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(PERHER R ERMES LE  200032)

W E CEABHdNERL BETpHBERNERBE TN EHEBEM (Srepomyces
lincolnensis) Z-5128 BRI S LM (GS) IS WA GS EW & — @B RGR, Ehh¥
RGP E, KA EEN GS AP SRR R KD, HEY NH,Cl 4 A i &AM <F
KEFE. Hill fEEASMMiL, & NHC REROWERT, Hll RBKT 1L, RAEBRR
Bi; % NH,CHE B B — B A, Hill RECMT 1 A AR EL. XM NH,O A OUF
NS HRE GS WEY. W HEN—FEEYEY GS MG, HER%E GS HMEY Glu
B ATPMMA M EMTFEETH, EARHBERFHFET, GSH Gu. ATPH Km{EHA
GR

*:MA HEHRHE, FERES AN, RN

SES Q559

KBAREESFHISAR. T 60% U EHFIERRMBERASEN, B, X
HEHNHERCHEARBMARRA T4 EEMEBNTRENL

RNEASHBEERLRROTR+, KAEWFELEEL N EBRE A8 (ADH)
REMAEBES RN (GS) / GEM A M (Glutamate synthase) BE". GRERES XM
REFREZEY —IBEENN, CRTERAMER AATAFAAANLE. HHHHE
kAR EENEBETM, TR EERRERA E K, REiFEXRESAREY
B GS 47 T EHRNY. AXESBALKER L, REBBIRT AT HEE GS K
FH .

1 Arefeor sk
1.1 E#&
K E B (Strepromyces lincolnensis)Z-512, JERBE T REEM, £ EHR-FR L
BHEYEBFARNEYEERETREBHHATERS K,
12 ENE EFEY TEMRRB]KFZ
% MSCHER [3],28°C KB 108h.
1.3 B
Bk M —HCIZE 1P . 1Bk S0mmol / L, MnCl, Immol / L. pH7.2.

« ARFBREK 863 R, BRH RN LS T,
o REFFAEECEREHLDHAREARECTRFYITLSE (210093).
W4 B 8. 1997-07-25
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1.4 FTHABa R B B &
KB 108h, T IEMCEEEIA, Ve 2K, S0g iR ARITE T 400ml FEopilh. K,
AR P 4L B 30min. 4°C 18000r / min B> 30min., FETIE. L35 0740 MR
.
1.5 EAFRNE
%% Bradford 7 3EY, DA4- 114 B B B iR,
1.6 BRENME
1.6.1 GS#AMEEN. XA Bender By 3%, A X F). ALK S 135mmol / L Bk
M, 18mmol / L ¥ %, 0.27mmol / L. MnCl,, 25mmol / L # B #, 0.36mmol / L ADP # 1,
pH7.0. B L3R B2 0.4ml, i1 0.05ml & 24 %K BE B8 ¥, F 37°C B #4 Smin, 1A 0.05mL
L-Gln (4 ¥ # 20mmol / L), 37C #£ & & FZ 10min; I A 1ml K B2 % 1k ¥ (1000ml & &
55gFeCl, » 6H,0,20g =8 LM, 21ml ¥ HC) K IR fu, .0 X #EH, T 540nm £ H A,
LA SBRE M ADP MR EMZE A8, ERAGFT, luml 3 EBFREFREAEN
oD, = 0532. — M EERNEXNE > HEL™E
lpmol A EMRPEFRMWBE. WEH K. p/ mg EH.
Gs 1.6.2 GSAEWARIES: M Stadman FH HEY., 84
pELFEAE lumol T BRI BE B — MEBTE B, HIE .
p/mgEH.
1.7 aEBERSABMNS R
aifbid BT E RAETE 0~4C K4 Fitk4T, B0
18 000 / min, B 8] % 30min.
1.7.1 SEERVIE. MXHRMBHE S IMA (NH),
SO,, B L 2R 50%~ 70% AMENTERS. BTLER
il R, EATE A
1.7.2 DEAE-S2HEBE#H: HE&EB KA 2.5% 30cm, B & 0~
1.0mol/L NaCl #) B rP i R YEBE VR B, /- MW . BB
W GS & S WE, & HBEERS, e, E.
1.7.3 Sepharose 6B HZEH7: FEKR N 2.5 X 90cm, A1 &b
TRVEAR, 4 SR SR, A FMIEMERR 4, BB E Smi.

B GS MRRBBEEE

iirdazR 33 4t 1o
Fg. 1 Polyacrylamide gel 2 -~ %fﬂﬁ’vﬁ
electrophoresis patiern of GS 21 GS Mﬁﬁﬁu
Molecular mass standard: %ﬂﬁ&ﬁﬁ‘?&ﬁﬁ. DEAE-SZ%%&&%W\
1. Thyroglobulin (669 000); Sepharose 6B B E =4, 83 TALKN GS(E1). ¥
2. Ferritin (440 000); REMARTESETE 1P,
3 Catalase (232 000 ERMES BV AN T LRERS RS, RITER
4. Lactate Dehydrogenase = .
(140 000 RO TR BE AT GS BTG 1 A B, 250 i AT IR

5. Albumin (67 000). EWRESREFE,GS EANEBRTHRE.
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#1 HEEREZ-S512 GS oL

Table 1 Purification of glutamine synthetase from S lincolnensis Z-512

# B BER PSS § H.% BEN )¢ 3 BT
Punification step Total volume Total protein  Sp. act.  Total activity Recovery Purnification
{mi) (mg) (u/mg) (W) (W) {fold)
T 40 B 522 380 419.5 3.36 1410 100 1
Crudc cxtract
T ST RTTIR 80 86.4 10.42 900 63.8 3.1
{NH); S04 precipitation
DEAE-CS24E/2#T 20 74 60.70 449 31.9 18.1
DE-52 chromatography
Sepharose 6B chromatography 5 0.9 149.1 134 9.5 44.4
22 EmBREN

HEBHEHM GS H YAE, 60C IR 10min, HHRFAT, ZHME 1 EHEE
KI5, 4C &4 T, 2% 30d, HHUMRE 90% LKL E.

23 pHXIHEHEBE GSEAHEM ‘

GSHEMAMEN(GS) R GSMEEPRNPEHBBMRL GSEARENE
(GS,) RFEMKSME MBI GS WEEL N, FFUMFR XA MR - SRR LT,
B2 % pH i *t GS, M GS IE A IBWER. EHAMEBTEITRA Y, GS KA
pHIE % 7.0, B & MR FEIEH R THBM GS W pH M L BAEF. E coli 89 GS i TIRE
WEEAR HEAMEREERE —pHAA HAMESE, X—pHEKFAIFHEHER
(isoactivity poin)®, EHEHBER GS TP AFEEEMEA. EEYERSTREA D, 2R
IFEE AR, pH A GS & H M Emit AR ZMEFH Mg’ &, GS K &idi pHE R 7.2;
i B F % Mo i, GS, I 5E pH & 6.8. WA LB LIEE, GS I8 713t pH B2
“Bp”; M GS, %t pH IR AL 804, 78 BLOE pH (LA, GS, %t pH ML RER, HE
FHif pH A, GS, AL BGR G, pHE R X 8.8 0, & NBERRTE 50% 4. LUK

GS,lE WX MIEFER — & 1.0 1.0
mp. xSHERBEE f los
Kt Bk, R pHR |
wmEyE. E06 -0.6%‘
24 HESBESERERS 7, 0o
o o
FERRO M IE R !
HRESER G Ram ¢.2r 0.2
HYE W BOE R B N S0T; 0.0, . 0.0

56 60 64 68 7.2 7.6 8.0 8.4 B8

GS 44 A& MU ¥ 4 MGE R ' 2
EH & BEEE 7 AR

A% U Mg“ﬁfﬁf?jﬁ¥ Fig.2 Effects of pH on specific activity of glutamine
iof, 2 3E R B 36°C W KL synthetase from Streptomyces lincolnensis
Mt HEBEE TR, RER ®—® GS;; A—A GS4 Mg™; H—HGS, Mn”

B2 pHMHEHBHGSENNER
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- B 30T,

bt 25 SMETHHANAEEAE

0.6f mE S A EE IR
rEl 251 BENERGIVLERE
AN BET. LUGEKHESLART
° BES5MIEHMEY. KBIFE GS
BhZEB_HMHERBFHMEES, G
oodeac™ 0 o0 L0 L HER®EF, Fe52 Mg+ #l Mn®*

0 10 20 0 40 50

Concentration {mmol /L ™) i GS MREHMEAEHENE
M3 MZ* FMn™ 3GS, B M BB, E3 R R W Mg A
Fig3 Effects of Mg’*& M on glutamine Mn’* 345 65 B B GS, I B 0,
synthetase biosynthetic activity AEET BB T, Gsn%ﬁﬂﬁﬁ
$—® Mg" i O—OMy". F1, B % Mn?* ¥ BE (038 K, GS,

M, Mn®* Smmol / L FH15 7 B F, B/ TE /1B T R BEE Mg®* M 18 K, GS_ B M
ME SRR F A EEMERE BB GS AR,
FlEt BT B LR ERBE T, Ca* ", Co’ " Fe' " 3t GS W1k F . & B e R 3 BE
T.EMNHERA Mg Mo fERRA T, W& 2,
#2 EMEMEFHGS,HEA

Table 2 Effects of metal ions on glutamine synthetase biosynthetic activity

EMRTF Mg™ Mn®* ca* Co” Fe”
Metal ions (50mmol/L)

GSs (u) 0.731 0.516 0.214 0.036 0.024

HAEAh 100 70.6 293 49 33

Relative activity (%)

252 Mo'* 3 GS EAREFM: M GS BB (EBEHE lmmol / L MnCL) H AR
)3 B & A B F 85l EDTA, B 60C /K 4% 30min, WE GS IE AL WH. &R

®3 Mn" HGSHBEHEAER

Table 3 Effects of Mn® on glutamine synthetase stability

MnCl; #HE EDTAM A 60°C iR 30min/5 GSIRE 5
Concentration of Mn™’ (mmol/L) Concentration of EDTA (mmol/L) Remaining activity of GS (%)

1 Q. 100

1 25 60

1 5.0 12

1 10.0 6

10 2.5 100

20 5.0 96

40 10.0 90
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W#k3 EHREBRERHT. _NHE&BETF 0 Mo® ) FRTLET GS M J1, K GS #E1L
EHFLE. MENGSHREHBLRLTH. GSHRARENHNEERERET (W
Mr’* ) HF.
253 —HERBE I GSHEANMNE. MERBTE G TE Mo "5 Mg " 35, MR
ELREFxt GS I HE AR MMM (R 4). Hb Ba' & T HERRIE, R A0
HIfE B Fe?* 8938, 1 Co’* xf GS IE HHI M Ak,

F£4 EMATFHHERBECSENARTENHINH

Table 4 Inhibition of metal ions on glutamine synthetase biosynthetic activity

ERET Y% Remaining activity (%)
Metal ions Mn™" as cofactor Mg2+ as cofactor
eSO, 30 12
FeCls 9 0
CoCla 96 98
ZnCl; ) : 31 8
CuSQy 72 18
CaCl: 43 6
Ba(OH): 0 24

26 HTEBE GSHERE—H
7 GS WA LR G, R A ATP 892 {149 GTP., CTP. UTP, ADP. NH,C1 #7 (L
WS REHEAT T 404, 5 W3 5. GTP. CTP. UTP BU{{ ATP B} GS JLi% /1. ADP Hi{ ATP
i, 5@t B b, Mn? * 8035 B, GS 15 5 R# 60%;: Mg?” 36 RS, GS 15 1 R A 36%. RIEH
£ NH,Cl, Mn® * #15 B, GS 36 71 A 3 BB 48%:; Mg’ * BIE BT, GS 1E A1 R A xR M 31%.
EHRHEREREMN GS AHRBHIEY & —1E.
%5 HEBRENGSEREREBEINERE—H#

Table 5 Substrate specificity of glutamine synthetase biosynthetic activity

K 9 GSp #7475 71 Relative activity (%)
Substrates Mn®" as cofactor Mz” as cofactor
ATP 100 100
GTP 0 0
CTP 0
UTP 0 0
ADP 60 36
NH, C1 100 100
NH: OH 48 31

27 HEEBESEBRESRBMAHNZE
HESRBEE GSBLNEYSRA AT EENERE X, Hit, R GS AP E R
WM hE, 5 TR GS M THERBARX.
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0.00 s . L . . n L " L L 1
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B4 Mg’ fERUEBE T GS ANH,C 830 f# dh 2%
Fig.4 The kinetic curves of glutamine synthetase for NH,Cl with Mg®* as cofactor
(A) Saturation curve; (B) Lineweaver—Burk plot; (C) Hill profile.

HEHERE GS 5EH NHO HEAMEAMFRE SR, HIEESWANZR. &
PRMEST BT AT, HIIE B Ao Mg™ T i, AR SEEB B GS X NH,CI i fnh 28 WA 4-A.
SUBBAE B2 B AR 7 e B R T (B 4-B), [REE NHCI R T, R K HH3.12%
10™*moi / L. Hill 2% n {4514 1.43 1 0.49 (H 4-C) . WHFHE B F 4 Mo’ * i, GS 3§ NH,CI
Rt 2 A S-A. GS BKIEHHEHERA, 1 NH,ClREXT lmmol / L I, & F1 KT
FRE. WEBEERAZELSR (ES-B). EEEE NHCOHHELT,GS 3 NHC B RM K
{i%7 289 x 10 *mol / L. Hill ¥ n EHZ 51K 1.15 1 — 0.45(H 5-C).

PR REWE, LREERTE M B2 Mo, 7 NH,C EERMHERT, Hil £
BEYKT 1, BAIED R Y NH,CIEBE S -2 R EA, Hl RN T 1L, AAR
PR s, B NH,CL AU A H S HB W GS HEY, T HAER — MRy REY
GS By TEHE.

MEEEE GS MY Glu X ATP A REFRICH B, RAKFEEZEL. H
ARG MG F, GS * Glu. ATP 8 K _H#HAR.

BN AR EHER GS B A BN 9 EY Gin, REAEMOR KR, BRI H K {H
TET M., AEMHREHBE GSH K AES T % 6(GS ©/EY NH,C 89 HH0 il 284 B <F
FEFBXR, RN K HHEMREKE NHCFRTRB).
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Fig.5 The kinetic curves of glutamine synthetase for NH,Cl with Mn’* as cofactor
(A) Saturation curve; (B) Lineweaver-Burk plot (C) Hill profile.

F6 HESEREGSHERLN

Table 6 Apparent Michaelis—Menten constants of glutamine synthetase from Streptomyces lincolnensis

Ko (mmol/ L}
E % AR a4 M Biosynthetic activity
Substrate y-glhuamyltransferase activity Mn™" as cofactor Mg as cofactor
Gin 8.33
NH: OH 1.78
Glu 1.49 1.64
NH, Cl* 0.289 0312
ATP 0.123 0433

Deuel Z il . B subsilis GSHEh %A WFRKFEY, EHERBE GS XL H
BEEMAEDN, B subtlis GS 5EY NH,Cl. Glu i1 ) LR#5 A <F K K78, A
EHER GS LA SEY NHCI # A KA 8T KR K7 R,

KRS HBE GS M H ST NERAEE L 2RISR THEM, 7 Mo HIEHE
Fid, NH,Cl R #1225 805 T2 Mg? ' AR, RRMMHEE T, GS & Glu, ATP i)
K_fAHBARE (& 6). [AHt, GS & S8y &&E pH. HEFNHAGSREERRREETA
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RimMAER. KBHBEG A THEETHFESHTMARUAMAENRS WESD
(taut) ML Bb B (relaxed) , X FIRER AN GS 3R SHIRIR M W R, RS H SRR,
M, HER Mn' " Mg?t B3 GS AR WIS, B3 T GS |IE#,

$ £ x M
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STUDIES ON CHARACTERIZATION OF GLUTAMINE
SYNTHETASE FROM STREPTOMYCES LINCOLNENSIS

Jin Zhe Yang Yunliu Jiao Ruishen
( Shanghai Institute of Plant Physiology, Chinese Academy of Sciences, Shanghai 200032)

Abstract Glutamine synthetase from Streptomyces lincolnensis was purified to
electrophoretic homogeneity. The effects of pH, temperature and metal ions on the
purified enzyme were studied, and the substrate specificity of glutamine synthetase
were reported. Under the standard biosynthetic assay system, the substrate saturation
curves of glutamine synthetase from Strepiomyces lincolnensis for ammonia did not
agree with the Michaglis—Menten relationship, with either Mn’* or Mg?* as divalent
cation, and Hill constants # 1. The K, values of GS for Glu and ATP were different
with different divalent cation.
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