KOR JOUR. MICROBIOL December, 1992 p. 564~569

Vol 30 No. 6

Chlorobium limicola f. thiosulfatophilum NCIB 83272 £E]

Glutamine Synthetase2| 22| U

RO <
UES - dXig
MBOHEIM Tetnisicys 0| ySstn

= =]
SEEZ
T B ZAR
MEBCHEt D ExiojMEstoi g

=M BAF) Chlorebium limicola f. thiosulfatophilum NCIB 83274 glutamate7} A4 Yo g

E3 W8 Plennig Wl =) oA w)}& o} 5
DEAE-Sepharose CL-6B ©]2x3t I Znlx 1239, Sephacryl S-300
& dAazrieade A4L B4 2% 4
Atk UV-VIS 523 EA polyacrylamide® H7]95 S E4f o 54 £4EE
stk Sephacryl S-30002 o] &3te] A& Farel Bzake 280 kDa AT
polyacrylamide® A7)d% 23, 30kDa HEo] Exjge b= oelae] Az =
7+7} 30°C e} pH 7.00]902, = )3 L-glutamine®} hydroxylamine-
HCle W4 Km3zke- ztzh 279 mM=t 0.92mMol gl o] &2

o] Axe] 3 2E 9} pHE

=
=2

&l 46.3w2) AASFE ALE

931, glutamine synthetase 48 294 Ee),
Bol3} 2 2vE 2o,
22 A5
&
220, SDS-

At

2] #42 alanine, glycine,

tryptophan 52| olw]iate] oja] 49¥ g Wi oz repgon, asparagine, lysine,
leucine, valine o 2l 72 932 wha] ek}

KEY WORDS [] amino acid inhibition, glutamine synthetase, molecular weight

Glutamine synthetasc[ L-glutamate: ammonia
ligase(ADP-forming), EC 6.3.1.2]% olwijo} 3}
ool Fag ole Fad £ colio)de) o
= glutamine synthetase®) % 7)2bg} xjek 2
Aell 4=} gene expression. multiple feed-back
inhibition. kinetic control ¥ AMPel| 2]&} adeny-
lation Fol oJa] z4d¥lo) s Hul22). Feedback
inhibition¥} covalent modification®] 2w 2
W Rhodobacter capsulata(10, 16). Rhodopseudomonas
palustris(1.2). Rhodobacter sphaeroides(6) % Rhodo-
spirillum rubrum(23)2- E. coli®} §-+}8x)qt, ade-
nylationE] & 4ol )&k Mg’ jon®] Hap= #nbe)
2.2 Rhodospirillaceae7} E. coli V= th2 s okals
HolF3 QIeK7,19). F4A7F FoNA R rubrum
(21.24), R palustris(1,2), R. sphaeroides(6) % R.
capsulatus(4, 10y 4 -2l =o] EAo] Halggich
T2k, Chlorobiaceaed) 4] glutamine synthetase2)
S W& A= C vibrioforme £ thiosulfato-
philum o) 2lelli= R A Ighri12). ulela], X
vl A= glutamateE FU8 2o wjokal
Chiorobium limicola f. thiosulfatophilum NCIB 8327
AEZHE] glutamine synthetase2 <43 a] sl
Ay ashA, Bshd EAS Badsloin)

H e
(==

W

564

2 Aol A3 4= R Sirevag(Department
of Biology. University of Oslo. Norway)24%€] ¥
L Chlorobium limicola [ thiosulfatophilum
NCIB 8327341, 54 abal-S 918 Achufofg
Aol 4] 30°C2 wlkate] Asiack

Ale}
S gelg EEAEe] AT A Alofo.r

AHg-s) ek,

b

A5 Na®i Kang(17)2] ubyle) A}85]o] a2

i, ArY o= glutamater) AREE i)
YR MET &£H

ekr 9 JAeE el Nagk Kang(18)e] 1}
ol Ag-E g}
BAoEd 23

Glutamate synthetase #H4dx+= Na2} Kang(18)2]
o wel 2 Y=t Adenylation® E 4ol gt
Mg ? iond E3E= 60 mM MgCl.7b #H7hE uke

Eghelo] Abgslol ZAEGITH19). A AU
I+ 1 ymol®: yglutamyl hydroxamate® XAl s}
= oS lunit® Aslgdc)

i
]

et

hld 9k bovine serum albumin(Sigma Che-
mical Co )& HFHWAZ 3lod Lowry X(15)9
W3 Bradford(3) wog == v}
HEEY

Aol ZZvle 1 s], o)L w3l

L gl

ARZv}E 1



Vol. 30 1992

A

1 A8 ndA FRvlEr el ARgdl g
folo 27t 100 mM, 10 mM3} 30 mM Tris-HCI
(pH 7.9)0]c}. 7} eh5-8-o.2 AlHof 7Hqbgl Alefol A
A7l ) Bof Yoal -‘ﬂ dithiothreitole] 745
b3 AHEE Sk
g0 M|

AAEYR 8 FAs AHE EA9( mM
MnCL2} 2 mM dithiothreitol& Z&3}+= 100 mM
Tris-HCI, pH7.9)o.2 58l A2 of-3 A28 <

o

8N F o] iR do] x&shiavle bl
210,000 X gol] 41 30—54 %J Alate]sted odg e
AJ

S 100000 X gell A 907 214

143w ste] o1& 4
M 2T A}»*CLc»]O‘L} DEAE-Sepharose CL-
ol w3t ARvIE I Shg ”°3’ Hx
ZA(44X15cm)el} ZRAHe) 91 Fa it ol
150 m/2] %22 shgofo s AHgh ofy 5 Sk
£Ho 4] NaCl 0.1~045 M2 Fr7]87|2 823}
= A4 skl Sephareryl S-300 ozt =
RutEadve ehEgoo R F3xl AH(2.6X140
cm) PM-10 Amicon membranel.2 5% j{
AREAEE o] 72 ShEgoled LE3
o] e A et e
Waters Delta Prep 4000 chromatography system
(WatersAh 9] g-o]-& W &l-x] Z 2w}k 18 3] 4 Pro-
tein-Pak DEAE SPW e PM 10 Amicon mem-
brane2 2 F&HXF EAFIAEE o ofg S
folo g AHFT FA 9}"&"“01]*1 NaCl 025~
04M2] 718717 BEshe el A Asisich
Holgs

a o o

Nondissociating polyacrylamide gel 8719352

Davis(5) #H-& 3 3ko] 8% slab geloll 4 i3kl
SDS-linear polyacrylamide gradient gel 7] %d-5-&
Lambin 5(13)2] W& M3k SDS-discon-
tinuous buffer systemol] 4 acrylamide ] #E557}
5~10%<! lincar gradient slab gelell 4] 3§slic}
A2 E3

SDS-PAGE #7]%d%ell 28 &k %49 %
FeblE 2= g-macroglobulin(170.000 5 reduced
form), phosphorylase b(97,000). glutamate dehy-
drogenase(55.400), lactate dehydrogenase(36,500),

Glutamine Synthetase of Chlorobium limicola [ thiosulfatophilum 565

trypsin inhibitor(20,100 ; ]4 Bochringer Mann-
heim Biochemica)?} AH&=lgict Aoy} m3Zvie
k) foi D T 1 ”X}Ek EAoll+= Sephacryl S-3000}
Abg-Elelon FEch AR E ferritingd50,000). ca-
talase(240.000), algohol dehydrogenase(150.000).
chymotrypsinogen(25.000 ; 14 Bochringer Mann-
heim Biochemica)e] AH&-x]g]c)
2 gETo fE 2x2t pHel ¥

Eiﬁ?“‘)ﬂ gt -2 o) e 25~50°C Ae]9]
N eel EgEeli el g 5ael o
- 5~60°C Atol el affd-rmell 4 304-7F d A

%

[=3

(=13
=

b A dEsinh Eaaee] digk pHel o
aF& pH ﬂ()fvt) 0 Atele] 0.1M  citrate-borate-
phosphate 8+&8-ol A Z4 =t pHell g &
9] oML pH30~100 Afele] Fol shaf-eof
ol A 302 dafelsl ohg HAF ok
Km3zt &5

714 L-glutamine =} hydrowldmim HCteol| gk
Z}'Z}- 7<]§]-l£!: 7L /] z) _‘rr }ﬁ§],/k]-/]u:1 4] .,llo},
A =5 Lineweaver-Burk plotoﬂ X ggto] -tk
gomiE Kmate 24sialeh
FLEMol i3t otolicitel HE

iAol n] 2 obn| e ale) @3 8RS ysparagine.
lysine, leucine, valine, glycine. alanine#} trypto-
phang Apgdle] 7b7te] HE ¥ E 10 mM g
chg orlicale el ehe Akl HHES v
ssle] 2sl o

) A4S W =lel A glutamine synthetase®] &
4 A W) el ol A nelng A
F 90217F Az wjekslo] Al EE Fghatelct glojnl
ZHEA(crude extracyoll I MAEE 2=
AEZz7FEo] wol EAsta glons Adde]ste]
Bk A9 okg Fal F DEAE-Scpharosc CL-
6B ol2u# AmeteTue] AMlaw £33 A3
NaCl 0.24~038 Mol s sl MIH Rt
57} vpebdr) o] FEES 558 b Sephacryl

Table 1. Furification step of glutamine synthetase from Chlorobium limicola f thiosulfatophilum NCIB 8327

e Total Protein Enzyme Activity Specitic Activity  Recovery  Purification
Purification Step : A -
(mg) (unit/mg) (%) Fold
Crude Extract 651.00 8659.00 13.30 100.00 1.0
Ultracentrifugation 238.00 6966.00 29.30 80.45 22
DEAE-Sepharose CL-6B 13.00 916.40 70.49 10.6 5.3
Chromatography
Sephacryl S-300 325 684.40 199.30 7.50 15.0
“hromatography
Preparative HPLC 0.28 173.20 615.80 2.0 46.3

hromatography
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Fig. L. UV~visible  absorption  spectra  of  enzyme

fractions after ion exchange chromatograph (B},

gel filtration chromatograph (C), preparative

HPLC (D). and that of cytochrome C (E)

compared with that of crude enzymes (A).
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Fig. 2. Nondissociating polyacrylamide gel electro-
phoresis of glutamine synthetase (4) and mole-
cular weght estimation of glutamine synthe-
tase by Sephacryl S-300 (B). Molecular weig-
ht markers were used | (ferritin: 450,000), 2
(catalase: 240,000), 3 (alcohol dehydrogenase:
150,000), and 4 (chymotrypsinogen A: 25,000).
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Fig. 3. SDS-finear polyacrylamide gradient gel elec-

trophoresis of glutamine synthetase (A) and
molecular weight estimation of glutamine
synthetase from SDS-linear polyacrylamide gra-
drent gel electrophoresis (B). Molecular weight
markers were used 1 (a-macroglobulin: 170.
000, reduced), 2 (phosphorylase: 97.500), 3
(glutamate dehydrogenase: 55 40()) 4 (lactate

dehydrogenase: 36,500), and 5 (trypsin inhi-
bitor: 20.100).
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Fig. 4. Arrhenius plot (A}, optimal pH, thermal stability (C} and pH stability of glutamine synthetase (B). 0.1 M
citrateborate-phosphate buffer was used for pH 5~-10.
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Fig. 5. Lineweaver-Burk plot of glutamine synthetase
for L-glutamine (A} and hydroxylamine-HC/ (B).

Table 2. £ffects of amino acids on the purified glu-
tamine synthetase activity.

Substrate Relative activity Inhibition rate
(10 mM) (%) (%)
None 100 0
Asparagine 100 0
Lysine 100 0
Leucine 100 0
Valine 100 0
Glycine 70 30
Alanine 57 43
Tryptophan 38 62

Al A vebd Azbel fabalek(12). 60 mM Mg+
ol oa) EXBAL 65%2] MHE wwm glon
glutamyl transferase A& el s 24”0 &
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77t 21%9} 18%9) Ma-g 2z 9k o] Azhe
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ABSTRACT: Purification and Some Properties of Glutamine Synthetase Isolated from
Chlorobium limicola f. thiosulfatophilum NCIB 8327
Na, Jong-Uk, Ji-Yoon Kim, Hwan Youn and Sa-Ouk Kang (Department of
Microbiology. College of Natural Sciences, and Research Center for Molecular
Microbiology. Seoul National University)

A green sulfur bacterium, Chlorobium limicola f thiosulfatophilum NCIB 8327, was grown
in modified Pfennig’s medium including glutamate as a nitrogen source. Glutamine
synthetase was isolated through a series of ultracentrifugation, DEAE-Sepharose CL-6B ion
exchange chromatography, Sephacryl S-300 gel permeation chromatography, and preparative
HPLC. The recovery and purification fold of the enzyme were 2% and 46.3. respectively.
The isolated enzyme was homogeneous on UV-Visible spectrum and polyacrylamide gel
electrophoretogram. The relative molecular mass of the native enzyme was estimated to
be 280,000 by gel permeation chromatography. The enzyme coasisted of ten subunits with
relative similar molecular mass, 30,000, which was estimated by SDS-polyacrylamide gel
electrophoresis. The optimal temperature and pH of the enzyme were 30°C and 7.0. Km
values were 279 mM for L-glutamine and 0.92 mM for hydroxylamine-HCl. The enzyme
activity was inhibited by alanine, glycine. and tryptophan considerably, but was not affected

by asparagine, lysine, leucine, and valine.



