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Abstract: Atrazine, the most widely used herbicide in the world, is one of the persistent toxic substances (PTS). Atrazine chlorohydrolase, en—
coded by atrazine chlorohydrolase gene, can catalyze the conversion of toxic atrazine to nontoxic hydroxyatrazine. In our previous study, the
bacterial atrazine chlorohydrolase gene (ADI1-atzA) was cloned from Arthrobacter sp. strain AD1 and inserted into the expression vector
p1301-atzA. In order to explore the effect of transgenic tobacco plants expressing A DI-atzA gene on biodegradation of atrazine, in this study,
the ADI-atzA gene was introduced into tobacco by A grobacterium tumefaciens mediated transformation and total of 102 plants were ob—
tained. PCR analysis confirmed that the A DI—-atzA gene was integrated into the genome of 74% of Ty plants. T, transgenic plants were used for
atrazine resistance experiment. The results showed that some of transgenic lines grew well on soil irrigated with 20 mg+ L™ atrazine even treat—
ed for 45 days while the nontransgenic tobacco plants died completely under the same condition after 7 days. The survivable T, transgenic to—
bacco plants were used for further analysis. RT-PCR analysis indicated that A DI/-aizA gene was expressed normally in transgenic plants and
hydroxyatrazine was discovered in transgenic plants leaves by HPLC-MS method. However, neither RT-PCR band nor hydroxyatrazine was
detected in wild—type tobacco leaves. These results proved that it was feasible to apply transgenic plants harbored ADI-atzA gene to phytore—
mediation of atrazine—contaminated soils.

Keywords: atrazine; biodegradation; atzA4 ; transgenic tobacco; phytoremediation; enviromental biotechnology

%% B #A . 2007-08-03

E €A WA AARERES (X306649)
TEERN e (1957—) , 2o, WiThUN A, 325600 , MK FEEDH ARG, E-mail:shm1002@126.com
BIEE . /M5B E-mail:sunzx405@163.com



mailto:E-mail:shm1002@126.com
mailto:E-mail:sunzx405@163.com

27 5% 24 & W B

B2 597

LAY N 1983 4RI F] 1996 4F7E H 5l
Rl R ABIRSEAL 2B 77 I 13 a, M5 R AHGESE 10
a LI 10953 B 133 2007 4Eik 3] 1.143 12 hm?,
MR PRl 2008 4 2 A 28 HE#iillE , iy 2Bk
e s el A 7R TR RAEY)
Pk 2 50) 2 S5 DR AR R i e b i 1 ok e A A
Yot , (RS P B 0501 | R B sl 2 A R 7
ST R AT RE , P IR 32 A% BRXGH | tH.25 A vl e
e T EARNE ., Aol A 4 AR R B Al 55 241 21
(ISAAA) Gt , DU B0 2 6 R VR P i 2 A 2t 6 TR 4
Yy 52k, 2006 AEHTRR AL REY (KRG,
Tk R, MAERERE) AR E T FE R 6 990
hm?, (7 AR SR EY) R TET Y 68961, SR 1T 3 [K]
VEY R — ORI 81, KRR BT BR 57 7% B EY)
68 it PR I 550 SN B o, e T 4 R K
BHLTE Y, HEE A AR B2 S 55 1 A S
IR, RAFAHL,

BT R§HLHE (atrazine , 7 b 44 055 A HE) & — P 7E
LB N Z M = E2REREE], T K S
B CH RS R BB, B AMEZBR =R C A
50a Jis, BARERLEE 36 F R R OR BRI, 2003
AEIK 3.4 7 t, BT PAERIEE R R R K (F
BR 244 d) SEHAEY) (AN ) B 9R 5 H
I OKIREE -3 R HA Y B2 XL
] T o R R S Nt i 1 A B T 7 e
PE, A EPREERLR B Sy 28 FiRE A A Bk
15 Y (PTS) Z—21, JEAFEAT IS PN S el 55 I A 21
IR ) R R AE B R K I S B IR A& W AE
TR R A FE 45 R 5 AT Z i, F
M SOAFARHI FF LA o BT RERr L, H AT AR 1= 5
29k 2 T3 v, B S YT A4 R

MHTTHBR A LG Y R 2 Y AF A Yy
e, AHPRFR AR SR i xE AR T AT ALTS YL i36
L, HHY1EE (Phytoremediation ) FH F iz VERAAK |
ERAETRME S A KB L0 AR s B 55
FRd, Cal ZHEA, (A H R REA A L
SRYINHEAZ | IR SR B K E
S5 Ay e v AR A e 0 ) R RS AL,
SEIE AR YIE 2 15 YR8 1E A8 R FREE A= M1 AR A
— AN T BRI ST 2

FIFRFERN AR AR IIE . , 1 e
TR AR T e DR el ok BRI R A ol JE B v B,
R TG BT 1) 32 IR (2 2 Ak GE ks AR R K

K AR AR R) o VARG YA A H R
ol AT FRRSE A J , RIS YL iR L R R 22
SRR, R R AR AR 0 S SR AN AT Y 5 (]
h T B IEAI R A AR R 0 A A TN R BE [l 1k
PEVEYIARCEIE o B NSNS S 05 YR e AT 1
KA, Snellinx S5 A A ik DR AR =0 %) J K 40)
GTN FI TNT R S B2 55 10 £, LR 1L
Xf BEPR 2 %, Doty SEME AL 43R P450 1% S [A]
TG BRI B B R0l — S S ) T
XF IR 640 i, AT B TR B RE KA
IIRRERFE R X R LT AR B S B e ) 1Y)
RCRI 2 RS EE XA S B
TR m  (HOC T REALDIMYE B A DTS Yo 4l i
IARATBIR , [ P i D SCT S A 18 52 A AL TS
IBFTEA

TERT DI 88 5257 58 LA BT RFRL S Ry — A
A K B0 FF 3 (Arthrobacter sp.) W #k AD1 H 43 B
FME T HAT B R Bl RSz S8 K ik il
ADI-aizA " | 2K T A 8 BT A7 e S Aot il R A
PyFBHUR p1301-azA FFFEAKAES, AW5EiE T
RAF RN FIRIHE ADI-atzA FERAHHFCAEAR | T, 18
FERAE PG 2o BT R S A RS S5 A T A 7 2 i DRI A
Wi 5 5 gk LSRR , A SCHGE AT 45 R B
LRI A LTS Y I A R SRR

| RS

11 #F#8
L1.1 tEYI R

HF 5 3L R B9 A8 90 B R A = A2 Wl (Nicotiana
tabacum ,cv. Samsun ) , FHARFF A S8 A& F AL 7 ik
AT
1.1.2 WO % BTiE o3 Hr i R

PP (0 a0 ) ) 1 P Merck 28 ], B3 BATEET
TS RN AT 4 AR E i ) B Dr.Ehrenstorfer GmbH 2
BRI B I 0.19% BRI 100 mec
L7, T 4 CIRAE,
1.1.3 BORC AR A AT 1

FIRHUR p1301-atzA ARG % /TR
ARFFE Agrobacterium tumefaciens AR EHA105,
1.2 7%
1.2.1 ML

JHE B 5 A AT AR L 2 B] Horsh 28818 )5 1201
APrE, BOREFEARIEWERRZ) 1A BRI R,



598 ST AR ¢ I 2R A PR T R AR A DR )P R DR A 0 e 8 v BT ) A A 20084 31

TCrEK Y, 70% CFERTEKIA 1 min, 0.19% 4K
2~3 min, JCIR K ML 5 UK, TCRH BB AR T R HiK 4
BY R T BKE R R B 84S 0.5 emx0.5 em /)N
P BT MS Bi e dk ERiE SR 3 d, G010 R ISR
& pl301-atzA Rk B B ARAT B =6 5~
10 min, HIRIABT 242 5, B ST AR YL iy
BR, AETCRUEAR LT, Bl i A MS
FRFREL I 25 CHERE SR 2 d, 2350 B 7 FfE A
50 mg- L 15 Z A1 300 mg- L7 SLAEE KA MS i
TEREFR AL BTG IR B AAR— I, Ttk
ZERF 1 em PUEBSYI R /NG DIBR 2E 3 sl
4, HREBEA 50 mg- L WA R 150 mg- L Sk
BRI 12 MS BRI B, Rt R ER R K
R N SRR T ARk h A RS R
PRISCRD, 8RR RN ARAS T, AU SRR AR .
1.2.2 B RAEYI PCR A

FEIR2H DNA R CTABUS 5 M 5 R A R 16
R, DIJERIZH DNA SRR 1 B LR |
15 pL W& & H1 40 4% 1xPCR buffer,2 mmol - L°!
MgCl,, 0.17 mmol -L™" dNTPs, 0.33 wmol -L™ 5[#7,0.6
U Taq [ (TaKaRa) & 100 ng #i#it DNA, ABI 9600
PCR Y b 317 PCR 14, VA 140 . 94 CTF BilAs
4 min; 94 CAEME 30 s, iR k(B KR FES | 145 5)30
s,72 CHEMH 1 min, 30 AMEFR; 5 1E 72 °CF LE{H 10
min, ¥ FYI7E 1 %R BEHREE I IR TR
CBEY A ERAMT RS, PCR P51 At )
FHARIG L PHIER 1,
1.2.3 RT-PCR 437

IR R i 2 200 mg TR R T 4 ROEL
RNA, FARERAES I A TRAT PR A 7 RNA $2
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Table 1 PCR and RT-PCR primers for detection of transgenic tobacco plants

LB Nzl 774 Product/ bp @K?ﬂ;ﬁ/\meal
Target gene Sequence of primer FF41Genomic DNA ¢DNA T./C
P1 5-TTTCCTCAAGGGGCGGCGGAAGC
TTCAACGGCGTCATTTC-3'
aizd P2 5-TGCGGGATGACCACCGAATTCCG 1500 1500 36
GTGCAGGTTTTTCGATG-3'
actin actin P1 5'-GGCTGTTCTTTCCCTCTATGC-3' 412 280 5

(tob93) actin P2 5-TTGCTGTTTCAAGTTCTTGTT-3'
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EAE CREH 5] 0.01 ¢) T 15 mL &0 %, A 10.0
mL 7K, ZHFE PR PRI 30 min, B 1 mL $2HURE
0.22 pum UEMEE, FVRAR €38 B35 L (HPLC-MS, 3 [5
Agilent 22 w])IE

FESHWT .

iR .C18 #4,3.0 wm, 150 mmx2.1 mm; FER .
40 C;HEFER 2 pl; B 15 W55 ESI; 58 IR IR
350 °C; HUBEZS HL . 3 000V, AR a4 2 13 )3 L A
TREE T ENE, AMriE s, ERtEPE s+ .198.0/
199.0(FRIETRERIEL, FHEE 100:10) , Fi A A i
W2,
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Table 2 Working parameters of HPLC-MS used

for detecting hydroxyatrazine

I i) Time/min % Speed/mL » min" 7K Hy0/% !/ Methanol/%
0.00 0.300 80.0 20.0
10.00 0.300 20.0 80.0
14.00 0.300 20.0 80.0
14.10 0.300 80.0 20.0
25.00 0.300 80.0 20.0

2 HBR5SH

2.1 HERFEEEKRREM T, RERTIERRE

FAAHT B AL B0 8 5 212 i, L3848 Tf¢
EESLDIMIRR 102 4>, 28 PCR AGIN | FEAE AR R B0 B 16
74% (K 1), $25 PCR A T, A5 RE A vk
W 60,4020 10 F1 0 mg- L~ (B4 i v e |
JEFE BEAEARTE 20~60 mg- L~ Bl b B - R
IR IR AL ZE 7 d MM EEE TS, X 10
mg - L FRERIE A Y S 0 AR 4G, 5 d JE #R%k, 10 d
JE FEARAEZEFF B BAE T, e KL DRUAR AT BT R R A 3
RIARIFEE 26871, iR AR 10 mg- L
BT A AL A SR AT SZ RE T, FR AR A26 7E 40
mg- L7 5 60 mg- L IR AN EE 13 d JEfhskiEsg,
EEAT AR ZR (U1 AS ) XoF BT hir e 1 S 0 5 A 6 TR
FEHRAR DT, ARBUR (AR BR) . BT 10 mg- L 1
BTARFH N BB AR R P 58 4 R AEAR 3 I DR AR A 5
DR I AE S B tP 6 FH 20 mag - Lt 8 BT v i
THAabEg,
22 HEET, KiEK azA BEERIRIE

To AR FHebk R T RS A4, 3 1)
FFUADEREAR Ty 20 mg- L B FTERFr A, 8 3 bl
FERIHETS e H RIS . thF T, AU B A,

1 23 4567891011 12 13 14 15

1. Plasmid p1301-aizA ; 2. Non—transgenic plant;
3~14. Transgenic plants; 15. DL2000 (TaKaRa)
B 1 T, KEEEREK wzA B9 PCR &2
Figure 1 PCR assay for detection of atzA in T, transgenic

tobacco plants
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FAE AR DETE BT AR R A VR 38 (1 B A T BE AR
o R (] 3) X —45 R 5 RT-PCR 3l
G5B R IZ5 H B ) 2 R e B PR AR R ELA IR -
e gk B8 B BT R FOK fR L, B AR R JCRE Y
FRIE B L AR
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I e 551 11 B RT A (e RO T 2% F T (1R
15780, M4 AMEFRE A A = BN TF BRI,
I IRk, AN RISV 2R i IR TE Y R, )
Bt FNIG SR S MR )2 (o R B0 A 1 B Sk il 22

1 2 3 4 5 6 7 8

= 412bp/280bp

— .
actin

1: Non-transgenic plant; 2~6: Transgenic plants(cDNA amplification ) ;
7: DL2000; 8:Transgenic plants(genomic DNA amplification)
B2 T, KEEEMEE RT-PCR 427
Figure 2 RT-PCR analysis for detection of T, transgenic

tobacco plants
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ST: HPLC-MS standard curve of hydroxyatrazine; CK: Wild type; C2 and C25-4: T, generation of transgenic lines.
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Figure 3 HPLC-MS analysis for the detection of hydroxyatrazine in T, transgenic tobacco plants
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