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pET21b (+) F1 pMID1-AtGSTZ 34 y A = {5 77
1Taq DNA % 4. Ex Taq DNA % 4. dNTPs.
Nde 1« Not 1+ T4 DNA #H: . 5N -B-D- fift
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T DNA ¥R

[ 1) DNA 7E 15°C N H 0.1 U/pl DNase 1 ¥
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A7 (B R R BUE ) H A B, A (0 R I TR
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DLE M G WG 5 AR e PR AL BRI 4 Lh R R R
PERE
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JE AT 1.4.

2 FER5SH

2.1 AtGSTZ REXERMESTFE

LA pMID1-AtGSTZ J ik, GSTZ-1 FIGSTZ-rev
J51¥), 34T EP-PCR, L yK I WK 1. 45 %
SR, PR TE 0.7 kb MR, STURAS. [H
WCH i R BEH T DNase T 46, TR A IS a] £
KT DL 2. RN, WA B B RE T AL
I IR) R SE KT AR 46 . 20 min I, W46 BOK: 40~
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i SN fey B AR
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Fig. 1 The amplified pattern of AtGSTZ by EP-PCR
M: NMEcoT14 1 digest DNA marker ; /~3: The EP-PCR products.

Fig. 2 The profile of AtGSTZ digested with DNase I
M: ®X174/Hinc Il digest DNA marker; /~6: The treated time was 1, 2,

4, 8, 12 and 20 minutes, respectively.

[ 40~80 bp 171 4k v BEH TR 51 ) HE,
K 3 WL HE = sk . SR Bk, EHY
£PALE 0.7 kb, R ZE AR LK A1GSTZ.
[ 79, 1 #E DNase | AL AL 5|9 &
HE, EJE3RAT 0.7 kb B T 54 PCR. Kl 4
AR R AT 514 PCR (Y 45 8. Bor,
2 PCR {EHEH 20 I, 22.5~37.5 mg/L EHEHR
HEAEE R A K AGSTZ.

AT 514 PCR 724, Nde 1 1 Not T XD
Ji5 pET21b(H)i&EH:, ki DHSa-FT, 13
N Sx10° [FRASCPE . WAL 7, $EEE
kL, ¥4k BL21(DE3), £34H [ K/ ik 3
JE . R PR R 41 4 22 DR A 3 1) pH FR 7S I Bk
Ay, AHIIE Y 50 RANERA AR TR HL R T
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Fig. 3 The reassembly of digested AtGSTZ fragments
M: NEcoT14 | digest DNA marker; /: The reassembly products.
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Fig. 4 Amplification profile with primers when using
different amount of reassembled AtGSTZ
M: NEcoT14 | digest DNA marker; /~4: The amount of the reassembly
fragments were 3, 9, 22.5 and 37.5 mg/L, respectively.

2.2 AtGSTZ #HLFRYSEBL 5 L3t
X G Y 50 AN B R AE IPTG 3 MR
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Fig. 5 The alignment of the improved A¢tGSTZ mutants

WT
EAl
EA3
EA4
EA6
EC1
NN1-67
NN2-54
NN20
NN23

The secondary structure of AtGSTZ was referenced [5]. WT: Wild type;l: Active sites; v: Residues between domain [ ; ¥: Residues between domain

II; : Active sites I between subunits; || : active sites I between subunits; --— « helices; »: 3 sheet.
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2.3 AGSTZ #HLFRILLIE IR

9 4~ A1GSTZ L 111 DCA-DC Lbi% i &5 5L
K1 WUEH, 2RI R R
KR(NN23 $2 5 7 120%, NN20 #2755 7 102%, EC1
PR T 47%), RS 1 LU O 4 s
(K% NN1-67 $2 /1 T 60%4h, HAeB AR 35%),
715 25 3 GEARN Wl 7% 1 PR S0 T R LR AR

e KA £, EA6. NN1-67 Al
NN2-54 [{)5ARA7 AT N i, SETERIR i fe

“G-site” [IEAE 47 5%; EAl. EA3 Fl EA4 5848
P AT C o, WETERISRETTRE S “H-site” 2k
AF47 K. EAL Al EA4 ¥J 4 GInll15 5848, (HAF R
Pro [¥] EA1 LR/ Leu ¥ EA4 35 J) 1, W7 dbqor
R Pro L Leu S5 A7 AT T B e i 1k 1R 45 440
EC1 bt EA1 £ A I1IL 84847 4, H W e
T EAL, WK Leulll 853 EE P[] Prol15 $2
AtGSTZ [f] DCA-DC %51k

Table 1 The difference of DCA-DC activity among the evolved AtGSTZ mutants

Enzymes Mutated amino acids

Native _

EAl Ql15P

EA3 P113R

EA4 QIISL

EA6 D67H

ECI I111L/Q115P

NNI1-67 N55Y

NN2-54 Y79F

NN20 A28S, D33E, K43R, D45E, F47S, S49P, N718,
F74L, R92P, Y101F, M104A, A118G, R121K,
Y122F, V129S, N137T, N153S, 1164V, H176Y,
MI86L, K194T, N200K, E201D, L209A

NN23 AS28S, D33E, E35D, K43R, D4SE, F47S, S49P,

N71S, F74L, R92P, Y101V, MI04A, A118G,

RI21K, YI122F, VI129S, NI137T, N153S, 1164V,

H176Y, M186L, K194T, N200K, E201D, L209A

Specific activity/(U-mg™) Relative activity with WT/%

204.57 + 12.13 -

267.57 + 3.13 131
223.13 £ 8.25 109
238.66 + 12.22 117
276.21 + 14.27 135
300.11 + 11.58 147
32738 +2.72 160
235.49 + 32.87 115
414.13 + 30.29 202
449.79 £ 22.81 220

Data are shown as x+s, n = 3.

2.4 A(GSTZ HKEEHZ hFSH
L2 PN T SRS 1 E 5. Nl L
AL, SRR KA 0.5~0.65 2], 5
BAEMGAH L 22 A, (H Ko 2 FI Ko PYK DM H
WIS TF A, R kb B NN20. NN23 Fl NN1-67
PemiR, X5 e LS A A
OB KO 35 LB AE B 1~2 mmol/L,

% 7 25 kA 5 AL ) GSH ISR A ) 14
H# EA3. EC1. NNI1-67 F1 NN2-54 3 i 5 W]
. BFE AGSTZ X GSH ) Hill #%0h 1.13, A
FFEa PR IR, A RIER RN, X5
B4 RO — 35 9 AN LR Hill 5 35
R 22 e AU, R & SR AL O A1GSTZ
P HE ] (1) 1TE W [R) 380N 5 i AN K



2008; 35 (2) BMAFE: WMEITAME S BEE Zeta L LEBRIIRIS R EFFES R *213-

Table 2 The difference of kinetic parameters among the evolved AtGSTZ mutants

K,Per K K POVK, PO jo
Enzymes /(mmol-L™") /min”! /(mmol~'-L-min~") /(mmol-L™") Hill coefficient
Native 0.56 + 0.02 154+ 04 27.75 + 1.46 537+ 0.58 1.13 £ 0.02
EAL 0.61 + 0.03 19.8 +2.7 3241+ 3.15 4.47 + 0.66 1.08 + 0.04
EA3 0.64 + 0.03 17.6 + 2.2 27.61 + 4.47 4.03 + 0.33 1.18 + 0.03
EA4 0.64 + 0.08 18.0 = 2.1 28.10 + 1.53 4.27 + 0.46 1.14 + 0.03
EA6 0.65 + 0.08 19.6 + 3.7 30.11 + 3.53 442 + 0.37 1.10 + 0.03
EC1 0.58 + 0.04 219+ 04 37.75 + 2.20 4.00 + 0.26 1.08 + 0.02
NN1-67 0.65 + 0.06 248 + 0.4 38.09 + 2.78 4.10 £ 0.24 1.13 + 0.05
NN2-54 0.50 + 0.01 16.1 £ 0.2 3237+ 0.92 395+ 041 1.10 = 0.06
NN20 0.53 + 0.08 21.6 + 0.7 41.49 + 479 4.29 + 0.46 1.11 + 0.01
NN23 0.59 + 0.01 24.0+ 0.1 40.41 + 0.79 4.23 + 0.89 1.12 + 0.03

Data are shown as x+s, n=3.

2.5 AtGSTZ #HUEERIAIREMEFE 45 SREIG, AR 50%~60%; 65°CIN, - 10%

Kl 6 A AiGSTZ HF A4 I (1) # B e v 25 3. TEPE. R AR B S OR B S T A ) B
45°C. 50°C. SS5CAIHG SR RIANEIEE  FHER, WRSABN SR AiGSTZ #fie %A ™
HIHE A 60 CAEER, S HEAEEIIAXTEER .

100
80
60

40

Relative activity /%

20

Fig. 6 The difference of thermostability among the evolved A/GSTZ mutants
%:WT, [1:EAl, B:EA3; ©i:EA4; E:EA6; BE:ECl; B:NNI1-67, 7Z:NN2-54; [[1:NN20; =i:NN23.

3N AiGSTZ BB YERE 45 R . nT L fie 77, DA NN1-67 1998 48 A7 fi (NS5Y) 1] fig 5
EH, NNI1-67 fieimr, A 54.28%, NN23 k2, N AiGSTZ W73 [ HT & A . NN23 L NN20 X £ —
50.1%, HASWARNKEREZER, B 42% DEIERFEA(E3SD), H NN23 (& P fg 50 Lk
KA. HTEMEREAE R L TRETS NN20 & 12%, Wis AiGSTZ 125 35 {5k Hk 5 il
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Table 3 The difference of renaturability among
the evolved AtGSTZ mutants

Enzymes Renaturability /%
Native 42.06 + 7.37
EAl 4523 +5.08
EA3 46.20 + 3.58
EA4 37.89 £ 2.13
EA6 45.85+ 5.88
EC1 43.03 + 3.34
NNI1-67 54.28 + 6.23
NN2-54 47.02 + 5.51
NN20 38.12 £ 8.10
NN23 50.10 + 7.82

Data are shown as x+s, n=3.

3 it it

ASCH)H EP-PCR 12 %8 DNA YER B AR
T AGSTZ FENLFRAL SR, SR G HIH AiGSTZ {4k
TR SR S R T 1T 2R A T pH I A pH
FRARFIBEE AR I 7, I Sx10° [ 98745 SC ¢ v i
% 9 A DCA-DC Lig ) #g miditb 7. b+
I B AR W A T oA, 40 Lee Z517A 5 000 (1)
SEAR P i 3 12 AN e S AR R IR A R b
T RSO T SRR T AE S £ 40 DNA
VEMLA OC. DNA YERDK ™= A2 K& Bt sas
BEIIRERS . Bk, R, 2T AR AR A,
B R BEEGE 1 B IR 1) 7 A K T R W v
PESRAS PO RCR . AN, £ oeArn] SEEEI
YL R R AR RS T S BOL T REaE e, PR
9 AN T T, 6 NN ERA, N3 ANHE AR
A, IR R SRS B = AT R LR
K.

HEAVEL B AR i ) 2 S IR 7 4 Lo R, S8R
G IR R AAE AtGSTZ G ey, i kA
T T2 35 M Bl A e TR X3, R 2 o ]
k. KIS Guo SFUME 3-HEL R TR DNA Bl
HEACBFAAG) EIAEFCAI) & AT, s
O SE IR IR ST 52 58 AR M BE S W AR T % s iy
FIGI RS RN G . RI, T A AR B

RIS AR 5 A 3 ¥ e o ) L S R R R S e e g
RG22 o0E AdGSTZ IH 7 1.

JAFH) 9 A DCA-DC i P28 =y gL B 1) K>
76 0.5~0.65 2 0], SEFAMZESALE, WX
LESL LR IR IE K 58 0] Il 5 I W) DCA B F1 7%
W, RN -DCA E&WkaEdE, (HH
KoPNK DA R K o> 0 v T 7 2R, PR -DCA
HEW IR TR M) e 738 T8¢ 5. X GSH
(1) Hill O Ko O 2 A A I, 9 A 106 A4 g Y 36 [
(B R RN AN S, {H 55 GSH (R R g, B -
GSHE GWRIa e A 2] T oG, Bk, A
Fr A3 ARG P = 1 R R, 2 T DCA
(RIEAL BE ) bl -GSH =AWt Fae v

HEAL T NN23 FITNN20 s thse s, 430 e
AR 2.2 F12.02 5, XEHLZ BT REA —E
MERR. TR, 2 A58 N i Fl i 7% 1
O =R BRI E RS, ReSI NFAM T R/E
FEAE AR REAR . The s R AL TR, (R R AR
AtGSTZ 11, Phe74. Tyrl0l. Metl04 %547 15 % 5
GE KL 1R B L () IR AH B AR S B 7K A% 0 B
NN20 55 NN23 B 75 74, 101 £ 104 734774 T %
A, ARH TR K IR, AR W R K
B BB R, X & NN20 A1 NN23 A5 4E 55 11625
[F) 4 Gl L AT VG P I 2T 4. 2Rk NN20 FI
NN23 fEVF 241 B2 AR, H NN20 1= PR
JIEE NN23 % 12%, & AP0 ERA AR R
ZEt, 35 A LRI I Al L Asp M1 Glu, Ui W
35 ik B2 ] RE 5 A(GSTZ () 1E i 37 & 4 %5 1) 5%
Z . Asp Ml Glu #B & 18 Pk 2 JE 1%, Asp35 LT
Glu3s R AT BESE Asp FINEE /N, I —Z% 5k PT
B I 12 2% 5 A T 72 TR A7 LK A Y AR )N

AsnS5 {7 T N 3 45380 o2 BRTE I AR i,  FEA
L5 GSH #1 DCA HEZAEH, MH#E4L T NN1-67 1
55 {7 i1 Asn Z84Z i Tyr, DCA-DC bbif e m T
60%, Ko PNKN I B4t m . HasrE s RS
AtGSTZ (1) o2 WRT5E S SLABIT I B3 T3 A1 %, X2
AXIRAERE S GSH 254 1 5 ZRFE X 459, N55Y
SR ] i T BN A (A B R, g GSH (1)
gh G M D) 42 52 e i ) (AL VS ) . R ST R B,
NNI1-67 HfF g et markae y, £—x
FRBE SRR G AR s M B A0 1% g ().

N it 45 R4k o1 MEUE AT o3 MELE 10 2 I PR k3
5 C a5 a4 BRHER o6 B2 E IR R ik 2
) B B K X, 08 7K X A N ity R C iy 45 440 358 1)
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[ EZAE R S, IR o3 BRIE S od 1R
e B A AE FH & AeGSTZ W5 305 ] ) 3= 4 0,
AW TR I Tyr79 5848 1 Phe J&, TEMERE T
15%. H1T 79 LR FENL T o3 T, Hi/K 1) Phe
WATRES 5 N ik RIETE R, B — DR T
N 355 C Sy &5 R 3 Je — SRR L 2 W] PR AR FAE
MM DCA-DC %1k

{5730 IQP (111 ~113) A2 F C Ui 45 K4k a4
WETEMI A S, AR 5 IR 25 G RIS A R
{HIX BE AR S 5 (SR AR HI AT I 0 TS S i
9 FE = (EA3L EC1), U AR S 5t L AT T 52
SEARMIRE ). 1X 5 Matsumura 5PV 45 HLAH — 2,
FATTRE B- FTE T IR REAT i mBE Ak, SRAT 1) v
TG S ARAR I G s AR T R RS X

FEASTRHEAL T, EAG W& PEHR 1 )5 I8 LAk
Wk, 67 frIRYE Asp RAZMENE His J7, AMHEA K
ZE TR, B s 3 ) DCA-DC LR ) .
AtGSTZ (RS o, Asp67 T B3 Al B4 4%
b, B EEPE L, IR v I 0 FLME TR R
IR RAS, AR FHEE S . 248K,
D67H AR N 7% PR v 1 B R i 5 8t — 2P )
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Obtainment and Characterization of The Evolved
Enzymes From Arabidopsis thaliana Glutathione
S-Transferase Zeta Class

TAO Su-Dan™, CHEN Xi-Wen™, LIU Jia, JIA Xiang-Dong, CHEN De-Fu™
(College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract The Arabidopsis thaliana glutathione S-transferases zeta class (4¢GSTZ) is a multi-functional enzyme,
which plays important role in cellular metabolism and environmental purification. Error-prone PCR and cycles of
DNA shuftling were used to construct a mutagenesis library of A:GSTZ. The screening of the resultant libraries was
carried out by a pH indicator dye-based colorimetric assay. Nine mutants which enhanced the dichloroacetic acid
dechlorination activity were obtained. Among them, NN23 contained 25 amino acid substitutions with the activity
improving 120%, whereas NN20 contained 24 amino acid substitutions with the activity improving 102%. EC1
contained 2 amino acid substitutions with the activity improving 47%. The rest 6 mutants contained one amino
acid substitution with their activity increasing from 9% to 60%. The enzymatic characterization showed that all the
evolved enzymes increased their catalytic efficiencies towards dichloroacetic acid and binding affinity towards
glutathione whereas some of them increased the renaturability. However there is no obvious change in their
thermostability. Based on these data, functional residues related to catalysis and refolding of AtGSTZ were

discussed.

Key words evolved mutants, dichloroacetic acid dechlorination (DCA-DC) activity, thermostability, renaturability,
Arabidopsis thaliana glutathione S-transferases zeta class (4:GSTZ)
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