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LIC S FHEFN 16S rDNA P8 53 M7 IL KN Bacillus JE AT , fiv 4 0 H27 o BN SR R Afp A5 A S 30400 20 SR A S0 W 58 A 14 B 1 (1)
48 h, FRGE R R 25 °C, il pH R 7.0 R AR it o (52 S 30 235 R T, 32 KA A T 7 A AR e e i SR ) Al - R PG . i T
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SRR FEACAL s WA DA B R 5 LR 3R a5 i o 18 43 T 7

FESHES X172;X592 XEFEG:A  XEHS:1672-2043(2020)10-2437-09  doi:10.11654/jaes.2020-0212

Characteristics of a chlorpyrifos—degrading bacterial strain and optimization of its degradation conditions by
response surface methodology

DU Xiao—min, WANG Jin—hua', ZHU Lu—sheng, WANG Jun, YANG Li-li, LIN Lin

(College of Resources and Environment, Key Laboratory of Agricultural Environment in Universities of Shandong, Shandong Agriculture
University, Tai’an 271018, China)

Abstract: In order to obtain a bacterial strain for bioremediating chlorpyrifos contamination, a bacterial strain capable of degrading
chlorpyrifos was isolated from field soil. Based on its morphological characteristics and 16S rDNA sequence analysis, the strain was
identified as Bacillus and named H27. Through single—factor degradation condition experiments, the results showed that its optimal
degradation time was 48 h, optimal temperature was 25 “C, and optimal pH was 7.0. Localization of the chlorpyrifos—degrading enzyme was
conducted, and the results showed that chlorpyrifos—degrading enzymes were mainly intracellular enzymes. In order to improve the
chlorpyrifos degradation rate, three factors were further optimized using the Box—Behnken design and response surface analysis. When the
initial concentration of chlorpyrifos was 25 mg - L', the optimal conditions were as follows: Time of 54 h, pH of 7.2, and temperature of
24 °C. Under these optimal conditions, the chlorpyrifos degradation rate reached 88.96%. This study provides information for the effective
treatment of chlorpyrifos—contaminated soil.

Keywords : chlorpyrifos; bacterial strain; degradation characteristics; single—factor experiment; response surface methodology
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1 S TG A S 1A oA A0 AG DN ) i ST Y AT
Campillo 5 7I7E 3 v o 1T ¥ A9 — > i AT 00 A8 7K K
PEITE 1 rp g B, 25 S0 05 A T e 0 3 5 )
e o BEACMTE R BKVE BN 2 ], S 8O TE
A BRAR 22 1l DXCHR AT LARIAS I 21, B AKX Rh ok B ik
A2 FBOKA Y 35 58 X R0 B SR KR ok R A= W)
AR AL T BUK 4, (H S 23 i 5 A W 4R E 8 HoAth
T 2R HE A A, e & 5 NSRS, A 5T
RW, H 5 88 7E B SE WS e PR BT T A T A I i
RO R T A AR A Bon, Rk AR
7 FR T A RE AL MEOR IR ) fie 4 2 pE A b SRR, R
e SRR A TS 0, 7 A WA B K R
- 3 rp PG RO B R, LSS M 2 B —
S, R A WS Y - AR AT T SR Ok A
bl.

AP RIS H AT ) AR 2575 G 4
BAYBEEER . A20HML 704 LK, BT
S5 E 1 22 Wk LA BE FEIA 5 N RE IS A L T A A 7,
T B (Flavobacterium sp.)" & g W & 095 i 18
P FEFE MRS TR . D o, C R Y B JE MR A T = 22
4 H Wi (Ralstonia sp. )™ H 55 )& (Fusarium LK. ex
Fx)m]%ﬂf‘iﬁf':ﬂﬁﬂ:%(Alcaligenesfaecalis)“4]%0 Yadav
SIS AR A 1 — FR BB B8 ( Pseudomonas sp.) BT LA
AR v L B AL, B SRR JE O 500 mg - L
f9 24 h AR 3R 60% . SRAESE! 07 16 H — Bk SE 7 5
it 1 (Stenotrophoomonas sp.) , £ 100 mg« L™ 5 JE 15 %5
Wik, pH 7.0 R 30 CHFRZAFT L4 d N EESE M
iR 30 59% .. RS H N B SE IR AR MR A AT T 2
2T T WD BTy 03 B B 22 R A L 3
AR PRE RT3 o i — 20 F 5 5 50 M A T T ol
BEUE, DC AL T R 3R AR 25, AR5 AR T L 398 7 1k
I3 R PRBE U R AR R R, DR AT S R
W 7 TR 73 5 X R R R e A R R A T DA LA 4 v e
PR, LA R BE AR M5 e 13 U7 A 8 52 S At
AT i FE A

1 MREFE

1.1 SEIG#r#t

AL 2 (97% ) f 1L AR AR BHAE A $2 41t . <OAH
s AT I R R R A Bl

LB WA 15 97 2 . NaCl 10.0 g, % 114 10.0 g, Be £
5.0 g, 548K 1 000 mL, 45 pH %] 7.0 2 47, 1E
121 “C7F {5 e K74 20 min.

TCHLER JERE 5% 37 5 . KGHPO, 5.8 ¢, KHaPO, 4.5 g,
(NH4),804 2.0 g, MgS0, 0.16 g, CaCl, 0.02 g, Na:MoO,
0.002 g, FeS0O, 0.001 g, MnCL, 0.001 g, Z£ 4 7K 1 000
mL, P85 pH 2] 7.0 2547, 78 121 CHAF T & K TR 20
min,

LB [# /A8 37 3 . NaCl 10.0 g, 5 5 10.0 g, B
#15.0 g, BEAE M 15.0 ¢, 2818 7K 1 000 mL, #8747 pH |
70247, 46121 CHAF R =R K 20 min,

BEACMRLEIR U1 o B UM, LADN A R ¥ 511, o 2%
#1100 mL 75 5 A, 784048 50, B 10 000 mg - L™
B

BEAE WA - B 0.25 mL 3 5L WA 100 mLL
ToHLER AW A (o R B A 25 mg- L'

12 SRMEEBENEESHE

HU5 g H 3N A S 50 mL 100 mg- L™ By #5481 G
ML & E R FF WP, BT 30 °C . 150 v+ min™ 8 I £ R
R 7 d, LG EERR 7 d 2 10% 3R B FE 03 A B
it HE SL IR TCHLER BEm G IR B v, DA — g MR R R 42 vy
BEALMR &, B FR O B IAE] 1 000 mg- L7, At il
2240 H o RAERRIZ S KB a — B FR Tk
TFAY B 4 COKFFRAT
1.3 BNERIEMERENTGE

HGCRAF 1 21k B RR B2 Fh 28 LB [ A 57 3, Rl
RO BT o PRI VR LB AR KT SR 5L
30 C. 150 r-min™ 18 4 3% 5 5% 2 0 50E KA .
BELETEAL 2 AR, AR BRER AR 5 35 WS O BRI PTIR
FEAH AR B DL 3% e Fh & e Fh 2 B AR W E AL ER
AR SRR IR B IR 24 h S AN EE AR S A
Tk i 7 ST AL RE ) S v Y TRV
14 EHEEE

PRI R WL 38 £ TRT O BT T T AR B B W B kS
FLGARRE , R BRI A R/ INRIR TR S
1.5 16S rDNA E B 5 5§l E

4 18 K& K 4 DNA R ] EasyPure Genomic DNA
Kit 3857 &1 T DNA $2BCR 44k , X B R %) 16S rDNA
FLH AT PCR V3%, A il 51 W )P 9 F: 57 -
AGAGTTTGATCCTGGCTCAG-3" ;R:5'-GGCTACC
TTGTTACGACT-3""", PCR JZ W ¥ : 94 CHiARYE S
min; 94 CZ5 £ 1 min, 55 °CiB K 1 min, 72 °C#E fifi 1
min, fE R 30 4K ;72 CLAIEM 10 min, FFRVEEH I,
HUPCR 7= Wy kA 5 By RE W R H HL DK AN , TR Tl 15
BAL WSS EERC HL VK A5 SR . AR AR TR () %
AT BRAN T 58 RS2 PCR A 34 7= M1
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1.6 257115 B i 1 P4 AR 2 19 7E

B HE M P R 2 B4 7890B M (4 1A € -
G 5% 2 FID , A6 W0 5% Uk B2 2 300 °C, FFFF 11 B2
260 C ; A1 5 0 F2  THE, W0 4G TR R 140 °C, LA
15 °C-min™' F#] 200 °C, &4 1 min; ZS N 7 mL-
min™'; [ 7 24 209 kPa, {8 [T #5 2 5 25 S 0 300
mLmin™, Ko it 52/ 40 mL - min™'; WA=~ 10 mL-
min”s PEFE R 1 L, P B E] 4.6 min, AHFGER
AR, D7 R U BR 8 0.05 pg- L7, @ R N 1.7 pg-
L' BESLMREAg e A K

Wi %= (Ag=A) /1A0x 100%

S Ao o A B TR NS R 5 5 T P BE AT VR B, mg -
LA R A PR SR W B AR R B mg - L
1.7 25 SehE P4 A Tl P AR A 1%

1.7.1 FREE S %) DA bk Bk i 2 L WAL A4 5%

(1) B[R] Xo) 2 SR B4 i 2 14 52 i)

P 3% % Fh i 4 T 2 W4 A 2 50 mL BE AL WG
HLEREE TR, G AR B H) O 12,2448 .72.96 h,pH Ny
7.0, 1R T4 25 °C 150 r-min  PRGHEFE , YV
h25 mge LS50 F ORI E , TS s st I R R

(2) T X0} B SRR A 2 1) 52 i)

P 3% 1A i B AP 2 50 mL B AL CAL
BRI R E N 25 mg- L', pH A 7.0, LR
FEURE 4> 918 15,2025 .30.35 °C, 150 remin™ 5514 F
PRZHEFE 48 h 5 o0 B ORI 5 3 R SE MR A

(3)pH X5 FERG R fifp 25 11 52 1)

P EEIE IR N 25 mg- L A TCHLER 355 35 i 4%
pH 4 4.0.6.0.7.0.8.0.10.0, = 75 K B i FE Pl S5 it 1
FE R N 3%, 4F 25 °C 150 r-min' 5514 T ¥R % 1555,
48 h Ji5 ORI 7 1153 B AU W R R
1.7.2 M )0 17 S 55

7E 5 A R BE Al |, 1] Design—Expert 8.0.6
B AFH Box—Behnken design (BBD ) % #4173 [H 2 3
KPS T, LAREFRE ] (A) (pH(B) (B2 (C) K
H AR, DARE i 26 A ME— ) N, 5230 1 R R K P
W21,

1.7.3 At Ao 52 56

(1) B B U

Wi 9% 24 h A H27 $5 957 T 4 °C .8 000 r+ min™
MR B0 6 min KT 2 ARV VRORAE , INAGE FE Y
(NH.),S0. T s, AT J5 it A B2 15 51 90% LA
b4 CEMT LA, B0 R W R R UTUE , A 0.05
mol - L™\ pH 47 7.5 () PBS 2% vl ik = 8 , i AH 7] 2% il

F1 LWIZITERKFER

Table 1 Factors and levels of experiment design

5SS K Level
Factor -1 0 1
1] (A) /h 24 48 72
pH(B) 6 7 8
HEE(C)/C 20 25 30

BT ZETC SO WA B M RIA B A

W b — 2 R AF I B RS T 10 mL 0.005 mol - L™
pH A 7.5 H Tris—HC1 2% 3Py 1, 25 °CHE ¥ 20 min, FF
K 4 °C .8 000 r-min™ B.L» 6 min, )2 HAER T
HBAlK UK IR 6 min 5 B0, b I RISy 44 i 5
Jo 1t

FHELBCY 0.05 mol -+ L' \pH K 7.5 [ PBS 2% i
TRAF IS 1 TR PR e 4% 3 Uk IS 1 TR R4 3 mL- ¢ 7' 28
PR R R R R 480 s (12K 300 W, T AERTE] 4 s,
[ERE 2 s) , K W RE A0 I T 4 °C .8 000 remin™ 544 F
B0 10 min, L IETREN A Bt Y s

(2) % fift 1t 2 o0

H 3 5 P2 B 3 O 25 B 1 mL in A B 50
mL B AE MR A 3 FE W P, 30 °C L 150 r-min ' 575 6 h,
FEABEAS 0T 8 1 o B A, )5 A 2R v B PR v B, I
THIA R A 3 R TS 7, 1 1T T 400 S P 1) 0 A 1
B R REFEWRIE J1 BN (U) R 30 CAF TR, 1 mL
W 1 h 554k 1 mol 27 FE M I i

2 HERE5RMH

2.1 BN BRETE

2843 B RN SE AL RS — R P05 = AU R A D, o fi
HAE80% VA b, A4 W H27 ., Rk H27 W i85 55 F A
A B EE 1R HIESFRAEATN 4
AR, BB AR 2 O R, ANBEBIZ 5. 7E LB AR
FEVEIEA Y FLEA @ E i g ST,
[ S

8 8B T AR 16S tDNA 7 41 5 GenBank | HAth
16S rDNA J¥ 51 #E47 Blast 43 A (& 2) , & B #k H27
Ej AL B LE AT I (Bacillus subtilis) BARALYE R 100%
ZEA MR S ERE DL 2 16S tDNA JF 51 23 B 25 5, %)
AU TE TRIAR H27 A R 2R AR AT 16 ( Bacillus subtilis) »
2.2 NEEEIE K H27 MRS S R A9 2200

Pl 3 kg AN [a] B ] AS [ 3 B RS [6) pH O] B B
H27 [ fif B SR MRS R B 2 ) o A A T H27 X 5 9K 1



TR RHIE

Morphological characteristics

FHE L BT 8 - (<28 500)

Scanning electron micrograph

B 1 Bk H2T EE RS R AR R E

Figure 1 Colony of strain H27 and scanning electron microscopic

F14) R fige Bt 55 7 o 1) (0 AR AL AN P81 3A 7R o AR HmT LA
Bt B B SR B 0 e K A i DA ) 25 P 11 o i
RONWIE K TR 24 h PR EL 2 T RS RS, F
Y6 figk 244 80% LA I, 6 H27 X #3 JE WL B AT 44
R

ef figk T H27 Xt 7 B 090 1 o8 fge o 10 58 14 72 £ o ]
3B RN MR LA Y, Bl 55 55 1 0 T R
i TR X B A0 L) [ A SR AN T3S K, 7E 25 C ik 31 B
KAH, Bl 2 Tk AR 252 T v, 5 B0 WAL o fe i 23 52 )
TANH

Wof i A H27 SXoF 4 0 AR 114 o fie Bt pHL A9 728 £k 2 ]
3C TR MIEIH AT LU H B fif B 0T 27 50 9 11 5 i
R pH 1 R PEH KI5 080N, 78 pH 2R 7.0 B ik 1) 5 K
1,4 87.2%.
2.3 BBk H27 PR B IERR SRR 1L

LR T B 4% DR 2R T TR H2T 570 WA 7 S5 Y 52 1)
7 PR R B A R IR LA b, 1) FF ) 7 T AT % o fi
B ] JELEE pH 34~ R AT A5 B B H27 1) S5 R
Ao VA H27 M N 1] A3 AT S I B T R g R SR 2 B
AN, R 2 R B R AT 2 00 U B BRAS B H27
B AR R R pH P oo 2 R B TR R < [
i % =88.46+0.90A +3.06B—0.80C - 1.40AB+0.18AC -
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o A & b b
= c
% 801 el
g
£ 00 4
=
<
§ 40t
[5)
a
201
&
&
12 24 48 72 96
HsJ [8] Time/h
100 .
< B L
3 sof b
2 c
d
£ oot =
=
=
Eﬁ 40 +
a
s 20
£ o
15 20 25 30 35
W Temperature/C
100, .
= C - - b
T 80 —I—
8 d ¢
g 60 e
=
3
%ﬂ 40+
a
M 20F
¥
¥ 0
4.0 6.0 7.0 8.0 10.0
pH

ANTF/ING RS b B R 22 5 2. 2% (P<0.05)
The different lowercase letters indicate significant differences among
treatments ( P<0.05)

3 W) R .pH XY B #R H27 B 25 5L 4R Y 2400
Figure 3 Effects of time , temperature and pH on chlorpyrifos
degradation by H27

0.43BC-1.03A>-5.99B>-5.60C2, &£ 2] LA HZT S
SIS R A R AR P 88% 2o A

S 25 B 1] U A3 A LR 3. W T H27 R R
[l RE A TR 5, 7 AR TR R 5 T LR T
PAER/IN, PAEIZE/INT 0.01, U BT AR 75 35 2%
AR ZE PIE R 0.254 6, A8 2%, Ul B T FEXT SE I LA

100

0.020

IN999852.1 Bacillus megaterium strain HNYM34

HQ318731.1 Bacillus pumilus strain CSMCRI-12

JN999893.1 Bacillus cereus strain JSYM6

1X294967.1 Bacillus cereus strain HN1203

JQ045276.1 Bacillus licheniformis strain SCC 125036

LN681568.1 Bacillus subtilis partial 16S rRNA gene type strain DSM 10T
strain H27

AB632372.1 Clostridium perfringens strain JCM 5241

2 EHEH27HI16S tDNA R L B

Figure 2 Phylogenetic tree of strain H27 on the 16S rDNA sequence
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T DL TR 22 /0N s B TAS IE e i R B R4 0.998 5,
it I I AR 7R B it % 99.85% ) i I {7 7% Ak, , BV s 74
S5HIEREER G, LR IR 2N b 22 (Std)
0.29, V-8R 82.52, 48 5 ZEL(CV) H 0.35%, 3 ]
AR AT 5 1 B AR RS A50R W ELSE(E Y 1
Bl DRI SR80 o) T H27 o i 25 S Ik S 1k B A A
FRIMA R

R [ 1 5 o 2 il e 7 TP 45 e 2 1T, 85 S [
41T PR 4 3 AL, B AR R] (A) F pH(B) /Y
LHAEFRE B RWE &K T A, AB S HAEH
. AFIC BN C X R ik B (0 B R s i (g 3 (H
AC BCHIZ HAEFRA S .

i 3 Box—Behnken i) [N 11 {Jt £6 75 S A 2 46 FF
PR 27 ¥4 £ 24 0 Wt 1) 5 A A 0 25 1 - R A 1] 54
h, pH 4 7.2 R A 24 CCH, 75 76 W R i % B S B 1
{5} 88.96% . 7T L4514 T 14T 52 B 2 58 19 R4 i 5
Ky, 45 51 52 PR SR MR 2K Ry 88.16% (3 I EE & -1
), 5 EIS LA 5 £ 99.20% , % B 38 1 i)
O TAT 9 %ot BR 27 e A B AE MR A5 R RO AL & B 3%, IF
HASLIRE X
2.4 B ILhE PR ERR E L

12 HCTE 0 WL AR gt Tt , 330 000 L A/ TR Y A A
21 i ) ORI o 25 A o e SR RO B ), S & SR R
4R BRI, M AL S 27 B 1, 30 min
P 5 B W 58 477 55 A 23.9% 5 J1f0 PN HEL I 90 ) G 5 7
SR, B A 56N 49.6% 5 2 M &) 5 TS 1k A DN, R A
N 35.2% . F LAHE T 8 ik 1 2 R A 1 S8 LAY

R2 W H27 MM E S HTKEIRIT R AR
Table 2 Experimental design for response surface analysis and

corresponding experimental data

SR W F i
Codes Time/h Temperature/C Biodegradation rate/%

1 0 0 0 88.75
2 -1 0 -1 81.82
3 0 1 1 78.58
4 -1 -1 0 76.05
5 0 0 88.08
6 0 0 88.49
7 0 1 -1 81.40
8 0 -1 1 73.18
9 0 0 0 88.42
10 0 -1 -1 74.30
11 -1 1 0 84.84
12 1 1 0 84.01
13 1 -1 0 80.83
14 1 0 1 82.18
15 1 0 -1 83.08
16 -1 0 1 80.22
17 0 0 0 88.55

XSS A

3 it

AWEFE LI 53 16 1 — BR RE R A 27 SE ML A TR A , 28
YR MR B ZEHOAT TR (Bacillus subtilis) o H HT AN [A]
Hb 5 43 5 R A T 2R T D R 1 EE SR R A I A AR
Z A ZE A FF B DSP'™ Dsp—1 #l Dsp—32" B4R 254

R 3 B H27 MRS ik B ] 3 S AT 45 SR

Table 3 Results of the regression analysis of response analysis

J5 22K Rl A B ¥y FAE PlE
Source Sum of squares df Mean square F value P value
Model 406.05 9 45.12 526.36 <0.000 1

FFE (A) 6.43 1 6.43 74.97 <0.000 1
pH(B) 74.85 1 74.85 873.21 <0.000 1

W (C) 5.18 1 5.18 60.48 0.000 1

AB 7.87 1 7.87 91.79 <0.000 1

AC 0.12 1 0.12 1.43 0.270 8

BC 0.72 1 0.72 8.43 0.0229

A 4.49 1 4.49 52.39 0.000 2

B 151.21 1 151.21 1764.14 <0.000 1

c? 132.05 1 132.05 1540.62 <0.000 1
JF%2 Residual 0.60 7 0.086

IR 22 Lack of fit 0.36 3 0.12 2.01 0.254 6
4l 22 Pure error 0.24 4 0.060

JEUHT Cor total 406.65

—_
(=)}
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[%f# % Degradation rate/%

24 32 40 48 56 64 72
5 [a] Time/h
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Nt
et

oo}
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4 BiE] B EERN pH R H 35 B A A X 2 SRR P4 AR 22 25 NG B T E A S 2k B

Figure 4 Response surface and contour plot of time , temperature ,pH and their interactions on degradation of chlorpyrifos
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R4 HH2T RRIHS X F LRI PERE
Table 4 Biodegradation of chlorpyrifos in the different

component of strain H27

Hor Component [ Biodegradation rate/%
i 51t 239
P P g 49.6
200t 352

FFH HY -1 HY-4%F1 FO-36bT>4% , A s s,
2@ M A BRI 215 Qe i ke R A P
R PJEE, O WS BN 2R FRAT B JE B R AR T G
Yt E s G i A BRI (AfE i, £
BT HE ML fiRE A B 3 O T A2 BB AN A ZF TR AT B
DSP 1 Ho R i Je i pH Ky 7.0 I, B % %4 7E 60% LA I,
1M pH 4y 5.0 F19.0 B, #EFERERE A 224 H 20% F130% ,
Tk B 12 1 A WL A TR 32 pHL RE I B, R AE 1 PR B
22, AMFFE H R R H27 MAN 2R AT B T A
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i 3 AR A A R AT A W R A R )
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(1) AT 5 0 2 11— ik 2 5 6L o5 5 % A 11, %
HAm 40 H27 . SR V5 TE 25 3 1 Fl 16S vDNA 3 [
¥ 5 %5 i A2 T R H27 4 A 2E AT B (Bacillus
subtilis)

(2) 38 3k B DR 3R S 6 ff i A WA i 1) 3.5 s 1]
h 48 h, FeIE L E R 25 °C, fiel pH oA 7.00 SR AL
HA L1145 4 Box—Behnken S W T 438, 4G
TR R H27 B A 25 F 8 < BEA# IFR] 54 h pH 7.2 R
24 °C, 78 IR 12 75 HE WL iR A5 B A 17 X 2 S 1LY
Rk i 2R 0] 1 88.96% .
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