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Optimization of the extraction of alkaline phosphatase from
L actobacillus rhamnosus and the mechanism underlying the
degradation of organophosphorus pesticides

Tana', DUAN Xiaoxia’, HE Yuxing', LIU Wei', LIANG Chengyuan', ZHANG Enxin’,
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1 College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018,

Inner Mongolia, China
2 Inner Mongolia Mengniu Dairy Industry (Group) Limited Company, Hohhot 011500, Inner Mongolia, China
Abstract: [Background] China, one of the world’s largest agricultural economy, has seen the
large-scale use of pesticides. However, the overuse of pesticides, which has led to high detection rate,
has threatened the environment and human health. [Objective] Alkaline phosphatase (ALP) can degrade
organophosphorus pesticides. Therefore, we optimized the extraction of ALP from Lactobacillus
rhamnosus 723 (LGG Z23) and explored the mechanism underlying the degradation of
organophosphorus pesticides. [Methods] Single factor test and orthogonal test were used to optimize the
extraction. The enzyme activity was determined by detecting the amount of p-nitrophenol released.
Fractional precipitation and chromatography were employed for the purification of ALP. The
degradation rate of organophosphorus pesticides was determined based on the inhibition of
acetylcholinesterase. [Results] The optimum conditions for extracting ALP from LGG Z23 were as
follows: disruption of cells for 15 min at 450 W, material-liquid ratio (mass to volume ratio) of 1:6, and
pH 10.0. Under the conditions, the activity of ALP was (4.95+£0.26) U/mL, 2.11 times higher than that
before optimization. The degradation rate of 6 organophosphorus pesticides was in the order of DDVP
(95.79%=+0.01%)>methyl  parathion  (90.69%=+0.03%)>chlorpyrifos  (88.90%+0.02%)>trichlorfon
(86.07%=x0.03%)>malathion (85.31%=+0.02%)>dimethoate (83.18%=+0.03%). Among them, the activity
of degrading DDVP and methyl parathion was the highest (over 90%), and the difference was significant
(P<0.05). [Conclusion] The result lays a theoretical basis and provides data for the application of ALP
from LGG Z23.

Keywords: Lactobacillus rhamnosus; alkaline phosphatase; extraction conditions; organophosphorus
pesticides; degradation rate
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VM) LGG Z23 Fr ™ Bt i R g i S AR A A T

oA, XA PUBEA 25 1 R Ve R e TR 5%
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1.1 ##

LGG Z23 JJg— by Bt w1 iy Bl 2 i LA
W, HASRE A8 R14A7, REKRE
GenBank HHEFEFAY 16S rRNA FERE RSN
MN582955127

O (4B 99.5%) . W E (AL 99.2%)
REALIR(LERE 98.7%) . Pl (LlE 98.1%) . H
FEXT B (LERE 98.6%) AR A (4 98.7%) 55 A Ml
WA ZGhRHE T, LR B TR R A BR A .

MRS ARSI EEK 10.0 g, 4 WH
10.0 g, IR 5.0 g, FEEFERICKY 5.0 g, %4
20.0 g, BEBRE @1 2.0 g, IR "8 2.0¢g, &
KETEREE 0.58 g, WWKAHIREE 025 g, it
-80 1 mL, WHEMWHEBKEREGERR
1L, W pH{EZE 6.5, 1.0x10° Pa K 20 min,

MRASFLIE TR 76 100 g/L BIEFLK K
A 1 g/L BERHEEU, 0.7x10° Pa & K
7 min,

10 mmol/L 4 pH 10.5 BRERZE AR . 4353
Bl 0.1 mol/L fHREREN (NayCO)IA W FIAK IR &
BI(NaHCO:)E W, PRI AP LA 9:1 A9 ARFR L
IRAFF:, B2 10 mmol/L. pH 10.5 HIRRERZE
VAR

HLVERIE R4, B —tE R PR A ]
B RO HL, Eppendorf A ] 5 HE A I 4Hif
A%, Misonix 2 ).

1.2 EMEKL

¥ LGG 723 FBAR7LE: - 308 b — 1R,
SRIGHEANT MRS WK SR, 37 CHE IR
12h; ERAGRKEFE 2K, FEREATEL,
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1.3 Ekk 223 EIRAYHI &

B EEIL BBk 223 3R T MRS WA 5
I, 37 CHFEREFE 36 hPO, BRS¢ UG
FRR AW T 8 000 r/min 5.0 10 min It & H
A P IS B A TR R JC T PBS 22 b i v %
J5 8 000 r/min #5.0> 10 min, T 2 K, ¥UE%
B e B TR A FE T B PR R A AR B
1.4 MBI R HRMK
1.4.1 R [E] B9 52 M

BRoE s IR A DLE, F pH{EM 10.5
FRVRR FR 2 W A% 1:10 Pk o AR B ) o
W, TRV S5 TR P I 4 B AR R4S o3 i B e
5,10, 15, 20, 25, 30 min, 3% 300 W, 4 °C,
12 000 r/min B.0> 10 min Ji5 B 3, FHXGHAS 2
R B I R TG 70
142 WENFER RN

FFUEUEE 0 R TR RTTTE, H pH EM 10.5
FRIBR IR 2% bR A% 1:10 BB AFR H i R
W, EKIBAMAT, L 100, 200, 300, 400,
500 W HYZZRMHE 15 min, 4 °C. 12 000 r/min
B0 10 min JEHCEVEW, BETE 00 E J7 9 [H)
1.4.1,

143 Mg tEaIEIm

BEUETE O R MTERTTTE, H pH EM 10.5
HIRR R % 0P IR WA% 1:4, 1:6, 1:8, 1:10, 1:12,
1:14 W BT AR LU B B, AEVKIR SRR T,
PL 300 W% 3y 28 FH R 7 U5 A R AR AL A R
15 min, 4 °C. 12 000 r/min 55.0> 10 min J5E _F

Fz1 ALP BEERHERRITEEZKFE
Table 1

T, BTS00 i) 1.4.1,
1.4.4 REUE#I% pH B9S2 00

WU O IR R RTTVE, # 1:10 PiaE
PRB LI P R, S pH (E 4 5128 6.0,
7.0, 8.0, 9.0, 10.0, 11.0, 7EVKIBZMUT, L
300 W IR HE 15 min, 4 °C. 12 000 r/min
B0 10 min JEECRIEWR, WG 100 E ik R
1.4.1,
1.45 REEHMIERRAE

DL IR IR 25 Rt DARERARISH ] .
WD BRE LG . $EBUE pH A 4 A2 m R R T
EACIATR(ER 1), MR ALP J2BUR 415 .
1.5 ALP By4h1k

LR Y P UITE . DEAE-52 B FaX 2
#r . Sephadex G-200 ¥ Jig 1 318 J2 #4540 B 4l 1k 1)
J&, A5 LGG 723 firf” ALP 4k =4 tbid
7174 180.27 U/mg, ZhifbAE%h 48.37, G 11k
FH 17.05%.
1.6  Z [ RB &6 B B I H 2 fh 2 AV 3R AL

TR P 450 L AS[RI ¥R (0.078 |
0.156. 0.316. 0.625. 1.25. 2.5, 5, 10 ug/mL)
A LB AR 2470 BE U, % BEAET M A 50 mmol/L pH
7.5 WIBEBRRZE v . 25 uL 220 U/g 1Y Z Tk AR B g
fitg . 25 uL 75 mmol/L ML L WEARRE ,, K
AIJGTE 37 °C/KH 20 min, HIA 50 pL 40 g/mL
B+ LA BR AN (SDS) AT 50 pL 10 mmol/L K
AR ISR H R (DTNB) 2 (A 2 11
TRAIE T 412 nm AbIE OB, DAOGEE R

Orthogonal design of ALP extraction conditions and factor levels

Level A: Crushing time B: Crushing power C: Material-liquid ratio  D: pH of extract
(min) W) (mass to volume ratio)

1 10 350 1:4 9.5

2 15 400 1:6 10.0

3 20 450 1:8 10.5
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JEE X BB T 2R, 25 4K -5 T A e B ) AR 2k
JEE X E M, iJr;%;tHNﬁJiﬁ?%HTl‘Eﬂ@brWi@f‘zﬁﬁﬁ%ﬁﬁ
PR PR 25 AR R Y g alifb s T
J1°% 180.27 U/mg Y ALP ¥sfil 2 A [A] ¥
JF(2.2.5. 10 ug/mL)AY 6 R HLBE A 25 (Rl Ric 12
BOE L BRI SRR . F X B . SRR
2 PR P B E N 1.0 mg/mL, %o PR A %%
SEBERR R G MR IR, TRASTJETE 37 °Cor il E:
Big% 2. 4. 6. 8 h, S HTARIFEIEEFRIS R HLBER
ﬂjﬂ’]ﬁ ma[%]

ALP XH HLBEA 25 [ R (%)=

KQ)H, Co: FEFRERIFRER 25K (ng/mL);
Ci: PR SOV AR5 A 2 W BE (ug/mL)
1.8 HFELER SR

T ER 3K, BUEAF{ELSD #0R,
JH SPSS 23.0 #4752 5 85 5811341 , Origin 8.5
TEK,

2 X504

2.1 HRFERTE] X ALP $2 BXAY 20

TEREFEITE] 5-15 min, LGG Z23 flf/= ALP
ity % ) 2 b FH(P<0.05), HREHERTE A 15 min
B 7 95 15 [(2.65+0.05) U/mL ] ; Bl 25 Bl B s 7]
PIIEL , TS 7 B2 N IE(A 1), i, LGG Z23
2 B FERS TR 72 R 15 mins

L x100 (1)

Cl
x100 (2
= @

3.0
€
2.5 d
Cc C
2.0 = [

0.5 u I
0.0 .
5 10

(U/mL)

Ei

15 25

Crushing tlme (mm)

1 AS[E) R RS B 1) o o 14 B 5 BB BB 5% 1 B9 &2 1)
ARG FRER R 25 57 8.3 (P<0.05). T IA]

Figure 1 Effect of different crushing times on the
enzyme activity of alkaline phosphatase. Different

lowercase letters indicate significant differences
(P<0.05). The same below.

2.2 WREEDHENT ALP i BXAY 20

TEMFELI R 100-400 W LI, LGG 723
JITF= ALP BEE 1 835 FFH(P<0.05), 24 mEE IR
1 400 W IS 718 R [(2.53+0.06) U/mL], 4
iRy 500 W BTG ) B3 T R Q.15+
0.06) U/mL (& 2), Kt LGG Z23 4l a2
M 400 W

il

200 300 400
Crushing power (W)

w
o
)
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—_ = NN
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Figure 2 Effect of different crushing power on the
enzyme activity of alkaline phosphatase.
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2.3 RLREER ALP 2RI R0

M 3 AT, TERHREE 9 1:4 1 1:6 (B EHA
BT, LGG Z23 Fr™ ALP BT 7 @ 34 m
(P<0.05); MBI R 1:6 W BTG J1 i &
[(2.85+0.04) U/mL], 4k tb/NF 1:6 B )
BETRE, RHENE iRy 1:6,
2.4 {REU& pH % ALP 12 EXBY &2

MASTE] pHAE X ALP $2 5 5% (B 4) ] %1,
1£ pH 6.0-10.0 JEFE N, LGG 723 i/~ ALP [
15 71 &G M (P<0.05); 4 pH (B 10.0 A G
J1EE[(2.6940.02) U/mL]; 24 pH {E K 11.0 B
% B FRE%(2.4240.02) U/mL, N2 B0K
pH {E#E 4 10.0,
2.5 ALP ZEEHHIERIRE

PRR Z23 Fit )™ ALP S L4 A 14 1E A2 i 0w
25 (R 2)FR W, 4 PR X LGG Z23 ™ ALP
i 1% 1 S IR IR R ASB>D>C, Bk fs it ] X
il % I se i R, HAR RO B S 32 | K
W pH. RBHE L. $2HL LGG Z23 A=t ik s iR
it WS ) fe = O ZH 5 AoBsCiD,, BV A ]

0
5

3
2

’ e
1

I

ol B 11 .

(U/mL)

0.0 s . s s .
1:8

1:4 1:6 1:10 1:12 1:14
Material-liquid ratio (mass to volume ratio)

3 FREIRHA LT HE I A BR BE R R 1 B 211G
Figure 3 Effect of different material-liquid ratios
on the enzyme activity of alkaline phosphatase.

15 min, BYFESNAR 450 W, RHE L 1:4 (FREA
U RBUR pH 10.0, ICEFEEE 715 (4.86%
0.15) U/mL. #4853 E 0 s b i ILH &0
ABC:D,, HILIEHUGX — 2 & 7 B UE 5L 00,
W ASBEE 77 M(4.95+£0.26) U/mL, ¥k 723 FF
7% ALP WS IR OSBRI R Sy
15 min, BEEEINHA 450 W, R HR 1:6
(B RFR L), $RBOK pH {E0 10.0, MM
T WIS )18 (4.954£0.26) U/mL, MG AL B2 &
2.11 %,
2.6 CHkREHESEEHD &I 2 g 2k

Hi 6 A [R]A BILBEAR 24 %) £ Tt AE A i it 1)
PR L (B 5)nT T, 7R Rk B S N 2k
KRARL, A PBEARZG B R 00
TR . y=0.299 9x+0.402 7, R=0.993 1; RI.
y=0.191 8x+0.238 8, R=0.991 0; ;4L .
y=0.111 7x+0.132 8, R=0.992 2; & [ H .
y=0.120 1x+0.178 6, R=0.990 8; H FXT A
y=0.143 2x+0.203 2, R=0.990 1; ZhHifi:
y=0.212 3x+0.059 5, Re=0.993 4, Fif5 L&PEAI%
FZH(R)IKT 0.99, A HF L WEALm TR B il
RITTE

3.0
(&
d
~25 d
: - 1011
2 2.0 b -

0.0 . : . : .
6.0 7.0 8.0 9.0 10.0 11.0
pH

4 K[ pH X AR EEEE TR 1 B2 0T
Figure 4 Effect of different pH on the enzyme
activity of alkaline phosphatase.
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Table 2  Orthogonal test results

Test No. Factor

Enzyme activity (U/mL)

A: Crushing time (min) B: Crushing power (W) C: Material-liquid ratio D: pH of extract
(mass to volume ratio)

1 1(10) 1 (350) 1(1:4) 1(9.5) 2.82+0.28
2 1 2 (400) 2 (1:6) 2 (10.0) 3.24+0.13
3 1 3 (450) 3(1:8) 3(10.5) 3.08+0.34
4 2(15) 1 2 3 4.03+0.19
5 2 2 3 1 3.75+0.24
6 2 3 1 2 4.86+0.15
7 3 (20) 1 3 2 3.82+0.09
8 3 2 1 3 3.58+0.22
9 3 3 2 1 4.28+0.18
MV1  3.047 3.557 3.753 3.617
MV2 4213 3.523 3.850 3.973
MV3  3.893 4.073 3.550 3.563
R 1.166 0.550 0.300 0.410
« DDVP

<
N

4 Methyl parathion
+ Trichlorfon

= Malathion

© Chlorpyrifos

L ® Dimethoate

5
(o))
T

o
n

Inhibition rate
(=] S
w
T T

<
[\
T

<
—_
T

1 1 1 1

0.0 1 1 1
-1.2-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.
Concentration logarithm

406 08 1.0 1.2

5 AFEAERL X Z B A B A9 40

fif 2%

Figure 5 [Inhibition curves of AChE by different

organophosphorus pesticides.

2.7 ALP X EHBRAEBREINELS R

kR 223 Frp= ALP XA [EFP2ERAT HLBE AR
A EREI R 3), b X R A R AR
4 95.79%+0.01%, XFECH Hh 86.07%+0.03%,
Xof 75 AE W R 88.90%+0.02% , X F I X A i

90.69%+0.03%, X EHiEE#E R 85.31%+0.02%,

XTARIEA 83.18%+0.03%. 1] ULEA A% Z23 firf™* ALP
XA P A 25 R B T R BB >H
FEX > AU > SR> AR A . S
X T AP 0 B L X 1) R SR e g, T Ik
90%LA L, i HREARAE FH 22 5 0 2 (P<0.05).

3 & #

MHBITERAKE , TEARREA B A, AL
WEAR AT R | 2, e LR A
AR Wy sl Wk i A LB 25 9 7
AR R AR BRI A R 5 Y AT g, JETHER
FIREARA B B 1 —Fh 22 4 L Ry 7 ik,

10 1o B LA ZR G R E SR 25 R i, e
FSF 18] X8 TR B 223 7 7 Bl P e TR R P52 B K
FEOONWERE T3 SRR pH SRR L, 8T
F2 S5 BT 5T 45 RARL 3R W P ) 2 5 i A i
WEPER B B R A, RENSERF TR
AR P IR ] 2 52 M) R P i BRI A e 32 A
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#*3 ALP W ARRELKEBHHKGRIERIER
Table 3 Degradation of organophosphorus pesticides by ALP at different concentrations
Pesticide types

Concentration of organophosphorus pesticides at different times (pug/mL)

Oh 2h 4h 6h 8h
DDVP 1.250 0.963+0.012d 0.535+0.037¢ 0.328+0.026b 0.062+0.019a
2.500 1.726+0.054d 1.084+0.032¢ 0.626+0.085b 0.107+0.040a
5.000 3.483+0.022d 2.356+0.067¢ 1.446+0.029b 0.169+0.051a
Trichlorfon 1.250 0.821+0.038d 0.604+0.053¢ 0.355+0.025b 0.120+0.033a
2.500 1.828+0.014d 1.386+0.023¢ 1.072+0.034b 0.374+0.019a
5.000 3.766+0.031d 2.469+0.024c 1.603+0.052b 0.862+0.066a
Chlorpyrifos 1.250 0.946+0.016d 0.788+0.014c 0.523+0.035b 0.17440.042a
2.500 1.857+0.011d 1.243+0.033¢ 0.757+0.028b 0.268+0.015a
5.000 3.331+0.072d 2.526+0.025¢ 1.401+0.042b 0.433+0.058a
Methyl parathion 1.250 0.946+0.064d 0.788+0.044c¢ 0.523+0.039b 0.118+0.048a
2.500 1.008+0.005d 0.764+0.023¢ 0.396+0.016b 0.152+0.009a
5.000 1.802+0.038d 1.334+0.065¢ 0.708+0.029b 0.621+0.055a
Malathion 1.250 3.379+0.084d 2.238+0.058¢ 1.985+0.047b 0.196+0.073a
2.500 0.896+0.006d 0.578+0.011c¢ 0.322+0.033b 0.409+0.030a
5.000 1.786+0.025d 1.295+0.054¢ 0.934+0.071b 0.601+0.052a
Dimethoate 1.250 3.893+0.005d 2.690+0.025¢ 1.626+0.029b 0.259+0.031a
2.500 0.919+0.002d 0.664+0.042¢ 0.433+0.017b 0.379+0.060a
5.000 1.897+0.028d 1.393+0.045¢ 0.827+0.030b 0.729+0.024a

F: ARVNEFEFRIR 22 57 1 2(P<0.05)

Note: Different lowercase letters indicate significant differences (P<0.05).

F OS2l AR e ) B TR R I B Tk 5 A R
24N TR AN D AS R P R R A 1 BRI Y
T B [B) S D 2R 338 — e L LA , Bl PE B IR i o0
SRR, RRERMERA A I R S (il R PRI
[ s 3 27 AR LA 2% 26 1, B SR alixfE B o 5t
AR S RE TRIAR 223 240 L (4 B RS 8] A7 15 min
IR IR S I IF T A SR AR I, A LB K R il X
FOELE 55 H X BB B A R s ik 90% LA |, R
X L B R AR 28.10%+2.20%5, 1
LGG 723 /= ALP X & A dt 0y B i R N
86.07%+0.03%. fFIEWFFELS KM, T. flawus
JMUPM D-3 14 FF 5 Xo) it e o2 £t it KL T80 0] o SR
FE hr Bl TG R AR A T, AEX SR i A 3R
50.3%"°, 1fii LGG Z23 Fiy™ ALP X ShHi e i (1)
RN 85.31%+0.02%, X Lb2= i ay aifk

FRIE (B M BV IT S . R 5 2P R, Y
FFBE L4 X F L B il 1) R R A 15 (85 %), HL
Xt EEFEMLA R R A 34%, 1 LGG Z23 i
77 ALP X 85 SE I B A% 5 88.90%+0.02% L.
F ARy s A TE R IS018  Xof HY L X 4 e () e
R m T 96%, X rIMEMRERIE 99%,
R LB B AR R R 69%, IAANEIEAL, 1
L EE SR WA oA, A 17.3%*Y i
LGG 723 frj= ALP X & B 0 B i % N
95.79%+0.01%, P, 4 HHic ik i 25
A 5 LR XA MLBEA 25 R AR T, (R
AR AT B — st , T LGG Z23 fiff” ALP Xt
Z R WL AR 2588 2 B R L X 4
J& PR ABIFFE RS2 B i, PP T ARG i A 3 -
Zi LRk, LGG Z23 Fif™ ALP [t
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BRI B

2R LT T R Al ) 52 H S AR DA B L B AT L AR 2454 3679

ST E - WEREISHTE] 15 min, BEREENR 450 W,
RHRHE 1:6 (AT, 23U pH {H 10.0,
DRSS T BEG 10T 15(4.9540.26) U/mL, b
Ak RIS 2.11 fi5. 1 H., LGG Z23 if/™= ALP
X6 B HLBEA 25 B R ff R 135 5 80% L) I,
FLH B 55 R R 1l 1) R A SR B i,
ﬁ’izi@%? 90%. AWFFELEHRH LGG 723 frps
ALP [ FAAFFE 32 A6 T BRI A4 AN 52 36 B

REFERENCES

[1] & TF¥. UV/Fenton 54 #AT HLBEAR 24 7 7K 52 55 A
FE[D). P4Z: PYLRH R AN L2 8 3L, 2010
Jin YT. UV/Fenton reagent procearing ganophosphorus
agrlecultral chemicals wastewater experlm ental
study[D]. Xi’an: Master’s Thesis of Xi’an University of
Science and Technology, 2010 (in Chinese)

(2] ®4, WHEA, BT, FAE. SrmUE AR A -
IEENE G sk b 7 M PLBEAR 255K B (0], fboe TR
Uifi, 2021, 35(11): 23-27
Huang D, Xie CS, Cao JF, Wei SL. Determination of 7
organophosphorus pesticide residues in vegetables by
SPE-GCJ[J]. Chemical Engineer, 2021, 35(11): 23-27
(in Chinese)

[3] Xin LJ. Chemical fertilizer rate, use efficiency and
reduction of cereal crops in China, 1998-2018[J].
Journal of Geographical Sciences, 2022, 32(1): 65-78

[4] MR, MOCR, B4, £35, HW RFEW. K
2 5% B8 AR W R R R o WF X R 0] b v B 2
2021(13): 141-147
Jiao MJ, Lin WX, Ma PS, Wang F, He N, Wu XL.
Research progress of pesticide residue biodegradation
agents[J]. Northern Horticulture, 2021(13): 141-147 (in
Chinese)

[5] Yang KJ, Lee J, Park HL. Organophosphate pesticide
exposure and breast cancer risk: a rapid review of
human, animal, and cell-based studies[J]. International
Journal of Environmental Research and Public Health,
2020, 17(14): 5030

[6] Schnegelberger RD, Lang AL, Arteel GE, Beier JI.
Environmental toxicant-induced maladaptive
mitochondrial changes: a potential unifying mechanism
in fatty liver disease[J]. Acta Pharmaceutica Sinica B,
2021, 11(12): 3756-3767

[7] . BacillusamyloliquefaciensYP6 TERE A ML A

5 I R HLBE[D]. Jos: TTrg R o fie

3, 2020
Meng D. The role and mechanism of Bacillus
amyloliquefaciens YP6 in the
pesticides[D].  Wuxi:

degradation of

organophosphorus Doctoral
Dissertation of Jiangnan University, 2020

[8] Boedeker W, Watts M, Clausing P, Marquez E. The
global distribution of acute unintentional pesticide
poisoning: estimations based on a systematic review[J].
BMC Public Health, 2020, 20: 1875

(9] fal/N¥%, &, &, ZAEm, X5, )Eﬂﬁ . W
x. ﬁm&’iﬁziﬁm;&ﬂ/{k STORERO 1 M7 R
2%, 2021, 3(10): 38-43
He XL, Nie Y, Wang N, Xia HN, LiuJY, Lu YX, He M.
The Current situation of organophosphorus pesticides
pollution and its countermeasures[J]. Environmental
Ecology, 2021, 3(10): 38-43 (in Chinese)

[10] Deng JC, Li XM, Xiao XL, Wu HJ, Yang CQ, Long XY,
Zhang QH, IQBAL N, Wang XC, Yong TW, et al. Field
mold stress induced catabolism of storage reserves in
soybean seed and the resulting deterioration of seed
quality in the field[J]. Journal of Integrative Agriculture,
2022, 21(2): 336-350

(1] X — M. A7 LBEA 25 (Y B W R A R [0].
i, 2021(26): 37-38
Liu YF. The microbial degradation technology of the

b4

organophosphorus pesticide[J]. Chemical Enterprise
Management, 2021(26): 37-38 (in Chinese)

(121 FF35, KITCHRL, FFe, ke, RO, 8%, £5
e, W, B, ML, S5 ORIk 25k B e
FF & T FL W AR S R B[], KFE £, 2016, 31(3):
157-159, 169
Yin F, Zhang WD, Zhou X, Zhang Z, Zhou SS, Zhao
XL, Wang CM, Liu J, Mao Y, Yang H, et al. Experiment
research and market prospect of new pesticide
degradation agent[J]. Journal of Catastrophology, 2016,
31(3): 157-159, 169 (in Chinese)

[13] Cheng WL, Zeng L, Yang X, Huang D, Yu H, Chen W,
Cai MM, Zheng LY, Yu ZN, Zhang JB. Preparation and

efficacy evaluation of Paenibacillus polymyxa
KM2501-1 microbial organic fertilizer against
root-knot nematodes[J]. Journal of Integrative

Agriculture, 2022, 21(2): 542-551

[14] Kaur P, Singh K, Singh B. Microplastics in soil:
impacts and microbial diversity and degradation[J].
Pedosphere, 2022, 32(1): 49-60

[15] Misnal MFI, Redzuan N, Zainal MNF, Ahmad N, Raja
Ibrahim RK, Agun LD. Cold plasma: a potential

alternative for rice grain postharvest treatment

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3680 WA

2

FiE Rk

Microbiol. China

management in Malaysia[J]. Rice Science, 2022, 29(1):
1-15

[16] Sehrawat A, Sindhu SS, Glick BR. Hydrogen cyanide
production by soil bacteria: biological control of pests
and promotion of plant growth in sustainable
agriculture[J]. Pedosphere, 2022, 32(1): 15-38

[17] Mitra D, Mondal R, Khoshru B, Senapati A, Radha TK,
Mahakur B, Uniyal N, Myo EM, Boutaj H, Sierra BEG,
et al. Actinobacteria-enhanced plant growth, nutrient
acquisition, and crop protection: Advances in soil, plant,
and microbial multifactorial interactions[J]. Pedosphere,
2022, 32(1): 149-170

[18] Mohammed DYH. Isolation and characterization of
rhizosphere bacteria capable to activate phosphorus in
the alkaline soil[D]. Yangzhou: Master’s Thesis of
Yangzhou University, 2016

[19] Chen JX, Song BA. Natural nematicidal
compounds: recent research progress and outlook[J].

2021, 20(8):

active

Journal of Integrative
2015-2031

[20] T/NE. BEBEERNE S PIK3R1 76 E HUEIG AR
AP PP [D]. SRV VLR R 2 A8 3, 2018
Ding XX. Evaluation of the value of alkaline
phosphatase and PIK3R1 in the clinical application of

Agriculture,

cervical cancer[D]. Zhenjiang: Master’s Thesis of
Jiangsu University, 2018 (in Chinese)

[21] Goldberg RF, Austen WG Jr, Zhang XB, Munene G,
Mostafa G, Biswas S, McCormack M, Eberlin KR,
Nguyen JT, Tatlidede HS, et al. Intestinal alkaline
phosphatase is a gut mucosal defense factor maintained
by enteral nutrition[J]. PNAS, 2008, 105(9): 3551-3556

[22] Horiuchi T, Horiuchi S, Mizuno D. A possible negative
feedback phenomenon controlling formation of alkaline
phosphomonoesterase in Escherichia coli[J]. Nature,
1959, 183 (4674): 1529-1530

[23] Zappa S, Rolland JL, Flament D, Gueguen Y, Boudrant
J, Dietrich J. Characterization of a highly thermostable
alkaline phosphatase from the euryarchacon Pyrococcus
abyssi[J]. Applied and Environmental Microbiology,
2001, 67(10): 4504-4511

[24] Kim EE, Wyckoff HW. Reaction mechanism of alkaline
phosphatase based on crystal structures: two-metal ion
catalysis[J]. Journal of Molecular Biology, 1991,
218(2): 449-464

[25)m 3R, 2| ET, skidee, EHEM. RIGATHE %
ATCC 25922 Bk Wi R i (19 IR R 0K L 4 A S HL9 ¢k
WEE[]. ARl K54, 2010, 41(8): 48-53
Gao MC, Li XM, Zhang RX, Wang JW. Study on
prokaryotic expression, purification and enzymatic

activity of alkaline phosphatase from Escherichia coli
ATCC 25922[J]. Journal of Northeast Agricultural
University, 2010, 41(8): 48-53 (in Chinese)

[26] BEEEE, M6 HARHAKS, HHH Jit%, RS, 12k,
B Rk 7 R R R LA TR A O B M L Y
aii A K E PR [0). Bk AR o aE iR, 2020, 47(6):
1817-1827
Duan XX, Gerelchimeg, Qiqirilige, Qiu CS, Manglai,
Wuyundalai. Screening, identification, purification and
characterization of alkaline phosphatase from
Lactobacillus[J]. Microbiology China, 2020, 47(6):
1817-1827 (in Chinese)

(27 B R B . 7™ Wl P ol 1 T P T 7 A O e L = 1P o %
VA A3 WL AE TR SE[D]. PR AT R Ntk K
SR 3L, 2020
Duan XX. Study on screening, enzymatic properties
and degradation of organophosphorus by Lactobacillus
alkaline phosphatase[D]. Hohhot: Master’s Thesis of
Inner Mongolia Agricultural University, 2020 (in
Chinese)

[28] Yu YX, Zhang Z, Wang YG, Liao MJ, Rong XJ, Li B,
Zhang H. Effects of different preservation methods on
physicochemical property of marine pathogen Vibrio
anguillarum[J]. Journal of Ocean University of China,
2019, 18(6): 1417-1426

[29] Noohi N, Papizadeh M, Rohani M, Talebi M,
Pourshafie MR. Screening for probiotic characters in
lactobacilli revealed the
intra-species diversity of Lactobacillus brevisJ].
Animal Nutrition, 2021, 7(1): 119-126

[30] 4 3. FLIR BT oM 38 S 7 A 52 Wi A1 3R B JHC T A v ) 40F
FE[D]. BB AR KA A 2 AR 3, 2019
An J. Study on the factors affecting the stress reaction
of lactic acid bacteria and its thermotolerance[D].
Wuhan: Master’s Thesis of Huazhong Agricultural
University, 2019 (in Chinese)

[31] Madebo MP, Luo SM, Wang L, Zheng YH, Jin P.
Melatonin treatment induces chilling tolerance by

isolated from chickens

regulating the contents of polyamine, y-aminobutyric
acid, and proline in cucumber fruit[J]. Journal of
Integrative Agriculture, 2021, 20(11): 3060-3074

[32] Eo%, ARABL, fhih, 5KE, BE, R, B2, b
K 2F 46T 14 (Bacillus aryabhattai) /) 85 % w Fe Hoxt 85
e B 28 AR 25 R AR T DFSE (0], B e 22 BT ik
K224z, 2021, 12(24): 9452-9460
Wang W, Shao BQ, Xu W, Zhang X, Cao W, Wu F, Xie
HY. Isolation and identification of Bacillus aryabhattai
and its degradation of

carbaryl pesticide in

vegetables[J]. Journal of Food Safety & Quality, 2021,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PRS2 WE LA B 0 R I X SR DR A DAk S R A LB R 255 H 3681
12(24): 9452-9460 (in Chinese) helveticus[J]. Food Science, 2008, 29(8): 140-144 (in
[33] miRd, FIRA, IhEE, BB, EBX. ALK Chinese)
i it o AN ) AL A 24 B A T PR A 9], YL TR AR [38] ARMh, TR 3CHE, ZE, BRHELST, BBk, ma pE LAk

WLRF2£, 2019, 47(8): 217-220

Gao MM, Bai JY, Sun L, Cheng SM, Huo SY.
Evaluation of degradation efficiency of different
organophosphorus

pesticides by organophosphorus

hydrolase[J]. Jiangsu Agricultural Sciences, 2019,
47(8): 217-220 (in Chinese)

[34] BRI, SRARAL, BWEYE, VEMSA. ARG B
FH TGN 5 5 vh A AL B 28 R BRI 2R AR 25 5% 7 (U]
WhEfk2%, 2002, 21(2): 189-193
Zhong SM, Yuan DX, Jin XY, Xu PX. Determination of
organophosphorus and carbamate pesticide residues in
vegetables using a plant-hydrolyses inhibition
technique[J]. Environmental Chemistry, 2002, 21(2):
189-193 (in Chinese)

[35] X tF. fDARR He B RS A 2 5k B PRGN 5 vk i 2 37 [ D).
i RS A L LIRS, 2020
Zhao Y. Development of a method for the rapid
determination of pyrethroids[D]. Shanghai: Master’s Thesis
of Shanghai Jiao Tong University, 2020 (in Chinese)

[36] M S A7 AL AR 245 3 At TRT 1) 20 18 8 5 S G 7™ iy
PEWFSE[D]. JETT: AR REM L2 A0 3, 2011
Xie SC. Isolation, characterization and PM degrading
enzyme production of organophosphorus pesticide
degrading fungi[D]. Xiamen: Master’s Thesis of Jimei
University, 2011 (in Chinese)

[37] ST A2, Wi 7R, B ek £ B L LA T UK
B2k PERI LA [T]. B AR, 2008, 29(8): 140-144
Guo YX, Pan DD. Optimization of ultrasonic extraction

from Lactobacillus

conditions of aminopeptidase

[39]

[40] fi# 75 -,

[41

—_

RERLT AN P HEF Qo B R T. 2[J]. |- R 2h24Bi
#2016, 32(4): 420-424

Lin Q, Xu WY, Dong B, Chen YF, Zhao Y.
Optimization of extraction conditions for coenzyme Q,
from Rhodobacter sphaeroides by surface response
methodology[J]. Journal of Guangdong Pharmaceutical
University, 2016, 32(4): 420-424 (in Chinese)

BUL, WIRHL, RRAE, RN, BAE. AR
WOURB AL 22 135 1 L 24k (D). PRk, 2016,
35(7): 151-154

Huang Z, Tang QL, Wu TX, Zhu SJ, Yang ZT.
Optimization of extraction technology of protein from
Grifola frondosa mycelium by ultrasonic wave[J].
China Brewing, 2016, 35(7): 151-154 (in Chinese)
EHE, XIVERE, TRE. B L 6
%995 FF 18 (Arthrobacter sp.)L4 B £ 149 73 125 F1 % fifg 4 1k
WEGE[I]. R #24, 2006, 26(10): 1637-1642

Xie XP, Yan YC, Liu PP, Wang SH.
degradation and characterization of methylparathion

Isolation,

degradative strain L4[J]. Acta Scientiae Circumstantiae,
2006, 26(10): 1637-1642 (in Chinese)

VLEME, ABARH, QBB W5 st, $F, e,
**ﬂ%ﬁ“ﬁiﬂlﬁaﬁ’iﬂﬁﬁm@%ﬁ?ﬂﬁ%% JS018 Hy%

FE[T]. 2R, 2006, 46(3): 467-470

Jiang YJ, Deng YJ Liu XR, Xie BG, Hu FP, Xin W.
Isolation and identification of a bacterial strain JSO18
capable of degrading several kinds of organophosphate
pesticides[J]. Acta Microbiologica Sinica, 2006, 46(3):
467-470 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



