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Abstract: A bacteria strain X-4 capable of degrading atrazine was isolated from the activated sludge
from the wastewater treating system of an atrazine manufacturer. It was preliminarily identified as Ar-
throbacter sp. according to its physiological & biochemical characteristics and the analysis of its 16S
rRNA gene sequence. This strain could use atrazine as sole carbon and nitrogen source, and degrade
95.7% of 100 mg/L atrazine within 42 h. The optimal pH and temperature for the degradation were 30 °C
and pH 7.0, respectively. Strain X-4 could tolerate many kinds of heavy metals, which showed its po-
tential in treating the co-contamination of atrazine and heavy metals. The atrazine-degrading related

genes of strain X-4 were the combination of #zN, atzB and atzC.
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n] 45 7 it R 35 < B (Atrazine), S 7E T AT
P2 A B — B = RS BR B, FE B R 2% BT 1H
di A BN, HE R ER A 2 — 5 HUBAE Y
W/NAE . KA KRGS =2 TR
W ELr, S 8L, B, AT LURE HERE AR
IR 2% T 3k BT 7K B YT 3T 35 e B[R] gt B 4 i
15 YL PR T Y A WG 52 TR) R AR 247 Gl ] 45k )
FEI AL o 22 IR PE A B R AL T ADP Bk i) B 4y
PrHERE A R AR © 215 B B, B R A
atzABCDEF 4] 6 A~ FRKe Bl R§ 58 28 k18,
T 22 B PHPE T AT TR SP12 B A H B A i 2k R )
J& trzN fl atzBC 3EH B, RIFFTR ALY K
K A 3 PR 3 P T U8 A B ) ke B AR T A
W, W1 KEN Arthrobacter sp., FF X 5 M fe
UM OCEE AT T0F9E, DU HAE AR iy
o FH B 4

1 MRS b
1.1 EFES5RF

LB #55HE(g/L): BEEEE 5.00, £ E 10.00,
NaCl 10.00.

ME — Bk &0 IR B 95 2 (g/L): NaCl 1.00, K,HPO,
1.50, KH,PO, 0.50, MgSO47H,0 0.10,

DA BT R 3 Shy I — Rl RUUR, VR B AL BRI

Bl f e, 2l >98%, YL AR AR Be Rt
oAb Ak 230500 34 Ry o3BT 4
1.2 EHKRDE

WA F A2 KA B B T TS TR 5 g B
T 100 mL [y LA BT AER7 Ay i — e 280 5 1 435 5 B (U
k100 mg/L)H, F 30°C, 180 r/min #5357 5 d, 4R
JE S d UL 3% m i e B W s g Sk, %
2eft 3 0, RIGH 0.5 mL &AW ER R, B
1071077 Bp B BRI 0.1 mL I3 45 T 100 mg/L
BTRFRL ALY 1/10 LB I R K FR 356 1, 30 °C K5 3: 7 d
Jei, PRIRUE AT 375 B Bl B R U, R IR e dlifb 3
U Wik LR R B
1.3 EHHREE

VR R BT 25 B A A AR A M T 22 2 R SCHR[10]
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#E1T, 16S rRNA B[N s S BOCHR[ 1113617, =¥
AR X-4 & DNA 1ERit, #E17 16S rRNA F[H
Py, W5 5-AGAGTTTGATCCTGGCTCAG-
3, I 54): 5'-TACGGCTACCTTGTTACGACTT-
3% 50 uL AR Z K Bk 1 pL, dNTPs (25 mmol/L) 4 pL,
314 (1 mmol/L)%& 1 pL, 10xTag ZEwhik 5 uL,
Mg**(25 mmol/L) 4 uL, Tag B§(5 U/uL) 0.5 pL, Fi#A
47K #h %2 50 L, PCR S 4514 95 °C 5 min; 94 °C
30 s, 55 °C 1 min, 72 °C 1 min, 30 N5 ; 72 °C
10 min, SRARF & UL PCR 473474, Tfigpie
JE FL DK A 1S P2 B KN (1S kb A, K
TA 3B Ja AT (1S 32 AR M B R A B2
SERL) o B I 25 S 5 GenBank (http://www.ncbi.nlm.
nih.gov) & H: Ribosomal Database Project II (http:/
rdp.cme.msu.edu) - [4HE 16S rRNA E:[H 741 47
) U5 L X 2T

1.4 F4FRLER E RO E

PR RO = E e 4% 1/3 19 LL gk AT 4 i 4t
B, RIEVR G G E )R, AR BRKAM, AP
22 T0IK NapSO4 KI5, IR IR A BOR, DR
W, FWIRAE AT, WEE A, FH HPLC &l . 2% 3
WR[12]18E4T, #4144 250 mmx4.6 mm C s A5
TR SR B EE/K (80:20, VIV); Wi K
1.0 mL/min; Waters 2487 28/MG 2%, Ky A
226 nm,

1.5 PBAFRLiE B AR AR O B E A9 )

PYE trzN I A5 PARYE Mulbry S5 (1438
BRI, atzABC FER R Be 1 5 | W ScEkt A
o LA X-4 5 DNA Mftk, {fif] PTC-200 Peltier
Thermal Cycler, 25 pL §"H{A & : 10xbuffer 2.5 pL,
2.5 mmol/L dNTPs 2 uL, 25 mmol/L MgCl,2 pL, 3'%t
S5 M4 1 L, Taq B 0.5 pL, B 4EK % &
25 uL, & DNA 0.3 pg. trzN LR 1 4 F: 95 °C
5 min; 94 °C 30s, 57 °C 30's, 72 °C 90 s, 30 MER;
72 °C 10 min, PR 5L RO SF R Bed™ 35 2% 4 95 °C
3 min; 94 °C 30 s, 50 °C(atzA)5 57 °C(atzB)k,
49 °C(atzC) 30 s, 72 °C 30 s, 30 P HE; 72 °C
10 min. Byt WHEE I AL TR I 47 385 77 KN, o
TA FEbEJa AT (IS 38 A W 3 R A BR 2 )
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56 B, W 24 AR 38 i AE £ 43 A (hitp://www.ncebi.
nlm.nih.gov), 5 GenBank H* (1455 K 7 5131 7 AR U1
s

2 5RE54H

2.1 EMSBEREEESE LY

2ot w AR IR A alifk, RS — Pk B R A B A
AN, A4 X-4. XL G, FRIR, A
iR, AR/ H(0.8-1.2) pmx(1.8-3.0) um; 7E LB
St EAER 1T dIEA 1.0 mm—1.5 mm I E%, HE
REE, REE, BEeEE, B, NEH, A
B, G, WENGARESE, BRI R B AT AR
o ZEE B A LR P, VP RN, A
W5, AN R, AOKFRVERE, AOKEIIRE, Rl
BTG DIFME X-4 9L 412 DNA Bk,
JH 16S rRNA Kl 51 %47 PCR P71, 153K
JE250 1.5 kb 79, M)¥J57E GenBank | % 5%,
J¥545 2 HQ834307, FIHAMAIXHE 16S rRNA
FLRF ARG RIE M e A R R, Bk X4 5
& ¥k 77 Wk 9 FF E (Arthrobacter ureafaciens DSM
20216 ) FIAHIME 100%, &5 & FoA: B AR AL RRNEHT %
W] %58 N Arthrobacter sp..
2.2 EHE X4 ERKEEFHOERERIIXR

TEVRFE A 100 mg/L 14 LA B 47 vk —flk LR
MRS FRIE T, DL 3%AY 3% b 3 A T E— &
JRREFRILVEVR 2 IKIOAE LB B 3L b B 3R 1 X-4 Fif
T (A600=1.00), F 30 °C. 180 r/min FEIKE;FE, &
Bk ESURE, I B AR v R A ) A B o DAL 1
A LAE H, X-4 17 LRLLL B RsR S i — B R AR K
FE 42 h X BTRERLEE Y R R RN 95.7%
23 REX X-4 BEREMSFHRLER

FEWREES 100 mg/L 14 L) R ok — fifk S0 U5
AR 23, DL 3% A 322 b 43 53l 122 A o —
W AR R 37 3Lk 19 X-4 Fh T (4 600=1.00), 7EAA]
MR LA 180 r/min #E K K57, 48 h J HURE I 52 e ¢
P B2, S5 RAE 2 s, Bk X-4 78 30 °C B
e BT R CR fc i, 3o AR TR RN AT X4
Xof BT A VA P 2 i o

120 ——CK —T—X-4 —&— ODg,

rs
100 EWE 0.25
80 \ / 4 0.20

Atrazine concentration (mg/L)
)
G
ODyy

40 t V 1 010
20 t / \j\ﬂ\—y 1 0.05
= oy
0 : ' ' : : : 0.00

6 12 18 24 30 36 42
t(h)

Bl1 FEH X4 ERKEMHEHZRERR X R
Fig. 1 Relationship between the growth of X-4 and degra-
dation of atrazine
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Fig. 2 Effects of different temperature on atrazine degra-
dation by X-4

2.4 0% pH 1EXT X-4 P& AR 4R AT R 00

PERCHRE N 100 mg/L Y B ERr e — ik 2 R
WARKE SN pHE 50 5. 6. 7. 8. 9. 10, DL
3% 114 B2 ik A Sl e R e — e SR U 8 7 L kA 1Y
X-4 BT (A600~1.00), 30 °C. 180 r/min $F K 55 5%,
48 h J5 BURE I 2 BT AR R B, 25 SR LR 3, MRl
ATLAE , Wk X-4 176 pH 6-9 JEEIINARRER BL
RAFBEAERE T, Bl pH N 7.
2.5 P4FHORREIAREX X-4 PEEMASFRLER
Al

T e — i IR 35 77 TP A BT R h e, ik 4
WRESY R 5. 10, 20, 30, 50 mg/L, LA 3%HY4%
Fofrt 22 A F ME— B RUUR S 77 3 vk 19 X4 Fh T
W (A600~1.00), F 30 °C. 180 r/min KK FF,
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P — B If [ IURE 2 BT A P A W BE o AT 4
AT LU H, X-4 0 B (0 e 2 A B i T A R 1)
R, X5 mg/L HYREARRIE 99.9%, BT
HWRBERT 10 mg/L I, BURFRr 20k B 4 5 15
1-2 mg/L, AfA IR, ATaER i T )
RIBLRG IR TR

120 r
100 r 1 -
80 r
60 r
40
20 r

Degradation rate (%)

0 — 1 1 1 1 J
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3 FEHIA pH 3 X-4 FIFFHLEEY 00
Fig. 3 Effects of different initial pH on atrazine degrada-
tion by strain X-4
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Fig. 4 Effects of different initial atrazine concentration on
atrazine degradation by strain X-4

2.6 FRIEBETFX X-4 BRI 00

TEHREE N 100 mg/L B B 4Pk — fisk R0 )
WARREFEIE P A BIIMA LR E R 1 mmol/L A4 )&
BT, LU 3% o 43 il 4 A ME — ik LR 8 7
FEVEIT Y X4 Fh T (4600=1.00), TE 30 °C &1F T LA
180 r/min $% K15 3% 48 h 5, BUREI 5 BT 43 o7 ek B
ZERINE S PR, Wtk X-4 MIREREE 132 Ccut,
Mn*" Hg™ Bl & &, Cd> F Ni* — & i i 4
M, HAb 6 8 e 7AW B, BoaRiz ik
AESRINE &R BT
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Fig. 5 Effects of different metal ions on atrazine degrada-
tion by strain X-4

2.7 X-4 H PSR PR AR AE SC A F RV

DL X-4 5 DNA S5 A7 384 AH 5 Bf R hr e b fi
AHOCHEEH, 0P 1 392 bp K/N trzN B A
491 bp K/ atzB #%:0 7 oAl 579 bp 1Y atzC %L
F B, RPN arzA ot v BL(El 6), ULEATE R X-4 th
Fefi AR R IM 2 2N 5 atzBC WA, FH
M F ki g R R, efSefEmHERbr
AR 1 AR AAE 2350 R 100% . 100% . 99%, 15tH
3 FERER ELA PR

2000

1000
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6 Pa%FhriE PEARAE S B E AR

Fig. 6 PCR detection of atrazine-degradation related genes
fragment of X-4

Note: 1: PCR product of azzC fragment; 2: PCR product of atzB
fragment; 3: PCR product of atz4 fragment; 4: PCR product of total
trzN; M: DL2000 DNA marker.
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B P A — b = R BR O, LA Wi —

ELZ BRSO OC i o ARS8 B — Pk LA
BT T O M — Bl RV R K I R T X4, ARl R
PR 16S RNA LTI LT 438, # A 24
Y 5E N KT I & (Arthrobacter sp.) . 1% # 4F 42 h PIXT
100 mg/L FREhrE MR IR 95.7%, 5 UAEIRSM
B R A TR L, X R M E SR

?"

7R B AEAL BT AR R 4 B S AT

A — %E I TP T o
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