compare lines 1 and 2, and lines 3 and 4 in
table 4). In media in which the enzyme levels are high
because of escape from catabolite repression (glucose—
GABA medium), the synthesis of GSST and SSDH is
greatly reduced upon the addition of L-glutamine.
This can be explained by L-glutamine being a good
source of ammonia (via glutaminase action), as shown
by the fact that the rate of growth of £. coli K-12 in
a glucose medium in which L-glutamine served as the
sole source of nitrogen, was much faster than on GABA
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Tabie 4
Effect of L-guitamine oa growth and synthesis of GSST and SSDH im CS101B.
Addition of Generation Specific actmty

Growth modimm 0.2% L-gintamine tune (mmoles mg protzw/min)

(mm) GSsv SSDH
Mdeenccinete, 1% - 126 .2 1676
Mid+succinate., 1% . 150 8.2 1307
Mit+ghucoss, 0.5% - 66 3 97
Md+ghucoee, 0.5% * 66 4.1 65
M ~-NYGABA 0.4% + glucose.
ass - 165 672 2810
08— NY*GABA, 0.4 + gucose.
Q5% . 72 8.1 81
MM - NY+ghecose, 0.5% - PP "o

as the sol* mitrogen source and only somewhat lower
than m 2 glucose - ammonia medium ( comp-re lines
4.5,6 and 7 in table 4).

4. Discussion

The synthesis of the enzymes of the GABA cata
bolic pathway in £ coli K-12 1s highly sensitrve to
catabolite repression [1] Contrary to many other en-
zymes whose synthesis 1s released from catabolite re-
pression upom the addition of cAMP to the growth
medium [11], the synthesis of GSST and SSDH 1n
£. coli K-12 is not affected by this compound (table 1)
However, the synthes: of these enzymes can be made
%0 escape from catabolite repression when o1¢ sub-
stitutes the armontum saits by GABA. aspa tate or
ghutamate [1], or when growth 1s lbmited b low con-
cemtrations of snenon:um salts mn the mediu:n (table 2)
Both of these treatments reduce the availabsy ity f
nitroges 0 the cell as manifested by the siosing down
of the rate of growtn (tables 2 and 3). Unde: conditions
of mitrogen Hmitation the nature of the carbon source
does not greatly af'e:t the levels of GSST and SSDH
(table 3).

In their wock with Kiebsells serogenes, Prival and
Magaesnik showed tha* when growth is limited by the
wee of pooe mitrogen scurces, the synthesis of catabols:
ensymes seaponsidbie for the supply of both carbon anei
nitsagra (histidase snd protin idase) is reb d from
estabalite sepression, while the synthesis of other cata-
bolic ensymes (spyo-imosrtaol dehydrogenase and S-galac-

tonadase ) is even more strongly repressed than in a
glucose — ammonia medium [2! These authors show ed
that the synthesis of hist‘dase can be dercpressed by
the addition of CAMP even n media contarning an
excess of ammonium salts.

The synthesis of GSST and SSDH. which catalyze
the breakdown of GABA in E. coli K-12_escap<. from
catabolite repression under conditions of nitrogen
Limitation, whereas the synthesis of other catabolic
enzymes which catalyze the breakdown of carbon
-galactosidase ) and ritrogen (AAL) compounds. re-
mains repressed (table | and ref {1]) On the other
hand. addithon of cAMP to the growth medium, which
aboiishes the catabolite repression of many other en-
zvmes m £. coli K-12, mclulding that of AAL. and
which causes derepression of histsdase and proline
oxidase synthesis in Kiebsiells acrogenes. does not
depress the synthesis of the GABA catabolic enzymes.

As shown in table 4, addition of L-glutamine does
not result in any release from catabolite repression of
GSST and SSDH synthesis in £ co/i K-12. Moreover,
addition of Lglutamine to a glucose GABA medmum
reduces the levels of these enzymes to those found
in cells grown in a glucose—ammonia medium. This
repression is due to the fact that glutamine is a good
nitrogen source as shown in this table (see lines S, 6
and 7). This is well demonstrated by the quite rapid
growth of the culture and the very low levels of GSST
and SSDH (similar tc those obtained in a glucose—am-
monis medium) in media with glutamine as the sole
source of nitrogea.

Ome can thevef clade that the repression of
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the synthesis of GSST and SSDH upon addition of
L-glutamine to a glucose GABA medium, is due to
increased availability of nitrogen. Under these condi-
tions escape synthesis of GABA enzymes would serve
no useful purpose and is therefore curtailed.
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