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(1 PRI 2 IR IR EE 22 0% BT IR 246133 32 2208 # b BT 480 S5 s ) 5 b,y 4 T 8 o S 28
GRULIR 2461333 LRIV R A ARl B LR IR 246133)

& B A AAREY B (Cyfluthrin, CL) R G IRENG  HAX A EERREANCLE LN LIEFHH Tk S8 T7 —H%%
2 Rhodococcus sp. LJF =3, 3 # 3t Plackett-Burman [ % 1 3% | % [ J€ 3 X 4 F7 Box-Behnken Design 7 L & o 3k 48 f0 7 H &
MA, ERANE, EARLIF -3 R EBRMEALZ 15 /L BHH,10 /L #H H $%,0.5 ¢/L K,HPO, ,0.5 ¢/L KH,PO,,1.0 ¢/L
NaCl,0.5 g/L MgSO, , 3% 3t LR AR K 70 mL, A ER 0B H 6% ,3E 3B E # 30 °C,pHEH 7.0, %% % 180 r/min, £ 51
WA LJF -3 #£ 42 h W&t 1 000 mg/L CL 5 3K 87.4% B R R AT By E AR5 (38.9% )& T 48.5 B K, HFR N CL &y

HEDEMBEETRENERERE, W CLEETFENEERBETEAIHF T ESE,
KEIF IR TAR 5 S & 4 5 ## ; Plackett-Burman % % ; Box-Behnken Design ; & % &4 g

FEHES X592 SCRRARARAD A
DOI: 10. 13637/j. issn. 1009-6094. 2025. 0982

0 5| B

FRUE 2618 ( Cyfluthrin, CL) F&—Fh LBk 5 24 Fig
AN A, B ol S A R A, S R R
ok | o AR PR R O 28 A R A BR
RO UTAER, CL T AR W T R v
Al 3 R A A S ARG R T D
SRIMT, CL ELAT BAR A 7K M, XE L A, S S0UE A 8%
A 7= it o R B AR B HL CL SE i B sE e
EL S A AR B R B ST R, CL &%t E
AR AP RE R G A2 R G0 UL SN RAE 3 R 5
AP RREE I O R RS R A CL 7% B
TR 1 5 N ) =8

AR REBRAE D CL W EZIRR,
1997 4%, Bt = o %7 B e I T R R CL A 40
B—— AT 1 (Alcaligenes ) YF11 ,iZ 40 RE L CL
S5 PPk A R AR 2 SR o — B R A K LA EA T
B, 2004 4, Nirmali 55" 2 IR IE T FEME CL (Y L

* Wi BEHA: 2025 -06 - 09

XERS :1009-6094 (2025) 12-4808-11

B ——2% (0 KB ( Trichoderma Viride)5 —2 , Ff X Hif#
FEFEIEA T T M, T CL R R A5
WA HRIE , U0 2009 4, M IR %" BT T A
YIEEXT CL R R B9 5200, 0. 3 mlL 5% 5L B 50 i
( Pseudomonas putida) XP12 FRLEFRAE 30 C .pH {H
H}7.5 BT ,20 min X 200 mg/L CL M %
% 80% , 2015 4, Chen 251" S0 BS %8 T — Rk fiE
PL CL 1B by ME— B IR 1) 95 = 42 2 F T T8 ( Bacillus
thuringiensis) ZS — 19, 3155 — W 2 1 T 3804 W 9% At
CL 3Z R e BE SISk W A5, TERR ZS — 19 #£ 24 h
WXT 100 mg/L CL BYFEM#ERATIA 61.5% ,JF7E 72 h
N SR S 4R, {H 24 CL o5 3 B 48 i1 21) 200 mg/
L DL b B 50 B R R 2018 4R, Tian £
T RE A UM R CL 1Y &I BR B ( Paracoccus
acridae) SCU — M53 , I B IR FE T IREE 444 %) CL %
RIS, T bk SCU — M53 7E e fE 41 F (28
°C 180 r/min) ,2 d WX} 75 mg/L CL By [& Rk
79.84% " | 2022 4F | Abdelkader %52 3 B5 5] 43 B
CL W%k (B H A 4B 5A . 7A  11B Fl AHB iX 5

EHEBAN . L2 VW, M4 AFA PG 5 A0 A Y B i F 75, 2017216021 @ njau. edu. on; §1E GEEIER ) , AIZUHZ,
4 NI 5 e A 9018 Z 15, shubao  hu@ agnu. edu. cn,

BEL£WE . HXARBFELTH (41907145) ; ZHAE #E T B AR 2= H S UF 5551 H (2023 AH050484 ,2024 AHO51113) 3 %
TR R A 0T A AR 5 AT BRI B (2023 AHO10039 ) 5 42 BRI 31 K 2% ok 2 A A 3 Al I 2k 1 ) 9% B 30 3
(X202510372075,X202510372076 ) ; A5 Bt2 %l IR 5522 U #7247k T H (2024 fwxx028 ) ;%2 PRI 24 1 %

F 9 A4 it T AR H (X2025kjxy003 )
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PR AT LLRAS# 1 200 mg/L CL( 5 i ) | HLR#fi
P it EH A 48 h, Z5 1, AR AT %L CL B &
IR P FLECR IR AR AN 2 | LR PR [ A =5
WRIE CL PFEAE B /D

Plackett-Burman ( PB) [K 2 fifi 156 120 56 76 3R 858 Sl 21
YIS EA )1z N, BE RS PR O 2 R B
ARFII O = . R BERYGL I AE H PB ik
Y510 e S, FH T 1 — 2D i 6 0 2 DR 3R 45 1) [
], afemsy 450 5E ek B DR ) I 1 B R IR A 2 T
IINFEREF B IR IR ST ) R T ) e L T A 3L 5% A
(NaOH Jii 2 43 B0 M 4. 36% , 19 Ab BRI [A] 2K 12. 44
d) . ARSCIEM IRt b @i PB PR 3 i ki B
€373 % — Box-Behnken Design ( BBD ) Wi 1 [fij 43 #T
B HEAT AL S B SRS A P IR ARG 11 DR i
FEA DO B 2 PR R I T B A R G AL, AT
B e A iR 25 A

R T AR CL 15, AR SCLL CLAERIRY,
A A R AR B e CL R BRI XT
HREfRAR TR SE . DA R B R X 1 000 mg/L
CL MyF&fiR N Hbp il it PB R 250 0k e BEMEs iR
35 R BBD M i 11 A ATk e AR E A DL Ak S5 10T
BSUE, LAk CL (9 12k P e ik 412 (AL A R 10 1R ok %
U8, A CL 5 Y R 5 2 25 3 S A

1 MBETE

1.1 RFFIEFE

CL JF 2 (4R 99% ) 1A 24 3B b BHRHE A
FRON AL AT} Luria-Bertani (LB) ¥ 38 3 & A LU
THL4r:10.0 g FEH R, S5.0 g BERERIRY), 10.0 ¢
NaCl, % T} JoHLEh 5% 5% 2£ ( Minimal Slat Medium,
MSM) ¥4 LA R 43 :1. 0 ¢ NaCl, 1. 5 ¢ K,HPO, ,0. 5
g KH,PO,,1.0 ¢ NH,C1,0.2 g MgSO, , CL [F#f#E:5%F
3 ( Minimal Slat Medium Supplemented with
Cyhalothrin, MMCL) i MSM ¥ /il 45 & ¢ £ 19 CL 1
SRy W I TR TR T G P [ A 355 75 s oy A 14 U
RERFRIEANA 15 ¢ AR HI L, T A 55 3 B %)
G pH [EH PN 7.0, IF7E 121 CF & R K
20 min,
1.2 CL EfENS BT

ARG AR IR B . TER B LR
A FHICEE 32 CL V5 e i) - 88 4% i vk B hy 50
o/ LV T4k A N8 CL R R IR & 4R
W5 mL =R LR BB EE Y CL )46 T i vk 2
200 mg/L ) 100 mL MMCL ¥ {A K5 325 I8 T

30 °C,180 r/min fH i+ K (THZ — XL, 75 M A fH B}
HABRAR) MR, HE FIRERE, MR 3 d 4R
— R, B— IR 200 mg/L MMCL g i %6 15 3%
B, SRR S K, BRI T, DT i
h EbRRERR R, 7RSS WAG AT, & 3 44T
BRSO B (R AD E AE W MMCL 15 57 9%
JFTEMR 25 F 35 5% 3 do T 540 o Ot EE T
(UV) FIE 20 M (1% (HPLC) I 5E CL i & &, 5
25 A AE HE, CL % £ o 3508/ R W AR e B A B i
EHWNE RS, HEA BRI EN S LR
10 7% ~ 10 “*FOBEERG B, JEHR 0. 10 mLL A 4586 B i
BRI SIURAGAE CL R 4 200 me/L (1) MMCL
BARRE SR b K15 5% LR & AE 30 °C TH R 746
(303 - 3B, Lig @R A A A, BRI R T
L, BEPETEZSFRAE BH (2 AN [ 1) 5 7 v R4 71 A R 2
Balifl, S n Al AR Y FRTR V& TE 30 °CF 180 r/min
) LB AR B 5 56 rh a5 52 S X0 E0T S B, SRR D
6 000g #5.0> 5 min, WA MR IUTTE . AR5, H
MSM AR B FR R I IF BT I ODgy M 1.0, 1F
F I SR AT, S mL &5 BERR AR R4
4% Fp ) 100 ml CL 2 ¥ & R 200 mg/L ()
MMCL {55 37 F v IF7E 30 °C Fl 180 r/min 454
TREFE 3 d, LIVPAG LR AR A, B 4 BRERIN I 2
Rof it 15 R B R AR 53 A 4% O LIF — 1 LJF —2 \LJF -3
FLIF — 4, 50% Hm R AE7E - 80 °C vkA, I HIT
Ja gk,

Ry T kD B R A s VR B CL IR A
B, T2 b 3R P B — 3R - 80 °C VK A 1% 47 1 T8 Ak
LIF—1 LJF -2 LJF -3 I LJF — 4, #M1E LB ik
BrFedkrp JFCE T 30 °C, 180 r/min 1B IEFE R 1%
EEEFR 2 0D, R 1.0 VEFN TR BHRBL 50
5% W) _E R IREEFITE CL BUEHREE N 1 000 mg/L
) MMCL Y5373 b BCE T 30 °C,180 1/min fH
AR 3 d, BRI 3 WEE, A
FhIEWAY CL B e 9 1 000 mg/L A MMCL ¥ 14
BigRst R as A AR
1.3 FEBEH#KLIF-3HEE

FRE (IR AS 2 2 40 T 2 01 ) i1 16S rRNA J7 41
Iy AT e R R R B A R A LI -3 B,
T I R T AR UUVE L PR B AR LIF - 3 SRR A
DNA  Jf{fi AR E PCR F2/F 44 16S tRNA B %
FC3E A= 0 28 7)) (LA I O K 16S
rRNA JE 7 91 i A B R AR Y 4R AE B b
(National Center for Biotechnology Information, NCBI)
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B B, O % M s B BLAST # & T. B
(https ://submit. nchi. nlm. nih. gov/BLAST) #£17 It
XF s B, i Clustal X B4 (2. 1 A #4724k
PExi 5%, M MEGA B F(11. 0 JaA) T RGEKF
G3HT, I L AR R R G K B S TR LIF
3V TR A, 2 X AR M5 O Uk, X B bR
LIF - 3 AT A 2 A A A AR AL
1.4 Plackett-Burman [E Z iF %16

R PR PR 2R 00 e 40 B it 12 1 PB
R | A BENEYE 5 A BBD Wi B i 4 A A T
Ak, FF R RS, #E R pH (3R
i SRR B NaCl K, HPO, MgSO, % Hi
FIE R M B 520 1 000 me/ L CL R 2R 1Y
10 NEEA G (HAERER) . T PB i3 A sZ
CL P20 10 A48 5 rh ik W 252 1 CL [
)3 AR B SEOT AN K, LR 1, Bk
K5 Design Expert 13.0. 5 #4Fi% 11, L 1 000 mg/L

CL e 23 Ay Wi IO A1 A ff o 7 ) T PR FRE
RRAARI 3 ER k2,
1.5 REZEFERRMREREIRIE

WG PB BITHEE R (K 2) , B D (Hi 3R BE K
RO J AR TR IR ) F1K (T BE A 0 vk 32 )
1T BEICSERLS , ik i 3 IEE i1t
HEUR R 3, CL KRR 5w 7E55 4 41
IRE i, IR B 2E 4 4Ll 56 /K SFAE by i) 7 1T 4G
IR B G R
1.6 Box-Behnken Design i [ [ 43 47

{1 BBD Wi b7 T 3 A 5 3 A4 {25 P i )
T EAAKY, il AR 22 5% it 3 &R 3
AP AT T 17 WAk fxd e AT 15
WHK (£ 4), BIHHF B 200 &R Bofii i
Design Expert 13. 0. 5 #4115,
1.7 CL w9l K HiE 54

S HMAREE B 1. 0 mL R AR R 75 L B

F1 PBRIARKEFHXETERFMHL CL HIFEMBEER

Table 1 Experimental variables at different levels used for optimization of degradation rate of CL using PB design

‘ W pH B HiaRak . iﬂ?ﬂfﬂﬁ @éﬁi’ﬁ:léﬁﬁ @%EM%%EE %ﬁﬂ“?ﬁﬁ%ﬁﬁ Pﬁ%ﬂ‘*’ﬁﬁﬁ
S (E AR R E PR R H, RWRE ) RWRE K/
A/C B C/ % (r+min™")
D/mlL F/(g-L") 6/(g-L7") (g-L7) (g-L") (g-L7)
flk(-1) 25 6.5 5 40 160 0.5 0.2 0.2 15 20
m(+1) 35 1.5 7 60 200 1.5 0.8 0.8 25 30
*2 ETPBRITHRMBEEN TN CL FeE R IR 4ERE
Table 2 PB design matrix for variables with coded values along with the tested degradation rate of CL
Lk A C J D E F G H J K R/ %
1 +1 -1 +1 +1 -1 -1 +1 +1 -1 +1 44.91 £0. 04
2 -1 +1 +1 -1 -1 -1 +1 -1 +1 +1 15.11 £0. 02
3 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 42.96 +0. 09
4 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 14.6 +0. 04
5 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 37.89 £0.07
6 +1 -1 -1 -1 +1 +1 +1 -1 -1 +1 34.56 +0.06
7 +1 +1 -1 +1 -1 +1 -1 -1 +1 +1 18.75 +£0. 05
8 -1 +1 +1 +1 +1 +1 +1 -1 -1 -1 81.89 0. 14
9 -1 -1 -1 +1 -1 +1 +1 +1 +1 -1 44.61 £0.07
10 +1 +1 -1 -1 +1 -1 +1 +1 +1 -1 27.34 +0.09
11 -1 +1 -1 +1 +1 -1 -1 +1 -1 +1 41.77 £0. 11
12 +1 +1 +1 -1 -1 +1 -1 +1 -1 -1 48.08 +0. 08

TE: + 1 F -1 230308 BRSO F , Zib B B 52 1 ARRT I,
4810



2025 4£12 J TR A RGBS TR R A T 1) 20 B S A 2R PRI AE Dec. , 2025

®3 RERERAEZITEER

Table 3 Steepest ascent design with experimental results

ek KRB/ mL WERERRWRE (¢ L7 BEEREWRE/ (g L") VAR %o
1 40 25 30 15.13 £0. 07
2 50 20 25 60. 46 +0. 06
3 60 15 20 81.88 0. 09
4 70 10 15 87.45 +0.11
5 80 5 10 58.71 £0.04

F4 ETF CLEBEASSNEMTNER BBD 1% i+ R ERHE

Table 4 BBD matrix for the experimental design and model validation with observed and predicted

responses for degradation rate of CL

RN T VR %
K

X! Xb X; sz T
1 0 0 0 87.49 0. 11 87. 46
2 0 1 1 77.18 20. 14 78. 06
3 -1 -1 0 66.59 =0. 12 63.59
4 -1 1 0 66. 18 0. 07 66. 83
5 1 -1 0 66.21 0. 09 65. 55
6 0 0 0 87.41 £0. 10 87. 46
7 0 0 0 87.43 £0.09 87. 46
8 0 0 0 87.55 =0. 08 87. 46
9 -1 0 -1 68.47 +0. 14 69. 89
10 0 -1 -1 80. 61 0. 10 79.74
11 0 1 -1 80. 88 0. 13 77.93
12 0 -1 1 76. 65 0. 07 79. 61
13 0 0 0 87.43 0. 09 87. 46
14 -1 0 1 67.11 £0. 07 68. 07
15 1 1 0 55.94 +0. 04 58.95
16 1 0 -1 66. 05 = 0. 06 65. 11
17 1 0 1 68.34 +0. 11 66. 93

X RERE SRR, S — 1,0 A1 2351103 60 mIL,70 mL F1 80 mL; X, "{CE AW, Hif — 1,0 Fl 1 23 5IMRES o/1,10 /L
F15 g/ Ly X ARERBERR R T, 4065 — 1,0 A1 1 2583 10 ¢/1,15 ¢/L #1120 ¢/L,

W, ZE T 12 000g 5.0 10 min, FFEUURE, #H 5
H UV - 2401 PC AN T 200 ~400 nm %224
i ARE 276. 8 nm ALY LC 47 AIF I 506 114 58k 5 R 1
FE R TE

HPLC 4341 B 5 AL & 12 000g 250> 10 min,
W EJ2 7K AR, T 0. 22 wm A HLAE 8 B8 3t 0 7 v S

HEAT HPLC 34T, WM €385 25 1 2 - VRORH €8 335 {3 Y
54 Dionex UltiMate 3000 ; & #H {4 1% A+ &y C,s SAHH
e, B 250 mm x4. 6 mm x5 um(HA x FEE x
RIAL) s KBS [E] A 0 ~ 15 min; Wi shAH M 2G5
H,O ARy 80: 205 HEil o 30 C; i # A 0.8
mL/min ; Kz K 4y 276. 8 nm,,
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2 HREHH

2.1 CL MRS BT

AR BT HEA H A 75 e A R i R 43 5
T 4 BRFES# CL BERE, 43 0lar 4 8 LIF — 1 LJF -2,
LIF -3 FILJF —4, DABTERE R 200 mg/L CL ik
— BRSO 1 (a) . Horp B RE LIF -1
LIF 2 FE5H] 6 h PIFEAR CL A 3R ™ F o, 4
FRE LIF — 1 #l LJF -2 125 CL B0 a5 50
fiff AT AT 25 XA T CL B P A, 177 B A
LJF —3 Fll LJF —4 L3 H X CL bk F g By, H
B S W A AT IS R, AETS Y JRAAE & i
r ) SIMIRR I P I ik A0 A T B ) A B, 5 TR R s
Wi 25 i R A T 32 0 2 | AT L 0 5 PSR o e 5
VIR RE . A SCOr B HE LIF -3 M LJF -4 B
RE P AR CL MRS IS & P BE E 32 CL g
ey, WK 1(b) Frox, Wk LIF -3 £ 30 °C,
pH 4 7. 0 B4 F ,42 h 9% 1 000 mg/L CL( &
JEER B ) B i ATk 38.9% , MR AR LIF — 1,

1 S4MNE#SHF 200 mg/L #01 000 mg/L
CL HIFEfRIER
Fig.1 Degradation of 200 mg/L and 1 000 mg/L

CL by strains respectively
4812

LJF —2 FIPE#k LIF —4 %f 1 000 mg/L CL IR AR
BRI, PRI, S8 AR LIF - 3 St I L AE
Je SRR AR E X 42
2.2 BEHLIF-3MEE

B B AR TG YRR LIF — 3 BRRAE CL Bk
J¥ 4 200 mg/L ) MMCL [R5 2% F A K 48 h
Je LA AR EOC R, WK 2 (a) . EEEE
T BRE LIF -3 P40 i 52 BRI R sl RE |, R Y
0.8 ~1.0 pm, WLE 2(b), HHELIF -3 [ 16S rRNA
FEPRUFF 91 b 3 2R W28 ) (BB ) 1 A
JF A% 2 NCBI 04 1 (5 55 PQR03889) , AL
FETHME LIF -3 19 16S rRNA JERFES M8 T 258
RER, WE 3, W WF -3 5L 5KKEE
( Rhodococcus ) W) i# 1% % 2 i % Y, 5 Rhodococcus
sp. T3 — 1. Rhodococcus sp. W — LS — 3 | Rhodococcus
sp. P15 [ #H L B 43 9 b 99.93% . 99.93% FiI
99.86% ., ZHATHKE LIF —3 092 BRAE AL It | 14 bk
LIF — 3 W2R N GRS Wl | L — LR R A i i 2
7 e B ASI 5 S S I BH P LA Yy 2. 25 |
BEHEAE LIF - 3 %558 N ER T & ( Rhodococcus)

2 B#% LJF -3 7 MMCL 4R EEER
AFBERR
Fig.2 Photo of strain LJF —3 cultured on MMCL plate

and taken by scanning electron microscope



2025 412 H T 2 %, AR FAENRE

A TR I 2 M S A A

SERVR IS Dec. , 2025

FET 165 rRNA JE K I RYATHETE RO TR, WoR TR LIF -3 SR RInZ ARG KR,
P IRAERIE Y F 2 E (% ) TR SCEAREE, B RARER A48 0. 005 MR,
B3 ET 16S rRNA EEMEHNEK LIF-3 RELEH
Fig.3 Phylogenetic tree constructed on the basis of 16S rRNA gene sequences of strain LJF -3

2.3 MEEEENRL

g s Fin ARG PB 450, & J (4 nE
B B ) B O el U R AR - 10,47, dR iR 25
2,40, MK E =—20. 94, 3 W5 2 b o 2 e B xof
PR LIF -3 MR 2 g, Rk, 725 2m ik
RIS Pk > T . J W TTERE Y 35.36% , i
FAB.C.D.EF.GHK, WA, K( B
JE)FI D (B35 AR 19 5Tk AE 2351 K 28. 59% F
21.17% AR T J W STERE, I T At B = 1 o1

MR, MR T L HA 0.595% |, ik Bh 2k S R i 2
PERERLE . [RIEE, D J K BSZ K- (E) 53500
16.21 . —20.94 FI - 18. 83, 4 X} {H 3t =5 T HoAth [H]
RIFZmK-, B, fFéiﬁ%%H@iﬁiﬂAﬂﬁ ii'ﬁ.EX
D J KAEREAET %, it £ o048 5 mIE 507, 15

P BRI AL, Y =37.71 +8.10D — 10.47] —
9. 42K, IFIA bR LIF — 3 fUREfiR, Horp Y M
MR, G558 878, p(Prob >F) >~ 0.001 1,
TR E,

x5 ROHERKEBZEESN

Table 5 Partial regression coefficients and significance analysis

o U 8 ot 22 P SRR % o S
(p<0.05)
R 37.71 2. 40
A -1.61 2.40 3.23 0. 84 31.20 b
B 1.11 2.40 2.22 0. 40 14. 81 e
C 3.56 2.40 7.12 4.09 152. 01 %
D 8.10 2.40 16.21 21.17 787. 81 s
E 2.82 2.40 5. 64 2.57 95. 49 i
F 2.72 2.40 5.43 2.38 88. 51 b
G 3.69 2.40 7.38 4.39 163. 47 i
H -0.81 2.40 -1.63 0.21 7.95 i
J -10.47 2.40 -20.94 35. 36 1315.66 s
K -9.42 2.40 -18.83 28. 59 1 063.90 J2
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ARICIHETF PB IR FE ARAT B8 | 18 IO 4 4
R B BT R O U RN SR S AR AT TS
I BENCHRES Ry T 43 1) 2 A7 5 0 | 67 5% 1
TESEMR T R R SRR 1 | 4 20 W o o A
B ot g v B 3l i T S R LR 3., AR 3
FILUE th, CL Rl R 538 0 5 psi b 7656 4 435 3
1 (87.45% +0. 11% ) , [ BE R 4 ik 57K 7
(BEFRILAARF R 70 mL, #2455 5 R N 10 o/L,
PR} e MR B 15 /L) 1 ki 7 T 6 A 3 56 1)
HL

iH ik BBD M 3 T A3 B i i — 20 B T 3 ik
FAR DI S A A EAE L Bt
35 T AR 8 foe 3R S A T, DL 4, AR SCRITH
RS T I A5 T I R et A, 2 R
L E YR

Y =87.46 —1.48X,—1.23X,- 0. 84X,~ 2. 47X X, +
0.91X,X, +0. 065X, X,~ 17. 53X>— 6. 20X>— 2. 43X>
(1)
K X, X, X003 R R (mL) | 46 4 o
R (o/L) FIEERERY TR EE (g/L) 5 Y Fm
FEMER(% ) .

J7 2253 Hr 3 B Tl VRS Y () — fgt [l )5 56 R 8 5]
e EAKCE, mHE B B UE R 0.977 9, #H G
B IE R B R BN 0. 994 5, AT LI 56 h
99. 45% ) EHE AT LI AR R, p <0. 001 & BHIZ B A
A DUAR I AL B AR LIF -3 R, 45 b i%
PR R 7 AL 1 bR LIF — 3 [ Sl S i 2 G 1Y

= R T A E R SR E K LR 4, FE 3
N ERED AL RN EAER,
TP 1 T A DA 22 TR ) A B R R B it
BERERTE 3 MR KPS BINAATE R R . A
FESAE SR N AT BRI o Rl R T MR O 15
o/ L, AR R 10 /L, K, HPO, ¥R h
0.5 ¢/L,KH,PO, Bi i ¥ &£ 4 0.5 g/L, NaCl it & i
JEH 1.0 ¢/L,MgSO, iR E N 0.5 o/L, HiFRHeik
TR 70 mL, FEFMAT 4R 6% R E A 30 °C,pH
549 7.0, %580 180 r/min, PLALHTJG MR R 1Y
AL 5, Bk R s L AETT (1 000
mg/L CL {9 100 mL MMCL B335 | R AR50
5% ,UkJE R 30 C,pH {EA 7.0, 7% # 4 180 1r/min)
WIRE AR R T 48.5 Hor .. Ik, FEE LJF -3
TESRAR S5 0 T (R B A A5 5 B8, JF KOs 48 v 17 4=
Y,

4814

B4 ZREFRXBEERXE LIF -3 &R
CL e fiz T &
Fig.4 Response surface for the interaction effects of
multiple factors on the CL degradation rate

of strain LJF -3

3 i

AR B2 T 26 A% R s T e pkk 2T 5 2
25% By AR, IF H Al P e A AN B I, 28 e 3

%
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B 5 RLETEE#E LIF -3 BEf# CL MR BRI
Fig.5 Comparison of CL residual rate by strain

LJF -3 before and after optimization

FOK (kR E L 13 mg/L) U AL 5 PG
MR GRS DR H4 TR 2SR HUR AR R BT
R FR B AO K AE AW anta2is RN D2
M, 2 R e T EL 3 R B R g AR
ARLOT A i B B AN A TS R G A
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Isolation, identification, and optimization of degradation conditions
for a cyhalothrin-degrading bacterial strain

WANG Hui'*, ZHU Hongkang'?, YAO Peilin'?*, MA Zhengxuan'?*, JIAO Tongyu'”,
CAO Jingjing'?, ZHAO Weirui'?, WAN An', ZU Yao’, HU Shubao’

(1 College of Resources and Environment, Anqging Normal University, Anqing 246133, Anhui, China;
2 Anhui Provincial Key Laboratory of Intelligent Monitoring and Productivity Improvement
of Cultivated Land, Anqing 246133, Anhui, China;
3 College of Life Sciences, Anqing Normal University, Anging 246133, Anhui, China)

Abstract: To tackle the environmental risks posed by Cyfluthrin ( CL) residues, this study utilized enrichment culture methods to
isolate CL — degrading bacterial strains. CL — contaminated soil served as the enrichment medium, while a Minimal Medium ( MMCL)
with CL as the sole carbon source was used for screening. This approach led to the isolation of four strains: LJF -1, LJF -2, LJF -3,
and LJF —4. Notably, strain LJF —3 demonstrated rapid degradation of 200 mg/L CL, achieving a degradation rate of 38. 9% even at
1 000 mg/L. Based on 16S rRNA gene sequencing ( GenBank accession number PQ803889 ), strain LJF — 3 exhibited 99.93%
sequence similarity to Rhodococcus species in the NCBI database. Physiological and biochemical tests yielded positive results for
phenylalanine arylamidase, L — lactic acid alkalization, and tyrosine arylamidase, while other tests returned negative results.
Consequently, strain LJF —3 was identified as a species of Rhodococcus. To enhance its degradation efficiency, an 11-factor, 3-level
Plackett-Burman experimental design was employed, identifying culture volume, glucose concentration, and yeast extract concentration
as significant factors. Follow-up steepest ascent experiments with five gradient groups determined the optimal conditions: a culture
volume of 70 mL, glucose concentration of 10 g/L, and yeast extract concentration of 15 g/L. A Box-Behnken Design Response Surface
Methodology (RSM) was subsequently employed to optimize these three factors, with results indicating a well-fitted model (p <
0.001). The optimized conditions for strain LJF —3 included: 15 g/L yeast extract, 10 g/L glucose, 0.5 g/L K,HPO,, 0.5 g/L
KH,PO,, 1.0 g/L NaCl, 0.5 g/L MgSO,, a culture volume of 70 mL, 6% inoculation volume, incubation at 30 C, pH 7.0, and
agitation at 180 r/min. Under these optimized conditions, strain LJF —3 achieved an impressive degradation rate of 87.4% for 1 000
mg/ L. CL within 42 hours, representing a 48. 5 percentage point increase compared to the unoptimized rate of 38. 9% . In summary, the
optimization strategy significantly enhanced CL degradation by strain LJF —3. This study provides a valuable microbial resource and
technical framework for the remediation of CL pollution, offering insights for future environmental bioremediation applications.

Key words: environmental engineering; microbial degradation; Plackett-Burman screening; Box-Behnken Design; cyhalothrin
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