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Arthrobacter sp. AG1 B #kFE AR 13 op P4 R R AT 5T

REHR 2, FER, T XK', FIAH-
(1 HIRORMR e b2, A SRBE R TR U0 3, FIRC 210095
2 VHRIRSEVEEREEFBE, WO b, K 400715)

H OE:

AEPTRFRIEIRE N 50 mg/kg T TR, W LML 1.5¢10°CFU/g T WF4M# T Arthrobacter sp. AG1,

10 R H8E MBTREREAE > BIFRIRZE 1,50 6.6 1 10 mg/kg Tt BIRFRIE A PRATIE 4 2 B IVE BRI, (2 AG1 {hREFEANH
SEHAEKETIESR M pH (B M L3 AT AR v L e Bt bk o S B PR AR ORI, >20% I R R
U THARE/KERME pH (4530 AGL BHERTREARA NG B AR A Rh o PR RO A — e ¢, {2 10°~ 10"CFU/g T
TR AGL TRAEHBORFERARIER] . AGL B E TR P IBTREIEYS, 78 TSR 5% Al 15% Mt TR
FEREAREYE, X 60 KJGEE 2 YO FEZRER 1 ¥ 50 mg/kg BURFRIAE 4 ORI BEMSCRTE 65% Ll b,

KHEIA:
PESES: Q938.1

By fr i (2-50-4- Ll Hs-6- 5 I I H6-1,3,5-— 1%,
AT) &P iz A8 (10 =R 28R 5], #E 3R 5k i
WK, EESHE FAEARED Y, i FLBR e
R AT s PR s, R AR . WK SRR YT Y
HhFRIKRIHL K, a9 AR D,

K AED 7 iR A 2y 3 T 3RIAT 1B B A Ak
PSCORE . PRMG BRERT . BRI R AL,
RS2 3 )92 K, HEjo&f Y2 s S I0RiE .
KT Bty S R A A ) B AR AT 9 H AT T AR R T R
BRIPR I 40 35 0k LA B B Al v 1000, Bty oy P it )
B0 N R KR I S, g ) 3 R A UK S R A
atzAFItrzN, ¢ T FratzAKE DA 1) Al s AR o0 v e 14581
AL N 2 — e s RaEl O P, f TtrzN £
Y A [¥T I LU atz AT (R 4 A TR B L AT B AR AR s TR
T K AR SOETE ORHHA) = SR 2R I 5034 B A A
RO, T H L BRSO RAS S NTR S 254 5 ), Rk

LIRS & Rk Sl w2 5771 R v € Sl o S

FrtrzN SE R B A R AR LA 58 n ) R (0 B R 5, R
1M, NS RS 52 A gl ke Ry G (i H AT
HAZ I o AR IR, X SrtrzNIE R 1)
B FkArthrobacter sp. AG1 7E 3 FhAS[r] -3 o B AR
P REREAT THFSY, WAGT HRERI I A& B0 5T
PEOLHR IR,

1 MR57E%

1.1 RIamHt

Bt # #k . Arthrobacter sp. AG1 1 Eg 5t &\
K27 AR BR B B AR ) TR T S 0
i 3%, BT R A v R AR 1 B — D SUK A I 3 R
trzN.

B, TeRRE. WA, HIEMER LR
1o AR 35835 2 AR el BT R R (AT IR E L (0
~30cm), T (2mm) 54 M.

1 il LIRAHERM pH E

Table 1 Characteristics of tested soils
R Soit] KA 5 APBTE R (gkg) pH fi [IESEnsE TS| HE
B mri i b + Gatiif) ipnedvatl 229 6.94 13 B
BRI AU 12.74 6.32 12 IKFE
R Bk (28 LY 11.20 4.70 0.6 1k

* PR R AL T 5 mg/L MBS IR TR L 12 LB

R REEE 24 h, SRJGHCER, ] @ 025 um JEMEIEE)S

HPLC Kyl B R i S, BT 42 05 B 2R 550 1 e o B AP R 2R 8 I YRR B A R 2 ) LA

OF4TNH: H5K“8637T1 H (2007AA10Z405) F1E K HARR AR LTNH (30600016) ¥ 8.
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SEfliEhHE IR (MM) = %0 1 g/L, KH,PO, 0.5
g/L, K,HPO, 1.5 g/L, MgSO, 0.1 g/L, NaCl 0.4 g/L,
NH,NO; 0.5 g/L, H,O 1000 ml; B %5 3 5% 97 B
(MA) : MMB5FEHE T INH,NO 3 FH &5 5 5 (1) Bl R v e
JEky CHEE 96%) AR Bl h it Bt 1 o0 25 5 7
(SA): MM FREEH AN N %5 BE FINHLNO;, BT 10 ml

THER W, BRI I BT R 1 LR,
B e B 300 me/L. [EAARREFRIE IS 20
g/L, FFRHEEZ 115°C. 25 min MRS KE & .
1.2 REHZE
1.2.1 @R 7 MA BRI M AGH
P B I B PR P Al e 4, B OO AR, HZE
KB, IR ODg M 1.5 (1.7x10° CFU/mD)
JEAE ARG B o R R AR RS 2 Ik, AR R K E
% (ODgoo My 1.5), JHCE 2h JaRIMER S0,
1.2.2  AG1 B A K B i JE 40 M 556 i ] AR 7 1Y)
pH fHIEEMME K AGl B 1.5x10° CFU/ml
SR RIS pH {EN 4. 5. 647.8.9 F1 10 1
MM WA R: R, 30°C HRGHSE 16 h 5/ 722
53 HEHRE VI 5E BRI ODgoo 0

7t 10 mmol/L pH fH N 7.0 [HREIR £k %M i
I BRI ROk, B 37°C IR AR,
SR JE HTIEACIT JERR 2SRRI A, BT R (v
FIW pH {H4 W REER 3. 4. 5. 64 8. 9. 10,
11, Zr5IHC 1 ml %9, A 0.5 ml AG1 B [f % 5L 41
MR, %33 AER, 30C A 30 min, R
Lr (4°C, 12000 r/min) 10 min, H( L3, H® 0.25 pm
JENEIEDE T, HPLC A8 B i v 5 4o
1.2.3  IHERZABEMRE IR IR 2, 3
TR HEF, PR IEIANGKE, R Y A
A R, 520K E N 500 mg/LIF B . % 50
g/ MR 1 498 4 B B — I PR DR A, 35 it BT
BRI I 2R E Ty 50 mg/kgTt, WE 24 h
Jat . WIS wer . IR 3 4, 4 3 AN E
B PR NIKRIE A 1.5x10° CFU/g T L=,
B LIRS IKEN 20%, BT 20°C B4 h R
TRIBRT TR, 5 SRR s BT v vk 5
1.2.4 KK AGL 75 1358 v A ]y vt 1 3% 0 I
oo 3 MR T 20 R (LEdBirgy
P DA D, 2RI S KEN 5% Al
15%, FRAK IR AKE, ARRAR R AL TIRIRIRES,
ARELTANRE FEAA R R 9E 60 K, SRIGEE 2 Wk L3
EANZT 50 mg/kg A IBTRE R, T A KR
20% A B A AR AL 138 B IR BRAIRAS ), 15 9R 4 R
i EURE S0 BT A o R

1.2.5 i HIEP BT R R R 5 BGR 2
PN PR RIERT IR 10 RIGMEFES 5 g FakiR
i SA TH, 20°C RK5FE 3 KUAL, BigRidfErh g
FETAR b 154 1 Bz W el 1 e i v

1.2.6 - 3g8 BTy oy v 1 £ R ksl PRI FE
10 g FHEE =AM, NN 30 mlF FekaliK, & 37
C FEIK 220 r/min $&¥% 2 h, O 5 ml TR,

12000 r/min #5.» 5 min, HE3, Al @ 0.25 pm JEJE
iEyESE, HPLC Kl #rd4kft: 250 mm x 4.6 mm C
18 AFM BT WEAHA 80/20 (V/IV) HIRE/IK;

WA 1.0 ml/min; FE##: 25°C; Waters 2487 KAM&
T, KK A 226 nm; HEFEE 10 pl.

2 HR5WE

2.1 AGl BEKERESSMEMEBASRIER pH
EEE
ME 1 WUEH AGL WY pH 5 <5 1
KU NAEKAR,E pH HAN 7~10 JUHENAEKRLE.
£ HPLC KR ILG R & pH {4 NETRhr
HUR AR HARER A 33.1 ~34.5 mg/L CBHRARE5),
Ut FTRF R EAS Rl R A A N A . B 2 nTBAE

09 _
08 L
07 L
06 L
05 -
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02 -
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OD 400
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1 AGl £ pH ESEE
Fig. 1 pH range for AG1 growth
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Fig.2 pH range for AT-degradation by AGI rest cells
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s W40 %

L A B AR B k) pHL BV A, E pH
B 3~ 11 Ju [ NHHE R A AR BT As b, Bl g5 R
KW AGL Ak b 45 4 1) i 28 LG A B A S 1Y
pH {EEN A, CRA ATk AGL NI )]
R AR AR o
2.2 Bk AG1 FER[E] 115 P PERERT L IZ BV ZLR
I BT R EE 7 3 AT RS2 I, FH /KRR
(5 H 22 T 1 i s rp Bl Ry i N ARAT TR 9 S 1
O, TR ORI 3 BTy R e (i . A
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3R T LAE Y, AGL BTE 3 Ff-Lagerb B sl
R AR AT B 25, RE 10K A SR ) A

ZLE T BRF AR L Al BRI 1.5 6.6 F1 10 mg/kg
T, Rt R BT R ER B 4 0k 45, 44 FiT 48
mg/kg Tt o T M TN BRIAR I BT i — e
Mo 2 18 KI5 T3P BRE b S — D iR
FLA SRR AR I T E A A BB, &
B P B AR T AGT BT DA 398 v S e ke I )
ANBEAGER »
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Fig.3 Degradation of AT in yellow-brown soil (a), fluvo-aquic soil (b) and red soil (c)

3 b 2SR R B M R MR, AT
TR /N 1R B 2R B0 T B R R e B,
AGL THAELLHE R [ B il 280 B fik, X AT g2 LR
pH fH (4.7) AFIT AGl MAEKITE, Hie2Eh T
T S0 B2 A Bk e () pH EYE LA, R W] AGI
2L AT R 2 DL T e G A0 MR 2 A 3 A i 11
H, TR ECERERNE b AGL B RRRH T3
FRERIFRAE BRI, AT 3 B R 1R 22 52

M 3 Fay b W, AG1 B 7 ik 138 v [ e i e
P R O X PR R T AL
SRAN CHEERHE N 22.9 g/kg, WIth 12.74 g/kg),
SO JFAE ZEAN K, it HL e AT 4% 16 R 3 BT
AT FAR PR R AT B 2R, RIER AGI
PRI i i B8 0 1 22 e ] e A HLTE B 1 AN [ 5 1
1. BARABFIUER H T IEAYUR & i o S 80 E
P (A m R PERRAR, AT BELAS B0, SR i A
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WEFT s WS A —2, B s PR ] g e o i) 1+ 4
FHHITE R (36%) Lt T IRATLE o FH L3 A
LR &, AR R AL & RIE %A w2 2 AT R
R b R RS, 3 — it ] AT RSB FN ] L P b
TR BT R R M R A R E ERE L. 5
Ah, BEEROE S 1, A A K A MU
R A, I AR T AG BIIAKE
Y, A P RE B A A g v R B I AR, T e
WA RS GARE, HEAREREE T — Pt
5o
2.3 LTIEAKEXFFFRLE RS RA S

T e SRR v B e o v AR O B s BATTE
SEIERE T R HERRIBERAIE ST 37K 43 %o o] e
AR SEmg o 1 BB A A B 4 1 3 B K 43 il ol
10%- 15%-+ 20%-. 25%- 30% Al 40%, B 4 KJ5
ISOREAGT I B fr e 5 . S5 (B 4) B3 AG1
T - 38 v 5 i ST AR v 1 255026 i 8 5 K o i 2
L K EEN 15% I AGL RS S5 mR b EEfr
A, 4 KA EBR T 70% RTER R, S K
EAE 20% LA, FERE>89%. ] L ALl e 1
38 v 5 KR 0] T AR R v (1) B i 4 R R AL T B AR
2, BB RCRAE 10% ~ 40% (V8 A BE A & 7K B 1 4
TN . Clotaire 25 S Mk YAY6 HEAT 1
R0 it R I K R <10% B B A R T 4R
HH 3 BAIR

60

AT ¥ (mg/kg T1)

10 15 20 25 30 40 CK
THOK R (%)

B 4 ik SEXFEHEEREEROFM

Fig. 4 Effect of soil water content on AT degradation

2.4 TIiEFR AGl FEIEME XIS HELRERERIISE
fa)

TET RS A BEA] P A AS R AR R i, A 13
BRI A 3.4 107, 1.7 x 107, 8.5 x 10°, 3.4 x
10°, 1.7 x 10°. 3.4 x 10°CFU/g T1, LIEE/KEMR
FEEE 20%, 1798 4 RIGHURERC DR R . 45

BB 5 RUARERER AGL #HeA 305 5T
Frprdy, BVl E(CE 3.4x10° CFU/g T+, 4 K
Jri B R A REIA ] 77%; $efli 3.4 x 10" CFU/g T+
I 4 KIGEEMERTE 96%. LR 201 Py fh 1358 v
)42 T S X 60 ] A A, 0 s 2 o K Ak Rk
DL b g ISR AR S B B o] DR S AN [ & 52 H 19
Jita P AN )R 58 (1) Bt v, A R T B AR ASE A

AT #KJEF (mg/kg T+
s

034 1.7 34 8.5 17 34 CK

PR (X109

Bl 5 AGI EEMEXN LR ERSIRNS M

Fig. 5 Effect of AG1 inoculation volume on AT degradation

2.5 ¥k AGl fELIEPPEMBITFRLERIE DR

3 b g R A A S8 R W B — Ut N P AR R
18 20 RIGH#OE MR, A TOFRER AGL 70k
REREE g8 b RS RS L, FRATTIEAT T 60 K
T IF) 140 TS I AN D o 8 1 5o P IR I P o v 11
Fefirilis . IR 2 MR I, FEAE S KSR,
AG1 FESE KRR+ 3 b 55 2 Uil N TR By
IR R ARLE 65% LA b, (HL I BEfRRIRIE, JuIt
AR IR AR E (5%) 5L MU 14.5%. TIEEE
P I TRk iAo > ) > 4149, X AT g S R 41 4
1) pH HAET AGl FAK, %5 FEAUNRIET, B
FIRRS 13 IR o TEATAIE S ) b ) (R B ARG ) 220 3R
B A DU S AR T BRI, X5 Rk
ARSIz 5 SR DA B A SRS R A — 5

F 2 AGI TELIEAPEREFTHILE TR SO IRET
Table 2 Survival of AGI in soil

REEFKEE (%) 4 KU AT AR (%)

EUR L 214
5 78.4 65.7 145
15 85.2 76.1 40.6

IR T35 [ RO A R AR, H 2 g 1
AL S B ARG, RIEK 205 5 ARG, AG
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s

40 %5

WIATIAR e DR FFEL I B ARG 0 o 5B b, BRATIAE TR
—AEE AT RARS AL A AN 50 mg/kg T
F B R, AR AR RS KRR 20%, 4 K
51 67% MR TRFh A bR . T Bk AGL 2K
SE TR, BB R IERBIR AT A R
W SA SR BSTRIE R, XA E AR R, BA
PR TN B PEIRE S, R R R IR
TREUIO), DR Pk 22 e At T £ R R AT 3K IR SE 4 A 34
AEIG I TG o BLE e 45 IR IR AIE 1 5 AT TR 1 4%
(N P, EARIRET R (1) L B 5 2 b T aX Bl ek
A, AGlL R AR R T LS R e R .

AG1 BURREAE T8 PR ORFF ARG ), SRR
TEIA G AR ) H A 2 B 2] AGT BBy hr it b
B, XA AGL SR e i O &b 3
AR B, A TARTHA AR FRRES, RARIE A 1
B3P

3 it

(1) FEAS ) L3 RS AT AR 7 TR ST L 2
Ff 1.5x10°CFU/g T 1 (0BMRE AGL, RIMEAEAR T
AR pH (E4 M FBSR AT LA sk g . ] LA
ZUAEH BTRERLEE, 5N 50 mg/kg T FEEE 1.5,
6.6 f1 10 mg/kgT +.

(2) KA B RN B AR A R RO, >
20% B PEMRERCRELLE o LHMEA/KEAME pH ST
HAGL FEARBTRFREEE )1 T B o AR Fh 0] B
ESCRA — 5, {5 10°~ 10" CFU/g T L3R E 1
AGI #BREARURIEEfEAER

(3) AGl 7L T e KR FEF MRS )1, AGIL
B e TR BT R RS, 7R HIEEKE DR 5%
A 15% MfE O RERIIIRFEREARTEPE, X 60 RJGZE
2 YN FEAEAN L 50 mg/kg T BTz EE 4
RINEEERAE 65% UL L
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Biodegradation of Atrazine in Soils by Arthrobacter sp. AG1

DAI Xian-zhu'?, JIANG Jian-dong', LIRong', LI Shun-peng'
(1 College of Life Sciences, Nanjing Agricultural University, Key Laboratory for Microbiological Engineering
of Agricultural Environment, Ministry of Agriculture, Nanjing 210095, China;

2 College of Resources and Environmental Sciences, Southwest University, the Experimental Center for Microbiology, Chongging 400715, China)

Abstract: 1.5x10° CFU/dry soil atrazine-degrading strain Arthrobacter sp. AGl was inoculated into three different types of soils
(yellow-brown soil, fluvo-aquic soil and red soil) with atrazine (AT) at the concentration of 50 mg/kg. AT decreased to 1.5, 6.6 and 10 mg/kg.
respectively in the three kinds of soils by AGI after 10 days. AG1 degraded AT efficiently in these soils and the degrading efficiency was
affected by soil characteristics. AG1 could still degrade AT in acid soil, even when soil pH was lower than the lowest pH for its growth. After
removing AT in soils, AG1 could remain its degrading ability for long term even if soil water content was adjusted to 5% and 15%. After 60 days,
AG1 inoculated before could still degrade over 65% of the 50 mg/kg AT which was added to yellow-brown soil and fluvo-aquic soil secondary.
Low soil water content and pH value were not suitable for AG1 survival and pesticide-biodegradation in soil. Degradation was affected by soil
water content, the feasible water content for AG1 to degrade AT efficiently should be above 20%. Degradation was also affected by inoculation
volume, however, 10°to10’ CFU/g dry soil inoculation volume could degrade AT efficiency.

Key words:  Atrazine, Bioremediation of soil, Degradation, Soil characteristics



