TR R Chin J Biotech 2011, April 25; 27(4): 620-628
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cijb@im.ac.cn ©2011 CJB, All rights reserved.

INZEMR AR

AT A LRERER G R BERERE RSB
BRKERRE T

Tow, P}E—EX, W, BEE
PR Rl A2 B o FistfGF sl s, RKE 300071

B OE: HFREEIRMBEEE G IGE ) KRR L —F R A AR T AR S8 E ks . A 4% ME PCR
7 DNA 2R A0 R E 5k, sPRBRTBEIE ADP P ATH AD] ¢4 FE 2R K ML B #/TEMETE, UM
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High throughput screening atrazine chlorohydrolase mutants
with enhanced activity through Haematococcus pluvialis
expression system

Huizhuan Wang, Xiwen Chen, Xiaohua Hao, and Defu Chen
Laboratory of Molecular Genetics, College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: Developing a high-throughput screening method is of great importance for directed evolution of atrazine chlorohydrolase.
A mutagenesis library of atz4 from Pseudomonas sp. ADP and Arthrobacter sp. AD1 was constructed using error-prone PCR and
DNA shuffling. Candidate mutants were screened through Haematococcus pluvialis expression system, using atrazine as selection
pressure. Sequence analysis showed that mutations in the obtained 12 mutants with enhanced activity were all point-substitutions and
scattered throughout the gene. Enzymatic activity analysis showed that the mutants all had higher activities than that of the wild type.
The activities were 1.8—3.6 fold of the wild-type enzyme when cultured in BBM medium with 1 mg/L atrazine, whereas 1.8-2.6 fold
with 2 mg/L atrazine. These results indicated that Haematococcus pluvialis expression system is an ideal high throughput screening
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system for directed evolution of atrazine chlorohydrolase.

Keywords:

Pl 4R AL (Atrazine) = —Fht LB RN 72
T 50 240, NP, &6 T KSR
FUMRHE A5 24 BE BT BR 1Y “SE Bk A S AL T/
HEBREAN], fEAREER R WERSEY =
55 O R A AR AN SR, BTRRL A +
sk B 4~57 B Agde, BITE Ak
A = R AR RIS, ™5 g T Ak A
NERHED, BalR IR ET 260 (ke
KRR B R ARVFHREE R 0.1 ng/L. SEEH 3 ug/L.
IR H 5 ug/L), FHHEILH R 7T iR A e i 52
P g 41

PP B R B pLA, A8 = R L RIS e
M IEIAEY), J2& 20 tEad 90 AR IOk I35 18 &2
FMEZ 0, PR AL 2R 2-F-4-2 R
He-6- N EH-1,3,5-=A I (2-chloro-4-ethylamino-
6-isopropylamino-1,3,5-triazine), — H. 2-{; I~ {5 )i
TFHK e, BPAE B JGRE A ¥R FE BT ARRRL TR
AR A Y B R R SO A R DR A A 1 R
BT TS YL PR Y OCHE . 1995 4F, Mandelbaum
AUV [ 5] 5 figk BT A 7 T 0 BT 4R 7 e S K A I
(Atrazine chlorohydrolase, AtzA, EC.3.8.1.8) J&[A
(atzA)o (HFH 5 AEY B BE OB 9T o, B 18 L KA
R S8 2 S5 TR e 194 o e o A Y 1 47 5 i v 10,

H 1995 4FK, 21> S2 56 28 M A TR A% e S
B atzA. JEHIHCATFDIRESAT &I, AS[R] AR ) B
FEPLEY S K S B A BE R 7 9] = BE [RIUR i EL kL
WS B 2 R UB W B Pseudomonas sp.
ADP HEHRIER AtzA 535FF 1 Arthrobacter ADI1
BT AtzA, AUAE 278 1 A — X Bl R it
I8 SR P TC R 1 A SRR AR L 1 22 1Y AtzA TP
) e B AT S D RE I — BURe R, R AtzA Z5H 1R
SFL RGNS, AN AR TR ETEER arzd
HHATReItES

BEUEY) A SR IE bt B 0 AL B R R A

atrazine chlorohydrolase, directed evolution, Haematococcus pluvialis, high throughput screening, enzyme activity

FRAAEBEE T, R R B A TN TE A
B AtzA B . 1T AtzA A AYBHE SN TG4
PERYE A, RIGAT B A B 0T i 52— 2 e BE 1)
FlRE L, PRI A 1) A0 Atz A B G EE R T — Rl B
Bridy . RIS I  mE RRE TTA . A, AR
SCR M AE LD ER . Haematococcus pluvialis 33k
FREN T — PR =AU Ol R AtzA B )
PR F I

1A

1.1 Ek5HIK

WA LLEREESERT “H1” W B R filEh TR AR
W5EBE. KAk # DH50-FT . ikl pPCAMBIA1301 .
pET21b-arzA-NK (% 74TFH# AD1 RKiEH arz4-ADI1
FE, FEHEM SN AF543694) 2 R A 5286 % {4
f#o JBkL pMD4 (% SR ADP KUR 1Y arzA-ADP
LA, FEREMS A US5933) A3 E Minnesota K
¥ Michael Sadowsky %% #1
1.2 A&
1.2.1 Y HTAE 2T FR 2 &5 2

% I8 Brown %5 UMY D7 i IR B e, W AR 4T
AT BBM HiEH, Fo(25+3) T,
50~60 pmol/(m?-s) YR 12 h/BEWE 12 h & 14F T A E
Wi (1 L L/d)$E5%. 3 000 r/min &0 5 min
AR ST B A KA (2 1x10° 4), Friiide &
oM (f% 500 mmol/L NaCl, 5 mmol/L
KCI. 5 mmol/L CaCl,. 20 mmol/L Hepes. 200 mmol/L
HEEEEA 200 mmol/L 11 ALEE) . & BIFE O
2 WA R A g R R
1107 A4l /mL, 43 2% 5 40 pL/A5 %5 .
1.2.2  GREINHITAEZTER A AT PTFF 7RI R e

B 1 mL o 850 4 0 T A 40 BR 8 43 501 % 2 20 mL
£ 0. 0.05, 0.1, 0.2, 0.5, 1.0 mg/L B[4 He ()
BBM }3Ri Y, 21 d JEmA TRy | S et
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AOLMMIR, LM B R T A 20 B ol 22 i o e 0 e
SRR
1.2.3  atzA XCENEHTFIER HTAEZTFR BT 65 ( 75 1E

WRYEFHEH atzA-ADP Ml atzA-AD1 31 K ik
pCAMBIA1301 ZFEENL S 75, BT PCR 514,
I ¥ R atzA-S-F  (5'-CCGAGCTCATGCAAACGC
TCAGCATCC-3', TXIZ N Sac 1 BgEIHIRL), Tiff
Jy atzA-X-R (5'-AATCTAGACTAGAGGCTGCGCCA
AGC-3', FRIZ N Xba 1BV ), LLUBCR pMD4
8¢ pET21b-atz4A-NK Rt , Ll atzA-S-F/atzA-X-R
J s P T E AR EY S, PCR J7 A S WL SCHK[18].
PP Sac 1M Xba 1AL, 548 [aREFR 1
P Uit I AL A SOT R R pCAMBIAL301 # 42,
AL R o T 5 P SR A8 I e Ak 74
KRG 7% DA O 5 41 9 BT R pCAMBIA1301-
atzA .

B o1 ul ¥ A 04 pg B9 X T K
pCAMBIA1301-atzA HIAF WY A= 21 5K 3 1857 25 41 Jifd
B RS G UKIGERE 10 min, AL E 0.1 cm
Bio-Rad HLAGLAR T, HL; 3 ¥k (1P 10s, U5
AR 3~8 kV/iem) JFUKIAHERE 5 min, FEA
BBM ¥ Ak 2 5 b # B G R 24 h, SR TR B R
FERIEEY BBM [E RS SR T (8] B ORI R % 25 H g
EFEE
1.2.4  atzd ZEF/FHI 4

PLBURL pMD4 8% pET21b-atzA-NK WAHR, LA
atzA-S-F/atzA-X-R K5 Wi#17 545 PCR (Error-prone
PCR, EP-PCR), EP-PCR &% Jy: 0.2 mmol/L dATP,
0.2 mmol/L dGTP. 1.0 mmol/L dCTP., 1.0 mmol/L
dTTP. 0.1 mmol/L dITP, & 5[4) 0.3 umol/L.
7.5 mmol/L MgCl,. 0.01% Triton X-100. 1.0 pmol/L
NaNO, (5 37.5 umol/L CoCl,). 0.05 U/uL rTag DNA
B4 M 0.01 ng/uL arzA-ADP (& atzA-AD1), ¥
WA 95 CHIZLE 5 min; 94 'C 40s, 58 C
32s, 72 °C 110's, fE¥ 50 K 72 CHEAH 7 min,
Bl S 28 0.7% S5 BEWEEE HL UK 5 2 EP-PCR 7%, 41
B iy &4 N ADP-atzA-NO, . ADP-atz4-Co .
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ADI1-atzA-NO, . ADl-atz4-Co, 15 CF 0.1 U/uL
DNase I {§fk EP-PCR /74 5~15 min J5, 85 C{Rifk
20 min, FIRNN5% (V/V) TR M A [F 50 mmol/L
EDTA Fl 30% (V/V) HiM] Zikny. Pk
0.7 % 3 E W B I FEL VK 53 25 19 24 100 bp DNA Bt
SRR HIRA AT RS [ W EHER N . T | EHE R
N Z&1F[7] EP-PCR, {HAMGI4), 100 bp 2247 DNA
IRG H B EE ly 20~80 ng/ul, FEHEH 25,

0.7 % 37 i A 56 I R UK 1m0 e TG 5 | 40 0 HE 2 g
A 1.2~1.5 kb 4547, BEETA 519 PCR, ¥ H{k
ZH: 0.2 mmol/L dNTPs, £F1514 0.3 pmol/L .
0.05 U/uL rTug DNA & St (5~20 ng/pL) 7
S EHE DNA, A51%) PCR &MFJGH ¥ EHER
No FEEI S Sac 1 1 Xba 17HAL, F1+5 %4 [FEE
BRI P D B AL B pCAMBIA1301 gk s #E, AR
Je AL 2 KT E DHS-FT, A FEZ .

1.2.5  AtzA ZHFHII5 %

[l 9708 S PE A BB TR v, AR I BURL DNA, 4%
1.2.3 T W B AB A0 1 10 arzA 58738 SR F e b itk
FIAELIBKIE AN, SRS HITER 0.5 mg/L (5 5 #
W) BalRhr ) BBM [ AR RS FR 5 b, B8O IR B
TR BRI, Phpt b K B R % R TR T A B
BRI AR EE S 0.5 mg/L. 1 mg/L A2 mg/L [
BBM i3, 3 JAJE SR A 4 BT 1 R A 213K
BELALARIYIEN 4] DNA, LI atzA-S-F/atzA-X-R N
14yl it Ex Tag DNA R4 T PCR Fil RT-PCR
Kl , PCR 1 RT-PCR J5 %2 UL SCHR[ 18], [ PCR
%475 pMDI19-T Simple Vector (TaKaRa) ¥%$% 5%
A TR TR R R 55 A BRA w1
1.2.6  AtzA ZEF[EHG 5 7 7B

U1 mL X4 KW AtzA #54ebk, 4 C.
5 000 r/min 2.0 UWEE TS EA%E E 4 mL & 1 mg/L
5% 2 mg/L PRI LAY BBM 8555004, 5500 1. 7.
14 21 RIUEEINE 55 57200 BT R sk B i, DA
T 2 O 00 (]

AR RAERREEFR 21 d J5 BOREI € 15 57 W s
o BT R AR B A, DABE AR 1 pg BT DG R
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B WAARBL (mL) R 14> AtzA B S8, DAk
H AN [R) 548 - B 16 ) 22 5 o A TR e A vk A T 0
B3 R IR P S (E, A PR 25 S 2R S A 2
i

I 20 mL X EA KL R, 4 °C L 5000 r/min
230 10 min WCAESEAR , AT 5 S I 600 uL
TV FE Y H B EZE ph W (150 mmol/L Tris-HCI
(pH 8.0), 25%Hih, 2% PVP40), vK L¥tE 3~4 h
JG, 4°C. 12000 r/min #.0> 20 min, ¥ BRI A A
PRI LS IO 1Y A S I E % IR Bradford
WEUOEAT o B3 mg B F R X R 0 R R O, TR
0.6 mg FIREHLHELE 25 CARIR 16 h, P BT fEfr
BB, LAREAR 1 mg Bl I it R B2 JDOR 1Y)
(mg 1) J 1A AtzA BEE JJ AL, DU B TR
A FIIE 25 5 o AR R AR B BETS I H 3 R
SR T YA, AR R) 25 5 20 AR 22 R
1.2.7  JFFET7HEGE BY 42 19 i R A E

TE 3G TR 1 SORL $2 OB I A S5 IR R —
SAWEE, IRAIJE 25 °C. 200 t/min FHR¥%G 1 h, F2
12 000 r/min #.0> 15 min, W FE (AT EE)
10 puL A7 TR AT 20 o TRV ARG IS 26
FE CoMetro /A &l ) CoM 6000 HPLC Pressure Liquid
Delivery System, it 4 Comatex C18 (5 pm,
®4.6x250 mm), KPR 228 nm, B4 E AR
B BT IE]) 24 20.925 min. B S G FUKIRG ),
0~6 min, ZME 10%7H5] 25% , K1 90% % 5|
75%; 6~21 min, L& 25%F+%] 65%, /Kl 75%
2] 35% ; 21~23 min, ZJEH 65%FH%] 100% , 7K
t 35%[3] 05 23~25 min, ZJEHEEF 100%.

2 HERE04

2.1 A LAEKRERIX arnd RRIVESL

T A= 21 BR e T BT R or i A i A2 7 I s
0.1 mg/L BURFRIE Rl 58 24l HA K (& 1),
I, B G 2 M E Ay BT A A ) T 2 2 Bk 2R K
i S

R 1 WA LB P ROE AT 52 DR

Table 1 Tolerance test of Haematococcus pluvialis to atrazine

Concentration of atrazine (mg/L) Number of green cells

0.00 ++++
0.05 +
0.10 -
0.20 -
0.50 -
1.00 -

+: green cells survived, the number of “+” indicated the frequency
of cells survived; —: no green cells survived.

£ AR &M, o E 4 ROk
pCAMBIA1301-arzA HUEALHERT A LU ERPBEARAE, XF
PRAFHYABEVE AT PCR A, 4R MR (R 2), B
HHLG SRR, AR 0 R R b,
HL SR TR F 8 kV/em B, WEFRELRM A, M
WS, RV R LI Bk A0 M A i BUE . PCR
G o, HLSRIEAE 7 kV/iem LR, PHIESRBEE
s 8 5 T 72 1 o AR PS5 Ve ORI 4G FH P R 45 B
PSR R, WOR 6 kViem £, A atzd FHALWNE
ZL Bk f il L R

%2 ARBENMELKEELENZN
Table 2 Effect of voltage on transformation efficiency of
Haematococcus pluvialis

Elec\t,?lf:g:tion Number of Percentage of Number of
(cV/emy  Visiblecolonies  PCR™  PCRcolonies
3 640 10 64
4 624 24 150
5 603 44 265
6 560 80 448
7 82 90 74
8 0 0 0
a: fifty colonies from each treatment were used for PCR analysis.

22 arzA RENERME

I WILARRL pMD4 Fl pET21b-arzA-NK &
¥, DL atzA-S-F/atzA-X-R A514), LI NaNO, 5
CoCl, HiFEZE 4T EP-PCR. & 1 B, HMIK
(1.4 kb) WM. BRI RIZ B 1Y 25 5
DNase I 51k, S50 WK 2 Fiown, BEEALERZE K,
FBS A, 44k 15 min B, BEEEAE 100 bp
fio
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bp M 1 2 3 4

1 atz4 #] EP-PCR F K & ik

Fig. 1 Electrophosis pattern of atzA after EP-PCR. M: marker
NTKV-3 (bp); 1: ADP-atzA-NO, ; 2: ADP-atzA-Co; 3:
AD1-atzA-NO> ; 4: AD1-atz4-Co.

bp M 1 2 3

3848
2536

1250
840
634

197

B 2 atzA #) DNase 1 ;5 1k Bk & i

Fig. 2 Electrophosis pattern of atz4 restricted with DNase 1.
M: marker NTKV-3 (bp); 1-6: treated time was 5 min, 10 min,
and 15 min, respectively.

YIRS IR 100 bp ZEfq 45 AT s 1 EdE, W
VKSR TE 1.4 kb AbF —W 527 (1% 3), %] DNase I
THACRY R BCEOHT A A i T 2K 7 B, YRRk B
80 ng/uL B, TG W E HE R S et o VIR il
ZEHE AW AT A Y PCR, K BNk B
10~20 ng/uL i}, BEHRLY I 1.4 kb 5547 (K 4).

bp M 1 2 3 4

3848
2536

1250

3 arzA RERWMTSIEH

Fig. 3 Reassembly of the restricted atz4 fragments. M: marker
NTKV-3 (bp); 1: full-length of the atz4 fragment; 2—4: the
amount of the digested fragments were 80 ng/uL, 40 ng/pL and
20 ng/uL, respectively.
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bp

3848
2356

1250

Bl 4 arzA EHFFYIRAESIHY PCR

Fig. 4 Amplification profile with primers using different
amount of reassembled fragments as template. M: marker
NTKV-3 (bp); 1-3: the amount of the reassembled fragments
were 5, 10 and 20 ng/pL, respectively; 4: full-length atz4
fragment.

23 AtzA REERFIER FHI5 47

A 5149 PCR P2, Sac 1/Xba 1 XUV )G 5
2 [RIFEB RG] A9 pCAMBIA1301 A Brigds, Witk
#F DHSo-FT, f3EZ5H 1.5x10° 5828 0% . Uede
AL T, PRIGEA R, R R LT ER
W, HPEEH TS 0.5 mg/L 5L 1.0 mg/L FIERHEAY
BBM [# #5575 I, BB OGRS 57 2 o vs Bl
( 5),

SIHEAR R G AEHER AR 1Y) 12 Bk AtzA RAEFIF
HI(F 3R, AT 10-7 Al 10-15, 22-4 Fl 22-11,
40-8 Fll 48-6/49-10 MY IR 5N S 58 2HMF, F*
B IRV AR AL R e AL PT i B R AR IR AtzA 58748
T, WE7R AR AR 20RO F 15 RE RS E 07 18 Hh % g 42
B AtzA RAET

Haematococcus pluvzalzs s1ngle colony which may

B 5 FREIETE AtzA
Fig. §
carry evolved AtzA.
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Table 3 Sequence analysis of the obtained 12 improved AtzA mutants
Amino acid site 12 30 58 71 80 121 195 226 278 315 337 389 395 399 429 439 466
AtzA-ADP Val Asp Val GIn His Thr Thr Met Met Met Met Arg Leu His Asn Phe Val
AtzA-ADI1 Val
10-7
10-15 Ala Val
22-4
99.11 Val  Ala
21-1 Val Pro
16-1 Ala Arg Ala Val
15-1 Ala Val Thr Leu
7-10 Val Ile Gln  Ser Ala
40-8
48-6 Gly Val Ile Cys Gln  Ser Ala
49-10
32-2 Gly Arg Val Ile Cys Gln  Ser Ala

The first column shows the amino acid sequence of the wild-type enzyme. Mutants were numbered according to the batch number of

transformation and the serial number of colonies.

FEX e 3 AR K B, AtzA RAZHY A i B ik
L e |, 227487 10-7 (V12A) A 21-1
(L395P) MBS #dh; 22-4 (M226V., V/M278A) K
WU ;s 15-1 (T195A, M337T. F439L) #l 16-1
(V58A. H80R. TI121A) Jy —fiffh; 7-10 (M3151,
H399Q. N429S. V466A) VU i i ; 48-6 (A30G,
M315I, R389C. H399Q. N429S. V466A) N7\ H.
B ; 32-2 (A30G, Q71R, M315I, R389C ., H399Q,
N429S . V466A) J-L i, 7-10, 32-2 Fl 48-6
(40-8/49-10) Y4J7E 315 i, 399 i | 429 Vi Fll 466 i _I-
BT R, 48-6 (40-8/49-10) 7E [k 4 AN gk
Bt 1 SCAE 30 v A1 389 v I &A= T s B d, 32-2 L 48-6
(40-8/49-10) 7£ 71 i — i, RIS R
JETE EP-PCR 2 DNA Wt pitist #4 Hh Z di 2 BUE 1 .
24 AtzA REEGE NS

TEHURAZ P 9 58 AR ) 3 BREEAERR 15-1.
16-1 Fil 48-6, RN 2 mg/L BRI HA) BBM £
FWH, B0, 1. 7. 14, 21 KEUEE B H 45
HREfER SRR (B 6), BRKE atzd W
A 2T BR AR AR D I BT RE R (2 2%~5%), H.
i FsF R AEE S, [ A 30 TG B 4 v 5 3 R 98 AR R 1 e

B -~ No atzA
- 15-1
S 40 161
E > 48-6
&30
=
.2
=
3 20
&
A 10+
e

£(d)
6 [ AtzA ZEETHRA[E] Bt (8] B B 45 R i P A 3

Fig. 6 Atrazine degradation rate of Haematococcus pluvialis
with mutated atz4 at different times.

FEPLEL R R B A B K, BRAFRI RS, B
21 R FEMR R (15-1 1 41.3%,16-1 H9 42.9%,
48-6 M 43.6%).

Ry A AN TR) € A8 - ) B R 7 R A S T, H
T atzA AL LN B TR A2 21 BR 8 B R & 1 mg/L 5%
2 mg/L PRI BBM 353530, 21 d JRIE AR
F) 275 ~F R BETG 775 [RIAsE, B B AR A oA 1 30
R S OO 78 FERETG 1 (BR 4), ZR TR, Frfy
AR 11 75 8 1% 7 o R Al R BV il 0% ) #
THFE Bk AtzA-ADP., Ll AtzA-ADP B§I% 10 1, 18
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25 AR F ARG 71, TRAE H, EEFRmhasm
1 mg/L BTARREERT, 22-4 3% fsr, M 3.6; 10-7
W2, N 3.2; 21-1 Rz, N 3.1; HARAEKRN
T 1.8~2.3 ZI] o FEFRMW SN 2 mg/L BUARFHLHER
22-4 3% S1ERE, H2.6; 48-6 K2, K 2.4; 10-7 Al
322 fRZ, N 235 HREAHAN T 1.7~2.2 ZIH,
REL i BBCIR A X PTG g e & B, 10-7 . 21-1 F11 32-2
e, M 2.7; 16-1, 22-4 1 48-6 IRz, 435K 2.6,

R4 TR AtzA REERI R HHEFERRE NS0

2.5 f12.3; 7-10 F1 15-1 FAIK, h 1.7 F1 1.9, 45455
ANLEAEE, BB 12 A7 (10-7). 226 i (22-4) Al
395 7 (21-1) % Fk R 4% 35 174 e 728 %o il % 0 52 i ¢
K, FIRE R BRGS0 5. B T RA5Pk 7-10 1Y
BTG /N, WS 7-10 HAT AR 2828 037 15 Y
32-2 Fll 48-6 N ATH = AHXSIE 1, WE/R 30 i, 71
A7 1 389 {3 ] BE & HE ZE A BENG 107 A8, 31547, 399
7. 429 {7 Fil 466 5 FT fE AN 2 55 B A G 747 55 o

Table 4 Analysis of the atrazine degradation activity among the evolved AtzA mutants

Supernatant of liquid medium

Crude enzyme extract

Mutants 1 mg/L atrazine 2 mg/L atrazine
Activity (U) Normalized activity Activity (U) Normalized activity Activity (U) Normalized activity
AtzA-ADP 0.18+0.01 C 1.0£0.02 C 0.40+0.09 C 1.0+£0.03 D 34.84+0.40 D 1.0+0.02 E
7-10 0.33+0.00 B 1.9£0.01 B 0.70+0.05 B 1.7£0.13 C 60.34+3.70 C 1.7£0.11 D
10-7 0.56+0.03 A 3.240.18 A 0.93+£0.01 A 2.3£0.02 AB 94.07+2.85 AB 2.7£0.08 A
15-1 0.32+0.02 B 1.8£0.13 B 0.73+0.00 B 1.8+0.01 C 86.75+1.30 B 1.9+0.04 C
16-1 0.39+0.06 B 2.2+0.36 B 0.86+0.04 AB 2.2+0.09 B 90.81+£3.31 AB 2.6+0.10 A
21-1 0.55+0.01 A 3.1£0.04 A 0.87+0.02 AB 2.2+0.05 B 94.53£1.50 A 2.7+0.04 A
22-4 0.64+0.01 A 3.6+0.05 A 1.03+£0.05 A 2.6+£0.13 A 64.52+1.98 C 2.5+0.06 B
32-2 0.41+0.03 B 2.3+£0.15 B 0.92+0.09 A 2.3+0.21 AB 95.01+£0.39 A 2.7£0.01 A
48-6 0.36+0.03 B 2.1+0.18 B 0.97+£0.01 A 2.4+0.02 AB 80.51+3.06 B 2.3+£0.09 C

Data are shown as X s, n=3. Differences between A, B, C, D or E is significant in 0.01 level. Difference between data with the same letters

is not statistically significant.
3 Wik

BT o A St S B PN 3 Al A B
FER AR A 77 R AERAE R R, 25 PREE A ok
PTG Y o R BTRE R S e IR B IR BRI E R B
BRI T OSBRI, atzA 1953 B M)
R PR At TR B, (HEH AT AR arzd A
RE R FEIEYE, B0 AtzA THAETC2Z S, It
FELHRI T 25 A R o X Atz A 047 Bl LA 4 s it
W61, WS RKAEHZ B R, Sk BT e 75 e
I B 16 42 B4 5 A A [ st A 2 9 Bl i Bl 45 ) 2 i
K ZR BT 2001 4F Seffernick 252N} arz4 ) DNA
VERBITFE A1 2009 4E Scott 252205t arz4 HOAT BR S 1R A
RAWGE, WP T AtzA G HIRERRAE T
Seffernick %5 fA) i 6 bk A A 35 1L, S5k
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P LA R R v e R 5 0, (LR R Pl S v
M. BRI BE, HOR/NAE AR, HA5 R
Ve A RARBLB VARG, MELLE AL, DRt AR H)
RALTARS 2 R RI B VEFIER R, BrLL,
SEARE B | TR 0 AT B i T R R T R AtzA KM
R [ P i Y SR

AR SCIT 2 (4 T A2 LR 07 18 R GEIE DL azd b
O DR | AR Ay G 1 s g %ok A8 i A 7 0
SEEE T IR A S e L], N R — A Y
AE ) v 3 RO 0B 5 i —— TRk AtzA & PR AE
g R B B R e R e rp A RS2 B, XELUE K



E 2k A T R AR £ R AR 6 AR G o 3 ek S e 0 ) 4 s ) B R UK i R T 627

PAPETE 5 R AtzA T PSR P A KR 52 5 i i T
RS . BT, i TR R T R
PAT N atzA 2875 SO H AT A SO BUR TG PE R AR T
AR AR Z AR RS, R g IR —Fh
FLA XRUHE B ARk g e g e >, g (L
AS/NBE AT B —4R) . iR R (AT A R AR R
BE A B EETE ) . KT BTRR R R (BUERIE N
0.1 mg/L), HiliT#ER R, ks n &k
DR KA AR BCR S 78, LA SE B AtzA 278 F 1Y
KM E . A SRR 12 DA TFH AtzA 3% T1
HA G sk — 25 R, RIAZIRE FBEE R AR
T B R R O 8 R A R, R A
JEH A

7R 25 S BRI S % v 2 O 0 R 4 T PR A
B[ FBAFAEHE . ANR arzA 16T AL 2T BR s SE A
My E SRR T Ti AR AR, i Ti AR A
H—E bR e, 15 58 A8 Bigs 1Bk 510 541,
W SREANIEA K ARTLITE 5 AEBIRERL G Pk
JE R NSRRI T 1 BRI R LT, HI ) R
HFEF 5B A arzA-ADP J¥ 558 2 A0, oRdE A
I o P A ) R R ) T . AU, BL S 25 5%
A5 ] RE PR AL AN B S I st e . ik
T, AT SR arza JE IR A2 A A B R AR 20 Bk
FFE SR AL TP A, (HOB R 2, B RTkEd)
Tei) Y58 A S ARR (e 107°~107H, Jevk i
UERE RS, BLAh, ANBER IR arzd FEHTE RN A= 41
B ) 2858 38 1T B8 PR 3R i g ) R T
Yo, HCUNAHNER atzA FEDH 5278 S TR A 21 BK o i 4 25 1)
T B R A, B S AE N TR A T BR R A A A T
1 B R IR SO R IR, AR T S0 P M s A B
THeo EFFNINTIE LB, 2 i A rPoa S A7 78
7 91 Sz 1 58 78 (H S S5 TR P 91 o Ok A Bl AR 1) 5 728
Fo RS IR AT, PR O e E (4 58 AE
SER AR R FF R RIB RS, DAEw I B L
ZEH-ThRE X R .

ARSCEE R R, TR AR 21 BRI A B R I R A
T 0.1 mg/L 1Y BBM 57k rP g ig A, RUIW

AT EREE A B BT — T 2 . IR 32
AN i 2 30 A R R, A R 2 AR VR M AT . A
I, GRiE T 45 S NS A P A A Mt B, R ES X
70 R A T 0 P S AT BT 3 0 HE IR T A 2T R B X
B RE R HE AW . AR ST AS 948 - 1Y i 1% ) ¥4 Bk
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AR atz4 5878 3R EP-PCR 5 DNA
VERRARSS A M BAHLZR AR SO, R B 10° KT,
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