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Degradative Characteristics of Bacillus cereus HY-1 to Methyl-parathion and Chlorpyrifos

DUAN Hai-ming, WANG Kai-yun, WANG Mian, JIANG Li-li, QIAO Kang, REN Xue—xiang

(College of Plant Protection, Key Laboratory of Pesticide Toxicology and Application Technique, Shandong Agricultural University, Tai’ an
271018, China)

Abstract; A bacterial strain, Bacillus cereus HY -1, was isolated from the treatment system of the pesticide enterprises and its degradative
characteristics to methyl —parathion and chlorpyrifos were studied by using the methods of enrichment culturing and the ultraviolet spec—
trophotometer determination. The resulis showed that the bacteria could utilize the methyl—parathion or chlorpyrifos as the unique phosphorus
source. The optimal conditions for degrading methyl—parathion were as follows; the temperature of 30~35 °C, the initial pH of 6~8, the ini—

tial methyl-parathion concentration of 10~50 mg- L' and the inoculation amount of 20% in the experiment(v/v ). The results also indicated that
the optimal conditions for degrading chlorpyrifos was similar as above, except the different concentration of glucose or the substrate concentra—
tion.
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T HFHE (Ochrobactrum sp.), F5FF T (Arthrobacter
sp.) , ﬁﬁ&{ﬁ%ﬁﬂ@%(Pseudomonas stutzeri) , @ﬁﬂ@%
( Pseudomonas sp.) , 7=, i (Alcaligenes sp. ), 2B H. 0
B ( Plesiomonas sp.)™ 4% ; 3¢ L8 [ A 1 3= A Bl K
W (Paracoccus sp.) , 58 /N2EFT B (Bacillus pumilus ),
BFTEE (Enterobacter sp.) , 5 YGRS B B ( Pseudomonas
Sfluorescence ) , Jifi FC AR B I B ( Pseudomonas stutzeri ),
=BT (Alcdigenes faecalis )P4 . HETE N
A et A B R ZE A FF B (Bacillus cereus ) [R] B [ f
P Lo A e 2 PR AR M O AR ARG

AT MNAR AT A KPR G P & 4R
Ak 53 BE B 1 Ak B A% R ) o2 R o B 9 ) A SR A
(R R EZF FUFFRR ( Bacillus cereus ) , ZRGEHITE ¥ F2MRH:
REff T BT IR e 2R R, BTESHRB M
ERAVIBERARERE , N AYBER A B — 58575
BB A SR LR AR S o

1 #B5TTE

L1 A 5akt el
1.1.1 gt

EEESFE: A 10.0 g,NaCl 1.0 g, KH,PO,
1.0 g, #j%H 1.0 g, KB F/K 1 L,pH 7.0,

Erb g E K HPO, 1.5 g, KH,PO, 0.5 g, MgSO,*
7TH,0 0.2 g,NaCl 0.5 g, NH,NO; 1.5 g, BEEFE 0.05 g,
FETK 1L,pH 7.0,

LT A NRE 3.0, HEHPR 5.0 g, WA
¥E 10.0 g, BEREE 1.0 g, AALAN 5.0 g, EE K 1L,
pH 7.0, A i A 1.5% B35 HE 4l B B A3 2 5 T il
PRIEAREE

LB 3 FR2k . A RHE 5.0 g, B 10.0 g, Ak
#110.0g, 2B F/K 1 L,pH 7.0,

ME — Bl Y 1% 35 55 :NaCl 1.0 g, (NH,),S0, 1.0 g,
MgS0,-7TH,0 0.2 g, EiZihE 10.0 g, &K 1 L,pH 7.0~
7.5( FHEEXT IR B MR IR 22 ORI 20 ),

1.1.2 2t 5150

99.5% H X Wi B (methyl —parathion) #7 ¥ 5
(CHEM SERVICE CO. LTD ) ;99.2%% #F.1 ( chlorpyri—
fos ) b i 5 (CHEM SERVICE CO. LTD) ;50% H %5 %ot
TR AL (2063 AL ) ;48% TR SL T (SR E H
Bl ), FoAt A3 A T AT Al
1.1.3 {HEHEETR

R B INARFEARZ A IR A A 3, Z Al
H 20 tHh4g 70 SRR A 7 BT B B SE IR

SNSRI,
1.2 M EEYIL. Mt 50

S B4 B ARG RV AR LR AR ) T 2
HEAT BRI RR B B SR DL RS TR, SR 5 4 0 1 S A R
Tl 2] B X B Bl AN TR ST IR B 331l K 200,400,800,
1 000 mg-L™ Ay BRI 0 {5 SR 5P AR 1, 72 h J5 SR
BRI REN, EHEEREWE T ERNE
BR, FEH B LB 3537 3 th gRAG B, 40 B B A 3] L
XS BRBEI IR K SO mg- L7, FEALMAI SR O 100
mg- L SRS SR A IESR 60 h J5, FI%IMt
FETF(UV-2201 B, A A B ) 7R 8 T I 2 R
FEXT B I AL A 7R B . RS B 1 BRES1E A
SR % . BFMEAETF-80 °C, & F B EN T
FEMEAR 50 mg- L7 B H A HE K
1.3 ARG %REENREBSE

REFReE R , WA IRBE R R i AR TR R
FBEHRIR 2 YK, BRAE M S W S (R 1 T R B
2K, A BIE 2 WIRBR G AN e e E T
Wi, 1 FH B B X BR B R4 43 BIFE A=275 nm"F]
A=292 nmE 15 FRATE R e B Re 1 L 3 SUEE N=2T75
nm FI A=292 nm ZbI LG 1 ODys 5 ODoy, i34 2
IR T B R P AR S ', 20T,
DA B R T i R R R B BT IR, AR A
TR PR R 2GR BB R TR,

PRI R A R

x=Laa=Cx 1000,
Cexo

R X HEMER,; Coo A REEFRR PEEHIB S &,
mg- L7 Cx MBI R HP AR’ ,mg- L7 Cx
SRR AR B SEBR I E 255 B B B, mg - L
14 BEBRNHE
B AR R LR HE 35 T3 0 B R AR b, 35 CHE 3%
24h 5, BT IBIEHRES, F 35°C. 150 remin! $&
PRIEIE S 48 h J5,2.6x10° g 0> 15 min, 6 LiF
TR, WCIE I B B R R R R 2 W, B
FEFRFL AL ODgo A 3.0 BB B FH Il (ME— B IR A6
e FH SR 7K 8 A% BT AT 1 PR A R )™
1.5 P25 B fR R M E PSR AL 1R 7 3k
HETC I T BRI, D 20% ((RFH L ) i ishh B4
FPEI & H S BRI B PO Y SRR SR P (H 8%
FERELRFN 5 mL, BB 3 ANER, R
IR AOAL TRt IR . PR SRgs o n, T 1.3 4
7T R 25 M FR B B, RIS 45 535 H SPSS13.0
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1.6 BEREEME BRI RE P ARG EE
b

L 20% (fRFR L , BE AR5 B : ODgy=3.0) I Fh &
BeFP B L B AR YR O 50 mg- L7, S
TRUEE N 100 mg- L7 (M — @RISR, WY H
FEXTH R BERE AR Y pH oA 8.0, FEILMERE R &Y pH
1 7.0,F 35 °C.150 r-min” FEBHEG IS, AR
(] BRI P S BB R B SR AR R &, THE
1.7 BERMEBEBIRGNTMEE
1.7.1 B2 BE X AR 2R 1Y 3

REFRW A B NIRRT, VR Ay BIRE R
0.1.2.3.6 f1 12 g-L*, HH B EXFLBERI IR U 1%
B 50 mg L, BEICMAILGIREIRE S 100 mg L7,
R B BB AR VY pH oK 8.0, TESEIMARE AR pH
7.0, Lk 20% (AT, B4 B : ODgo=3.0) B 32 Ff
EEMEMEE, T35 C.150 r-min? FMERIRG 5
77,72 h JE RO B R W T PIR ) BBk FR A, T
1.7.2 FEFRIE X AR R AR

BB PR 355 IR 4302 10.25.30.35 1 45
C, B X BRBERE AR W D AN TR IR 2 b , B SE MR PR A
WA EFERIMERE N 6 gL, HMEHRSER
1.7.1 %5, 72 h J5 SO S 557 8 rh IR 25770 /) 5% 7
=, IRREEE,

1.7.3 Wbk pH {EXT RS AR

B WP 8 pH M 5r 51 E K 5.0.6.0.7.0,
8.0.9.0 il 10.0, FIEt— 04 pH B A N E i
R, FEFRRE R 35 C, HAEHRSHR
1.7.2 %5, 72 h J5 SO S 557 80 rh IR 25770 /) 5% 7
=, IRREEE,

1.7.4 REGRIU U X AR 2 (9 320

B3 Y H X R AR SO MR ) ) e VR 4 )
PesE N 10.25.50,80,100 F1 200 mg- L7, 3555 1R E A
35 °C, HAb 3R 28R 1.7.2 745, 72 h 54RO E B
FERF PRI FR B B THR IR R
L7.5 HeRh X R0

H L4 WESIRMH AT, LSRR
BC A A% B2 ODg=3.0 BB BRI, FHEFTEL
S BEROR FE 2 JEOR BRI 0.05 175 .0.1 £5%.0.2 £%.0.4
18%.,0.8 580 1 15,183 6 MEAEENEER. Ra
LA 20% (AR L) AOHEmh AR, SRR N
35 °C, HAb 3R 28R 1.7.2 745, 72 h 54RO E B
FERF PRI FR B B THR IR R

2 wR5E

2.1 BEXNHRBMSEMEEFERRNBEREE
M 1AL, St BRI, 2645 31 10 R
1 F S B R BE SR MG Y BT RR o MBS RN FR X Bl
R ARRIG AT HY -1 HY-2 5 HY-4 F#RXT &
XoF B A0 e SR L A B AR o, ELrP Y -1 P H 3
Xof Bk 98 11 o ik 2R 0 v LS LA R AR ) A R S 3
Z 57 (P<0.01); X+ UM R RE bR T HY-8 Z45h, L
ARPARENS T ACI P A 2R IO B B P22 57 (P>0.01),
WRHE HY -1 St A G e A PR A R e L, BB HY -1
YEHE—EWI5T . itk HY-1 ZE5 M R 3 Al |, 35
CHiF¢ 48 h Ji , BVEIL IR , Ik 4 o, 22T B0k, R
B, TR, PR, AT LR E
PO, FRAR , I AEHEE , 7 2R H0 . 28 16S 1DNA 541 5317
SEA R A BRI RE , W25 55 R A IR 1
T (Bacillus cereus ) (] 1),
2.2 MEAREE—BREFERN MR IMER
HE 2 7] I, fEME—BRIRSE SR HY -1 RB4E
R IR FE R 50 mg - L7 9 B EEXS B , 6 h Bt

® | FEIIMES, SRR KNS B
Table 1 Isolated methyl—parathion and chlorpyrifos degrading bacteria

— AR %0 (CEIY (b v 22 ) — WA R /% (P (AR HE IR )

R AT e R AR e
HY-1 88.3:1.7A 42.959.2AB HY-6 45.5:2.0E 29.3+7.3BC
HY-2 57.1=2.6C 53.0+6.84 HY-7 44.6:3.5E 50.0£9.0AB
HY-3 57.0<7.2C 514 £1.5AB HY-8 37.7<1.6F 24.8+1.9C
HY-4 81.8+2.58 54.1+7.7A HY-9 34.7£2.5F 352 +6.5AB
HY-5 51.9+2.6CD 457+9.5AB HY-10 48.5:1.4DE 48.5:74AB

R PEIREM R RS FRE FORE Duncan 138, 78 P K EXFARE,
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52 HY-4
lEBacillus cereus eu275353
HY-1
{Bcwillus thuringiensts en240370
51 Bacillus thuringiensis en240371
HY-2
84 Bacillus pumilus eu275354
499|E3acillus licheniformis eu256502
100 Bacillus subtilis dq474759
:Bacillus circulans eul24560
85 Bacillus megaterium eu221414
Bacillus coagulans ab362709

Bacillus macerans x60624

3 MRE B AY Genbank & 55 :HY-1:eu915687 ; HY -2:eu915686;
HY—4.eu915688

100

B 1 HY-1 IR REL BN
Figure 1 Phylogenetic tree of the degrading bacterial strain of HY-1

P AR 2R3 89.1% , FEE 5555 I 8] B4 AL | PR %
BN, HY-1 HAEFIH 100 mg- 1 (750
K ME—BEIRAE R TEREREEIF 72 h I, AR AR B B
B 37.2% , WA R L G TR O HHY A B O AR R
1§15,

U X G A O AR
a b b b

100
90
80T
7071
60
50
40
30
20
10 1

0

WA /%

6 I 12 I 24 48 I 72
t/h

HEHOR 2 (A i 2 3 122 5 ) Duncan 136, Rl —AEAR B (M1 045
W FERE AR FRAbH ) 2 7 B 3 (P<0.05) , FRA R R b #i ) 22 57
ABE(P>0.05), T,

B 2 HY-1 BB s in 25 SE 0% o ME — T i A

Figure 2 The degradation rates of methyl-parathion and chlorpyrifos

that used as the unique phosphorus source by strain HY-1

2.3 Wk EERBMS RN InES
2.3.1 HHEHER T R AR T

WP 3 AT, 24 B SR He B 50 mg - L7
), RAR B () RO BT W U B 2 ) o) R S B e Y
R TE D B2 5 (P>0.05), RIASMINE 25 A5
i P 1 PR A B 0T B X Bl B R R, HY -1 X HH
ST BB R R R 85% 204 » HY -1 XS TEESEI
R AR B SRR TR B A e TR R T o X

B EEIRT 6 - L7 BF, XTEEACIR IR SRS
BKH 62%, Bl , FEAER A B T B AR
30 F0 3 g- L7 i, BEAR 200 A W E M2 7 (P>0.05),
FEBARR B A VR B (1 1 2 g- LB, B R4,
BAHEZF(P>0.05), XFRHTE 72 h 35 FR0}E
W, REAR R REAEAE A TR I B R TG I T R AR 5T
W R R R AR R RIS A A0 (6 - L) K
-, 3% ] BEE R R B ARTE AR TR I B B B = 5 R
FHRIBRIR , S5 52 240 B 35 TE R BNEAEAERT , PR
BRAERAS THANEEE, RA YHdaHsinzl
—EWE ST, SR T BE TR . DR L, 4R A
LT 3 g L7 B, BRRIEEEES, BB AN
A, TEATFRM 72 h 35550 (8] N R R IR AR BRI
HEFEFI RN 3 ¢ L Ko R AR
BER 6 A1 12 g- L7 B, AR R MR IR W 2251
BRA PR (P>0.05 ), 3 [R] B 156 BA , 76 25 wE VR B
HEE—ENEZNA GBI HY -1 X500
45748

90
80
70
60 [
50T
40
301
201 c

Ve fR1%

C A FEXRRER
101 K- E R

0 1 2 3 6 12
Clg-L*!

B 3 BEHER B Bk bR AR PR A R B AN SR B R

Figure 3 The effect of the glucose concentration on degradation

rates of methyl—parathion and chlorpyrifos

2.3.2 SRR AR AN

B 4 8] L AR R RS IRIEE T HY -1 X H
X Bt B R RE SUAR R e A 3 e TR R R e 72 h
R A BT T 50 mg - L HREX Ak 9 B SR AE 30 CHy
KB EAK N 87%, 5 35 CH LR EHEZF(P>0.05),
HHABRER BE 27 (P0.05), EABRERE
T A, B BB B R AR R A7 PR B B8 , B fER e A i e
REIXE 38.3%, i B Ao FH RE X R ) PR A A R 52
T2 (90 B O L AH LU S, AR TE 72 h AR
100 mg- L B35 FEME A4 R R MARXT B, 76 35 Cik
BIERN 61%. MERFCIFEIR LTS AR R A £ AT LA
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201 20r A IR GRERER
107 10r K- HEFE AR
0 1 L 1 1 1 1 1 1 1 1 0 1 1 1 L 1 1
0 5 10 15 20 25 30 35 40 45 50 10 25 50 80 100 200
SELRE/C Clmg-L*

B 4 R B R B A R S TR B A 5 S MR A S5
Figure 4 The effect of temperature on degradation rates of

methyl-parathion and chlorpyrifos

F B T A TG R i ) B IR VR I RV RE O 30~
35 C, S HAEE 2 a4 B &2 5 (P<0.05), HF,
MR R 10 °CFI 45 CHIFEMRRIES] 20% LT, UtE
IR AR AR I R TR SE AR A F o
2.3.3 Wik pH (AN AR R AR

ME 5 AT 0L, B146 pH 7E 5~10 JEFE N, HY-1 X
HH X Bl PO R BT ) R S R G BRI, 24 pH
Sk 7 B, Xo B B B ) AR R BB R R 7T %, 24
pH % 6.7.8 b, (fE R LB E M E R (P>0.05),{8F
pH 45.9.10 A B &M 2R (P<0.05), 4 pH K7
B, X B SRR A i SRR B KN 58% , FF HLAN pH
5.6.8.9.10 At 22 F 4 B3 (P<0.05) . XL, pH 1d/)N
BT KA T B bk v F S S B e A0 F P8 M ) A
Wesi MRS ENTE B HY -1 X5 BRI 25 A7
90T
80
701
60
50
40+
301

00 © _a BHAHBERE o de

100 >k e
0 1 1 1

WERRH1%

5 6 7 8 9 10
pH
B 5 pH XK AR B T 1 5 LA R0
Figure 5 The effect of pH on degradation rates of
methyl-parathion and chlorpyrifos

2.3.4 REGPIIRUR R AR IR I

ME 6 R I, 5 HIEEXTRRBERZ AE 10~50 mg L
I, MR R, SR R R 2 B A B 5
(P>0.05), HIZEXTHBEAIIRE N 25 mg- L Bk E]

B 6 REGHMHIR X BB B E k0 5 L iR 200
Figure 6 The effect of initial concentration on degradation rates of

methyl—parathion and chlorpyrifos

Bl 81%., W AT HBIR R A3, A 2R
R, 2 B BTGB B A E) 80 mg- L7 i, T REM
YNGR , MR 200 mg- L7 B, AR SRR B &K
29%, FERFEEXIHRBEHK EE A 80,100,200 mg-L™ BTG
BEMHZEF(P>0.05), HATH EESHHRBEE R 10~50
mg L Z B A B 2R (P<0.05), XLl HY-1
BE R A AR AR N AV B ) PP X B, X e MR B Y
R B B P AR R R X T RE R N Rk
SRR B AR B BE M LR IR, SRR = o A
B IR A IVE S . HY-1 XSS A0M [ M R
BEFEMRIR B IR BT K, 24353 80 mg- L' B
BRI E, MESEIMEE R F] 100 mg- L B, [
fEFR R RIRE] 63% ., MB LR E 80,100,200
mg- L™ I, BB TR TR AU A0 PR AR R 5008 B e
Z 5 (P>0.05), FIEFCMIRE K 10~50 mg- L B A F%
R W25 (P<0.05) , X5 B B EE 5 i
RA PR F I AR I o 3K U B , BEFE AR AAAT) Ak P I, 40
WARSFH, B8R BAL, FEE TR 1
PR, BN BN N R BEFE M B R AT Y P R
K, BRFEIR I R R 2R T R e
2.3.5 HMEX AR F N

M 7 T, B EE B 1 R A R R R 1
R, A A PR B A T A 0.8 il 1
fEn, MR AR R B Ky 88% , A2 22 6 T i M
Z R (P>0.05), FEFCMER R AR R B HeFp 2= A3 I
R, MR E NIRRT 0.05 f5iE
TR B B R A 1 A8, B R EE T A P R
BEINT 2 £5(P<0.05) , X A% B BT AT PR B Y
0.8 il 1 505}, BRI B M2 R (P>0.05) . X1t
DA P} T 2 AT A W A T ok fe PR
T I IEMLE) BR
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100 a a methyl parathion—degrading Ochrobactrum sp. B2[J]. Internaiional
90T Biodeterioration & Biodegradasion, 2007, 59:297-301.
o (5] 75, FELHos, SUERE. FIRRGRBRBIICHERETE XA KOS BT I
& 60t MR RGBS EEHEIR, 2006, 46(6) :979-983.
- sob XIE Xiu-ping, YAN Yan-chun, LIU Ping—ping. Isolation, degradation
§ 40+ and phylogenetic analysis of methylparathion degradative strain X4[J].
30t Acta Microbiologica Sinica, 2006, 46(6) :979-983.
20+ A FEXRBEAR [6] EMH, A& W, KA B, 4. FEEXTmip s AR R i e K
NI BRI #0700 KI. FRHERHE %L, 2008, 28(10) 1969~
0051% 014F 024% 041% 081 11 1975.
FRREE AT B R R B A5 B WANG Bin-bin, XIONG Li, ZHENG Yong-liang, et al. Cloning and ex—

7 EREI B AR R E R B SRR R0
Figure 7 The effect of inoculation amount on degradation rates of

methyl—parathion and chlorpyrifos

3 #ig

(1)HY -1 B& ¥R RB 4 F B 45 ¥R & 50 mg- L
1) B X BRI IR M B2 100 mg- L (R FEAE AN
ME—BEIR AR 2,6 h N RYRRME R 25715 3 89.1%
1 35.9%,

(2)HY -1 BERR e B X Bl A0S B A R
FEFRIRE N 30~35 °C, 9145 pH 24 6~8 Z[A], B FEX)
TRBEHIAGURE 10~50 mg- L7, Hefh i 20%[{ABLLL , 1
TR BE 0 B 2 T e P 8 B Wi (ODgo=3.0) 1 0.8~1
A5, TR DN WE A REATHE B AR Y X R A PR A o
HY-1 R B FEMUNTE BAR N R AR T 6 g- L7,
FEFREEE 30~35 °C, 404 pH i 7.0, S50 I MR
80~200 mg L™, R & 20% AL, A E . Mk
B P i B (ODg=3.0) ) 0.8~1 %],

(3)HY-1 BFEPRFE AR P B X BR BT 5051035 BT
FRAFAIZEM, FUR R TR B Bl BB AR
WEAR . LA , AR RS R A TR MR
B4 R X BB , o EE ST A AR N 5 2 A R

BE Wk
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