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PURIFICATION AND SOME PROPERTIES OF
GLUTAMINE SYNTHETASE FROM METHYLOMONAS SP. J

Takashi Matsumoto

An obligate methylotrophic bacterium, Methylomonas sp. J is able to grow on only two C-1 compounds, methanol and
methylamine. In our previous study (2), it was suggested that the glutamine synthetase was a preferred enzyme as the
nitrogen assimilation in the cells, when nitrate and methanol were the respective nitrogen and carbon sources for this
micro-organism. While, when methylamine was only nitrogen and carbon source, it was shown that two enzyme
activities, glutamine synthetase and NADP-depenndent glutamate dehydrogenase activities were detected. From these
observations, much interest has focused on the regulation of the glutamine synthetase activity in assimilation of
nitrogen.The aim of this study was to characterize glutamine synthetase from Methylomonas sp. J in different nitrogen
sources. So, at first, glutamine synthetase of this micro-organism was purified to homogeneity from the cells grown in
synthetic medium of methanol and nitrate as carbon and nitrogen sources, respectively. The purified enzyme had a
molecular weight of 580,000 and a subunit size of 55,000. The studies of the effect on the catalytic properties by snake
venom phosphodiesterase treatment suggest this enzyme is regulated by adenylation/deadenylation. The release of
AMP from the enzyme was also detected by the treatment. Some other properties of the enzyme, such as Km for each
substrate, inhibition by some metabolites and effect of metal-ions were determined and compared to those in the case

of other bacterial enzymes.
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Fig. 1 Polyacrylamide gel electrophoresis of the purified
enzyme.

Protein sample(30ug)was electrophoresed as
described in Methods. After electrophoresis, pro-
teins in the gel was visualized by staining with
Coomassie Brilliant Blue.

TWAHZ L %2R L TWBA, Escherichia coli
(9)\ Bacillus cereus (10). Methylococcus cap-
sulatus (11). Methanobacterium ivanovi (12).
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Table 1 Purification of glutamine synthetase from methanol-nitrate grown Methylomonas sp. ]
All purification steps were done as described in the text. Enzyme activity was determined using the

y -glutamyltransferase assay.

Total protein (mg) Sp.activity (U/mg)
crude extract 7140 0.37
(NH4)2S0;4 fractionation 2375 1.09
DE-32 column chromatography 718 156
Sepharose CL-6B column chromatography 120 8.17
Affigel blue column chromatography 16.5 25.7
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Fig. 2 Estimation of the molecular weight of the
glutamine synthetase by Sephacryl S-300HR
gel chromatography.

A column of Sephacryl S-300HR was equilibrated
with 50mM Tris-HCI buffer, pH 7.4, containing 0.1 M
KCl Flow rate of the column was 0.5 ml/min and
elution volumes of proteins detected by absorbance
at 280 nm are plotted against the logarithms of their
molecular weights. 1; ferritin dimer, 2 ; thryloglobin,
3 ; ferritin monomer, 4; catalase

Table 2 Amino acid composition of glutamine synthetase
from Methylomonas sp.]
Values of the nearest integer for serine and
proline were determined by extrapolation to
zero time

Residues per 56000g of GS subunit

Amno acid 21hr 42hr 63hr  trp  nearestinteger
Asx 525 536 537 593 54
Thr 230 233 231 253 23
Ser 288 265 245 317 31
Glx 448 458 466 438 46
Pro 735 658 599 718 80
Gly 425 438 440 456 44
Ala 444 458 455 473 45
Cys 0.8 18 1.2 - 1
Val 317 344 348 249 34
Met 199 186 217 235 20
Ile 244 261 263 181 26
Leu 338 341 344 318 34
Tyr 138 139 140 145 14
Phe 278 271 2718 248 28
Trp - - - 25 3
Lys 303 3L1 3Ll 275 31
His 162 168 169 133 17
Arg 175 175 178 15.86 18
' total 549
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Fig. 3 Estimation of the subunit molecular weight of
the glutamine synthetase by SDS-polyacrylamide
gel electrophoresis.

The enzyme and maker proteins were incubated
with 1% SDS containing 1% 2-mercaptoethanol and
10 mM phosphate buffer, pH 7.0 at 100 C for 15min.
Electrophoresis was performed at 8mA per gel for
45 h using 10 % polyacrylamide gel and 154 g of
enzyme. Electrophoretic mobilities of polypeptide
are plotted against the logarithms of their molecular
weights. 1; phosphorylase b, 2 ; bovine serum
albumin, 3; ovalbumin, 4 ; carbonic anhydrase, 5 ;
trypsin inhibitor, 6 ; #-lactoglobulin
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Table 3 Effect of phosphodiesterase treatment on the rate of glutamine synthetase activity
Reactions were mesured spectrophotometrically under assay conditions described in Methods.

biosynthetic assay(U/mg)

treated time(h) Mn2*-dependent

Mg?*-dependent

y -glutamyltransferase assay(U/mg)

Mn?*-dependent  Mg?*-dependent

0(untreated) 319
2 243
48 0.36

173 0.23
127 0.40
4.65 8.57

(Table 3). phosphodiesteraseflL¥ X 17> 1%
7 -glutamyltransferase assay & biosynthetic
assay & HIZMg?t CIEM L, Mn2tCTHEZ 3217,
BER OB A3 & A R AN g5 5 M %
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Fig. 4 Separation of low molecular compounds
from phosphodiesterase-treated enzyme on

TSK-G3000SW gel

The procedure is described under "MATERIALS
and METHODS". Protein and nucleotide were mea-
sured in terms of absorbance at 260nm.
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Fig. 5 Kinetics of the y -glutamyltransferase reaction of glutamine synthetase.

(a) Double reciprocal values of the velocity of the enzyme reaction plotted against the hydroxylamine concentration at
fixed concentration of ADP. Solution of 0.95 ml containing 142 x mol of imidazole-HCL, pH 7.15, 0.28 4 mol of MnCly, 26.
3 umol of K-arsenate, 38 xmol of ADP, hydroxylamine-HCl indicated in the figure and enzyme solution (10~25 u g)
were preincubated at 37°C for 5 min. After the preincubation, the enzyme reaction was started by the addition of 0.05

ml of 400 mM L-glutamine.

(b) Double reciprocal values of the velocity of the enzyme reaction plotted against the glutamine concentration at fixed
concentrations of ADP and hydroxylamine-HCL Solution of 0.95ml containing 142 u mol of imidazole-HCI, pH 7.15, 0.28
u mol of MnCly, 26.3 1 mol of K-arsenate, 38 zmol of ADP, 19 zmol of hydroxylamine-HCl and enzyme solution (10
~25 u g)were preincubated at 37C for 5 min. After the preincubation, the enzyme reaction was started by the

addition of 0.05 ml of L-glutamine (40~400mM).

20mMICZE LT %25, WEHUML % OBET
b FD%E) - HIZTAL R H» o7 (Fig 6a)e —Hh
ATP, 7 Y E= 7ML Cldis LB m OFF K
B AFhZn1.82mM. 024mMTd - 7225, WEE
MIHIZATPICHN L TIR5.0mM. 7 ¥y E=TIZ
3t L CTi0.50mM & 2~3f5H K L7z (Fig. 6b,c)o
HZENS, BEORTF=YMLIEZI VS

IVEBORBEHATMICED TV REEE LT,
MOREOREIIHT HHEMELIHED L L)
FHAOERE oA, WThOREIIHL
THRABEEIMK L, T2, oMEMT
RARON- KT T HKHE B LT, #F
WWAEREIRDONLH o7z (Table 4)o

Table 4 Comparison of the properties of glutamine synthetase from different micro-organisms

Apparent Km values (mM)

Biosynthetic assay

y -Glutamyltransferase assay

Enzyme source(Ref.) (Mg?*) (Mn?2*)
NH4* Glutamate ATP NH,OH Glutamine

Escherichia coli (14) 1.8 240 0.68 4.0 36
Bacillus subtilis (15) 04 0.8 0.20 2.3 78
Nitrobacter agilis (16) 0.2 6.30 - 2.6 116
Methylococcus capsulatus(11) 0.72 2.25 0.60 7.0 5.0
Hyphomicrobium X(13) 0.032 3.10 0.37 70 5.0
Methylomonas sp. ] % 0.24 1.43-2.0 1.82 143 24

* present study
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Fig. 6 Kinetics of the biosynthetic reaction of glutamine
synthetase and effect of phosphodiesterase
treatment.

(a)Double reciprocal values of the velocity of the
enzyme reaction plotted against the glutamate
concentration at fixed concentrations of ATP and
ammonium chloride. Reaction mixture (0.2 ml)
contains as follows: imidazole-HCI, pH7.0 ; 10 4 mol,
MgClz ; 10 g mol or MnCly ; 1 gmol, NHCl ; 10 «
mol, sodium ATP ; 1.5 umol, sodium L-glutamate :
(indicated in the figure)and enzyme solution; 250 pg.

62

(@ snake venone phosphodiesterase untreated enzyme,
Osnake venone phosphodiesterase treated enzyme)

(b)Double reciprocal values of the velocity of the enzyme
reaction plotted against the ATP concentration at fixed
concentrations of sodium glutamate and ammonium
chloride. Reaction mixture (0.2 ml) contains as follows:
imidazole-HCI, pH7.0; 10 4 mol, MgCls; 10 z mol or
MnClg; 1 zmol, NH4CL; 10 g mol, sodium ATP; (indicated
in the figure), sodium L-glutamate; 20 z mol and enzyme
solution; 250 pg.(@ snake venone phosphodiesterase
untreated enzyme , Osnake venone phosphodiesterase
treated enzyme)

(c)Double reciprocal values of the velocity of the enzyme
reaction plotted against the ammonium chloride
concentration at fixed concentrations of ATP and
glutamate. Reaction mixture (0.2 ml) contains as follows
: imidazole-HCl, pH7.0 ; 10 # mol, MgCls ; 10 4 mol or
MnClz ; 1 umol, NH4CI ; (indicated in the figure), sodium
ATP ; 1.5 gmol, sodium L-glutamate ; 20 # mol and
enzyme solution; 250 pg. (@ snake venone phosphodi-
esterase untreated enzyme , Osnake venone phospho-
diesterase treated enzyme)
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1F1E T T5.82U /mg. Mg 1t F T0.87U, mg.
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Table 5 Effect of glutamine metabolite on the activity of glutamine synthetase
Reactions were mesured spectrophotometrically under assay conditions described in Methods. The results are

expressed in % of the activities in no metabolite.

phosphodiesterase-untreated enzyme

phosphodiesterase-treated enzyme

Mn?* Mg?* Mn?2* Mg?*
% % % %
none 100 100 100 100
glycine 17 103 108 96
tryptophan 53 139 100 82
alanine 44 112 78 &4
histidine 56 93 94 90
glg%olfggﬁe 57 116 100 9
Ca;ﬁgg)%{llt‘e 54 138 128 91
0.36U/mg. Mg fift T T5.36U,/ mgTh - 720 BE
TDOIELIZTF=)MMEES NI BRI M TS (1) MATSUMOTO, T. (1978) Biochim. Biophys.
WALz 2. CORGRIRBORKEMIZLY Acta, 522, 291-302
TA—FNy ZEEZITEN, BT F= N (2) #sE. A, BA (1988) BMILFRKZE AW
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