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I HY-4 =B IBFTE 4, 25w IR ZEFAT B ( Bacillus cereus ) FIARRI MR, = HI#KTE Genbank | %5543 «
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1.3 EMESESAK

Z W82 BRED (RO E W 2E SE AR ) 107
AT IRIAR & SRR IR . SRR I B 1) TRTAR H2 o 2] FH
FEXT B Wl A2 ST Mk B 4300 200, 400, 800
11000 mg- L™ AR P-AR_E, 72 h 5 SR A BRI
ARABOL, Ve REAE R R 2R B IR N AR
PR o SR JGHE T 55 ) 1 P R e 22 1 PR X B Bl 400 43 I
B 100 mg- L™, RRAEMWILGREHIE N 200
mg L YIRS IR PGSR 60 h, HEIMMHOLE
TR 4 5 DK I R F R X AL i R 7 A8 I 5 B
o AW —RREIEN T — LR %, 5
fir44 o HY-1, HY-2 Fil HY-4,
1.4 3HREMBARENEE
1.41 AR AAIRRN T

HMRAE G SEE TES IR (LA R e T
WYy DO ISR R AT SARIE, IE B AR T
EIRYL | A . BERRERRG . Lot ROKAE . REER
TR JE SR A A B A AR SR . pH (EIE
o7 3 Pl B T R 1 B 5
1.42 168 tDNAZ165-23S rDNA ITS PCR¥ ¥ | /5
7 M TR ) o FL AR

PCR ¥ M4 IEM5I¥ F: 5°-AGA GTT TGA
TYM TGG CTC AG-3’, JxIa5|%4 R: 5°-CCG GGT
TTC CCC ATT CGG-3’, %4 PCR " 34 it 5E e [nl i 2
fbJ5 Y pMDI18-T ZAKEHE S 1K, BHE =1 sk
AN E. coli DH5aMY, BRI BE R &Y RIS
ZAtAb s s A E ARG BR AT . M Genbank
T3 2R DI B 16S rDNA J$%1, 17 DNAMAN
4.0 fil MEGA 3.1 ARG R B .
1.5 2 FMBEIBKARBEMNENSRN

B R I, SR B SRR SRR
TN BRI 2 K, BEACMRE IR AR A T
BEEEH 2 W, B 2 REEBGR SR A H Xt
RBETE 1=270 nm!"2 e 4 5EEEMAE 1=290 nm!"*'/E
Fr b RN IE W, E— 25 i SR AN OB
T ELE 1=275 nm Al 2=292 nm MERES Y
ODs75 5 ODagy, THEAE P H FEXT BB A RE S I 1
S, 19 2 FOAPIBRRZRER . kiR
AN R AGTE 87%~107%Z 18], RifEfm 220 -
2.8%~7.4%, 1 IR HTRYESR o BRI
W

Cik —Cx
X =
Cek

s X HREMAS, Cox RXd BEE G 2570 1) & &
(mg-L™), Cx R AL HRARE i 1 2450 ) R (mg L)
1.6 2 MENBRAGMEBENENNE

W43 15 B Y B R e A 3 4 3R A R R 24
h, PEBCAE VR & R m R 3R, T35 C
150 rmin $E1524 W5, VLo=10% R 3R
[i) Jo e VR SR (R B Rb B IR 3 p (e 2 IR A PR R
S5 mLo B EXTRRBE A4 ) 46 5T ik B 1 R S0 1100
mg- L™, FEAEMI 4R B S 50 . 1001200
mg- L', BB, I RR R 1
SRR, BERR RS IRICT35 °C L 150 rmin ' $ER572 h
J5 . FHLSEY 7 3 SR IBORURS: I 3 b 2470 ) 5 o
1.7 BEBREMETCEVBERARNMEEREANE

PR B SEMRLZE F ALY — B, A0 h RV
JEBCE N 100 mg L™, B3RS0 L B 257 i H BUR:
k5 LR 2 A 25 A1 ] MR B — e 7E 2=248 nm
AL R E IR T PR R P, 000 58 95 R R = B 1)
B 13 A O e Y 0] 3 A I S S
FE 3R,
1.8 HESHFHE

RISEAEZ A SPSS 13.0 4 Fl Microsoft Excel
2003 #4745
2 FER55H
21 KMBEKHISBESLE
211 BHREMBE ARG H S

EERFYIMESE R Z G, SRR R . K
LB B b . SRSEE— KA B
PRIGBEARRE 1 o LR 2 A 10 R HA
FEXTR B AN FESE M RE 1 o N 1 WL, BREERE
HY-8 Z4b, HATH 9 Rk 50 [ i R0
PEZSE (P>0.01 ), MEERRXT LSBT A0 4 A 0
8H1, HY-1. HY-2 5 HY-4 =Ek B 0w i
MR LB ERR R (P<0.01), HI, #fiE HY-1.
HY-2 5 HY-4 /8 N 205 B 4.

F1 BRENTHESREERARNS BRI
Table 1 Isolation of methyl-parathion and chlorpyrifos degrading bacteria

FRARE1% R/ %

ELS - - LS .
WX B R WX AESEME

HY-1 88.3 A 429AB  HY-6 455E 29.3 AB

HY-2 80.1 B 53.0A  HY-7 446 E 50.0 AB

HY-3 57.0C 51.4AB  HY-8 37.7F 248 B

HY-4 81.8B 541A  HY9 34.7F 352 AB

HY-5 51.9CD 457AB  HY-10  485DE  48.5AB

E RN 3 AEE A, FRAREZ R R —FAR 25 iR
fRFAE 0.01 /KF 257 8% (Duncan /5 )

212 BRBRAMAT SHIER AL A AR
ZRARTE S 200 mg- L™ SR 1 R R
M b33 CHiFF 48 h )5, 7F Olympus Wi T WisE
KEL, HY-1 FHY-4 RAKFRR, HY-2 WAEXTFRIR
B, HY-1 WIKERE, 80%, ReE, JoOE,
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BEle, MMZARST; HY-2 WiKILRIE, B, Hk

JOLEE, R, GRS HY-4 WKIERE,

KA, HEETOERE, hORANE, BEAEST,

AR BRZVIR . = RIBRAY A 22 R SN A S B

JALEHEE, AR d MR R I = Rk
%2 BBEKNREELEE

Table 2 Temperature range of the degrading bacteria

- t/'C
7S
5 10 20 30 37 42 55
HY-1 - + + + + +
HY-2 - + + + +
HY-4 + + + +

(+) FURBERAES AR, (-) FRERARBER. ThH

R 3 MBRBEKRN pH EEMER
Table 3 pH value area of the degrading bacteria

itk oI
3 5 7 9 11
HY-1 + + + +
HY-2 + + +
HY-4 + + +
x4 EBERRTEE
Table 4 Salt-tolerance of the degrading bacteria
- UL (g L™
2 5 7 10
HY-1 + + +
HY-2 + + +
HY-4 + + + +
R5 FEMRAENERENHE
Table 5 Physiological and biochemical characteristics
of the degrading bacteria
it H A B C JiH A B C
WA + o+ | AR +
A o+ | A + o+ o+
FNARE A - - | e - - F
B FRIBR + o+ o+ | E2M + o+ o+
AR IR + 0+ o+ | R +
Jht D-£F 2 —H +
AR UK ki Ak - -
LU FOK B - D-f- 7L -+ o+
TR A 5 + 4+ o+ | LW + -+
H,S 74 + TR - -+
M| A L-BalRrffoti - - -
M.R {5 + o+ | AR - -+
VP IR5; - Fiifie - -+
WAL + + | Wi - -+
i - -+ | HEERE
D- + o+ | RO - - -
R4 -+ | ERUKAR + + o+

(+) FRBAMER, (-) FRAER Y . A, B, C R E
HY-1. HY-2 fil HY-4

HEPEIRE R . 2~ 5 40BN = FRRIIRE . pH
EIE R T, AR R LA K A B AR AR AR (R0 5
z
213 MBMBEA PCR I35 o4

PCR ¥ 14 /) BE 22 0.8%BrU IS WAL e Fi Tk AG: ) 565
WEEHH, =AY PCR ¥ 3= H# h— K2 2.0 kb
BB (B 1), B ArS =HitkAY 16S tDNA JF51)4%5
H38 33 Blast #2575 Genbank FPAZ R BG4 T LX)
it RGO . 45 R FATEE HY-1(Genbank %
SE5 1 eu915687). HY-2(Genbank & 555 : eu915686)
5j HY-4(Genbank 55 : eu915688)HY 16S rDNA ¥
S\F Bacillus cereus WARIIFIETEERAE 99% VA I, 4%
A AR A A B AR R 8 FE X A SR, v
YER MR HY-1, HY-2 Fl HY-4 g8 ZEAFT
(Bacillus cereus)I /AR BMR . MERRI R G L B R AT
DIEH (& 2), HY-1 F1 HY-4 PR LA, HY-2
TR Z 5 HY-1 Fl HY-4 FHFE ARG,

5.0 kb

3.0kb
2.0 kb

1.0 kb

B 1 Z=H#k 16S rDNA K& 165-23S rDNA ITS PCR # #8 F B
Rk E &
Fig. 1 Agarose gel electrophoresis of 16S rDNA and ITS PCR products
1. HY-1; 2. HY-2; 4. HY-4; M. DL2000 Plus DNA Marker

il Bacillus cereus eu275353

HY-1
{ Bacillus thuringiensis eu240370
51 Bacillus thuringiensis eu240371

HY-2

100

84 — Bacillus pumilus eu275354
9 Bacillus licheniformis eu256502
4100(: Bacillus subtiis dg474759
Bacillus circulans eu124560
—85(: Bacillus megaterium eu221414

Bacillus coagulans ab362709

Bacillus macerans x60624

B2 EHNRZRER
Fig.2 Phytogenetic tree of the isolated strains
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2.2 MBEEEXNEVBERANMEESTE
221 B st P & st s 0 I A

MEL 3 RTUL, o H R A R R VR R 50
mg- L™ I, ZERRTE 72 h BRI 518 91.7%
87.7%%5 92.4%, WtkZEITGREMEZESR (P>0.05),
U B A PR R RN 2 100 mg L7 i, =T
BRXT R X B (A R e A0 I MR, o HY-1
5 HY-4 BRI T FRIRE RSN (<3.7% ), HY-2 X}
FH 35 X6 B Bl 10 R i o T B e KGR 23%, HY-2 5
HY-1, HY-4 HRBEEZES (P<0.05). XKW 100
mg L™ B S BRBENT HY-2 B — o
EH.
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®
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60 mHY-1
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R 2R /%

40
B HY-4

20 |

\
\
\
\
\
N

S
=)
S

5
p(F X BE) (mg- L)
Erh i 3 AEZEHME HRE LR R NS 5B

RFEMIFZGRI RS T, REERIFEARRTE 0.05 K P L2255 B3
( Duncan &% ), Al

B3 FEME AR R RRR

Fig. 3 Degradation rates of methyl-parathion by three strains

222 MR x50 v o T R SF

E 4 "IV, BlAE BEAEMR AR 4R B R 50
mg L™ B3] 200 mg L™, = EARRA [R5k
PFEEIERIL S TR R AL . HY-1 X B A0
IR R THE R AR, HY-2 230 T2 Wi K

100

OHY-1 BHY-2 @HY-4
80

e

p(FEFLH) (mg-L)

B 4 FEfEEXHEEMMMERNR
Fig. 4 Degradation rates of chlorpyrifos by three strains

P, HY-4 1R A 5 00) Bt 7 75 0 0L T 2k R 8 KT
W, T 72 h 4 100 mg- L BEAEIE R AR
BN 64.8%. 53.7%F 56.5%, =N 200 mg- L™
BEACIER A R AR R R E] 50.7% . 61.3%F11 44.8%.
MERIE AT LUE H, EAS R A9 75 S0 047 4 o vk S
T, HY-1 5 HY-4 PGP EEFEIS G R o5 0 I 3
2R (P>0.05), HY-2 5 HY-1. HY-4 PIEHA 2
FE2ER (P<0.05).
223 MMErT =B

FEREESE 72 h e, SIRBERE RO S AR =
S BEELLAEI 2 WK, A IR RN, 4553k
SRR SRR RE S EEs , Hod HY-2 XFHI4G
RS g 100 mg L™ Y = MR A A A A i A
20.7%, HAPBEMXT = Mei i AR 1 HY-2 ik H.
TR EMZES (P>0.05),
3 iTig

HT, Ok 2] AR LR 2 A
2/AFE25 DI AN JE 202 Hd g, REZH
A EA T IERERRE 1. T 2B R o B
4 fd A 245 116 - 33 RN PV T S AR R A A PR B
AT R AR R — A 245 AN [R] B R RS g A [
KRG REIFR AR, B DIRERUEIE RSP A )
12 B WP BRI TS s
PO T RE AR TR . IR TR SE T2
ey 4 T A R R AR B AP R, TR L
BRI BT R MG AL 5y, A RO A D3R B8 oA LR 24 5%
B 25 /KRR A R EEAE R A VS Y [l L, B B ) 7
Ak, TR IRARIBTTE NS ERIGIE Y ASH T
O3 B Y TR R 2 2 B O R R AR R, Herp
HY-15HY-42E 4 K R80T, 33X 9 B AR A [R] ik
JEE R XA B . R ST IGURD — Rl i R A R 25 Sk
HATE(P>0.05 ), W THY-2, fEFZ X £ | H5HY-1
FIHY-4MER e, MR D nT LU HHY-2 1
HY-1, HY-4W @ k25 50 B (P<0.05), X T4t
B TR i DA ) AR B TN R A B D R D TEVE
TR S5 2% 5 28 14038 30T W] LA ok it T %o A 243 P A it e
P EA BRI, UEY HARAEF IR R S 2 1
T HAE N ZREE, RSS2 RErE . Rt
BEVE AT N ERENE . SR SRR RIE S R
A FE I TR — 3275 Y b X R RE i P 438 i e 21 =
PR, N2t SEu s [ — 2 IR R %, ik 21
REZFFRT BR8N T) AR XS A A AR A 24 114) R i 5
B —EMERME, UL TR A 2
W PERRIR M, 252 31 R R A B RN 45 Fh PR 25 )
B2y, 6 — PR AN R AR Z ) BT Ak B SO & A
RS, WIFET Hast Gt b i 2 a0, [H
U SO0 25 TR R A A DL A 25 F BB ) 7= AR s K I
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Ak XA N — AT S e T R RS H bR Y
PIRHR L, IR Pk 5 5k — B — PN 20 2 1 T Ak
1) Rt SRR — 2 RS U UM BRI . AR
X DA _F 70 B R HY-4 18 Ak A TR JE M 5 A v R
PIEAL R AP R B AR K3, TF A 1S B BB A RCR

R VUSR5 Yk it B b, A ifbese
BTN R, BRI 52 E 254 |
JE e B RN A 20 R iR LAy Tl A LB
A 25 AN R SRl R T Tt il S B R L R TE]
Yo A W ok ik ) R 22 AR K . AR 24 Bk 2 R e
FE T H R L T HES R AS [R5 . 43T E] A TR
5 RIHE R SERRIE I 52 M AR 24 BE 75 9% S 26 4 T S5 BRI
et Singh 25 Brown! WIF5T %k BRI ik R AE 1S
FEFR A AR — 2 &, ARIFIE & 53 25 5]
() = KRR XT3 R AR 25808 — 2 R A e
1, AR HAA HLBEAR 25 B M R A 1 T i
— BT A T A P A 2 v 1 o S 3
FIFF AN A WA B , Adhya Z5POWF5E % 30
— R PAHTE ( Pseudomonas sp. ) BEWE A XA
5T, (HRNRRASIE AR X e, ULRHA AL
W) o B L 5 B L 45 ) BT RIS M) T AR P v 53 A i
ST ARWFFTHTE G 3 FhAC 2580 I8 T Hi s wi AR TR
J5, Hip st = mlhbi T — Sk S AR L =
MpILLERRIR Z A1, BEAFESE AR, (FJE B REXT
5] 5B <O Py iy N o = N I e
DR B 118 2 53 B0 AR 0 38 At TR A T = sl 1 A X 2
YRR FRA o

SE
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Analysis of the degradation characteristics of organophosphorus pesticides

by different strains of Bacillus cereus
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Abstract: A feasible way to remediate organophosphorus pesticides contaminated water and soil environment is to screen degrading
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microorganisms because of its important significance in the biodegradation of pesticide residue. The degrading bacteria were isolated
from the wastewater treatment system of the pesticide enterprises by the method of enrichment culturing and analyzing the residue of
organophosphorus pesticides at the definite time. The traditional morphology, physiological-biochemical properties as well as 16S
rDNA gene sequence analysis were applied to the bacteria classification. Simultaneously, the degrading characteristics of
methyl-parathion, chlorpyrifos and triazophos by the bacteria were also studied. The results indicated that 10 bacteria with the ability
of degrading methyl-parathion and chlorpyrifos were separated from the liquid enriched culture and HY-1, HY-2 and HY-4 strain
were determined as the research object. The three strains were identified as different strains of Bacillus cereus and the Genbank
registration numbers were eu915687, eu915686 and eu915688, respectively. The degradation rates of HY-1, HY-2 and HY-4 reached
91.7%, 87.7% and 92.4% within 72 h when the medium contained 50 mg-L™" of methyl-parathion and the degradation rates among
three strains had no significant difference at 0.05 level. When the concentration of methyl-parathion was 100 mg-L™', the degradation
rates declined and the degradation rate by HY-2 dropped by 23% and had significant difference with the other two strains. When the
concentration of chlorpyrifos were 100 mg-L™', the degradation rates of HY-1, HY-2 and HY-4 reached 64.8%, 53.7% and 56.5%
within 72 h, respectively. There was no significant difference in the degradation rate when the concentration of chlorpyrifos ranged
from 50 mg-L™' to 200 mg-L™' by HY-1 and HY-4, HY-2 had significant difference with HY-1 and HY-4 at the 0.05 level. The
degradation efficiency of 100 mg-L™ triazophos by three strains was weak, HY-2 reached the highest and was only 20.7%. The
degradation rates by the other two strains were lower and had no significant difference at the 0.05 level. The results reflected the
diversity of the degradation characteristics of organophosphorus pesticides by different Bacillus cereus strains.

Key words: Bacillus cereus; organophosphorus pesticide; enrichment culturing; biodegradation
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