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T AR % A X B S T 4 B T R R

=1 1, 2% 1,2 o 2k
= B AR IT4E
(1. B KRR SAdrébe, 1§ 2013065
2. B ATARALRR B A IS BRI S BT, BT I S B R S SR, B 201403)

W OE [BB] URYR ARG EEER R Spodoptera exigua 4l TS0, R EFI IR
AR B BRI T TR A [ iR ] ARWFITIE I 0.01%7 2 FE 1L 0.01%1M e Z iy N TAk, 4
FFMEE A 3 WA, ARSI AE Wi N TR X RE i iR A i I FEAL B S 24 48
72 b W E A AL FRZH 4 s A AR T SR TR S R A A AL PR 4 PR B R A4l ( Caspase-1
A1 Caspase-5 ) AP T-MIHIZE I ( Inhibitor of apoptosis protein, IAP ) ifitt; RF RT-qPCR 2 5 454 3 21
oy B 20 M PE T AR DI P AR ek i [ SRR ] PRIV A U A A4 A0 Ak B s ] ) 38 A FH ) 8 3 5
BB U T4 | SeCaspase I PEFIFE R ARXT £ IA B (P <0.05 ), SXTIRAAALL, 0.01%AF EEKEK 0.01%
Wil B ZRALFR S, 4 HUAI 1= | SeCaspase-1 . SeCaspase-5 . SeIAP 75 P FIFEE AHX ik B E T H (P <0.05 ),
T AL Ly U L PR TR R T AR RIS 24 h, BT R LI SeCaspase 1 M A
[RI AR X 2 5 B 300 3 v Tk B AR, TNidit b AL FEA 1) SelAP JEPRIAH N ik i 25 i T S R Ab Hidl
(P<0.05). [4i€] &7 F MM R xR AN 8 1354776 BB AL E T (P <0.05), AHI &
Y7 522 HOA R 22 X S ik A0 U8 T2 s AR B o B 2
RER SR FEE; WAEE; 4T EMORAHEE; MT I G

Effects of plant secondary metabolites on apoptosis
in Spodoptera exigua
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Abstract [Objectives] To investigate the effects of plant secondary metabolites on apoptosis in Spodoptera exigua, and
investigate the potential of these compounds to control this pest. [Methods] Artificial diets containing either 0.01%
coumarin or 0.01% quercetin were fed to early 3rd instar S. exigua larvae. The control group was fed an artificial diet without
plant secondary metabolites. The apoptosis rate of larval cells in each treatment group was determined by flow cytometry 24,
48, and 72 h after treatment. Caspase (Secaspase-1, Secaspase-5) activity and that of the inhibitor of apoptosis protein (IAP)
were determined by enzyme-linked immunosorbent assay, and gene expression levels were measured using RT-qPCR.
[Results] The interaction between the two secondary metabolites and time after treatment significantly affected both the
apoptosis rate, and the activity and expression of SeCaspase and SelAP. The apoptosis rate, enzyme activity, and relative gene
expression (SeCaspase-1, SeCaspase-5, and SelAP) of larvae fed artificial diets containing either 0.01% coumarin or 0.01%
quercetin were markedly higher than those of the control group, and the apoptosis rate of the coumarin treatment group was

significantly higher than that of the quercetin treatment group. After 24 h, the SeCaspase (SeCaspase-1 and SeCaspase-5)
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activity and gene expression level of the coumarin treatment group were significantly higher than those of the quercetin

treatment group, and the SelAP gene expression level of the quercetin treatment group was significantly higher than that of the

coumarin treatment group. [Conclusion] Although both coumarin and quercetin promote apoptosis in S. exigua, the same

amount of coumarin induces a higher rate of apoptosis than quercetin.

Key words Spodoptera exigua; coumarin; quercetin; apoptosis; caspase; inhibitor of apoptosis protein

T S A 1 B A U R A A o, SR
R, AEY AR 2 B R R AL
(Wuetal., 2010; Gong et al., 2020; Chen et al.,
2022) o Horr, fEPIRAEREAE R —Fh P TR
Ffb2Em Ay, aTgm R A K R R |
TGRS 2R A B, TR A ) iz R iR
F (#5194, 2014; Muhammad, 2019) . fi
e, T HE W% B B MK Lymantria dispar
( Linnaeus ) 13 M #4 4 & Helicoverpa zea
(Boddie ) A+, FEMRERY £ KIE Ostrinia
nubilalis ( Hiibner ) MJAFIE%, WA RIE0K
1% Spodoptera litura ( Hiibner ) Wi, FiEH H iR
HACHE K, 2020 ); Z2 45 Bombyx mori( Linnaeus )
B B B R p RS, A R B
(kA tk, 2012) ; WRESHMEGER . HFURN
Mz 2R 0 N T AL % A SURE Bk 4y A 4 I H Rk -
SHE RS Bl TS PR R 2 m T IR (A e SE
2012) o WAk, —SERAERIYI BT, WEPREE |
HEBR, 0 T A X R A AT R RME L T
SN R R (PR TAE, 2015)

R X AR B AL, B R A A P Y A
R | FRFERIE— RN, A TP TR
R — 12 %E ( Piskorski and Dorn, 2011; T
4 =%, 2018; Wang et al., 2020, 2021a, 2021b ),
AU T ( Apoptosis ) J&—7Fh Fy 3 R 42 il 114 4 ity
FENMIET IR, XU IRBLAAR I 5 A 3T g A
B A A S A H 225 S ( Yuanetal., 2022)
WF5E R, MO A=A S5 AT 5 e B2 e 4 £
RE, W E BAMRA AT ( E3CHESE, 2011 )
b FE4ESE (2008 ) BFSE &, 0.1-5.0 pg-mL " fY
ENFEZEFI 0.5-20.0 pmol-L ™' BRI lisb FARHS
WRARAE 72 b JE, AT E S S A A A T v
g5 . AR T MASE R T B RVRRE . BN R
(2020 ) WFFEFRE, AS[Ave B AR At K me AL AE 0
¥y ] 75 B 5T R Mk Spodoptera frugiperda

(Smith ) Sf21 AT, I HAEFHRON 257 &
AT [R]CASE 7

Fis gk Spodoptera exigua ( Hiibner ) J&—
PP AR T2 A ) Z B ERY RO F d ., (5K
4, 2009; HKAE, 2019) o TR EEAK
R T AL 2 A 25 2 BUZ B2 ROk ey,
AL S PRI AN ot e A b B R . IR, SR
B A R it ofe St i L ) 25 A T A
B, 2021) o AEHPIR AP —Fh AT
A RO B B e AR I T, T
FH O ASARHE , © T 2R e Ry J (A
L (EIRAE, 2018) o VEH AR BAHTIA R B
GERIL, VLM b A R A LR ORI R
B3] S e A SR M AR Kk BT B SR I 1)
FeT RN E TS (JERERESE, 2022) , {HIHH{A
P FHBLTR 5 AN TR, 25 A8 AT REJR A 3R R =
SN T IR B L R R SRR e &y L 2 i e
$Eo I, AR LR SR A R 4, R
G X i R M A0 O T R DR R AT
(SeCaspase—l, SeCaspase—S) T E A
( SeIAP ) i PEFIEE R A XS SRk m mys e, b i
BrAE P R H 02 F A ) s L PERIL R, LA KO
TR FHAE A UK A= W) 1 T TSR e B R 2= KA

1 #MB5ERZE

1.1 gt

P R RO AR B 57 R N LR FR
RIFHSER I, 3 WIS . 2% Jiang 55 (2011,
2018 ) TAIFE I, FRIIRh HUE T2 B AL BRI
& (F 10 cm, B2 15 cm) H, FEEEA
TR (B S8 G . BiRMs . M. mehk,
PUR MRS ). F R A5 N TR TE L,
SR 0.01% (R4 R E0EH & ) A
Rt (FO R LR ) WATHEE, DA
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IR AN T AR AR RRZE (CK) o 4k
FHE (28+1) °C. MHXHEE 80%+5%. JEJH
W14 L : 10 DM T AEKZE 3 189), AR,
PR AR A SR (HPLC = 98%)
FIt iz 2% (HPLC = 98% ) HIgT b M4
YIRHEABR A F] ; RNA Higaifbiln & . %
SEIRFI & . qPCR MiX il &8 h Bt TAY
ARRAFA ; AP T e e & Tl 4t
EEMHEARBAABRAF; EH Casepase-1.
Casepase-5 F1 IAP Jiffik 5% ( ELISA ) Wik &1y
VIS AR R A B Rl AR A

1.2 REGItEA*E

B EARRIRAERRY (FERIMYE ) 1

N TR & ik A N TARRE (CKO)
IR L 0.027 em® KN, 0 12 LB Tt
VEE R SE K/ NS 3 I, YUEK 6 h
J&, BARFRAOR CREFLEA 13kl o ks
FEMCEE DI TR SR, BTN TR R R4
W, R (28+0.5) °C. AHXNRE 80%+5%. b
JEII 141 : 10D, S8 3 AbEE, Ap4bFE 96
kg, HE 3K,

121 YEMMKE  57EabR 24, 48 F172 h
Je , PR MK o FH 75% 0 £ BRI T
SRIR A H RS , IR KBTS R 6 YR I FHIK
IR 2 AR R K 4o Frgh BB T PE
L, AT RIS SRR K, RSB IR
21 HM bk L o KA A TR IO 1 Il bk L A RS 2
1.5 mL B0EY, HTRZSE.

122 mMAMABATERMNE [OHE 50 pL i
W, 9492 rmin” ', 4 °C, B.L> 5 min. /Il PBS
(pH6.8 ) FEAEANML, WA T LI 14k
1x10°-5x10° ~4iiffl, PBS (pH6.8 ) PELZHML 5
W, 8490 rmin"', 4 °C, . 5min, 3 .
TEBDE I 50 uL A0S A, B
i, BIA Annexin V-FITC i#|F1 PI ikH4& 5
ulL, FFFEAMRA) . Ei(20-25)°CF W 10 min,
AR L ( Guava easyCyte 6HT-2L, 2Rtk
THARABRLT] ) A EH R kil 40 i 7%
R EE 3K,

123 HEFRBATHXFAHHEENE
ACFRIRL 60 pL MKEL, 9492 rmin', 4 °C, &
O 15 min, B TR 209080 . SAf e 43 ik
Fredt, FRvE LN 50 L AR BE bR e
W, 25 FFLH N 50 pL AR, FEASFLHOm
AL MR 50 pL o ZEEFL A 100 pL Y
KA, 37 “CHEH 60 min, PELZE MR TENR
5K, T FERALHIA S0 uL iKY A Fil B,

37 °CH¥H 15 min J5 A 50 pL W £k,
i FRiY ( SpectraMAX M2, F i3l A= W4 R A
BRAF] ) 7E 450 nm A AEFLAY OD fH. {5
HE 3K,

124 FATHXEAEEMEMNKEIZEMNE @
i NCBI 6 EH5E 1 1k SeCaspase-1. SeCaspase-5 .
SelAP LA P41, AR P90t 5 9. 5l
Wiag i IR T AR A o BROR R4 R SRR
A UMK EL , SRAHAESX RNA #1055 & 3 e
AN Mk g RNA Halifl, 5155
cDNA, iz HSEH9EE & PCR ¥, e &b
PHTAHDCER LA Rk i . ROVARZR (20 ul )
SYBR Green qPCR Mix 10 pL, ¢cDNA 1 uL., DEPC
K 82uL, I FiiF5 14 (10 pmol- L") 4% 0.4 uL,
FWFER: 94 °C 2min, 94 °C 55,60 °C 305,
45 AMIEFR . LA B-actin NS IR HEXT IELH AL 24 5
IR R kgl B H SRR R A B BEm 1, R
2 AACTyk (Livak and Schmittgen, 2001 ) 43#7H:
fiby &b B 2H ) L DA G ek i . SR A ik
N3 AACT=ACT g - ACT 2wy, ACT=CT sy -

CT wznmo

1.3 HESH

RHI SPSS 20.0 Hf %) S50 K4 A T 5L N
RITEHTR K-SH5:, I F IR A R AR
YRR AT A G (SeCaspase-1 .
SeCaspase-5. SelAP ) Y7 M F1JE R AH X 15 &
255 ( Turkey’s HSD #46, P<0.05) ; ¥4
TR S DT T e i SOE 3k e 4, ia T — 2k
PR ( General linear model ) FIPIR R 7 257
B BB A= AT | A B[R] Je A2 BAE X
AR N T38| PR TR OGS 1 Bk R A
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XA R
2 &HR5GH

21 FWHREYIHEREE T ROR N

B E 0.01%7 R 81 0.01%MiH e R AT
Tkl 24-72 h, EHEERCMK 3 WAL AT R E
T, B S RAAOPRA A4 HU A0 8 T 5
i FXAIRAL (P <0.05). PPk A: b 2 [a]
AT F LR A ARE (B 1), FHE
TrERTR, AR | AR BRET R] 525 5
LM AN TR (P <0.05), WA 1AL
PP A 0] B4 58 AR FH 6 40 H i, 40 08 T %08

EEs AN

.« 20, OCK
< S _ | B0.01%%FH % 0.01% Coumarin b

— B &16F m0.01%#HH % 0.01% Quercetin
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48 72
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Fig. 1 Effectsof secondary metaboliteson the
apoptosisrate of Spodoptera exigua hemocytes

E s A E I EA R R (n=3, FEIE), ¥ Fhra A
[Rl/NE FHEFIRTE P<0.05 KF F22REE . THEIF,

Data are mean+SE (n=3), histograms with different
lowercase letters indicate significant differences at the 0.05
level by HSD test. The same below.
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SeCaspase-1 {ifi 4 {2 35 /5 T fz KA B (P <
0.05) (& 2: A), HEZEMMEZ RIS 48 h
72 h, SR SeCaspase-5 1 P g 35 5
TXHRAL (P < 0.05). FEALFRET[E]2h 48 h #,
YA AR X B M 0375 SR F Beoh i & 2.
B), B EAFIZH SelAP i 5 X R4 2% %A
B3 (P>0.05), Hith 24 A RIS R 40 1

SeIAP I P4 U] &} 2 i %t B 4L (P < 0.05) (5] 2:
C)o WRZFR I 2500k, WANREY) . b3
A 1) A B2 ok A ARG 4 A Ak B e TR) 9 58 BAE
Y & 520 SeCaspase-1., SeCaspase-5 Fil SelAP
it (P <0.05),
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Fig. 2 Effectsof secondary metabolites on apoptosia-
related enzyme activities of Spodoptera exigua
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48 h J& , Mt AL FRAL R IR ) L SelAP LA
ARk B R TR IR A G R A (P
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FRFPIXT SelAP Fe PRI AN 3k 1t (1) 5 Ml e oA i
= (P<0.05), MR 2SR, AR
Yy | AR ] LA K vk A= A A AL B B ] 9 28
H AR #5520 SeCaspase-1., SeCaspase-5 Fll
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Fig. 3 Effects of secondary metaboliteson the
relative quantification of apotosis-related protein
gene expressions of Spodoptera exigua
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A. SeCaspase-1 gene expression; B. SeCaspase-5 gene
expression; C. SelAP gene expression.
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3 itig
HEREAWMERAE TARAT SRS

MR A, BABUR . BUAE . PR
B DL SO A A A= R TSR] ( Kempen
etal., 2003; Murata et al., 2008 ; F Ui 15K 24 ,
2017; #UIIMAE, 2021; Fuetal., 2022 ), Haneen
1 Muhammed 45 (2022 ) WF5E & BRI M6 AU
5.2 ( Styrene substituted biscoumarin, SSBC ) fig
BEFH TN E BRI ( Stomach cancer cell
lines, AGS) &AM, BEEF (2006) HF5T
SR, M e SR S N B A i Emfpﬁéﬂﬂﬂﬂ
£ U937 BT AR BIEMC . X 5ANIT4S
%, éé%%%ﬂmﬁf‘%ﬁﬁﬁfﬂiﬂﬂﬂtﬁﬁﬁf/ﬁ
., S5z x4, 0.01%%EF S E A 0.01%
M b 2% 181 AT B S 130 M A L ] R 2 T
2 i KA i Caspase J2 i in AR 2 Z2 4 Ak
Wik A EEAENKE T, o ER
Caspase FI%L0 Caspase( Izhar,2020 ; Kouroumalis
etal.,2021 ). J8 T- 4l 2 1( Inhibitor of apoptosis
protein, IAP) &—ZEiMHI40M A FHAET- T2
M (Deveraux etal., 1999; Z=i&4E, 2021;
TUKEE, 2022 ), BRI T L 4R T SeCaspase-5
JH T30 F SeCaspase-1 I T-#IH| K F SelAP
IR S MBI TR (ERE,
2019; Wang et al., 2021a), AWFFTLEREH,
0.01%AF 22T 0.01%HiH e 2 A FRFE SRS |
SeCaspase-1 Fll SeCaspase-5 B4 I FlFE R ik &
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(2022) AR SCE (2020 ) HRiE A FE R R
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F ETb XA BE S TAP VR85 15 4008 1)
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