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Isolation and Characterization of glutamate dehydrogenase
defective mutant of Brevibacterium flavum
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ABSTRACT: In order to understand the regulation of glutamate dehydrogenase(GDH) synthesis in
Brevibacterium flavum, we have isolated a mutant lacking NADP-linked GDH activity by ethylme-
thane sulfonate treatment. The gdh~ mutant was grown on the minimal plate with 1mM ammonium
chloride and not that with 300mM ammonium chloride. The cell-free extracts from gdh- mutant and
prototroph were also examined with glutamine synthetase(GS) and glutamate synthase(GOGAT) pro-
duction by nitrogen sources. The growth of gdh~- mutant in presence of 20mM ammonium chloride
means that GOGAT synthesis is sufficient to allow growth in this condition. GS production of gdh- mu-
tant as well as parental strain was induced by 1mM urea and ammonium tartrate, but it was repressed
by higher concentration of ammonia, and also induced by 20mM to 50mM glutamate as a substrate. It
was special attention that GOGAT synthesis from gdh- strain was more repressed by higher concentra-
tion of ammonia than prototroph as described in E. coli system.
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GOGAT synthesis.

Until the discovery of a glutamate synthase
(GOGAT) activity in microorganisms (Meers ef
al., 1970; Tempest et al, 1970), glutamate dehy-
drogenase (GDH) was thought to be the only en-
zyme responsible for glutamate synthesis. Studies
with mutants of Klebsiella aerogenes (Brenchley et
al., 1973; Brenchley and Magasanik, 1974), Esche-
richia coli (Berberich, 1972; Pahel ef al, 1978),
and Salmonella typhimurium (Brenchley et al.,
1975; Dendinger ef af, 1980) demonstrated that
either GDH or GOGAT synthesis is sufficient to
allow growth in media with excess ammonia.
However, when cells are grown with limiting am-
monia or with certain nitrogen sources, only the

GOGAT reaction is essencial. The loss of both en-
zyme activities causes a glutamate requirement in-
dependent of ammonia supply. The function of
GDH in S. #yphimurium is interesting, because
this enzyme activity did not vary during the cell
growth with different nitrogen sources (Brenchley
et al, 1975; Rosenfeld ef al., 1982). In contrast, in
K. aerogenes, GDH activity is markedly decreased
when the cells were grown with a limiting nitro-
gen source (Brenchley et al., 1973). In order to un-
derstand the regulation of GDH synthesis in S.
typhimurium, they had isolated a mutant lacking
this enzyme activity. Recently, Dendinger ef al.
(1980) described the isolation of mutants with a
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heat-labile GDH enzyme. Specially, Brevibacte-
rium flavum produces large amount of glutamate
by GDH in presence of ammonia. We have already
examined purfication and properties of GDH and
GS from Coryneform bacteria in the same group
of microorganisms as classification status.

In this paper, in order to the regulation of GDH
synthesis in B. flavum, we have isolated mutant,
gdh™ strain, lacking this enzyme activity. How-
ever, this gdh™ mutant was able to grow on the
medium contained ammonium chloride because it
produced GOGAT synthesis, We will describe
here the characteristics of enzymatic regulation in
gdh™ mutant.

MATERIALS AND METHODS

Bacterial Strains: The strains of bacteria used in
this experiments are shown in Table 1.
Isolation of GDH Defective Mutant

B. flavum cells cultured in the complete broth
at 30 °C for 16 hours (4.3 x 10° cells/mJ). The cul-
tures were then centrifuged (12,000 x g), washed
twice with 1/15M potassium phosphate buffer
(pH 7.0) and resuspended in 3 m/ of the buffer.
The optical density of the culture was measured at
610 nm using a spectrophotometer (0.D. at 610
nm: 1.0). Exposure to the culture with 12.5 mM
ethylmethane sulfonate (EMS) was carried out
with shaking at 37 °C for 20 hours, the cells were
collected and resuspended in 0.85% saline. The
cell suspension was spreaded on the complete
plate and incubated for 48 hours at 30 °C. Colonies
appearing on the plates were replicated on the
complete plates, Colonies were selected on the
minimal plates with 1 mM and 300 mM ammo-
nium chloride since gdh™ mutants were expected
to grow on the minimal plate with 1 mM ammo-
nium chloride but not on that with 300 mM ammo-

Table 1. List of Brevibacterium flavum strains and their
characteristics.

. Relevant
Strain source
genotype
B. flavum ATCC 14067  prototroph ATCC*
B. flarum SUB 12 gdh- This laboratory

*American Type Culture Collection
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nium chloride.
Media and cell cultivation: The media and cul-
ture method were as described by Sung (1984).
Cultures were incubated for 24 hours at 30 °C with
shaking in 200m/ Erlenmeyer flasks containing
20 m/ complete broth and 0.4 m! of inoculum.
The inoculum was 5 m/ of a nutrient broth cul-
ture grown overnight. The complete medium
contained 5 g glucose, 5 g peptone, 3 g yeast
extract, 20 g agar per liter of distilled water. In
order to investigate the effect of nitrogen sour-
ces on glutamate dehydrogenase, glutamine syn-
thetase, and glutamate synthase production, the
minimal media were used with different concen-
tration of ammonium tartrate, urea, glutamate,
and glutamine. Minimal medium contained 1.07g
NH,Cl20mM), 1g K;HPO,, 50mg NaCl, 20g dex-
trose, 0.04g MgS0,7H,0,, 0.2mg FeS0,-7H,0,
0.2mg MnSO,-6H,0, 50ug biotin, and 200ug
thiamine-HCI per liter of distilled water.
Preparation of Cell Extract: Cells of both strains
were cultured in minimal broth with different con-
centrations of nitrogen sources instead of am-
monium chloride for 24 hours at 30°C. Cells were
centrifuged, the supernatant was discarded and
the cell pellet was harvested and sonicated with
sonic dismembrator (Model 300, Fisher) to be bro-
ken. The broken cells were centrifuged at 10,000
rpm for 10 minutes at 0°C and the supernatant
was used as the cell-free extract.
Enzyme Assays: All cell-free extracts were made
in 100mM Tris-HCl buffer, pH 7.0. Glutamate de-
hydrogenase (GDH) of cell-free extract was as-
sayed according to the modified procedure of
Kimura et l(1977). The reduction of NADPH
was measured by the change in E;, in a recording
spectrophotometer. The assay mixture contained
50mM NH,CI, 7.0mM e-ketoglutaric acid, 0.15
mM NADPH, 100mM potassium phosphate buf-
fer (pH 7.0) and the enzyme protein to be a final
volume of 2.5 ml. The initial rate of reaction was
determined in the presence and absence of am-
monium chloride at 37°C. Specific activities are
expressed as 1 #mole NADPH oxidization per mi-
nute per mg of protein.

Glutamine synthetase(GS) assay was carried
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out by measuring 7-glutamyltransferase activity
by Shapiro and Stadtman (1967). The assay mix-
ture composed of 3.5 mM glutamine, 3.5mM a-ke-
toglutaric acid, 0.15mM NADPH, 100mM potas-
sium phosphate buffer (pH 7.0) and adjusted to
pH 7.57 with 2M triethanolamine, to be 23m/ with
distilled water, added with 0.4mM MnCl,. The
1m/ of assay reagent was reacted with 1m/ of en-
zyme solution and incubated at 37°C for 30mi-
nutes, added with 1m/ of stop mixture to stop
react. The reaction mixture was centrifuged at
12,000rpm for 3 minutes. Precipitate was remov-
ed and absorbancy was measured at 540nm. One
unit of the enzyme was defined as the amount re-
quired to catalyze the synthesis of 1 zmole of
7-glutamylhydroxamate per minute at 30°C and
one specific activity unit of the enzyme was defin-
ed as 1 unit/mg protein.

Glutamate synthase (GOGAT) assay was car-
ried out by the method of Miller ef al.(1972). Assay
mixture contained 3.5mM glutamine, 3.5mM
a-ketogutaric acid, 0.15mM NADPH, 100mM po-
tassium phosphate buffer (pH 7.0). The assay mix-
ture, 2.4m/, was reacted with 0.1m/ of enzyme
solution, and was measured initial rate of NADPH
oxidation. One unit of enzyme activity was defined
as the amount which oxidizes 1 pmole of NADPH
per minute,

Protein Determination: The amount of soluble
protein in cell-free extracts were determined by
the method of Lowry ef al. (1951).

RESULTS AND DISCUSSION

Isolation of Glutamate Dehydrogenase Defective
Mutant

Glutamate dehydrogenase defective mutant
from B. flavum ATCC 14067 was isolated by mu-
tagenesis with ethylmethane sulfonate (EMS) ac-
cording to the method of Necasek ef al. (1967).
EMS was added directly to 16 hours cultures
(4.3 x 10° cells/md) of B. flavum ATCC 14067 gro-
wing in the complete medium, at final concentra-
tion of 12.5 mM, 25 mM, and 50 mM EMS as
shown in Table 2. The one disadvantage to the use
of EMS as a mutagen is the high probability that
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Table 2. Survival as a function EMS concentration

EMS (mM) Survival (%)
0 100
12.5 46.90
25 0.07
500, 0.02

Table 3. Growth characteristics of gdh~ mutant on the
minimal plate with ammonium chloride.

Strain
Growth gdh~ mutant Prototroph
substrate N
1mM NH4(Cl1 +
300mM NH4Cl -
+; good growth, - ; no growth

every cell will be mutated at more than one site.
Therefore, we chose the LD;, condition which is
treated with 12.5 mM of EMS for the selection of
gdh™ mutants. It was confirmed that this mutant
was grown on the minimal plates with ImM am-
monium chloride but not that with 300mM ammo-
nium chloride as shown in Table 3. GDH defective
mutant was also confirmed with cell-free extract
by determination of GDH activity and by double
immunodiffusion analysis with GDH-antibody
(Sung, 1984).

Effect of Ammonium Chloride on the Growth of
Brevibacterium flavum SUB12 (gdh™ mutant)

In order to determine the optimum concentra-
tion of ammonium chloride for the growth of Bre-
vibacterium flavum, flasks contained minimal
broth with ammonium chloride were inoculated
with inoculum to be 0.02 with the initial optical
density at 610nm. The cells were cultured at 30 °C
on an rotary shaker at about 180 rev. per minute.
Both strains of B. flavum ATCC 14067 and B.
flavum SUB12 (gdh~ mutant) were grown in
minimal medium contained the various concentra-
tions of ammonium chloride as a sole nitrogen
source as shown in Table 4. The cell growth was
effected with the increasing concentrations of am-
monium chloride. The optimum concentration of
ammonium chloride in the minimal broth was
20mM for the cell growth. Specially, the growth of
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Table 4. The growth of B. flavum SUB12(gdh~ mutant)
and its parent strain, ATCC14067, on the con-
centration of ammonium chloride

NH,4Cl1 Growth of Growth of

concentration gdh~ mutant parental strain
{mM) (0.D. at 610nm) (O.D. at 610nm)

0.03 0.31

2 0.16 0.64

10 0.40 0.87

20 0.69 1.02

50 0.23 0.63

80 0.07 0,53

100 0.05 0.33

gdh™ mutant (SUB12) cells was very low in pre-
sence of ammonium chloride even if mutant strain
lacks GDH. This growth of gdh™ mutant means
that GOGAT synthesis is sufficient to allow
growth in media with 20 mM ammonia showing
agreement with other microorganisms (Berberich,
1972; Brenchley et al.,, 1973, 1974, 1975; Pahel et
al., 1978). The loss of Qoth enzyme activities,
GDH and GOGAT, causes a glutamate require-
ment independent of ammonia supply. Actually
this gdh™ mutant shows somewhat high activities
of GOGAT in presence of ammonium tartrate or
urea as shown in Figure 5.
Enzyme Presence of Intra- and Extracellular Dis-
tribution

The cells of parental strain, B. flavum ATCC
14067, and mutant strain, B. flavum SUB12 were
cultured in minimal broth with 20mM ammonium

Table 5. Cellular distribution of glutamate dehydroge-
nase(GDH) and glutamine synthetase(GS)

Cellular Specific activities

Strain distribution Enzyme (uM/min/mg protein)
ATCC- GDH 8.7x 107
Intra-
14067 GS 3.6 x 1073
(grot(})}- Ext GDH 0.0
roph) e 6s 4.0 x 1074
GDH 1.4 x 1072
SUB 12 Intra-
-3
(gdh- GS 4.0x 10
mutant) Extra- GDH 0.0
xra GS 4.0 x 104
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chloride for 24 hours at 30 °C. The cells were cen-
trifuged, the supernatant was used as extracel-
lular enzyme solution. Sonically treated crude ex-
tract of the cells was used as intracellular enzyme
solution. As shown in Table 5, the presence of
glutamate dehydrogenase was distributed in in-
tracellular, whereas glutamine synthetase was
presented as intra- and extracellular enzyme in
both strains.
Effect of Nitrogen Source on Glutamate Dehydro-
genase Synthesis

B. flavum SUB12(gdh™ mutant) and B. flavum
ATCC 14067 were grown under the conditions
with ammonium tartrate, urea, L-glutamate, and
L-glutamine as sole nitrogen sources with concen-
trations ranging from 5mM to 100mM. The cells
were harvested and prepared cell extract accor-
ding to the “Methods and materials”. The specific
activity of glutamate dehydrogenase was deter-
mined comparing with gdh™ mutant, B. flavum
SUBI12 and parental strain, B. flavum ATCC
14067. The results are shown in Figure 1. It was
found that GDH activities of parental strain was
increased to be the highest level at the concentra-
tions of 20mM urea and ammonium tartrate, and
they were decreased at 50mM or 100mM nitrogen
concentrations. The growth of high concentra-

GDH Activity
(x 1072 units/mg protein)

m
0 20 50 100
Concentration of Nitrogen Sources (mM)

Fig. 1. Glutamate dehydrogenase synthesis of B.
flavum ATCC14067 and gdh~ mutant grown on
various concentrations of urea and ammonium
tartrate.

A ; urea in prototroph, & ; urea in gdh~ mutant,
O ; ammonium tartrate in parental strain, ® ; am-
monium tartrate in gdh~ mutant.
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tions of urea results in low activity of glutamate
dehydrogenase. The possibility should be con-
sidered that urea repressed the synthesis of glu-
tamate dehydrogenase. Pateman(1969) described
that high concentration of urea repressed glu-
tamate dehydrogenase in Aspergillus nidulans. In
this respect, this result was shown in good agree-
ment with that from A. nidulans.

Microorganisms that can utilize urea as a
source of nitrogen produce urease, and conse-
quently ammonia from urea. Aspergillus can grow
on urea and U2 mutants (Scazzocchio and Darl-
ington, 1967), which lack urease activity, are
unable to utilize urea. A comparison of wild-type
cells and a U2-4 mutant was made with respect to
glutamate dehydrogenase activity after growth on
media containing 100mM urea and 50mM nitrate,
in an attempt to show whether urea itself or some
metabolites produced from it affect glutamate de-
hydrogenase synthesis.

However the result in this experiment shows
that 20mM urea induce glutamate dehydrogenase
synthesis than ammonium tartrate. It was assum-
ed that glutamate dehydrogenase synthesis of B.
Sflavum requires some amount of ammonia from
urea by urease.

Glutamate dehydrogenase synthesis from gdh~
strain was very lower because this mutant lacks
glutamate dehydrogenase activity with the addi-
tion of urea and ammonium tartrate.

B. flavum parental strain and mutant strain
were also grown on concentration of glutamate or
glutamine ranging from 5mM to 100mM. The cell
extracts were assayved for glutamate dehydroge-
nase activity. The result is given in Figure 2. In
the prototroph of B. flavum, ghitamate dehydro-
genase synthesis decreased dramatically with the
increasing concentration of glutamate or gluta-
mine. Specially, high concentration of glutamate
repressed glutamate dehydrogenase synthesis
because it is final product of enzyme. However, in
mutant strain, glutamate dehydrogenase activity
was very low with the addition of glutamate or
glutamine, resulting from the cell extract of gluta-
mate dehydrogenase defective mutant. It is sup-
posed that mutant strain does not affected with
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GDH Activity

(x 102 units/mg protein)

=

0 20 50 100
Concentration of Nitrogen Source (mM)
Fig. 2. Glutamate dehydrogenase synthesis of B.

Sflavum ATCC14067 and gdh~ mutant grown on
various concentrations of L-giutamate and
L-glutamine.

O ; L-glutamate in parental strain, @ ; L-gluta-
mate in gdh™ mutant, & ; L-glutamine in parental
strain, a; L-glutamine in gdh~ mutant.

product inhibition.

Regulation of GS Synthesis by Nitrogen Sources
At the second step of nitrogen assimilation

from a -ketoglutaric acid, GS synthesis was re-

pressed by the addition of increasing concentra-

tion of urea and ammonium tartrate as shown in

Figure 3. This result means that ammonia repres-

GS Activity (units/mg protein)
3]

1
0 20 50 100
Concentration of Nitrogen Source (mM)

Fig. 3. Glutamine synthetase synthesis of B. flavum
ATCC14067 and gdh- mutant grown on various
concentrations of urea and ammonium tartrate.
A urea in parental strain, a ; urea in gdh™ mu-

tant, O ; ammonium tartrate in parental strain,
® ; ammonium tartrate in gdh- mutant.



98  Choi, Sung and Min

GS Activity (units/mg protein)

i

0 20 50 100
Concentration of Nitrogen Sources (mM)

Fig. 4. Glutamine synthetase synthesis of B. flavum
ATCC14067 and gdh- mutant grown on various
concentrations of L-glutamate and L-glutamine.
©; L-glutamate in parental strain, @ ; L-gluta-

mate in gdh™ mutant, & ; L-glutamine in parental
strain, a ; L-glutamine in gdh™ mutant.

sed GS synthesis as reported in E coli or S typhi-
murium systems (Miller and Stadtman, 1967 Sha-
piro and Stadtman, 1967; Magasanik, 1982). Spe-
cially, in mutant strain, the GS production was
more susceptible to ammonium concentration
compared with prototroph. The effect of gluta-
mate or glutamine on glutamine synthetase syn-
thesis represents in Figure 4. In parental strain
and mutant strain, GS production was remarkably
induced to be the highest level at 20mM or 50mM
glutamate, enzyme substrate, but decreased with
higher concentration of glutamate, assuming sub-
strate inhibition effect. However, the effect of glu-
tamine on GS production showed the decrease of
GS synthesis with the increasing concentrations of
glutamine, suggesting that end product inhibition
was represented in this system.

Regulation of GOGAT Synthesis by Nitrogen
Sources

The cell extracts from both strains were deter-
mined glutamate synthase production. The results
are shown in Figures 5 and 6. Glutamate synthase
production from parental strain was higher than
that of mutant strain.

Figure 5 showed that glutamate synthase pro-
duction from both strain were maximum level at
ImM ammonium tartrate and urea, but it was ra-
pidly decreased with increasing concentrations of
nitrogen sources. This result means that ammonia
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Fig. 5. Giutamate synthase synthesis of B. flavum
ATCC14067 and gdh- mutant grown on various
concentrations of urea and ammonium tartrate.
A urea in parental strain, a; urea in gdh™ mu-
tant, C; ammonium tartrate in parental strain,
® ; ammonium tartrate in gdh~ mutant.

repress glutamate synthase activity like E. coli
system (Miller and Stadtman, 1972). It was special
attention that glutamate synthase from mutant
strain was lower than that of parental strain in
presence of urea and ammonium tartrate.,

Figure 6 represents the result that glutamate
as enzymatic product induced glutamate synthase

4
3|
2l
1

0 20 50 100
Concentration of Nitrogen Sources (mM)

GOGAT Activity

(x 1072 units/mg protein)

Fig. 6. Giutamate synthase synthesis of B. flavum
ATCC14067 and gdh~ mutant grown on various
concentrations of L-glutamate and L-glutamine.
O; L-glutamate in parental strain, e ; L-gluta-
mate in gdh™ mutant, » ; L-glutamine in parental
strain, a ; L-glutamine in gdh- mutant.
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production from both strains at lower concentra- tion of glutamate or glutamine. From this result, it
tion ranging from 1mM to 20mM. In case of this seems that glutamate synthase production from
experiment, glutamate synthase production from mutant strain was also repressed by product inhi-
gdh™ mutant strain was very low at any concentra- bition, glutamate, and specially by glutamine.

&= §*2

Brevibacterium flavum®) glatamate dehydrogenase(GDH)e] &4 249 Fuizlv) $t8kod ethylmethane sulfonate
= Helsted NADP-linked GDH #4lo] gl gdh™ Ed¥elFE  Helsioir) gdh™ &Foldie]F= 1 mM
ammonium chloride 7t 45 & 2o =lell 4 @ gated o vt 300 mM ammonium chloride?} 2% # 4w 2] 2] 3= 4
Aslz] ¥-étedch, gdh™ mutant®} Lol prototroph®l GDH, glutamine synthetase (GS), glutamate synthase (GOGAT)
PAoll vl a4 Aasle] ke A sieich wat gdh™ F¥e] 37} 20mM ammonium chloride &3}l 4] 7 e Al
5 2ed T, o] Ak o] mutantv} 9 2718l A GOGATHE T3l glutamate® 3418 4 Q17| wiio] o)
“Fedt Aoz sidxic), gdh mutant® prototrophit 7ol GS el wokem, ZiAel A4S 1 mM ureatt ammonium
tartrateol] 28} 7519 0n} -2 59 ammoniacl 4l A dEleiv), wal 7142l 20mMu=] 50mMel glutamateol 2|3}

o GS &Aool F51% et gdh mutant®! GOGAT T4 E. coli systemd} 7o) iE1x o) ammonia®l ¢]5led i)
1

+ A 4 9lgit)
REFERENCES 8. Dendinger, S. M. and ]. E. Brenchley, 1980.
Temperature-sensitive glutamate dehydro-

1. Bender, R. A. and B. Magasanik, 1977. Re- genase mutants of Salmonella typhimurium. J.
gulatory mutations in the Klebsiello aerogenes Bacteriol. 144: 1043-1047.
structural gene for glutamine synthetase. /. 9. Dendinger, S. M., L. G. Patil and J. E. Bren-
Bacteriol. 132: 100-105. chley, 1980. Salmonella tvphimurium mutants

2. Berberich, M. A. 1972. A glutamate-depen- with altered glutamate dehydrogenase and
dent phenotype in E. coli K-12: The result of glutamate synthase activities. J. Bacteriol.
two mutations. Biochem. Biophy. Res. Com- 141: 190-198.
mun. 47 1498-1503. 10. Funanage, V. L. and J.E. Brenchley, 1977.

3. Tyler, B.M. 1978. Regulation of the assimi- Characterization of Salmonella typhimurium
lation of nitrogen compounds. Ann. Rev. Bio- mutants with altered glutamine synthetase
chem. 47: 1127-1162. activity. Genetics, 36: 513-526.

4. Magasanik, B. 1982. Genetic control of ni- 11. Kimura, K., A. Miyakawa., T. Imai and T.
trogen assimilation in bacteria. Aun. Rev. Sasakawa, 1977. Glutamate dehydrogenase
Genet. 16: 135-168. trom Bactllus subtilis PCI219. J. Biochem. 81:

5. Brenchley, J. and B. Magasanik, 1974. Mu- 467-476.
tants of Klebsiella aerogenes lacking glutamate 12. Lowry, O.H., N.J. Rosebrough, A.L. Farr
dehydrogenase. J. Bacteriol. 117: 544-550. and R.J. Randall, 1951. Protein measurement

6. Brenchley, J.E., C. A. Baker and L. G. Patil, with the Folin Phenol reagent. J. Biol. Chem.
1975. Regulation of the ammonia assimilatory 193: 265-275.
enzymes in Salmonella typhimurium. J. Bacte- 13. Mantsala, P. and H. Zalkin, 1976. Glutamate
riol. 124: 182-189. synthase. J. Biol. Chem. 251: 3294-3299.

7. Brenchley, J., M. Prival and B. Magasanik, 14. Meers, J., D. Tempest and C. Brown, 1970.
1973. Regulation of the synthesis of enzymes Glutamate synthase an enzyme involved in

responsible for glutamate formation in Klebsi- the synthesis of glutamate by some bacteria.

ella aerogenes. J. Biol. Chem. 248: 6122-6128. J. Gen. Microbiol. 64: 187-194.



100 Choi, Sung and Min

15.

16.

17.

18.

19.

20.

21.

Miller, R.E. and E.R. Stadtman, 1972. Gluta-
mate synthase from FEscherichia coli. J. Biol.
Chem. 247: 7407-7419.

Necasek, J., P. Pikalek and J. Drobnik, 1967.
J. Mutation Res. 4: 409,

Pahel, G., A. D. Zelenetz and B. M. Tyler,
1978. gltB gene and regulation of nitrogen
metabolism by glutamine synthetase in E.
coli. J. Bacteriol. 133: 139-148,

Pateman, J. A. 1969. Regulation of synthesis
of glutamate dehydrogenase and glutamine
synthetase in microorganisms. Biockem. ],
115: 769-775.

Rosenfeld, S. A., S. M. Dendinger,C. H. Mur-

phy and J.E. Brenchley, 1982. Genetic char-

acterization of the glutamate dehydrogenase
gene(gdhA) of Salmonella typhimurium. ]J.
Bacteriol. 150: 795-803.

Sakamoto, N., A. M. Kotre., and M. A. Sava-
geau, 1975. Glutamate dehydrogenase from
Escherichia coli: Purification and properties.
J. Bacteriod. 124: 775-783.

Scazzochio, C. and Darlington, A. J.,1967.

22.

23.

24.

25.

26.

KOR. JOUR. MICROBIOL

Bull. Soc. Chim. Biol., Paris. 49: 1503.
Shapiro, B.M., and E. R.Stadtman, 1967. Re-
gulation of glutamine synthetase. J. Biol.
Chem. 242: 5069-5079.

Shiio, I.-and H. Ozaki, 1970. Regulation of ni-
cotinamide adenine dinucleotide phosphate-
specific glutamate dehydrogenase from Bre-
vibacterium flavum, a glutamate producing
bacterium, J. Biochem. 68: 633-647.

'Streicher,S.L.,R. A. Bender and B. Magasa-

nik, 1975. Genetic control of glutamine syn-
thetase in Klebsiella aerogenes. J. Bacteriol.
121: 320-331.

Sung, H.C. 1984. Studies on properties of
glutamate synthase of Brevibacterium flavum
and its role in ammonia assimilation. Ph.D,
Thesis of Kyoto university, Japan.

Tempest, D., J. Meers and C. Brown, 1970.
Synthesis of glutamate in Aerobacter aerogenes
by a hitherto unknown route. Biockem. J. 117:
405-407.

(Received Mar. 16, 1988)



