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Study on the degradation of avermectin by two microbial strains
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Abstract : The abuse of antibiotics has a serious impact on the environment. It is very important to find a method to deal with
the residual antibiotics in the environment. In this paper, the single factor method and multi factor method were used to test
the degradation of avermectin by Bacillus subtilis and Shigella. The two strains showed good degradation of avermectin. Then,
the response surface analysis of the experimental results was carried out by using box Behnken design software,and then the
degradation conditions of avermectin were optimized. The optimum conditions for abamectin degradation by Bacillus subtilis
were temperature 35.43 °C ,sample loading 57. 56 ml,bacterial concentration 3. 85% ,and the theoretical maximum degrada-
tion rate was 59. 15% ; The optimum conditions for the degradation of avermectin by Shigella were temperature 30.45 C,
sample loading 60.24 mL and bacterial concentration 3.56% . At this time, the theoretical maximum degradation rate was 65.
34% . The results showed that Bacillus subtilis and Shigella were excellent strains for abamectin degradation,and the determi-
nation coefficients of response surface model were more than 90% . Therefore ,the model can be used to analyze the degrada-
tion effect of abamectin by microbial strains, and provide a theoretical basis for the degradation of abamectin by microbial
strains in practice.
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95% B 4 T 2 i 2 (AR AR Bl R ),
20190327 ) ; oL % 32 5 (NH,C1 1.5 g,NaCl 0. 5
g, K,HPO,1.5 g, KH,P0,0.5 g, MgSO, - 7H,0 0.2
o EFR0.2 g, ZEMKEAE 1 LpH=7.0""");
RN FREECERAR 10 ¢ SRR TR 3 ¢ Sk
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1.3.2  Ar/fdh & ey 26
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o2l AR 2k o
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min 23558 IR 6 d, BFFE IR XA P o PR R A
BT 44 B 2= )52
1.4.2  pH s HE AR 48 49 o

HR G A S50 Iy FH T Pk fieiils pH JE RIS 7.2 ~
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mL $5FRI ] 6 d, W58 pH X (A= 490 T Ak i e 24
LES Al
1.4.4 WAREAEBERG R

PO E R RSB 0. 625% (1.25% 2.5% |
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Table 1

optimization design of Bacillus subtilis

Factors and levels of response surface

K # Factor
K A B:z%ﬁ;i ‘ Eﬁﬁlﬁ
Level Tcnzpozr‘;ture ioad?ng; cnncelnl‘ration
(mL) (%)
1 30 40 2.3
0 35 60 3.75
1 40 80 >

®2 ERRENNEALIEITERSKF
Table 2 Factors and levels of response surface

optimization design of Shigella

[ 2 Factor

K A e
Level Tcnzpozr;;ture io " d?ng; Cnncelnt‘ratiOH
(mL) (%)
-1 25 40 2.3
0 30 60 3.75
1 35 80 5

FI I Design-Expert it BT 4 5 2 119 [ fife S 56 F
AT, AT A A R 2 A AT TR B R BRI TR X B 4
EQIUBLIIN SN 3 (Y G i in] 438 U EA 31 & 3
PR 2, R S A AR e 2 %o T A T 25 A T A, LA
S UE ARG T 58 A HER P BT S
2 #ER545H
2.1 tREHEZLSH

R 1 nl 0, B 2k B A e i £k i R =
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Fig. 1 Standard curve of avermectin
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Fig. 2 Degradation rate of avermectin at different temperatures
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Fig. 3 Degradation rate of avermectin

at different sample loadings
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Fig. 4 Degradation rate of avermectin at

different bacterial concentrations
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2.4.1 HEFRITENE KR RERS T
AR 3R SR 45 R, P HE L 30,35 .40 °C,

HFER 40 60,80 mL, Al i 2. 5% 3. 75% 5%

P =2 =KF, FI ] Box-Behnken 315250 40

%3

R3 HEFETEEEEREETRERST

Table 3 Response surface test design and result analysis of Bacillus subtilis

ja s

Test number

AJRE
Temperature ( °C)

B ekt
Sample loading( mL)

1 0
2 0
3 -1
4 1

C BFRE: 3 ES
Bacterial concentration( % ) Degradation rate( % )

0 55.96

-1 28.98

0 21.90

-1 37.52
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2:5% 3 ( Continued Tab. 3)
e AR B AR C B R Wi
Test number Temperature ( °C ) Sample loading( mL) Bacterial concentration( % ) Degradation rate( % )

5 0 1 1 12.52
6 0 -1 -1 25.88
7 0 0 0 57.63
8 0 -1 1 43.27
9 -1 0 -1 46.26
10 0 0 0 53.52
11 0 0 0 62.19
12 -1 0 1 48.02
13 1 -1 0 40.51
14 0 0 0 64.75
15 1 1 0 26.38
16 -1 -1 0 17.34
17 1 0 1 36.95

2.4.2 KMFEFAFAGEMITER TG E LR
BEWEI S £ 5T

He 4l Box-Behnken H1 s 145 ml A, 1% — IR
A1 P=0.008 8 <0.01, KA ZBAE BER, BA

R =58.81 +0.9844. 65B + 0. 27C4. 67AB-
0. 58AC-8.46BC-8.88A°-23.40B°-7.75C"

Hi2¢ 4 nl %, e A 0URN B® 1 P <0.05, %
A A® A1 B® 500 R E 520 2. RIS e 5, %

Giitep S, MR P =0.074 6 >0.05, KM% Wi B2 7 2 P A 52 ) PX) 7 2 UCUFP R e i >
BRI 035, A RN R A AE . IR m] R > AR
HTTREN
®4 BHEFAFERAFTEAESN
Table 4 Results of variance analysis of regression model of Bacillus subtilis
T3 2R S5 A El H B ¥ F P wEN
Source Sum of square df Mean square Significance
571 Model 3679.11 9 408.79 7.04 0.008 8 o
A 7.68 1 7.68 0.13 0.726 8
B 173.17 1 173.17 2.98 0.1279
C 0.56 1 0.56 0.009 6 0.924 4
AB 87.33 1 87.33 1.50 0.259 8
AC 1.36 1 1.36 0.023 0.882 8
BC 286.46 1 286. 46 4.93 0.061 8
A? 331.74 1 331.74 5.71 0.048 2 :
B? 2 305.76 1 2 305.76 39.69 0.000 4 o
c? 252.65 1 252.65 4.35 0.0755
5% 2% Residual 406.63 7 58.09
SR Lack of fit 322.43 3 107.48 5.11 0.074 6
ZfijR 2% Pure error 84.21 4 21.05
B2 Cor total 4 085.75 16

{E:"P <0.05,Z78%E;""P < 0.01, 27WEE, TH.

Note: “ P < 0.05,significant difference; * * P < 0.01,extremely significant difference,the same below.
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M I 1T ] R A5 e 2 R R AT 4 AT o it RIS R AR

K

Degradation rate (%)

B 5 BEHKEMIEREE 3 E R0 bR 2 0N KL E
Fig. 5 Response surface of the effects of bacterial

concentration and sample loading on degradation rate

LB EDE , AT B i 5. 7RI E R 35
C HEEEHN 60 mL RN 3. 75% I}, 7] ) 3D
AR P A 38 T A TR 2R A KRR Ry 53.52%

ARYE Design Expert #7 Box-Behnken design H ¢
DAL RE , 15 B, 528 FLAT P R A B 48 7 3= i fe Ak
SRR Ry 35,43 C M 57,56 mL AN
54 3.85% LA ERIS FEAR RN 59.15% .

2.4.4  ERKHE R @RI R R LSR5

HR A8 5 R 3R S g 45 AR S R 25 30,35 C,
HEREE 40 .60 .80 mL, FH AR E 2.5% 3. 75% 5%
YER =2 =K, | H Box-Behnken 51152 5 411
*5,

2,45 ERARAGEMTLEREZRAGE LR R E
WM Be 5 o5 £ 5

HR4E Box-Behnken Hi 455 Al A1, 3% AR
£ P =0.000 4 <0.01, LPZEAE B ER, BA
Giita i S, MRHMA P =0.091 8 >0.05, &M%

x5 ERREWE@RERIZTRERSH
Table 5 Response surface test design and result analysis of Shigella
R e . A ?ﬁg B 3erEE CTARRE Wi
Test mumber emperature Sample loading Bacterial concentration Degradation rate( % )
(¢) (mL) (%)
1 0 0 0 17.53
2 0 1 -1 23.9
3 -1 1 0 53.63
4 1 0 -1 18.63
5 0 1 1 45.66
6 0 -1 -1 27.68
7 0 0 0 50.02
8 0 -1 1 26.24
9 1 0 -1 14.56
10 0 0 0 46.23
11 0 0 0 52.11
12 1 0 1 13.57
13 1 -1 0 65.29
14 0 0 0 10. 69
15 1 1 0 48.55
16 1 -1 0 45.82
17 1 0 1 47.97

B JAUTIUAR (225, AT AU R R A A, B BERA 57
PAS R Al FE kg, rTEAT LA Ao A Y (el
TirEN

R=65.30 +11. 144 +0.25B +3.36-1. 704AB +

0.30AC +0.96BC-27.824%-14.10B°-10.41C*

oy kA IR BT A 5 R B AT SEE , SR A 1105 7
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P25 e s H T, SR E RBR R
96. 00% , LM ZAR B 1 10045 P B4, AUA B 57t 1Y)
4.00% ANFE FHIZAS B fif B, vl FH ok Sy R 5 PG 1 o fi
BT 24 G 2Rt — AP A AT AR R GE . ARGE SR 6 W, 7

FErp A 35 B® W .C° Wi P <0.05,%8] A* B> .C* Wi
X RAESZ M 2, RSB A 2 B P >0.05,
F AR AT AT A, 52 0o BT 24 D) 2% A ik 28 1 52 i | 3
YWY Ry A JREE > C AR > B Rehfit,

x6 ERRE@MPARFESH

Table 6 Results of variance analysis of regression model of Shigella

i I Frt e s . . BHHE
Source Sum of squares df Mean square Significance
17 Model 4585.18 9 509. 46 18.67 0.000 4
A 136 9.22 1 136 9.22 50.17 0.000 2
B 0.45 1 0.45 0.016 0.902 0
c 82.61 1 82.61 3.03 0.125 4
AB 15.81 1 15.81 0.58 0.471 4
AC 0.49 1 0.49 0.018 0.896 8
BC 3.67 1 3.67 0.13 0.724 8
A 227 1.85 1 227 1.85 83.25 < 0.000 1
B? 837.39 1 837.39 30. 68 0.000 9
c* 455.85 1 455.85 16.70 0.004 6
%22 Residual 191.04 7 27.29
S Lack of fit 146.95 3 48.98 4.44 0.091 8
4l 2% Pure error 44.08 4 11.02
B2 Cor total 477 6.22 16

246 EWKEBRMBTEAERANOEORE
M
FR Al R B EC A A [l D ABE 76 Bk PR T P A i [

TEAE— B 7KV, 2Rt Mt B8 52 T 52 Wi A ) i iz
17 P S A e 2 B BEA T o0 ARG 6 R, A R
EIMEEIE , BA B R B E . 7R N 30 C |
BREE R 60 mL BHFPREE A 3. 75% I, AT A 3D
BRI R K AR 53.63%

£ g
B
[=]
S"”lp/e,
B 6 REFILEREE T B 8400 B AR 2= B 0 A T

Fig. 6 Response surface of the effects of temperature

and sample loading on degradation rate

#RYE Design Expert H Box-Behnken design H [

AT, 75 30 A2 B EC B e Aot BT A4 B 25 1) AR Ak 2 1
R E R 30,45 C A& 60. 24 mL | TR PR 5
3.56% , SLET LSRR R 65.34%
2.5 IGIESKIE

St e DAk 5 15 20 0 7 ZE TR v, FRATTRLH
DAL G 7 ST BT Ak D 28 EA TR A S0 00 o T 8 P A
S, A B 2 A AT TR R G BT 40 ) o 4 R R
HEFTRE i, EAT 3 A1PATSCG . e 7 nl A, ik
Ji , Wi BEZE LR R ONT B 4E T R Y B R R Gk F
58.59% , 5 IS AE B R e, iR 2K 0. 28%
IS Eb 3D ABEAR A5 21 (B KRR 8 3% AcAq s ik
B PG TR X Bl 4 T 25 1) A il e 15 3] 66. 47 % , 5 FHL 3
WAHB AT, IR 2N 0.57% | [FIi H 3D 1
530 ) J A I e 6 125 18% F2 4+, VLIRSS o7 %
P T LR AR AR, ST AR RIS R TR
RF BB 55 Ay o B b T30 5 R 28 %o o ¢ R R 1) B2
M), EL D 7 T s A 20 A e S A EA T A
3 it E&R

AR B S Tk 1A 2 e TE AL BRIR S
TS YL D, VR A 0 TR R 04 T I i 30 3457 1l Ry AF
FEE BRI, T B 4 ORI R S, Rt
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FLAEIAE W R A i v R 015 DU A R 2 B- PN B e 2%
PUARZER T 15 d DL EAREIAS] 80% UL 1Y
REMRRCR . BFFE R, (A 3850 DA Rk B 6% 38 =
Rl oA A BT A D 2R, A v B AR T G TR RE S A 48 h

DA R A 80% Ze AT BT AR T 3211 | W AR I 2 F AT
BRTE 72 h X B 2 TR 2R AR o A A G A R R] A F
77.6% ' o WOPFSE I e R T M AT
Wl sk gt — 2 K R

®7 EBRIE

Table 7 Regression validation

. ; . PP iRl N BRI
ik i R AL Hm it Sl s
Bacterial strai T ature(°C) Sample loading( mL) Bacterial Predicted value Actual value( % ) Error
acterial strain ‘emperature ample loading( m concentration( % ) (%) ctual value( % (%)
R B 2E AT & Bacillus subtilis 35.43 57.56 3.85 59.15 58.59 +0.28
B IGHE Shigella 30.45 60.24 3.56 65.34 66.47 +0.57
Y T — e A AR R IR N RIS A R OKTE ,
SZ 30k
>

FERL M XTI I HEAT Wit , T 6 I e A% il 2
A RLG3 D KB PN i T T 2 e e 1 N I e A% il
mph1 WESEWERR 5% 74 g, © TRERS AL (P A= R o> 7
LIRS EWRIRAL WESEAL , T BT A 3R % 26 LAY
PERET o (R A8 0 A 3 A T TR Mk 10 i
PUEATS R BEE 2RI, XA IE LA IE & 5 2 Tk
ARERE Rl , IR P AR IE 1 — LSRR - A R
P AR T T 1 6, L B R AT 5 5 14 R i 1
A 3, A il 8 S SR R EE R IR
T,

LRI ST BRI AL )RS, 40 it B 4 1 3R
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