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Toxicity of lufenuron and its effects on the chitin content and
chitinase activity of Spodoptera frugiperda larvae
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Abstract [Objectives] To investigate the toxicity of lufenuron and its effects on the growth and development of
Spodoptera frugiperda larvae. [Methods] A bioassay was conducted to investigate the toxicity of lufenuron to S. frugiperda
larvae and the chitin content and chitinase activity of larvae exposed to sublethal concentrations of lufenuron were measured
using the glucosamine, and N-acetylglucosamine methods, respectively. Bioinformatics was used to screen chitinase genes
from the transcriptome database for phylogenetic analysis, after which real-time fluorescence quantitative PCR was used to
analyze the effect of lufenuron on the expression of these genes. [Results] Larvae gradually became less active and molting
and cuticle development became abnormal. Larvae eventually became deformed and died. The lethal 20% (LCyp) and 50%
(LCsp) concentrations of lufenuron after 96 h were 0.517 mg/L and 1.009 mg/L, respectively. Chitin content and chitinase
activity were significantly reduced after 48 h and 96 h exposure to sublethal concentrations of lufenuron. A phylogenetic tree

indicates that the five chitinase genes in the NR database are different types. qPCR analysis shows that the LCy, concentration
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of lufenuron can activate chitinase gene expression, whereas the LCs, concentration can inhibit it. [Conclusion] Lufenuron

reduces chitin content, inhibits chitinase activity and disrupts chitinase gene expression, in S. frugiperda larvae. It therefore

has potential as an insecticide for the control of this important global pest.

Key words Spodoptera frugiperda; lufenuron; toxicity bioassay; chitin; chitinase

9% 7% X Spodoptera frugiperda (J. E.
Smith) , J& % # H ( Lepidoptera ) & I %}
( Noctuidae ), A ERA 414145k (1) &
REFEGE CHEFE R, B RS aF £ 24
RO R BEHA T BEBAEE . PR
TR RS RAME (LB, 2019; RAEARE,
2019), H 2019 4F 1 H ARIRE, M4k fE 5|
26 M4 (HEET . ARIX), HETCEnieEsE H
SRR AR, T E IR E A (T
JE4E, 2019; 5 =%, 2019; ML 445, 2020 ),
TE 2020 FARM AR FRA A B —ZRAE Wy 3
FsE, BB BTRORALE Z o KRR S
T 2019 4FF 2020 4F 7% 22 P A7 1 7 1 57 13 Bk
252 B TGI8 & BRI A 2 SR E 1 55, UG DR 3
fig) e (RS, 2022 ),

AU IR ( Lufenuron ) J& 4% I Mt FE R 2 B e
AR, SRR LT BE AR,
Htegmm i, BA R RAEMEE . XHHE
AR A | AT IR S, B —Fh R
RAFRIPHT R R A 7] (RAESC, 20025 HEAE,
2014 ), HEZMENIF A B i, Ed T+
PR RFE RLT BA B R, IHJLT B E k.,
HE T B AN BE T H 0 Rz B AL AR I BT , XoF i3
H &y A7 Ak (LA, 20155 BRARSESE,
2019; BEAEBEAE, 2019 ), JLT B ( Chitin) J2&H
N- Pz B 20 R A U 220, SR IUR
TagER, BEREL . E R RS
B B i i ( Merzendorfer, 2011 ), #3|
AR A B AR O B R e A2 A S )
YEFI; JLT il ( Chitinase, CHT ) J&E HUfA&RN
Bt ST BT A OC B , A RS U6 B AP it i
FEIHAVE ( Merzendorfer and Zimoch, 2003;
Arakane and Muthukrishnan, 2010; Z=gf4%,
2021 ). AEYAIEEL S AN S AILT B,
4R A B AR 1 DG SR B Ry B AL ORI
P EEAR AR , ZERE ) Ok 3P G HAT AR R i FH A

i (RS, 2017; Z2HHS, 2022),

F TR b Bk AR TR B R B ), H AT
O m R By ¥ 2l 51 R I A oY R B T A
FH 6] B 50 T, 5k BH 6 R %o 5 % 73 ik LA
BAFMIB AR (BRARESE, 2019; ARERSE,
2020; FEAFRAE, 2022), {HiARA KT HX 5
Hh BRI B BCH LR IS o ASBIFFE LA Hb 5 780K
41 ORI G2, A m A X et 53 7 Mk 1 %
PR HRUTE P B X LT e AL T o e 0
s, JERHAYE B X LT B T R 48
KB, R FIH qPCR IE AR LT
ST FIR G B0, LAY A B4 ) ] G FOR B
Ul BT B R S A

1 #R5HE

11 #hd AR

B DTSR [ TR RN T RUBH B2
B = Be R A e (32°5225"N . 117°33'16"E ),
SR A TRMR SR ( EH9ES, 2019), 1H
FELM . IR (28+1) °C, B 70%-80%,
18 80%, JGHAMA 16L : 8D, #4iaF 25, ik
B3 gl AT RE ) e S

12 FEERKH

98% MG I S5 245 H T i 4 MG Ak T A R 23 )
Pl AV S bR TR . S G-250,
JUTT o il 37 P A 0 30500 80 T B e o A 00 2 ) T
FEWFFE T 5 3-H BL-2- 2R JF e mk i i Eh R b /K 5 )

(MBTH ), *f —Z A (DMAB ), N-Z 8t
ISk pal NS weisd IE VAN I st 3w Wil 7ANEi
TransScript One-step gDNA Removal and cDNA
Synthesis SuperMix iRl & At w2 a4
BRI AR A, SLRPOEE R PCR R &

( TB Green Premix Ex Taq 1l ) W A =4 TR
ARRAF] o HA i AR 4B ai gl
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1.3 BEVFHRR HEENE

HRFE R ALME 25 (2020 ) =5 A 5E 512,
K2 T I A ) 2 s O X e b B I ik 3 1
SRR EE T o RIS TR SL I 45 5, I E 0.1% Triton
X-100 7 18 7K R m\ a6 J0K Bt 24 % B Al (1 4.000 .
3.000. 2.000. 1.500. 1.250. 1.000. 0.750 . 0.625
0.500 A1 0.250 mg/L ) 10 PG4, LGN
0.1%Triton X-100 ZZIE/KIERZSHXTIR, 7 24
LB ERFLIEA 1 g N TARRE, BRI S AfLINA
60 wL TRFIN24 i o BEHUAE K — 35000 w0 b B I 3
W, YURAEER 8 h J5, HBER HAE A%ty
TR 24 FUAL, BRFLIEA 1Sk, AEURIEALLHR
24 ik, HE 3 K. KASITHHRAAE R
B il A, TCAT A S 0 H 8 At fiff
FHABAILX W58 R PRI sl B T AR A 740 IR, IR+
AL TS 48h 11 96 h ik HAET %K,

14 BHRLEENLTHREENLT REEEHE
e

HRAE R A e 4528, SEHL 0.5 mg/L
(LCy) 1 1.0 mg/L ( LCso ) b IR AL 5 55 1y 5%
I 3 WA, 4l FAL3E 48 h Fil 96 h AR K
i T ILT & A LT T At e, o B4
1 0.1% Triton X-100 ZE1R/KALEE, B340 3
WEE, FIREL 20 %, PkiE 0.5 mg/L TR
Ab B S A6 ) b SRR G AL, B TSI AR N,
A 3 mL MBI — SEN-FrERR % vhil (pH=
6.6 ), 7553213, 10 000 g/min, 4 °CE.L> 10 min,
TREIEMNTILT R& e, B EEHET
15000 g, 4 °CE.L> 20 min, B35 H) ML G
FHT LT BT M .

JUT & gl o R FHZ B A 4 ( Lehmann
and White, 1975; Zhang and Zhu, 2006 ). JLT
5 3 0 2 SR FH N - 2 T 2 A 28 M ) o

(Imoto and Yagishita, 1971 ), #%[Rrg st E#RA
Yy TRERI S B LT 5 il 0 X500 G vl B A kA
TR, FFLL N- bR J2E w4 Wb o h 223 1
LT BEGEE . R ST G-250

( Coomassie brilliant blue G-250 ) 7%, LPA4-I i
HEE (BSA) SApRifER A, I A B 2 1

Jfi e (Bradford, 1976 ), FTJLT G )
A,

15 T HREBEEEAHS

ARl ZE AU B AL T o f A AR 2 D RE
FEAEZE S, ARAE LT B Ak DX IR 7 51 ] LA
FEILT il ol 8 RSB | A L b 5 1 M i S
BE iR 5 & B SChts B, A FHTEZ
A MAFFT ( https://www.ebi.ac.uk/Tools/msa/
mafft/ ) KB E SfChts 3k 5 B i AR L4 ¥
Tribolium castaneum . J§ % i Drosophila
melanogaster . [X] kb IV 4% 10 Anopheles gambiae A9
JUT Fafig e R B e A e TP 9 LU, PR LG
XTEHIFSIH MEGAS 4B #:% Neighbor-joining
WHRRGRER, &3 3#T 1 000 KEE K
Ky, HH FigTree 1.4.3 ¥t — 4 gBHE it LA

16 BAWELERILTREBERREESH

1.6.1 RNA f2EI#0 cDNA &8 0.5 mg/L A
1.0 mg/L B ik b B b B 00 3 W4 i, AR
Y1 b ST R T] 0.1% Triton X-100 ZE48 7K A2
G30)F 48h F1 96 h JEWCEERES, HEAT T B4AN T
AU LT BT R () KRB IE DL AT, B~ b 2R
W 3 ANEE ., FEE RNA HRBCR A Trizol
WH (Invitrogen ), EARFEHUD B2 B 15
Foo W10 pL RNA #Ef5h, FI ISR HEEER BTk
K& RNA #95244E, FF]H Nanodrop 2000
( Thermo Fisher Scientific ) I & FEf OD260/
0D280 fH, HIT cDNA & MAHES OD260/
OD280 {HTF 7 1.8-2.2 Z[], & TransScript®
One-Step gDNA Removal and ¢cDNA Synthesis
SuperMix i 7l & UL W B #E AT R B sk, AW
cDNA, 77T - 20 CHEFZSIE
162 SERTPEETEE PCR MRIEHE A B F
i BEAS 2 Y T RN I A4 a5 JL T o i ik 5L )y
5], F|H Primer Premier 5.0 ¥/t E =514,
VEIBCHD L 57 Mk RPL3 1 RPL1S 9 NS L
S A TAY TR B )R A R F G,
TEDLF 1, #%88 TB Green Premix Ex Taq I ( Tli
RNase H Plus ) ( Takara, Japan ) UiBH457E ViiA™
7 5 i PCRAY (ABI, 3E[H) #7900 it
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PCR SR, BNRIECE 3 ANMEYFEEM 3
W AR  PCR W AR FR(20uL ): cDNA 2pL,
TB Green® Premix Ex Taq™ I (2x) 10 uL, IE
I 519145 0.8 uL, ROX Reference Dye I (50x )
0.4 uL, JCWI/K 6 pLo RAMEHIT RO, 2
JPAR 95 CHUZEM: 305;95 °CAEME 35,60 °C
B30 s5 40 DMEFR, FFUETOCES . RlfE it

2. 60 °CH| 95 CHiFE 6 s WEETOLF 52l
fif 2, AR fl i i 0 5 | 4 ) e S
1.6.3 HESZITS o KA SPSS 21.0 #fFit
AEUEIREE I PIE RN LCy. LCso, FHXFFEIE
TR 272 97738 ( Livak and Schmittgen,
2001), F£-H SPSS 21.0 ¥E4T T A5G FIBA N K )5
22581 (P<0.05 ),

x1 E&EAEE SChts £E RT-gPCR 5|#131%
Tablel Primersfor real-time PCR of Cht genesin Spodoptera frugiperda

L Gene 5149 (5'-3") Primers for sense (5'-3") TU51% (5'-3") Primers for anti-sense (5'-3')
SChtl GCCGTTCGTTCACTCTGTCA GTCCCACTTCTTAGTCCATCCTG
SCht2 ACATACACAGCCTGACATAA CAAGAACAGCGAATCCATAG
RPL3 CCAAGGGTAAAGGATACAAAGGTG TCATTCACCGTTGCCCGT
RPL18 GCCAAGACCGTTCTGCTGC CGCTCGTGTCCCTTAGTGC
2 ZERE545H B igea e 48 h #1196 h 5, PE LR LT B

21 EERMEME RS HAEN

SR FH 2 TR PRIE DU A T AS (] ik 38 il il i 24
FISFHER G R B35 7 o WEEL L, AN [A) kB A L
Ml JOR X i, £ A R 4y PR A R I AN TR R T 7
P, ELBEE AL PR R A RE R, Rk B
0.5 mg/L U IR AL B b BT R0 k4 L 24 h
Mg g B R B IR B 4,
JLFEAET; 48 hm, kA spERERInee, 4
HIESNIRGE, ASBEXT R A RN, e 2 T3
Wd e PRI HE . SKER IR A, (H T R I 5
B 5 96 h e, U RO R b B AR I &)y B A
W RIREAER, JET- B R R Bign . R
K (K 1: A-D),

AUSIRAEEE 96 h JEREE I IH TR Y=
2.6X - 0.02, H2EZ % R=0.986, LCs5=1.009 mg/L,
95% [ & {Z X [ K 0.908 - 1.115 mg/L; LCsy=
0.517 mg/L, 95%[¥E (5 X [E] 4 0.429 - 0.597 mg/L.
Wi 7 TG R A L, R b B A )y L BE
ORI, Y EUE IR S 4.0 mg/L B, JETC
FiKF] 99%.,

22 BSBRMEMFREILT REEHNFIE

FH 0.5 mg/L 1 1.0 mg/L Ui IR Ab FEEE L 7%

i GEHLRM, PIFP fE mUE IR Ak 3 1 R
DRI 3 WA RN LT B B B E T
HEZH, AbPH 48 h )5, 0.5 mg/L Fl 1.0 mg/L Ui
JIRAE B LT BT 1 43l B R x BRAL Y 8%
29%; TMiALIE 96 h &, Fifi 5 B IR Ak 30V 1) 184
I RN LT B = B REIK, 0.5 mg/L M
1.0 mg/L Ui IR Ak 3 JLT BT 3 i 43 0l 3 oA ok
HRALIY 31%H1 6%, 1B mUHE IR 7T DL b 5 IR
Ho o Rl AR LT i (&2 ),

2.3 BUSIRMEM R T REEEEE AR

22 0.5mg/L (LCy ) Al 1.0mg/L (LCso) HY
TG DR A LB 5 A ik 4y R 48 h AT 96 h S, iR
RPN LT B BT X R (& 3),
22 LCo AbPH 48 h J5, JLT Bt T K R il et
ZHHY) 9.89%; 4 LCy Ml LCso bFR 96 h J5, JLT
JO T 23 3 A X BRI 42.65%F1 72.66% 0 X
WA ZH B M T A IR 7E AL B 48 h e, IRJLT A
wEE, 596 h JFJLT Fifra i E ML, nlaE
S TP B () 3K e Ak 1 &0y e 058 K A A ] By
BERE.

24 EMFHEHELTREEEHUHIH
K e b BRI S A KR R v A 2 A L
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Fig. 1 Toxicological symptoms of Spodoptera
frugiperda treated with lufenuron
A, Wi IRME; B, REMBAL; C. G D, HuUkLi%.
A. Difficulty in moulting; B. Epidermis melanization; C. Decomposition; D. Body constriction.
1200 _=
OomgL & gﬁ)uy a

23100 . mosmer 2E 250 M Domet
8E gool M OlmgL =¥ b 0.5 mg/L
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B2 EAWRLEFEMEAREIRGBNILTREE
Fig. 2 Chitin content in the 3rd instar larvae of
Spodoptera frugiperda treated with lufenuron

FIhiR 22 LR , i AR /NG FRERRE LSD 1k
KTE P<0.05 K225 3. 183 KK 5 [,
Error lines in the graph are standard deviations, and
histograms with different lowercase letters indicate

significant differences at the 0.05 level by LSD test. The
same as Fig. 3 and Fig. 5.

TR R SR T | )] LS ISR AR AR s
JUT [0 il 35 PR 1) 2 R ) 9 2R 47 7 81) L X6 44
HERGELKEW, G WA 4, 5% SChts 1
RRELE 5 FARTZERA > b, H SRS
Tribolium castaneum f & fizift . Hiip, SChtl 5

AbFRIFE] (h) Treatment time (h)
B3 BEUHRAGCEEM TR 3R RILT REEEE

Fig. 3 Chitinase activity in the 3rd instar larvae of
Spodoptera frugiperda treated with lufenuron

I RURERILT AL Chts &L T3 R A —
%, SCht2 5 I RCERILF Chtlo Rh—3L,
SCht3 . SfCht4 1 SSCht5 43 1| 5 Hofts L Bt iy IV 5
VAV AR —

25 BBRMEMTEE/LT REBERREN
2

W 2GSk B e R, KA RT-qPCR
Mg T 1A (SIChtl ) A1 1T #Y ( SfCht2 ) JEHTE
TG IR AL LIS 1 5 ) AR P ) Rk i, 4
RILE 5 (A, B ) FAAS [R5 8 mU6 IR A 24 5 1l 5%
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Fig. 4 Phylogenetic analysis of CHI genesin different species
WA T I ERGE L EW ., Te: HRUAHE (HE); Dm: BERME (HE);
Ag: WIHPFEEL (46 ); Sf: R R (206 ),
Phylogenetic tree constructed from amino acid sequences. Tc: Tribolium castaneum (blue); Dm: Drosophila
melanogaster (pink); Ag: Anopheles gambiae (green); Sf: Spodoptera frugiperda (red).
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Fig.5 Effectsof lufenuron on relative expression of chitinase genein
the 3rd instar larvae of Spodoptera frugiperda

A. SChtl; B. SfCht2.
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Wk 48 h 1 96 h 7, STChtl il SfCht2 FE [
MRIBRAFAER E 2R, SR, 0.5 mg/L
( LCoo WL PHREE Hb 03 7 ik 4l B 5 SFCht1 il SFCht2
FLIAE 48 h 196 h ¥ L THEH, SChtl 3R
IRIKSE A3 B Rt FRZH Y 1.3 f5%5 01 8.45 4%, SICht2
B 2 TR 7K 20 X BRZH ) 25.07 £5 0 30.66 £
1M 1.0 mg/L ( LCsg ) Kb PR R 55 A 1k 4yt , SFChtl
TE 48 h J5 5 HRAH L B AL, HAb b B 5 %)
MEAHLL, o MR, RUEURIRTE LCy
FETFXEILT BB 5L R b A 0 s /E A, (H
LCso MR T XL T g HE P i) 3578 — 4
e

3 @itSiip

VI DRV Ry 4% R IR SIS R A KR ), 3
SRS PIHILT A, s2mm R AUEE AR R
B, ST E | 2 H MG H R A BRI
HoE b (kK A48, 2009; #0304, 2019 ),
WL R FEDT, 1.0 mg/L U R4 FE 75 25 1
i 3 984 96 h J5 AT B IE T HIA E] 50%,
MR IR IR B A F] 4.0 mg/L I, B ST k4
HFET- IR E] 99%; AR (2019)0F 55 &
2 mg/L Fl 5 mg/L () mUiE K L 7 A B 5 Hb 57 3 Ik
3 W4l 96 h JE LT 512N 30%H 70%, >4
WA 20 mg/L B, ZETRiAF] 98.33%, A
FAER G MR AT AR, A RS T H
50%, "R SO BT B2 L FEEACECRT
TR X SR AH6 IR ) AR S R R TR K

B A AR R R 28 L &2 2, =2
TR R IUT BT B A s A
TR BELAS MR, I 5% 050 B2 RN AR , s 1) P9 7 S 3
RAFT8HR%E, HEAFET-HL, —H 96 h )5
A2 BB AET- R ( Hajjar and Casida, 1978;
ZEERAE, 2016 ), AMFTT LB, B AR IS IR
Hh BRI Ay A e B, (E AR T A )
[, AbHE L DT Rk 3 R4 24 h R L
W R BRI GE DR R A I 9 30k 6 1 245 791 Ak L
48 h 196 h J5geit&E N S ILT BAJLT
PR . SRR, LT RERAJLT

O Tk 1 1 1 A A R B B e A K R R ML
1E (YA, 20005 HARFES, 20205 sKiEH,
2021), filn, DSjpsE (2014) WF5E & B
RENE [ AICARES 1 Helicoverpa armigera /RN LT
Bk, SR R B A RIEAT; #3C
SCAE (2019) ISR ISR E LCo. LCy
F14) SR A8 TR 0 Sl JOR T 00 ) P SR e R g LT
WG, B2 (2016 ) WISY A LT A 2R
0 -5 Tetranychus cinnabarinus JL T i B 74
FETEIDHIVE T o ARBFoE 25 SRR, mUE IR T Lt
5 o T Rl B M Ay AR Y LT B R AL
TR

ANTRIZE B LT o g 5 PR A RS A oy e 3
R R TRE , 7E R AR R B I LT
it F1 3 et R O™ E AR, S EE R I R R Y
EHAEKEE (Fanetal., 2015), [#, [#,
T ARV A LT 53 PR 3227 4 H st 36K
REAZ 5 4l Holsd fe Fn AL ( Z29F55, 2021 ), Zhu
45 (2008) WF5T LI RNA T8I0 ER 2 A5 g )L
TIREK DmChts S84l Ui Bz %, ARl
P ULER TeChtl0 204l B Akt jz K Ak i 5
N S i Ay i T | B PN B v 3 o VT 31 B
S5 T BRI RARRIE P R Sy — ) SIChtl F#11
SCht2 [AIES 5T B & . T ILT il
fE R R B R R IR AR R A U
TE G-y 5 | 4y H -0 00 - ok, TR ) 5 B iy e T st
E) N FRIRTE M, HLAEWE R Ak 2 im0, AR
WIS — R JG — R RIR AL, B
3R, 4 RERERE (R, 2017), A
WFFEHT, LCo ¥R R XL T B JE P 54 B2 T
B, 1H LCso MeBE T XL T AL A A kA —
SE FOPI A T, 156 Al AR I L 5 5 7 A Py
JUT I R A4 I8 ek, DT 5 350l 5 1 ik
4y RO R PRI, e O e R I PE T o

B AR R R L — R | BRI, X
ISR R AT SRR, R RR A S DA R, DRk
FERIUT BREFIIRIST , I & LALT Bl 5L A 4
i B A5 0 235 ) 2 S B B A e S R A
T AU P O o €0 B A o TR 5T Sy ) Bk it P L
UHE UK 75 Vi R 1t 5 A0 M BRI B A DT IR R
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