Research Paper o

WA 224 Acta Microbiologica Sinica
50(12) :1642 -1650; 4 December 2010
ISSN 0001 -6209; CN 11 -1995/Q
http ://journals. im. ac. en/actamicrocn

P RLEMEREE T, AB, MO EEERTREES
AR AL R E TR A

(" BRI IR A R A B U ) B R VA RS T R S R 150080)
R R 2% MROACE A% 5 R0 5 A R B T SR e L DA R 150040)

FE [ H 0 ] BT R R A TS Y 4 50 B v R0 A TR A, AT 0 2SS M IR R R I R B AR b
58, R BRSPS B R AR AR 0 R AR . [ Dk | DR SRR AR AR AL RRAE FT 16S fDNA J¥ 4]
G3ATT D VR HEAT TR S 0 5 38 K SR I R) I BE pH (B S5 BB IR 3R A BIF XA L TR R A AR A R A A0 G o I A
TR R 422 ol T S ] Al 24 ok 0 550 Ay I — i SR D 5% % 6 A5 122 TR ok A 988 gt it 5 38 2k 4 36 42 Al RN R g Ak A
T 0 36 IE TR ARG BT R s Y R B R ) o [ 45 SR ) AR UG D SR e VA kT i R S i BT R T Y K
FE s H 5 — Ak il LA AT 4 A o — e R0 AR K RO A B T, AB ) 25 58 52 R 45 #T B & (Arthrobacter sp. )
ZEARLE 72 h Y% 500 mg/L BT HRERLEE (pH 8. 0) [ B i 58 15 ik 99% , JL 1% fifk 6 1 ¢ /& 1 4% 44 2 pHT7. 0 -
8.0.25 —30°C #4572 — 108 h, i 1 Wk BE 2 R T Y AEUDK AR DK s 2 40 1R | JRURS e Ak L 9RUAR R LS E AL R
ME— B B IR AT AR 1, A TR 168 h Y [ Al R RE %35 B 12. 66% —40. 54% ,iZ T MR AL TR 21 d BEf% 1 2 WK 42 i
JEAE W) KRG 10 45 00 A 4y 8 b, LR 2 A0 BRI ] ) B, ot R B AR L S e, [ 45 ] AR
T VTAR 5 Y - 98 v S A5 1) 14 w2 A A S ] AR L v 1) 9 K TR G 2k Bl T, AB, R EE RN S0 R I B bk LA

ARGy 1 - B AT, mT g Bl Ry S A 48 52 A T 9 8 3L 3 TR R R O
KB BIRERLHE LEWIREAR ; 1AT BR (Arthrobacter sp. ) 5 TR

FESES: Q814 X EAERIRAD : A

B[ 4¢ H HE (atrazine, & R AT ) J& A H o )32 fff
FH B — T = 8 24K B3 200 o 5 701), 6 6 K T i) 2% L
I BLA F AR R, B e VL 48 Bl o v i P T AR 2
Fok AL AR R A 32% L i T L
PR K 5 K — S FE URAE ) e A 25 E A
P AR ok 7E % [ b Jr M X, bt FH ao BT AR s
TIERAL KRR A W SRR R AT T O,
Al A5 25 b o7 X BT AR B A B Y Gl Bk % 1 R DR 1) TR
M, H AT, TS e VAR BT R R v R A AR
PR 7 35 K ¥ G - 39 0 18 S 0 58 A0 A i3, LR BRI
R RE N BRI AR RESEAT B E . T AR X
P A BT PR A B O A TR AR B 1 R [ R R

X E 4S5 :0001-6209 (2010) 10-1642-09

TN RE M 5 39 A e 20 9 Ak T o L P T SR AR A
PN R 3 T € SR S )
BRI BUA BB TR B, AR BF 58 DR S0 it B 4
PO A A T 8 v 9k 3 8 e A0 I i T A L O o T
PRI METE PRBE 2 52 M0 T PR B9 I A 3 B M1
ST HEAT THRTE, LA O B A TS e - e R
Wit 5 $ (R0 J5 Y 1 o 8 JRCRTT B VR A

1 AR %

L1 ##
L11 bR BRI B Y AR R (1 2R VT4 I
T T 6 IE 2 4 S0t Bl 4 4 e EoR R Z £, &

ESWE BRIV 8 2 25 8 5 BRI R %5 2L G 0 H (QL200816) 5 B g 11K 2% i 2 U A Q8 1 BA S 31 &l

CHAEVEF . Tel: +86-451-86609306 ; E-mail ; yangfshan@ 126. com

EZE B XHEE(1982 - ), 4, IR VT BB SE IR0, A1, 2N A2 15 9 TR AE B Z ST . E-mail ; liu_chun_guang@ yahoo. com. cn

%5 B #5:2010-04-14 ;& 2] H #8 :2010-08-16



XUFFGAF BT R B8 T, AB, A9 2 85 482 B R B . /A )24 41 (2010) 50 (12) 1643

B P S0 1 SR TR — Ml DX R il FH sk BT e
HM R H £, £RET 40 B & M.
11,2 S5t SLah o HLER 85 372 3k (MM) = 1 SCiik
(7 TECH 5 1] MM 3535 3 b A 90% 35 25 7K 43 BiOR:
FICAT) RI2ly MM + AT K55 5 A= B0 A= 4k BB 1) 15 5%
2 MR AN R G ) AT IR
11,3 ES ) AL 5 90% 35 2= H /K 3 Bl ki 741
(FRERCRGARA ) s & B e (4 B4, K
HOCE B R A BRA ) s WEE (34, 1R &
FAOATBRA A 5 Hw w2 g LA
TAY) TARA R 5 Tag B FIHL UK S5 2050 20
HEAEY TR (KE) A R A PCR 51 YA BT
G 7E HH Invitrogen A i B2 AR 24 7] 58 Lo R TR
B HL(CFI6RXIL, H A H 37 B 2 ) 5 A0 A
G FEAL (CBM-102, H A% 5 HAX B AT BR 2 | ) 5 4841 1T
UL 4366 B i (TU-1810 , b 5 3% #r i AL 2% A BR 52
BT sHI BT BB (S-3400N, HA H LA
D) B G B (H7650, HAS H a7 FEA A
F]) s PCR {Y (TPSG, {4 [¥ Biometra 2\ A ) ; & & W 15
% 4t (Imager HP, Alpha Innotech 2y ] ) 5 =8 Hi, 7k ¥
(DYY-11B Jb 58 —AUE%T ) o
1.2 ERENIKSSE

TR, 2 HEE SR ATt
o BT P e B LR IR R 1 A A R RIS A
IR IAH IO BT 7 FE R 0 TCHLER (MM + AT) SF- 4
R RigR 1 -2 A B ICH i B R TR A
HEAT A4, 75 BB W] A S 0 25 ) TR AR T BT R i
A R R R bR o
1.3 EHEMBEINEESWH

T FEL IR AT B B AR 5 B 2ETT MM+ AT Al
LB 1248, SRIG I L OD o A 1.0 By X 5] B, %
PR T & 500 mg/L FIAERIH ) MM + AT K7 37 5
H1,30°C, 200 r/min $£ 35, & B A4 0 O xR H
CK, ##'& T 4°C VKA b, CK, R B 0 $2 i 9] A 2
Bio 108 h J5 HURE, 85 32 WOR S BE L 12 71 E )
X B A O AT A R AR R 2 R
HPLC 53 M7, (354 F 0T - i sh Al B K = 4015
i : 0.8 mL/min; & Ml JF K : 220 nm; dF £ & .
10 WL #E iR a5 3% A s Inertsil ODS-3 C (4.6 x
250 mm,5 pwm ) MR FEE R0 AR o iR 2
B B e 3 R I A 23R E A A 230 A v T TR AR A A A 1
B K8 Stk DAL R
1.4 SHEBEKNETE
1.4.1 JEE S4B A S50 K 157 I T8 ik v

T LB #@mbisl 5 MM + AT #5572 5 F, 9120 1
Hodw . WkaZwaife)s, 2 BOF WA H &
Gi% E F Y A ( Bergey’s Manual of Systematic
Bacteriology (second edition) )" | i Bt 4 B 1) % o2
6 b5 X % R B AR FEAT IR S 5 A BAE AL S
142 70 7 %58 A S8 LU DU B Bk A ik A 20
DNA S #sp, % H: 16S rDNA Kk P 7 17 58 B 12 )5 1)
S3#7. 16S tDNA [y PCR 514" 4. 27F.5'-AGAG
TTTGATCCTGGCTCAG-3"; 1492R. 5'-TACCTTGTT
ACGACTT-3', PCR R R 25 pwL VAR R 0
TP H:94C 5 min;94°C 1 min,52°C 1 min, 72°C
1 min,30 NG ;72°C 10 min, PCR B 7= 4 2328 %)
& WE 5 pMDIS-T Vector 4%, ¥ AL AR AT IH
DHS o v, A 2458 F 51 9 k47 B 5 B 1 36 IE )
AL invitrogen 24 7 AT I FE 0P £ 5 1 E 2
53 #1 5 GenBank H1(1) 168 rDNA J P 17 471 i 17 [7]
Pt XF, SR S5 A B DNAMAN [y Observed
Divergency HEAT £ 48 & & W #9 M &, LU & 18 #k 19
s &
1.5 IREE B 3R 3 B #k A K B B A B 4 L i Y 22 Tl

AR PRI 2R Gk % 1 (8] R B2 pH A 45 %) T Ak AR
K R BT R A P AT — R B AR SR
S Y AR (0D, =1.0) H A B 5 500 mg/L Fi
Frhidt i) MM + AT ¥ (A 55 7 5k (pH7.0) b, & T
30°C \200 r/min $EIFEEFE , B 12 h HUORE — R & By
Fr I 18] 7Y 52 W 5 28 JBOA W] 3 (10°C [ 16°C [ 25°C |
30°C 37°C F142°C ) 43 #5535 72 h 108 h BUE: | &
T BE (%) 5% ) 5 5 Ah ik BUAR [A) pH {E (5.0,6.0,7.0),
8.0,9.0 1 10.0) 4y 5 ¥5 3% 72 h, 108 h HUEE M &
pH 520 , LA - 4% 52560 ORE J5 I 0D, I F HPLC
0 7 BT R Y B B R AL PR 3 DA LK
AN 0 B
1.6 & T,AB, FEFIEHNNE

AR X B 4 =R 2K B ) LA SR B L 2 R
FRU T AT TR R e it 3 100 2, 43 ) Ay F 4R IR R0 L K s
SR | A g 5 ik | GRUAR R | S R RE P R A
] il JC AL R B 95 BE rh 43 SN A b 3R 7K b g A
HAHE S 500 mg/ L, W A 4 (Y TR B W (0D =
1.0)LL 1% 3 A3 FR AR Fe kb, & T 30C,
200 r/min $£8%,84 h 168 h £$ BUEE— K, 0Dy, It
IR AR, B HRE 3 NEE AR
Xf e,
1.7 Bk T,AB, 1EEEKE

T B E B AR T AB, X Bl RS Y £



1644

Chunguang Liu et al. /Acta Microbiologica Sinica(2010)50(12)

R e T, A6 1 5 5 28 U AE WOk R AT £
e F A R, D BRANE - BRI i B K
FRE 20 T AE A, 50 B S TR B LS T
149 2 23 A, 50 S o e A T EL AN 45 A O X
A, LB SN BT LA TR A D A BRA BT
S EE D 140 mg/kg T3 KRBl T H e 2 R W
THTE MEZFAL B AR 2 B AL B 7 d 14 d 21 d 5
B ETOLME R R 95 25 d A4 WS, il sk i
ANEL PR bk feF T AR fF L SOC T B E L AR
BT R A B AT A S b

2 RN

2.1 EmENIKESS

ftik B YIS, W ] 600 mg/L 42 )i
H AR R KA C &, BB 972 W2 00 0 1 9
Ro &2 W R B TR X IRk
(600 mg/L LLF ) (1% Buy 4 v e [ Ak ¥ 0 I 42 &5 L Pk
ARGF A XF Mk BE (700 — 1000 mg/ L) Y ] 43¢ 7 5 5
it V8 3 I AN B S A AT BB O TR AR AE R v R Bl
FEPLEL A E T 32 68 130 2% o 4 B Re o R 9 Ak ok 32
9 600 me/L 1w £ K5 37 1 Wi e Uk A T 4 i RH Bz Bef
FEPLER L B MM + AT P4l |- 852 — R =4 T
WY YA BT R, A B 1 BT OR o PR IEGE W] RE A T e 1Y
WV AT A4, 45 G W LB HEAT X0 A B S BR A
Bk, 4 9 6y 4 S T,AB, . T,AB, T,AB, . T,AB, Fl
T,AB.,

Bl tHIHLERATHHNEEFESEENEN
ng

Fig.1 Transparent circles on the culture after the soil enriched.
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Fig.2 Degrading activity of the stains isolated from the tested soil to
500 mg/L atrazine at 108 h.
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Fig. 3 Scanning electron micrographs of atrazine-degrading strain
T, AB, under 30°C in LB. A: 48h of Inoculation (8000 x ) ; B:144h
of Inoculation (8000 x ).
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3,A Bl h T,AB, K557 48h fU4h IR WIE S, Al 2
FUWFRAR A 195 B B4 T,AB, 557 144 h 1 E 1 =
2PN S ) S SR S R N [EA S RN 2 N R =2 N
fIE1E 52 19 #F B & (Arthrobacter ) () # RURFAE

B R T AR, A 4A TR AR
T, AB, (12 % s 52 IR, P s 5] , R AT J) A= 1 T
TCHEE I 4B IR, Bk T AB, 22 08 B A9 40
B C A D BT, A0 W ik O BIRE 42

F 1 R TR DT TE RRAE 2% 2 AR AR AR ARAE
JH 16S rDNA J7 51 51 ¥y %5 6 bk T, AB, #4747 15 45 5
1482 bp iy H Y DNA Jy B, H 15 2 8k 19 FF 1w 40 1
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Fig.4  Electron transmitted micrographs of atrazine-degrading strain

TyAB,. A: Juvenile strain of T;AB; (50000 x ) ; B: Mature strain of

T,AB, (30000 x ).

®1 B T,AB, HWEARKESERERHE

Table 1~ Cellular and colonial morphologic characteristics of strain T; AB,
Cellular Characteristics Strain T, AB, Colonial Characteristics(30°C , LB, 144h) Strain T, AB,
Shape Rod Shape Round
Size 0.5-0.7x0.9-1.6um Size Diameter 1 —2mm
Gram dyeing G+ Surface Smooth
Flagella - Uplift +
Spore - Transparency -
Capsule - Edge Regular
PHB - Color Yellowish
x2 B TAB WEBLEURNER
Table 2 Physiological and biochemical features of the strain T, AB,
Indentification Index Strain T, AB, Indentification Index Strain T, AB,
Fermentation or oxidization of glucose Oxidization Esculin soluble -
Oxidase - Nitrate reduction -
Catalase + Urease -
Denitrification - Indole production -
Fluorchrome - Gelatin liquefaction -
Aerobism Aerobic Decomposition of milk -
H, S production - Lipase ( Tween80) +
Methyl red - Oxidation of ethanol -
Arginine dihydrolase - Amylohydrolysis +
Levan production - Lecithase +
Glucan production + Nitrite reductase +
Growth temperature 4°C - V. P.test -
12C + Citrate utilization +
20°C + Sole carbon Glucose +
30°C + + Salicin -
37C + Sorbitol -
41°C + Mannitol -
54C - Mannitose +
65C - Arabinose +
Salt tolerance NaCl O + Fructose +
NaCl 2% + Sucrose +
NaCl 5% - Lactose -
NaCl 7% - Glycerine +
NaCl 10% - Maltose -
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ﬁ|:Arthrobacter chlorophenolicus A6(CP001341.1)

Arthrobacter sp. ADG1(AY651318.1)
Arthrobacter histidinolovorans DSM 20115(NR026234.1)
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D3I Arthrobacter nitroguajacolicus QT20(GU385866.1)
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L_B7 Arthrobacter sp.AD30(EU710552.1)

Arthrobacter sp. AD27(EU710551.1)

— Arthrobacter sp.68b(AJ879122.1)

L} Arthrobacter sp.AD36(EU710553.1)

— Arthrobacter sp.AD32(EU672428.1)

- Arthrobacter sp.68m(AJ853464.1)
Arthrobacter sp.AD33(EU636656.1)

L Arthrobacter sp.AD34(EU636658.1)

Arthrobacter sp. EM0162(HM165265.1)

Nocardioides ablus(AF004998.1)

5 ¥k T,AB, 16S rDNA R& A B R

Fig. 5 Phylogenetic tree of strain T; AB, Numbers in parentheses represent the sequences’ accession number in GenBank.

The number at each node is the percentage supported by bootstrap and bootstrapping value lower than 50% is not shown.

Bar, 5% sequence divergence.
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Fig. 6 Effect of different incubation time on the growth and atrazine

degradation of TyAB, A: LB culture; B; MM + AT culture.
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Fig.7  Effect of different temperatures on the growth and atrazine

degradation of T;AB,.
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Fig. 8 Effect of different pH on the growth and atrazine degradation of
T,AB,.
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Fig.9 The degrading range of strain T;AB,.
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JK R 2R WA 8 v 0 B A L I 2 5 W AR AR A
AR I ) SO, 2 T D R B L PR
Sl R R bR T R AR T U2 R AR i e R A B N (] Y

A HOS e 18 52 A AT 2 B i, i R %
PR PR A BT T 9 2 b e 48 &2 07 T AT g B AT AR 4
4 ¥ T

%3 Duncan EZ N #HTE#% T,AB, A KBEKIBIRNT M

Table 3 Effect of strain T, AB, on rice growth indexes by Duncan

Emergence rate Plant height

No.

Plant fresh weight

Plant dry weight Root fresh weight  Root dry weight

(%) (mm) (mg/5Splants) (mg/5plants) (mg/5plants) (mg/5plants)
Blank 75.83" 97.01" 158.2" 64.9" 46. 8" 43.2%
CK 9.18° 55.00 77.3 26. 5" 28. 1" 24, 7"
7d treatment 15.02°¢ 62.39°" 116. 7" 65.5* 40. 1" 33,1
14d treatment 16.18°¢ 78.63"" 153. 2" 69.3" 39,5 36. 6"
21d treatment 28.32" 86. 89" 153. 8" 64.8" 42.9" 37.1"

Multiple comparisons by Duncan. Capital and small letters in the same column stand for 0. 01 and 0. 05 significant levels.

3t

H H 2 A 0 [ N AR5 N B [a] - 38 v i
TE 3 [ S 45 AT B i) B A r v R A A AR R 9 Bk G
S R Tl HIM'™S . MCM B-436'"°
ADX10" [ AGLY™ | Z,M | AD26' | GZK-17 |
ADH-2"""Hovh &2 80 1 Bk ( HIM , MCM B-436 . Z,, .
AD, (GZK-1) FI| F Ba] 5 vt Sy ol — 008 AR K, SR
3 JLBR T R (TC1 L ADX10 (AG1 (ADH-2) fig @& L B
R A I — e R0 R 2B, AR 3 36 U O S L Y TR PR
Arthrobacter sp. T,AB, B HIKMEHFERELILE D E
75 30 DA BT AR i Sy M — e 280U 1 5 00 A A TR R L %
WRTE 72 h XS T 500 me/T. Bl 7 1 56 A 3
IR E] 99% LA I, 5 A DLBAT4p  HE hy ok — 0 A=
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Isolation, identification and soil remediation of atrazine-
degrading strain T, AB,

- 1 1,2 % . 1 . 1 .. .1
Chunguang Liu , Fengshan Yang =", Xingzhong Lu , Fei Huang , Liping Liu ,
. 2
Chuanping Yang
('Key Laboratory of Microbiology, College of Life Science, Heilongjiang University, Harbin 150080, China)

(*Key Laboratory of Forest Tree Genetic Improvement and Biotechnology of Ministry of Education, Northeast Forestry

University, Harbin 150040, China)

Abstract ;[ Objective ] To provide new atrazine-degrading strains for atrazine-polluted soil, we isolated the high-efficiency
degradation bacterium from contaminated soil, identified with taxonomy, and studied the degrading characteristics and
remediation capability of the strain in black soil. [ Methods] We used morphological, physiological and biochemical
characteristics and 16S rDNA sequences analysis to identify the strain. We studied the effect of environmental factors such
as incubation time, temperature and pH on the strain growth and atrazine degradation to confirm the optimum degradation
conditions. The strains degradation range was studied by using different herbicides as sole carbon and nitrogen source.
The strain’s remediation capability to atrazine — polluted soil was tested by sensitive crop bioassay after inoculating in pot
soil. [ Results] We isolated a high — efficiency degradation strain T,AB, that used atrazine as sole carbon and nitrogen
source from maize field suffering atrazine in Nehe, Heilongjiang province. It was initially identified as a member of the
genus Arthrobacter sp.. The strain could degrade more than 99% of 500 mg/L atrazine ( pH8.0) within 72 h. We
determined the best degradation conditions as follows: pH7.0 -8.0, 25 -30°C, 72 — 108 h. In addition, the strain used
other herbicides as sole carbon and nitrogen source such as imazamox, imazethapyr, trifluralinm, clomazone and
fomesafen, and the degradation rate reached 12. 66% -40.54% after 168 h. The strain could significantly remedy the
sensitive rice crop biomass indexes after treating 21 days, and as time extending, its role in the remediation gradually
increased. [ Conclusion] The screened atrazine-degrading strain T3AB1 could be a suitable candidate for bioremediation
of atrazine-polluted soil.

Keywords: atrazine; biodegradation; Arthrobacter sp. ; soil remediation
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