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Isolation, Identification and Degradative Characters of Chlorothalonil-degrading Bacteria BJQ2

GU Xiao—-ming, WEI Chao—jun, JIA Lin—fang, WANG Chun—na, WU Kun—ming, ZHAO Jian—zhuang”

(Beijing Key Laboratory of Safety Detection and Control on Harmful Microbes and Pesticide Residues in Agricultural Products, Beijing Uni—
versity of Agriculture, Beijing 102206, China)

Abstract Directionally cultivated for 49 days in the soil with no history of chlorothalonil (TPN, 2,4,5,6—tetrachloro—1,3—isophthalonitrile )
application, 50 chlorothalonil-tolerant bacteria strains were isolated. The highest concentration of chlorothalonil was up to 600 mg- L. BJQ2,
one with the best degradability among those strains, was obtained after prescreening and affination. It was initially identified as Enterobacter
cloacae B9 on the basis of morphological approach, physiological-biochemical experiment, homology comparison of 16S rDNA and the analy—
sis of phylogenetic tree. BJQ2 could be bred in the basic medium by using chlorothalonil as the unique carbon and energy source. The most
appropriate condition for BJQ2 to degrade chlorothalonil was as follows ; Breeding temperature was 30~35 °C, original pH value was 7.0~8.0,
original TPN concentration was 20 mg+ L and the inoculation amount was 10 percent( primary mother liquor, 0Dgs=0.35) in the experiment
(V/IV). In this condition, chlorothalonil was extracted after 6 days. And its degradation rate was calculated to arrive at 79.2 percent by check—
ing and analyzing with gas chromatography.
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B, WA R, ARERSES/ D REHEkEH
I ok e €5, B 2 460 1B P L 0 4 L A R ) 1
i, R —R AR B A A B R A R AR AR B
BE BA SRR, (BT E WS B kb E
S, I b AS P EE I IR, B AR R R &
R 2 PR W BRSSO P BE ™ A% . R
AR THUE - A KRS R AR B AR
0.2 mg kg™, ZAMMRHN 10 d; 7R B HE B
ERREREIT 1 mg-kg?, ZARFRIAS Y 21.25.21,
21d%9,

WA R R RAGTER R PR TR R
—o HTIEPHEYREF S, AT LT | AR
it AR T s KI5 3y, IF SRV TAEEBUL T
i T DA R R AR 25 B S ) 4 T R AR
MY B B R RS REHOK
B I ISR A0 Ed i T AL R 2 FhE AR
HURE G R R RN & T EER A B A
HROEFR I I AR T R B B E AR B
BA MU (Azomonas ) . 85 FF B (Flavobacterium ) \ B PI K
& (Moraxella) 5 B M 5 ( Pseudomonas ) IR B (Mi—
crococcus ) .45 ¥ (Ochrobactrum lupini ) S5 H/E R
A EH A BRI, RSB HE T S
M A TREAR , BRI TT DAL E BTE 0 ME—Bk
o REEREETERRARR, BRAFINER
5 R R OR A 7 e gl 3, DR T O 32 T Rt 1 RV
A PEIR, £ 8 B EE YRR B, AR
TREEE X, AP LA wIE A ME—GKIE
1 E [ YA 53 B, 5 e R, 45 3 — Ak AT LA R A
A A AR AR Y) , RN SEA RW) 46 E &
THVREE . pH R EFh B IR REAFRCR B , LA
B BRI A Y018 52 07 R R (LB LA,

1 #BE57FE

1.1 R+ R R AL SR
1.1.1 st
HaEEFREE (g-L71):NHNO; 1.0 g, MgSO, - 7H,0
0.5 g, (NH,),80, 0.5 g,KH,PO, 0.5 g,NaCl 0.5 g,
K,HPO, 1.5 g, £BF7K 1 000 mL, ff 1 mol- L' HCI B,
NaOH &7 pH {HZE 7, 121°CIBH#K B 15 min,
BEERE(eL):FRNE 308, EHKS50g,
HENE 10.0 g, BERFEE 1.0 g,NaCl 5.0 g, B 7K
1000 mL, fH 1 mol-L" HCl 8, NaOH #35 pH {§ &
7,121 CIBHCKE 15 min,

NA EfR$EFRE (g-L7): RWE 5.0g, EERK
10.0 g, Bl 20.0 g, KB F7K 1 000 mL, i 1 mol-L*
HCl 5 NaOH # 15 pH HEE 7,121 CIB MK F 15
1.1.2 2% 515

IR R g 2R, W B 2% [E FISHER 5], H
3R (PO R B — R 28 ) 34 R 4 vt , I B AR 4E T
I~ BRI (T5% 8RR B EIES ER KR
WA BRA T ,98% A HIE FEZ W B MEALERF LT
ABRAF], 100 mg- L™ B &AL B AL FRIA 5 IR
PrRHIE W A
1.1.3 REE

S ALY Agilent 6890N, HP-5 £ 35 4045
(30 mx0.32 mmx0.25 pm), 0 H T 36 3546 0 2%
(uECD), S N H AR (99.999% )

DHP-9162 7Y i3 fE R 355548 (g —1ERHA X
BAEBR/AHE ), DTC-3G plus PCR LT #84% (_¥kE
FAUFNFEABR AR ), DYY-6B Y58 3 5% s o, vk X
(P PR AR BT R B A MR T R A D ) o
YA EE R4 DNA 2B & (Js =i A
AREBRFELTF ),

12 HHMNEESSE

BRI LAARA B wE A2 A (R g ek %
BeRHE AT ) AR TR R E MR R,
FEr 3 TR 25 °C I8 60% F , 233114 50,100,
200 mg kg™ B E BEE BRI TR, FAE 1
AT, B AR AL R 7 d, FEAabE 7 1k, 4L 49 d,
BE—KAE)E 7d, ¥ 3 MARALI 5.0 g I,
3 A% A 100 mL FEEE/KAY 250 mL = AR R 9¢ 35
BR) R, BB E R, DL 10% B BB s wiE
EEERARSE R P, R, BRI SRR E
BEIE M E R 50 mg- L7, F 30 °C.180 r-min™ }%3% 4
do SRJEH 10 RV BRI T M BRI AT
(FEBETEWRER 100 mg- L), 4R35 4 d, B4
ZEHEEREBEWERN 200 mg- L7 (FEFEFRED, Ak
PEIFZE 500 mg- L7, HJa , & BORFEIR LR 1 & B
W& 0.1 mL 432 2 X 0 A 245 Uk B 17 1 A BR Al 1 5 Ak vh
(LAE BT I ME—RR IR , WA AR, B F 30 “CIEIRIE
FEAHIESE 48 h, WEHCRRIEARHE R #1755
.4tk

23 Wi (WERA TRk f Bl r= A ) V& i (R ASOH
IR ISR AR SRR R S ), A —
PRBEFRBCR B AE R BRI AR BIQ2, F NA ¥ ERMH |,
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4 CT R
1.3 RAFEFNRNSK

R G R)E K = A (250 mL) #1950 mL 3555
WET 100 mL FEH P, T 85°C.90 r-min~ FjE
T, 8B II W A PIR LA — B AT IR G SR A, K
2 mL, & FHFRIRBOK , 2 0.2 wm 383k 18, BIKIE
F, UIAE (3% E R ZE | mL, FELAPER (@)
Hi ke 500 7%, AR TSAREIE ST,

IS &AL : B 60 mL-min™; #EAE AR
B 250 °C; FEiE 200 °C(3 min)—10 °C-min™—220 C
(2 min) ; K IERIREE 250 °C, #FFERAY 1 uL, RAA
Sy TRIERE , HERTE] A 3.47 min,

LG UE, DA_E SR RE T 2 BT AR bR 26 ) R*=
0.999 3, F i E M (92.241.9)%~(111.4+3.23)% , 3§
SRR 2.1~2.9, HRETH AR ZGER B T ER . RIER
ZHER B VR BE T R R, TR RR IR e i A =0,

x=6C2 1009
CCK

KX MR N BERARPEREESE
(mg-L1),C, A I A T & & (mg-L7),
Cox FRIEHT LR BT FT I P78 E L & & (mg- L),
1.4 HEEMEMESRONERBELE

fic B AR FRI B AR (1 011 cfu-mL™), RIAFR
e 10% 8 B EFD 2570 A WIS AR R A,
REGLHREEH 20 mg- L7, B & 50 mL, 03
W3 AEAT, UIARER XTI, TR 6dE, L
1.3 P THR AL, 1158 . FIF SASO.1 #7414,
et A SR R AR A R R o
1.5 EHHEE

Xof i 8 HE B PR PR BIQ2 HEATIE A S MER . A3l
A AL S5 168 rDNA JP 5 [ H X, B e Hop2k
A

16S rDNA 25 B 0.5~2.0 mL 355 H il (2 A
it 2x10° /N4 ) ,12 000 romin™ B0 30 s, FE L
T T A TUTE FP A 200 L 28w SL 357 B9z
GRS A 20 wL ZE E R K(20 mg- mL™)%W, AT
BAIET 58 CHCE 10 min; fIA 220 uL 454 SB,
SL %R B FE AR AT, 58 CHCE 10 min, ¥ )
JEIA 220 pL Fo/K ZBE, FoARAT 3 K A i A&
PRUTTEH A —7k 325 o R B A o, TR BRI
EEH, 12000 r-min” B> 30 s, FlFEKEESFRE
W B 700 WL E¥EWE PW,12 000 remin™ 5.0 30
s, FEREVR A 500 wL EESER PW, 12 000 r-min™ 5

> 30 s, Frd 2V 5 W5 R B A i [ e 4R 48 Y, 12 000
remin” B0 2 min, RERR TR, AR 5
BA BRI T U RN 5 B IR A, A — ST
BLOE T, TE B R FP AR AL N 50~200 pL P 2%
¥ EB,70 CIE YA 3~5 min, 12 000 r-min~ B0 1
min, ¥ BTS20 DNA 7£-20 CIR-FF .

PCR ¥ 385|4: L5514 5'-AGAGTTTGATC-
CTGGCTCAG-3", T4 5'-GGYTACCTTGTTAC-
GACTT-3'

PSR T RE T Rk E, BIRTE
e, e 45 B 7 NCBI(www.ncbi.nlm.nih.gov ) H #F 47
BLAST [F] 5 b X 5347 . 12 A ClustalX2.0 MEGA3.1
AL R Rk E 1 Neighbor-Joining BT R 4%
KB 5T, B B o 205
1.6 EtkMEAEREENZMESE
1.6.1 BEFRIR BE X R 2R A

BWREPRGIEIREE R 15.20,25,30,35.,40 CM7,
BEWE R S0 mL, HEEWE RN 20 mg-L, pH {H
7.0, LA 10% (R FH Hb ) #9482 o 22 49 301 482 o o P B 9
(1011 cfusmL™,0Dg=0.35),F 30 °C.180 r*min? F
{EEIRG ISR . B 3 AT, AR R85
FREAEXTHE 48 h R IR LA THE AR B & THE R,
1.6.2 W1th pH (EXTREAR R IG5 M0

BE IR W AW iR pH {64 5.0.6.0.7.0.8.0 #1
9.0, ARTEMRERA 20 mg- L7, W &N 50 mL, %
FRIREER R 30 °C, LA 10% (KRR H ) BB Rk B 4 1) 332
FHEFEE, F 30 °C.180 r-min” FIEIEIREH LS,
BRI 3 AT, DARERE R FREAERT B, 48
h JE1RICE G R B &, THR R,

1.6.3 25U UR MR BT AR R ) 5

WREAR A E WIEW R E R 20.30.40.50.80
mg-L™ 1 100 mg-L™, 9]t pHAEIR N 7, 5B E R
47 30 °C, 3y &R 50 mL, L 10% (FRFR 1 ) b &
SRR, F 30 °C.180 remin” F{EIRHR
Bt AT 3 NFAT, DAREE R A B R SR ERT
BE,48 h G HRBUE RGBT E R R,

1.6.4 BT EAE R A R

SERLE ODgo=0.35 HYTRABRR , W2 B W R 2]
JF3k 69 0.01,0.05.0.1.0.5.1 4%,7155) 5 MR EE
W, LA 10% (RFR L) Ay e h B HeFp , 26 &k 50 mL,
¥4k pHAE BN 7, B3R 30 C, BEBE VI
W E 20 mg-L?, F30°C.180 r-min™ T{HIEIRG 5
o B 3 AT, AR R ARG IR EAENT R,
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48 h JG1REVE WIE R &, THR R,
2 ER5i%8

2.1 HEERBENFEMEE

MFE 1 AT LE Y, &30 2 S5 153 4 #R T AR
A T AR, BIQ2 FEMRSURTE 4 MRh AR, H S
Hofts B AR AEAE B3 25 5 (P<0.05) , B BJQ2 fifik— 2
A% . BJQ2 FEE & NA 5584 | 30 ‘CHEFE 48 h, W
BRIIEA, AT EBENE R, ZRER:BIQ2 FE
22 BT, BaE AR R IRE N 30 °C, 3 IRE T,
W2 RTY JBiE R, R R RN % EME
RO, BAlEE I, SR, V-P S FE M,
FR 2T B 5 AT AR A B =R =R, 7T LR BRI
BB H B AN RS A UERIR , A SR LB
TR, N TR R BEEE ; R R /N R (0.6~1) mx
(1~3)pm, BEFFR, 58 B L S WA E T n—3

® 1 BEBEEBEKRNS . 5L
Table 1 Isolated chlorothalonil degradating bacteria

373 BRI (EE AR )%
BJQ1 17.3£2.5¢
BJQ2 79.2+1.8a
BJQ3 39.8+2.2b
BJQ4 38.7+1.6b

7 . TP B AR 78R £ Duncan %, 7E 2=0.05 KF -
ERABE,

DATE AR BJQ2 9 16S rDNA it , Zid BEH
7K, 153 1.5 kbp MBREESR , ST | LLXT, 57 R
GREME 1), RIS RAEBENKE, VI
i€ BJQ2 MFHI TR (Enterobacter cloacae BY),
H Genbank &35 GQ421477.1,

BT AT BA T B £ 20 T A LB 25 I

E.ludwigii WAB1946

E.aerogenes KCTC 2190
E.nimipressuralis LMG 10245
48 E.amnigenus JCM1237
E.cancerogenus ATCC 35316

E.mori LMG 25706

BJQ2

95! E.cloacae B9

E.kobei JCM 8580

E.hormaechei ATCC 49162
L E.nickellidurans NiVas 114
E.gergoviae strain JCM1234
E.pyrinus E872
80 E.pyrinus strain B43

B 1 Bt BIQ2 MR X EH
Figure 1 Phylogenetic tree of BJQ2 strain

2-H L RORBEI AR, Mok WA R TR B WS
FIRIE . B, ARG 45 Xt £ 5 B B E A YRR Y
BEA T AEEMNE L, WA, BEHA B A K
R BB A Z R SRS Y, WU BERRE
W5 LA B R A TR RE T, X T 52 BRI
R— MR R,
2.2 H#k BJQ2 BEERENRINEER
2.2.1 $EFRIR N R AR R AR

ME 2 FTLAE 1, EAR R REFRIRET ,BIQ2 Xf
T BB 1 R f TR BE e TS B, 48 h JRHE 30 CHT A
BT, N 28.1%, 5 35 CH LB EZF(P>0.05), 5
HAR AR E 257 (P<0.05) , 17 it m s Rk
B REARRE TR, AIRE R AN AERKZRMm
il , BT A A AR5 8% 30~35 °C,
351
30
25
20

REfR1%

15F
10

15I20I25I30I35I40I
EEE/C
P S B R AR ) 78 %R 42 Duncan 1058,
T a=0.05 K¥ L ERABE, TH
B 2 BEXNERESEEERm
Figure 2 The effect of temperature on degradation rates of

chlorothalonil

2.2.2 Wit pH (X FERRZR 0
ME 3 FTLAEH, AER pH X H B I R

REBKEZWN, 2RI EFHEREGE L€ pH X3 7
B, R R AR E 22.6 %, %4 pH K 7.8 B, B
TR EHE 25 (P>0.05),pH iy 6.9 B, B 2R,
TR EEZEF(P>0.05), HAKHWM LBIIFAER
F P25 (P<0.05), 2 pH HL YRR, B A E kA
K, BT A fE pH (EAEE 7~8 HNEH
2.2.3 REJYIUG R BN PRI A0

M 4 FTAE R FEIMR B T A 250 MR AE—
EMBIAEM, 78 20 mg- L7 T iRB &R REME, N
26.5%,FEE A IR TS, AR 28 TR,
3 50 mg- L7 J5 , R RIE TR, (LR 7.4%, HRZ
WE R 20,30 mg-L7 B, WATLEEMZRP>
0.05) ; ¥ B 7 40.50 mg- L B, B 40 th 0 S8 1k 25
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Figure 3 The effect of pH on degradation rates of chlorothalonil
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Figure 4 The effect of the initial concentration on

degradation rates of chlorothalonil

(P>0.05), HAth#& PILH A FEAE B 3% 2257 (P<0.05), 1
B BJQ2 A IR MVE BRI B HE, FEEWREF
L AR A RRER R I, S EE B A K, BT LA RE R
RTE 50 mg- L7 JE BRI TFE. HTFRASELIK
Al BB S B I R 22 B A B bR AR K, IR
20 mg- L™ A B R VR B
2.2.4 HADEX PRI

MIE S FTLLE S, A B TE R R R = i 1
IR, FR R ARG A, Rl — AR Y TR R & TR R 2R
BFEAR, AR MR A 10%4] 46 B AT,
FEARAIR BRI, Ky 24.9% , 1 F5 5 HAMAL BHLH 22 57 18
Z(P<0.05), UiHIWIIA TR BE FT LAY &2 BIQ2 [
BB T E,0.01 55 0.05 AL ER AR
Z(P>0.05), BLHHEF /N, R A HIE W E T Mg
YEHZESS

3 #ig

FIFIARA B BIE 25 S0 ) AT e S 5 , O
1t — AR LA T O ME— BRI A bR BIQ2, BJQ2

R R A B A AR
B 5 EmEXERERE TN
Figure 5 The effect of the inoculation amount on

degradation rates of chlorothalonil

B2t OB , Bl AR IR 30 C, 3R IREAH,
BV 2IRE IR GREDEH , RIS 5 % 2
R, FLE A, AR/ R (0.6~1)umx(1~3)pm, B
FRAR HEE A . HAlBg PAE , SALEE R, V-P S50
FHME , B BRLT B . WT DURI I 20 = B =<, AT AR
B2 ZUEE HMEE I AR S A LR IR , A 3
JUUBE | TLSFmE , X TR0 K 1% , 5 BV A AT B da b
—H, £ 16S IDNA JFHIRIEME LN R R G K B W53
M, ¥IE%ENRIEBITE (Enterobacter cloacae
B9). BRI A H DL BB A I 2 b &k
&Y, TUTEER AR T AR, ABORIE
FrRETT , XX TS BR I R — MR R 5

BJQ2 R ff B BT (Y il EL PR AR AR . SRR IRE
30~35 °C, ¥k pH 1K 7~8, B BTG PG R EE R 20
mg- L, A T A B (ODgw=0.35) LA 10% 4 3 F4
BIEER, 6 d FIRBURZY A T , UM Gl e
ATRLEE] 79.2%.
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