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—HRAFTAF 323 A7 — RUR A K9 R Ak DNS32, M AR KIEM4r e, @ik 16S
IRNA 5 2 57 AT 5 K %2, AR FAF 332 6 R B PCR 4 38 # R A &R = ) 2
FHME, d—F B L ERER, [R] 284 R LI DNS32 B #REA 455 69 4% it
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Abstract: [Objective] The objective was to study the identification, degradation characteris-
tics and the degradation pathway of the atrazine-degrading strain DNS32, and enrich the re-
sources of atrazine-degrading bacteria. [Methods] Strain DNS32, which was isolated from
black soil in this study, could utilize atrazine as the sole nitrogen source for growth, and its
basic degradation characteristics were studied. The 16S rRNA gene phylogenetic analysis was
used to identify of the strain DNS32. The degradation pathway was studied by degrading genes
amplification and the measurement of the content of the final catabolite. [Results] The results
showed that strain DNS32 had greater degradation capacity and could utilize certain amount of
atrazine even under a relative low temperature. The 16S rRNA gene phylogenetic analysis
showed that the 16S rRNA gene sequence of the strain DNS32 had a 99% similarity with that
of Acinetobacter Iwoffii. Atrazine-degrading genes trzN, atzB and atzC were amplified by
PCR, and these genes enabled strain DNS32 decompose atrazine to cyanuric acid, in accor-
dance with the degradation pathway of Arthrobacter aurescens TC1 proved by the measure-
ment of the atrazine degradation rate and the content of the final catabolite. [Conclusion] This
study enriched the resources of atrazine-degrading bacteria and provided useful informations

1235

to the study of the atrazine-degrading strains belonging to Acinetobacter.

Keywords: Atrazine, Acinetobacter, Atrazine-degrading genes, Degradation pathway

Bl RE O — A R B BR AL, BA EYEE
Pk, B b fRges, 78 L5 rh B Ae B KA
30400 d M, 25 HLsb )5 A e A d . )
FERLEEXT 38 MR /K RISR TR K (475 G S HX A
BHEEMEFEC TR ZERD, IE%, 424
BEITE AR . SOREF . AR s g
E S =N W3] TIES SR SR/ e -3 ibN= v
%, AR T AT R,

R T AR m R E A B R RCR, s
AT 2B W BT R LR A A AR . 20 fiE22 80 4F
Uk, 278 19 ME a4 b & ILEA B kR
PUHERR A AE S i BARE ™, Hor, Pseudomonas sp.
ADP B £l Arthrobacter aurescens TC1 B £k A9 %
fRIBAR R TRAT I RTE A, & H TP AR A Y%
R R R RS, Pseudomonas sp. ADP
W& 6 PMREEIEN atzA | atzB. atzC il atzD .
atzE | atzF, 38 i Gt fh Ak BT AR R R A i 5 2 1
Bitg, AR BTRER S AR AL CO, Il NHM L,

T —FhREfRR R IE SR Arthrobacter 4
B, EATE RN atzA | atzB F1 atzC™M, 5§
F2 trzN . atzB Fl atzC® REASIG BT FERT HEE

e R R L IX, BRR R A A B, T
2 XA B SR AR 22 BRI ZE B RR I, H Rl
AROR R TESE RE S el Liliel Vi E RO R
WM 2 £ 3 T A T e TE B A DX B R HE R
R TERR, XL TR ARG S T4
B o AR AR I FH BT R ) by 2E R
T+ T B RS — PR B RERL R 7 Ak DNS32, F
FEHEEA Rk, R 2292 T BOo Lk
TP 2R, TP SR A D 20 1 S = iy
AL, B R R AR

1 MEEHE

1.1 EFEERF
THLERRE 23 (g/L): KHPO, 1.6, KH,PO,0.4,
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MgSO, 0.2, NaCl 0.1, 4 3, BlRFhrig & &
0.1; LB }igRHE(g/L): R AR 10, BEREM 5,
NaCl 10, 75 pH #] 7.0

dNTPs (Jbnt B A4 w]), 10xPCR Buffer
bRt e A M\ 7)), Taq BEEL ST AEY AN H)),
PR (N R ZE 58 LSS 1)), =&
Pt (R L TR A Ak 2 0 A BR B4R A AD), H B
(TEDIA A7), 0.01 mol/L BfR%% ik (B A —
BH-BEIR — 80 pH 7.5, R KRR AL AR
FARRTHEAF]).
12 FH%
1.2.1 16S rRNA F5I4#7: LB Kigrmikitik,
BT, 53R EE, SR CTAB/NaCl J7ik
PRI RS DNA,

50 puL PCR W&k %&: DNA A 1 pL,

Primerl 1 pL, Primer2 1 pL, dNTPs (10 mmol/L)
1 uL, 10xTaq Buffer 5 uL, DNA Taq & 1 L,

Jin ddH,0 % 50 pL,

PCR §"#5454: 95 °C 5 min; 94 °C 1 min,
50°C 1 min, 72 °C 1 min, 3£ 25 AMFFR; 72 °C
10 min; 4 °C ££77 30 min. Fi 1% B4 d ik AS:
W™ 38 52840

ARSI A9 435 142 UL Zhang Ying 4511
S S
122 FIHFhEREMERTE: PCR AR
(50 pL): DNA #&#y 1 pL, Primerl 1 pL, Primer2

1ul, dNTPs (10 mmol/L) 1 pL, 10xTaq Buffer
5 uL, DNA Taq 24 1 uL, /il ddH,0 % 50 pL.

PCR ¥ 454 95 °C 5 min; 95 °C 1 min, R
Pao sk UHR K 30's, 72 °C T AL atzA .atzB .
atzC. atzD. atzE. atzF A trzN {K¥K 533 3EfH 60
40, 40. 60, 60, 60 1 60s, L 35 4MEHR; 72 °C
10 min; 4 °C {77 30 min. 1 1% 5 a4 e Tk R
D438 SN =)
123 EAKERFUERMEREFYNAR:
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LB 3%55% DNS32 WA, BOUERIR, WhEER
FFdk, DRRVKEEEK, 75 ODgo 2 0.9,
1945 P L2 A TR B IR LG 57

BOEAFRYIHEE | pH (5 MR IRE, 78
48 h ORI 3 DNS32 A= K AB I S fffi i, LA
LR N DNS32 BRkAE ARG I K F A fig
JIWSZIA; FEESG 30 °C 5%, FRHhiEk A
100 mg/L, %3R8 h HURE, W2 ODeoo {H 12 B4R
MR, DIHBFST DNS32 B A FH B Ry
P AER G L R B fRBE 1, 25 30 °C K53%, B
FERIEMR R S 100 mo/L, AERR 12 h BREE, 0 BT
FEhr A A SCRURIR O, LAILIFSY DNS32 B
PRIRE RIS . B S BT A AL
7 [ e BT i L 1 TO ML R 1 2 3 1) 25 6T R
124 PIHFRLEZREBERBREBESENE: M5
A BTRER Y 10 mL 35 RIS 2,
ANFFRFHRY CHCI SR FHAR L, W AR T4 R
)& T e 28 AU W4 5l CHCl A &
1 mL R o BT AERL A AN R FH B A W) A 2 1Y
GC-14C RIS AR ETEY, FID K &3 A1 N2000 (i
TAESY; (ikE: NIk 14% OV-1701 K42 E4
HH (300 mmx0.53 mm); ¥ JE & F: #ERE O
250 °C, FEi 200 °C, #:li#s 250 °C, HEREFF
T SRR AR 50 kPa, AUX 50 kPa, 7K
50 kPa, F&MX 100 kPa; ANriiiie, dEAffE 1 pL.
R FH W g 3 1A BT e e R )

IR R A0 5 AR T AU vk b AT
PR K TR SRR L, W TV, TR
A TG B U8 R R B s % A o DU AR
C18 W AHIEHE(S pm, 150 mmx4.6 mm), = iHil#
A Waters 600 controller, il #5 >4 Waters 2489
ultraviolet 284h ] BLAGIN#R, Rl K 213 nm,
TLBIAHA 0.01 mol/L R ZE ik (R & — -1k
iz — A48 pH 7.5); WEEA 1.0 mL/min; iR
35°C. FIFHbRHEMLI A FURBRIKE
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2 GR550H

2.1 DNS32 BHk P& iR P4 4 i B B AR 4%

FH T AT, Bl Evk B I T 100 mo/L i,
48 h [} DNS32 BERX I3 R b A BT e hir e )
R R T IA B 98% LA I, YR 4R hr HE Mk B v T
200 mg/L B}, AR FREA# AR 32 3 —E i, Y
1511 500 mg/L i A RAIR T 50%, AR Kt sz
i, 24355 1 000 mg/L i}, FEMRZRIK 2.13%.,
ME T 1200 mo/L B, BEREILT AR R
o XS T TR AR ) B 7 AR A,
AR RO TR R A VR B AR A X
AP ARG Sl = A A, 5 SR A v
SR R REM . DNS32 B X Bl P A i 52 fi 7 vl
i5%] 1 000 mg/L, 7€ 100 mg/L B}, HFFf#RE
FAERAE e, M 2 A1, DNS32 Btk
ARH pH Oy 7-8, TERRMEAEF pH 5T 8 A
PEAIET, DNS32 Btk IIREAR RE ) A= KB LYY
B, R ERTERMBE S5 T R 5 A
[T ) e 7y Y G

3 Degradation rate of atrazine —o— OD,,, value

@100 i N— - 1.0
S 90 {09
2 80 | A 408
g 70 |9 107
E 60 f 106 2
o 50t 105 %
E 40 | {04 9
g 30 | 103 ©
g 20 | ﬂ 102
510 G 101
8 0 0 P I = - 0

50 100 200 500 800100012001 500

Different conentrations of atrazine (mg/L)

1 JRYDIKE X Bk DNS32 £ K 1B R R BE AR AE 71 Y
=2/

Al

Fig. 1 Effects of different atrazine concentration on the
growth and the strain DNS32

ANEREEXT DNS32 A KAK I I A aE T1 5
M AT A5 R UL 3. HE 3 FIAN, BRARTE
25 °C—30 °C &M T A BAF A KRRt ie
30 °C Ny H i i B . & T 35 °C Eifik T° 20 °C A,
FOA KRR A 221 32 B0 0] . H 5 SR T D0 o
DNS32 TEARE T 45 B A — & 0y % i 5e 77,
10 °C-20 °C £ T XTBTEh HL (4 B A R AT 3T
30%Z A5, #E 5 °C I}, XtBERrA AR N
18.12%. AR SRS TIREE N X} Pseudomonas
sp. ADP ##k(Lawrence Wackett I ) i) [ A i

1 Degradation rate of atrazine ~ —s— ODy,, value

3100 4 1.0
5 90 4 09

£ 80 108

g 70 107 2
< 60 4106 S
2 50 4 05 Qé
g 40 104 I
g 30 4 03

g 20 4 02

£ 10 1 01

2 0 0

A

2 pH {EXf DNS32 EHRE KRR R FERERE S S0
Fig. 2 Effects of pH on the growth and the degradation
capacity of strain DNS32

1 Degradation rate of atrazine —e— OD,, value

100 — 4 09
g 9 &\ 1038
g 80 f 1 07
8 70
= 0 L 1 0.6 i:)‘
3 1 05 ¢
g 50 04
E 40 f 1048
% 30 L 4 0.3
T 20 102
g‘) 10 F 1 01

0 1 1 1 1 1 1 0

5 10 20 25 30 35 40
Temperature (°C)

3 IRE X DNS32 EHKAE K I1F I R PR A 1 B9S2 00
Fig. 3 Effects of temperature on the growth and the
degradation capacity of strain DNS32
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s, 25 &M, MiRELE 20 °C LIFAT,
Pseudomonas sp. ADP X F[EEHI VR A R A T [
7] 10%Z: 4718, K1, DNS32 bk hiE 4
TACT5 FE 0 8 A DA B A Bl g i g Y
1&52 . tE 4 AT, DNS32 HitR7E 16 h LIJE #EA
SEERI, 1E 48 h DU #EAA: K AL ], ODeoo
HATE 0.876, HA| B 4RpHHE by i — U e A

—=—Degradation rate of atrazine
—o— Degradation rate of atrazine in control treatments
—— 0Dy, value

S 100 10
< 9 0.9
£ 80 08

S 70 07 o
3 60 0.6 =
S 50 f 05 %
£ 40 | 04
= 30 | 03 ©
2 20 | 0.2
g 10 0.1

@2 0 0

@)

8 16 24 32 40 48 56 64 72
1 (h)
&l 4 DNS32 FEHkRYAEACIE T K By 4540 i3 P fif ih 2%

Fig. 4 The growth and degradation curve of strain
DNS32 on atrazine

KAG BT TR 16 h LUS T HA s A i,
48 h W35k 97.63%, TR 100 mg/L
14 B AR P R AR [ i o8 4, ELAR R 1 i e
71, BSOS A KB IEAE A

X F R Pseudomonas sp. ADP 7EVRIAR: I
LB EE A 100 mo/L Y BT R T 5 4P A T
%124 ") DNS32 TRk [ fifk ) Sk J3E (4 TR
HLTEHE 48 h A2 47, {H Pseudomonas sp. ADP [it#x
WAERKIREE N 42 °C, 52 A H, DNS32 F#knT 1
BEAIR T B 45 1 B A TR R v, L R fip R A
P, B LE A ol MR S5 %ok B DNS32
S AR BT AR T 1 A o TR R o
2.2 16S rRNA F3I2 R RGE % B HLREY
32

16S rRNA 1) PCR ik 3R E VI HARA
BN FEF 0 7, DNS32 B #R A GenBank M=
TEHALR bR, Frid T80k MEGA 3.1 Y
Neighbor-Joining A R4k M, #47T 1000
UIFILRE B TAR, 255 LA 5.

Acinetobacter Iwoffii WST 4 (DQ289067.1)
00| Acinetobacter Iwoffii JCM 6840 (AB626125.1)

54 26
4

(9

1
Acinetobacter lwoffii WST 5 (DQ289068.1)
57 DNS32 (JQ360629)

Acinetobacter johnsonii SP17 (JN409466.1)
Acinetobacter junii NB5 3B (JN644576.1)
Acinetobacter parvus DSM16617 (EF611412.1)
Acinetobacter schindleri SL10 1A (JN644622.1)
Acinetobacter baumannii ECAn10 (JF911352.1)
Acinetobacter baylyi AIMST 8.Bs.20 (HQ683975.1)

Acinetobacter calcoaceticus TS (JN648688.1)
— Moraxella catarrhalis Ne 11 (NR 028669.1)

100 Moraxella cuniculi CCUG 2154 (NR 041695.1)

— 74
0.02

Moraxella caviae GP11 (NR 028671.1)

5 Btk DNS32 5#8%#A7 16S rRNA FHI RS 4 R
Fig. 5 Phylogenetic tree derived from 16S rRNA sequence data for strain DNS32 and
other species of the genus Bifidobacterium
TE: 55 SR E R GenBank 5585 73 30 EIECTFURTTA 1000 R EH| 2 LA, AR ZIEEAER 2% 17

LIIP=2;

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the
percentage of occurrence in 1 000 boot-straped trees. The scale bar means 2% sequence difference.
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DL 58 17 G B & (Moraxella) AN, A4 3
itk DNS32 16S rRNA JFHIRGEREM . Fk
DNS32 R 25 7E 54 KA 3 #T & (Acinetobacter
Iwoffii) 532 FE B il i —1~ 73 = |, Bootstrap =2
&k 100%, B Fk DNS32 5 Acinetobacter
Iwoffii WST 4 (DQ289067.1) . Acinetobacter Iwoffii
JCM 6840 (AB626125.1) . Acinetobacter lwoffii
WST 5 (DQ289068.1)/3 41 [a] i3 7E 99%LA I,
ARSI E N HAR R R PR T 97%, %5E
4598 & B A AT (Acinetobacter Iwoffii)

2.3 FFRLEERIRZRMR

2.3.1 DNS32 EFRMHFHEEEE R R e IE R
MEF: WK 6 P, £ PCRY MY, 1542 T trzN |
atzB il atzC #9488 7 Bt, (HARTH3) atzA | atzD.
atzE Fl atzF (99734 Fr B o #5 Fris 2R 8 R Bk
I aifb ik, RIS 9 PCR =11k 2384 4E
PIEARABRA FHEATIN, MF45 R4 NCBI M
ViEAT BLAST Xt

bp M atzA  trzN atzB atzC atzD atzE  atzF

2000 —

1000 —
750 —

500 —
250 —

100 —

6 Btk DNS32 P42 FEMEE R PCR F=4RYIR
BE#E SRR FR K

Fig. 6 Agarose gel electrophoresis of PCR reactions
from strain DNS32 for amplificating the atrazine-
degrading genes

FEXT45 U DNS32 T bk 5 B e s it
Ak Arthrobacter aurescens TC1 11 F#fi# 55 A
trzN ., atzB J¢ atzC HATH & [FIEYE, Yk T
999% ., PRI AT S DNS32 T Ak A e BT i e ) e
fif 547 7% Arthrobacter aurescens TC1 [R5 fFfs
X, BPSeiad TrzN o KB e A il B s
P, LT AtzB RSB RER A e S, AR

B N-SNEERUR IR, B Jmidat AtzC 4 N-=7
FERUR R AL 2= ) JUR R . AtzB . AtzC
K TrzN (¥) GenBank 1EMHS4305104 JQ360630 .,
JQ360631., JQ360632,
232 MHFHRZEEREFEMEIRERANE:
F I 7 AT, B BT R A, B 24 h, FUR
i & AR I A, 2 48 h LUS ARG, i
WIS BT AR R A B S, BB BT AR L 2 58
LR REAR R EUIRIR o 3 55 A JEE DR D0 7 45 SR AH
— 5, Uil DNS32 nJ LA By A
FFIRIR, (HARER FURRR I — D e fid, LR A
WAL E #R Arthrobacter aurescens TC1 AH
—5.

H RO T AN AT T 8 38 A B AR o R %) 4 A
>, ANk, {24 Pooja Singh %5(2004)M)
38 3k — Bk DA BT AR R AR A il A K B AN B R
W E A6, (HIRIATIRAMIIE, R T A6 I
PRTEAS [R5 AT DA B AR e A il i 1) 2 5
. Singh & L1 Acinetobacter A6 1 &5 A 45

—O— Concentration of cyanuric acid
—8— Concentration of atrazine
—0— Concentration of atrazine in control treaments

100
90 |
80 |
70
60
50
40
30

Concentration (mg / L)

0 1 1
12 24 36 48 60 72
1 (h)
E7 BUHFRLE R PERR R BURBRAY S ARIER

Fig. 7 The atrazine degradation and the cyanuric acid
formation
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RSP R ARKIRE S 37 °C, 1
DNS32 F#k7E 30 °C Bl el A IR . ik
25 °C ), A6 HEPRAYA Kz 2] 1 W 4,
1 DNS32 7& 25 °C i 5 Hfidi i B M AR, HAR
K B FR R B IE AR Z R KIIH], 5 Singh ik
AT B A E, DNS32 B8 & FAE K IR
JE T A A RN A BT

5P & B0 Acinetobacter DNS32 4[4 fif 5t
RIZHA Jy trzN K atzB . atzC, AJ Bl e A
KR FRIRR ., X —HHAH G R HTE
Nocardioides®! X Arthrobacter % J& #1 & ¥, {H
Devers S57E Z i I BIFFE H A BIAE— S0 55 22 Q1
B 40 Sinorhizobium F1 Polaromonas 77 7E X Fili 5
AP, Arbeli Z7E BHE Ho I A9 — T4 4
AT &R B trzN SRR AFAE L atzA BR
5k, 7E Ancylobacter B Pl iz, ix
Tt B 3 B PR A 6 A BT AR R 28 Ao o 8 A7 A
AT B Pk, AW TR 4518 X — R 45 1
WAL T8 A AMAIE . A IFFE I trzN JE[H
ISR LL atzA Heb i EEEAT B 1S A oK
GG, RIS trzN LR f B e A ik o Bk
HATE T =2 st = R A
A FEfRACR, Singh #F5E &3 Acinetobacter
A6 1] LRI BRI LIS M A 4 Fp =2k
BRECHFATAA, HUILHERT DNS32 lREid A
R oA = EOR R BRI I RE ), ATREEA )
FE B AT S, AR T — 25T

ARSCE IR ABEIE T REE R ik BT 5 H L
Acinetobacter TR J& [ 3 A (5 i ek 2 B i A2,
BOR AT FI T 1 it BT el e A 9 8 it 3 42 B L
FIZREPEIF ST, MBTEEh E G Y i A s &
T ER A TR R R . W5 KL DNS32 1§
PREESFE AR T R BT R R R, PR AR 5250
T A8 X T v 98 2 A X BT by S G + R R
SREE BA EEE S, HXIA S B JE X s
PR AR E R A B S M.
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3 &

(1) DNS32 THHREA B IREMRSCR, Al
3% 1000 mo/L ¥ FE R BTRERr i, PR R
i 100 mg/L (UEEFRIE T, 48 h [WREfF AT Ik
97.63%, H.fwili pH b 7-8, midiAEKIRE RN
30 °C, HAEMGIR WA —&FEae S, EHT
Tk 2 B AT A A T v JE R A DX B BT AR s e 1
G AEYME IR,

(2) iE#t 16S rRNA TS 5r#r, #fid T DNS32
ERRJE T AT R, DNS32 Al hir e f e e
BRI K trzN . atzB & atzC, 1B AR E
& Arthrobacter aurescens TC1 HYREMFREL, Al
BT AR R 2 B A O M R TR, AT hr e
fiff 28 e 2 Rt ) I e U T X — i, SEER
S5 N AN BT T %) B AR T A A TR A o 4 L
T5%,

2 % X M
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