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fit(Glutamine Synthetase, GS)JIE HF BEALAL i th Tyr405 574824 Phed05, H7E KT HH 3T 988 f5 GS M1, X LE R
AL A7 A 54T 5 B T4 K AT # pET-3a/GSI F1 pET-3a/GSIM 7E =2 348 N1 GS iG IR & ki, KRILHE
21 B& pET-3a/GSIM 7 = Z I 858 T (19 B KBRS A& 150 U/L, F= A & BEGHR BE o4 17.5 g/L, 435l & pET-3a/GSI BiHiG (30 U/L)
) 5.0 5 RS R B KT (3.4 /L) 5.1 1%, GS & MR R FAL B R B & 4215 354k,

KA BEBE KGR SR BERA B IR A s

FESES: TQO33 XHEkERIRAD: A

LW ¥

L- 4+ % Mk % (L-Glutamine, L-GIn) & L-4 % 1%
(L-Glutamate, L-Glu)fry-FRIEEMEREAII =%, J&40
GRIZIR . A SV N ETE, AR RN E
SR, AR AN R A ERE R, B
IR FRNE. A 2RI A A 40 My — P e U5 )
J, LA s R ThAEN, bt AR R
FHYME. B AT 2B i A4 77 SR R ek, R
BB R, DU R A skl i ot R R A
PR B &G, b T A AR AR Pk R,
1) FH 5 AT o 2 B A ) S A I e 118) i DT T T A,
HATI R T2 —.

[P RE SRR O L7 /7 = S NN A S T 5= = - 5
AT AT S IR FRLATN SR AN SR R OB, AR 2 IR NG & B
fitf(Glutamine Synthetase, GS)FI#E it GE = ATP %M T
A B 2B G (i B 1 BT R). ST R EREAR L,
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Fig.1 The mechanism of conversion from glutamate to
glutamine catalyzed by GS
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Do Doy AL AL BT, O D ERE R A R
SR AR,

GS {EAN AN AFAEBIBIE P —FlE KA1,
T RS IAMER. GS IRtk AMP
DAAC g 7 X 5 IRBE B g s IR Ak 45 & 77 2E GS
(AMP)IERE, GS AMRFF BEAL AN 2% IR AL AR i iR
1 5 44 7% W (Adenylyltransferase, Atase)fi:fk. IRk
A% GS MR AREGE K. Si4k, GS IR mEALAZ 1
R S ILTH SRR 52 BRI PR A2, E SR e SR R B
TR, AR E M40 N 1) GS & AR E
MR s AE SR ER IR IR AR T, I BA R B 1Y it
GS gt ) TR 0. AR B A A = B i
P, H0d GS MIMEALIRY), RImBad bt &,
UMK S B4, DLSBIAY 2 RN EE ) 45 2 I 1) e
. P, A D)FE LR GS IR B 1E .

SRAF T I GS S A E P A R B ) S e,
M GS WIS, W AT T T AR, wikk
Gk, A AR P 6 TAE. ABFOUER X GS
JIRE A IR AT AT ST, TR TEH] T B2 A 7 A It e
TEAT ZA I A AR A2 20 Hr R il b, 4Pl i KPS T
Fi 5 45 & e M AT 1 (Corynebacterium  glutamicum)ft)
GS R w2 K AT i h B AT RIA, AR A E L.
Corynebacterium glutamicum ¥ GS FIRF IEALAT 5 2
Tyr405"%, PRI AHIT 5734 Corynebacterium glutamicum
B Z B A i 1(Glutamine Synthetase 1, GSI) ) Tyrd05
JE RURAZ A Phed05, LLEBR GSI sz i) B Ak 1 1
fEF]. 7T Corynebacterium glutamicum & GSI f)4h
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FFEIR gInA, IFR S5 | kAT T 08 MR,
PLZ Bk GS MBRF BEAAL A K i B NS
PET-3a # 1A 14 ¢ sl H T 8 11 R a8 1 5 A ik
PET-3a/GSIM, % IR HF BEAY A7 2 SR T 5 1 4 K
FF 14 pET-3a/GSI 1 pET-3a/GSIM 7 iz M R A&
i A GS W, L% GS JE mRASK I & IR
R A SN TR

2.1 R 5
2.1.1 JFORLFH T il

KR MRFE T Corynebacterium glutamicum ATCC
14067 HHVEHER 22 A 40 2R ok P it B S = 2, i
F ik JFOki pET-3a 19 4 Novagen /A 7, E. coli BL21(DE3)
2.1.2 4y FHEW)E S HTA )

Taq REBE(EX Taq), BREIMEPNDIEE Ndel, Hindlll,
T4 DNA E#:8§, DNA Marker DL15000 4 H K&
TaKaRa ~ 7], DNA Marker DGL4000, DNA ladder 1000
B B At E A T, AR TM JEK 2 DNA 2l
WAIE UltraPureTMPCR 7~ 47(DNA Jr B) 2646 1716
RIS TM TR DNA /N Al &340 B Jb s 3§
R TACH
2.1.3 AU S i At

SBA-40 2 AR B )/ A0l B 1L AR B BB B
WHFUIT, DNA JF5 53 BT LLECK ] OMIGA 2.0 #AF, 4l
YT Primer Premier 5 #44F, k4 #7 %
DNAMAN # 4, HIKE 241K Imagemaster TotalLab
v1.00 At
2.2 KWHZE
2.2.1 BAWNE G Bl E R

WEFTHI R B 73 AR FEHF B Corynebacterium
glutamicum ATCC 14067. 48 NCBI A& E ) —Fi 4y
A B FEAT 1 Corynebacterium glutamicum ATCC 13032 (]
GSI P gIinA IIRZ IR IF At 519, HT- GSI kD
1) o B A 5 $5.584% . 76 0.2 mL PCR(Polymerase Chain
Reaction, Z&-GHHE SN NV E ISP RE
RS, TR A X R

SE SRR E S 1™, el PCR Tk
H R B R 5 I NGEARAT L. G| YNEILTR 4
Zulty, by 1, 4 w4y, 51 2,3 A%
AT T HAR A BN, 7RSI 1A 4 th 4551 N Ndel
Hind I FBEUIAL s (B R RIZFT7R), 5149 2 70 3 HhTHE
T 7~ R GEAR R

1. 5’-ATAAGGGAGGAGTGCATATGGCGTTTGAAA-3',

2. 5'-CAAGGACCTCTTCIGAAICTACCACCAGAGGAA-3,
3. 5'-GGTAGGAAGAGGTCCTTGTCCACTGGAG-3',
4.5 -AATCAAGCTTACCACACGGAACCGTCTCACT-3".

PAFBOT A IRE], S LR 3y H I
BAKHE D 1240 bp, HH514) 2 A1 4 88 s H v Bk
FEy 442 bp, H519 1 F0 4 §HGHH R B,
1661 bp.

MR S 5 | 31 D B, AR DR A v o H
PR BRGNS 752 3 %8 PCR: 7E%5 1 % PCR
o, DABEDIZH DNA Sh#itlc, F5140 18 3 % glnA (1) F
We v Bey B ISR IR DI NS4 (E58 2 % PCR o, LIk
[KIZH DNA A, 51490 2 A4 % gInA (1 R A B
R IFTINGRAR; #2455 3 % PCR B, LAY 8 L
U BN, TSI 1R 4 B &P e R A
ST p PR W, K m SRS ) gInA EFE i
A FHATRZAT R, 455 gInA (1) Tyrd05 05
A% 4 Phe405.

2.2.2 T R v 0 TORL I A 1

B39 B A RARAL R gInA 7 BeLUE LSS 15
T BOEN pET-3a gk, PFraditidnidh Amp, 45
FIFEH FEFE pET-32/GSIM.

2.2.3 EAE AT 7RIS K EE

P EL B pET-3a/GSIM T+ 37 CH5 7% 4 ODgoo [N
0.6~1.0, MRIESLEKFTEIMA 0.1 mmol/L IPTG, WHEH
1A, SR PR G I _EiE L 12% SDS-PAGE %€, JF
ME GS FEs.

2.2.4 GS [Fi& T 2

S F 000 5 e VR B ) (mimol /L) K P22 vV v
40, MR AT 20, hIRFEM 60, FUALEL 0.33, B
If% 30, ADP 0.5, pH=7.0; Mol & bi: SAbek
33¢g/L, =&AESEE 20 g/L, 2.5 mL W EEFR. HX 150 uL
TEPEIN E S NV A, 37 CHIAREL 5 min &, 2B
0,0.1,0.2,0.3,0.4,0.5,0.6,0.7, 0.8, 0.9 umol/L 732 it ¥+
JI5 1 (y-Glutamylhydroxamate) 5 B % 150 pl, 37 ‘CA#
i 15 min, A 600 pl S W 2% bk 20 e W 5 I8
FEA) )5 540 nm L, DUICA SR G B IR s B
VEXTRE. lgis g By s SONAE FIRFRAESRAE T, AR
B 1 umol/(min-L) A 2 BEFR 5 IR BT 7 (P g . Vs A A
Mgl MG (U)=17.8930Dsq/t, HHr t Ay [H].

2.2.5 WEWE. DA BN B B e

TR S AR (P E - R IREUORG R I B0 R
B, FH SBA AW A% I 43 b A B, S0 BV B 0.1~1
o/L. HEFE SRR A5 HUS BERE 25 pL, SPATIE 3 WK,
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P4

BRBNATEN R R R AR 02,
SBA-40 Z L1 F 2173 A 53 ) I St /K flf i J s 4y
SIRIASE, AR 7 ZURRUR 5 (1 1 12 S 45 W i PR 7K At
JEERRAE it 2 v S50 S D v v b 4 S R e Pk

i P IR AR e A & TP S R N T
e,
2.2.6 MG O I RE R 7R 4 A

B UK AR AR AR5 1 T R T4 100 pg/mL Amp (1) LB
WG TR 37 CRE G TGS, #0130 mL 7 100
ng/mL Amp 1) LB i iARG 7RI P g AT R 55 5%, 37 CF
170 r/min FEIRKGFE 4 h Zi47; DL A% 3 e T 50
mL 7 100 pg/mL Amp ) LB A& 553, 37°C R 170
r/min FERRREFE 2 h, N IPTG JE46 4 30 °Cif 8557,
7S 20 h JFINA 5 g/L H%THE. 40 g/L 2R AN 29 g/L
NH,CI B TR, 2 h S EOREIN R I R B 2
. AR NH, 2= 2 B (e i

3 ERE®

3.1 AEmMAEEHEEERRT

PCR Jst 3. 45 o J FH B bl vt s rh oSl , 45 S 2
2 7. 28 DNA WLIKIGAIE, 488 1 W /N PR AT &
WL\ et 3 %6 PCR R D bg™ 18 58 8411 gInA 7 B
K HOEHR ok b5, XKIE TaKaRa AR I, 20d
T HEYER A 8T, BT GSI P41 NCBI 2
4 ) Corynebacterium glutamicum ATCC 13032 [f] GSI &
DAL 20 A AR (0 R . el e S IRy 4,
RN IG B R S H AR gInA JE K]

1 2 3 4
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1. Marker

2. The third PCR

3. The first PCR

4. The second PCR

2 =% PCR 4t ik &l
Fig.2 DNA electrophoresis of the amplified product
in agarose gels for each PCR

3.2 EHAXBITERIERRRILE
R ST B 4 TR pET-3a/GSIM [ R4 T 5

UE, X EA AR PCR, # Y% PCR =¥ Bifis
Bl I rp ksl , ISR AN AR, 25 R 3@ s, il
PETE7E PCR IRIfIE 2SR, WAEAp e 4 SR 1) FL IR V%
PRI ARG 5%, BUE R IR, P #E A | 16 Ok
DNA /NSO SR DOUTORL, K5 2l JFORE 23 0 1
Ndel F1 Hind 1 347 58D SR, [ s BT XUGD) .
o P T) e N0 B B 5t 1 P RSl S =), 45 R
() FT7R. AT AL AT U AP A AR, i
8 P L R 92 4 B AT GSI Tyrd05-Phed05 53435 I JE A,
H5 A GSI AL AR A AR = i[RI

1 2 1 2 3 4

1660

1. Marker
2. The target gene

1. Marker
2. Ndel, Hindlll
3. Ndel

4. Hindlll

(a) PCR (b) Digestion

[l 3 TR R V% PCR FHER =4 1) L bR )
Fig.3 DNA electrophoresis for recombinant colony PCR
and digestion

3.3 GSHIESRIERERE

B AR Y TR E. coli BL21(DE3)FIE 4K
J% kT E. coli BL21(DE3)/pET-3a-GSIM 43 il K5 3%, Horp
EA RN 2 K LAH PTG %, B4 1 NARIE
S, SRIGHUE R SDS-PAGE & [l Hivk, 45 S & 4
Fras. K2 5040w 1) GS S i 12 AN AH [H] 1) 7 £ (55 kDay)
L. BRI A R T UE . BRI RS
A R EANEE ARIE, AR AL EALTORL K

1 2 3 4
kDa

L. L] o '. 97
] I

B L 66

55 kDa
wa* 55
1. GS extracted from E.coli BL21(DE3)
2. E.coli BL21(DE3)/pET-3a/GSIM (not induced)
3. E.coli BL21(DE3)/pET-3a/GSIM (induced) e 36

4. Marker

K4 GS &ik[f) SDS-PAGE
Fig.4 SDS—PAGE of GS expression
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FFR AL R R 215 S I OL T GS Rk =R/,

HE—2P 0 5E GS BE G UEATIAIE, 45 S W 5 frow. wJ
HEAREN TREEEE S5, REHK GS HARK
G, ISR T A A T AL TORE (R AT R 4
BT S
3.4 = NHKE TRRE B LB LI

@it PCR %W M Corynebacterium glutamicum
ATCC 14067 H15gfE i GSI 45 HIER ginA, FERIH 5]
Y1 R 4 REERZRAR Tyrd05 (1)K AT B 5 41 ok
PET-3a/GSI. *f ELAE @ 5 58 (NHLCL 29 g/L) T (148 il
RIFER, UUFREITAEM ginA FED 1 KW #
PET-3a/GSIM J& 15 5% T I H B I . KRBT FE
BARFE AL L 6() T, 77 AE M 2 B

25+ (@ T
| T
3 20+t
= | [ Glutamate T
§ 15| Mo T
o |
< T
@ 10r 1
c |
S
(@) 5L
0
GSI GSIM

GS R xS Ee i & 6(b) BT .

120 | I
- L
5, 90
2
= 60|
Q
IS
%)
O] 30 -
O | | |
Wild type Recombinant, Recombinant,
not induced induced
K5 Kzt GS g
Fig.5 Enzymatic activity assay of GS
25
(b) = - 150
20 - ]
-~ | T 4120 o
3 . 1 ] 3
o 15 - [ Glutamine =
k= [ TGS Activity 190 g
IS B =]
S 10 60 ®
= b )
o — U]
Sk . 430
0 0
GSI GSIM

6 MREFEEAL AT M5 SR 5 (1) pET-3a/GSI 1 pET-3a/GSIM 1E S & %
AR IR AN NH,CH I FE S A 2 B 5 A GS Rl iiG P b
Fig.6 Comparisons of glutamate and NH,CI consumption, productivity and GS activity between pET-3a/GSI and pET-3a/GSIM

XL R I AL AL T S AR S ) B K g M
pET-3a/GSI| 1 pET-3a/GSIM 1r i@ IR N FEIA
AR M A, R W E A KM B pET-3a/GS1 0] ) (1)
FMAART & A RZEM ginA 5K g AR
PET-3a/GSIM. Xf Lt 73 2 Wik ™ A GS Bigs , 5878 )5 B
Pk pET-3a/GSIM 7= A= A8 S Ik i 52 17.5 gL, /&5
A% Wi W Bk pET-3a/GSI (3.4 g/L)i 5.1 5. EAH
PET-3a/GSIM 71 = 2058 (1 Kl 150 U/L, A2
PET-3a/GSI BHiT (30 U/L) I 5.0 15, SEEG4h WKW, 5848
gInA FERFTRIA 1Y) GS MR EF Ik Ak i (045 21 T 23, 5
T BRI AN e (1 81

4 #Z B

A ST e BE T 4% 2 R ¥ M B (Corynebacterium
glutamicum) GSI 45 F 5L gInA, JFR R EZ 514
14 gInA [¥) Tyrd05 58745 % Phe405 DL 25 Fk GS iRk
A sl R B H IR R AR FIRAE ginA 5B K&
PET-3a JJUkiL, it ke gl T F 1 KW B s 1) s 21 ot

ki pET-3a/GSI Al pET-3a/GSIM, FfK HAEAL N K kT i
BL21(DE3). iffijk SDS—PAGE 4 [ it Hi ik Al BT I 5 3IF
T B KA R T LAERIA S T GS. pET-3a/GSI 71
TR IR BN R R A R RN S A A T R B 45 R B e
FAERAN GS BT B KT pET-3/GSIM, F£W]ZR7E gInA
SEPR I GS IR EAL In) A3 3 T . R IE
AT R BRTA T 3 DI ) st Ay T vk 2 7 4 2 Wk e it 7%
RN ISR T AR b (1) A,
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Site-directed Mutagenesis of Putative Adenylylation Site of
Glutamine Synthetase and Glutamine Production

HUANG Xing, ZENG Xing, LIUMing, GONG Bo, HU Miao, CAO Zhu-an

(Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To avoid deactivation of glutamine synthetase (GS) resulting from adenylylation, site-directed mutagenesis was used to
replace Tyr405, the putative adenylylation site of GS in Corynebacterium glutamicum, by Phe405. The mutant gene was expressed in E.
coli to obtain GS which can enhance the enzymatic conversion from glutamate to glutamine. The wild gene with Tyr405 and the mutant
gene with Phe405 were constructed into the recombinant E. coli pET-3a/GSI and pET-3a/GSIM, respectively. GS activity expressed in
pET-3a/GSIM is 150 U/L which is 5.0 times as 30 U/L in pET-3a/GSI. Glutamine productivity in pET-3a/GSIM is 17.5 g/L which is 5.1
times as 3.4 g/L in pET-3a/GSl.

Key words: glutamine; E. coli; glutamine synthetase; putative adenylylation site



