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Responses of glutathione S-transferase in Lymantria dispar to poplar

secondary metabolites synergistic with cyantraniliprole

FAN Cheng-Cheng', LI Ming-Jun®, XU Li-Shan', QI Qi', SUN Li-Li', CAO Chuan-Wang'* (1. Key
Laboratory of Sustainable Forest Ecosystem Management-Ministry of Education, Northeast Forestry
University, Harbin 150040, China; 2. Kuntouhe Forest Farm, Ningcheng, Chifeng City, Inner Mongolia,
Ningcheng 024228, China)

Abstract; In order to clarify the response mechanism of poplar secondary metabolites on glutathione S-
transferase in Lymantria dispar, three poplar secondary metabolites (flavone, quercetin, and rutin) and
the new o-dibenzamide insecticide ( cyantraniliprole) were chosen as stress xenobiotics. The 2™ instar
larvae of L. dispar were used to investigate the effects of single and joint of poplar secondary metabolites
and cyantraniliprole on survival rates, enzyme activity and gene expression. After treatment for 48 h, the
results showed that the survival rate of larvae in the three combined treatment groups was significantly lower
than that of the control group and each single poplar secondary substance treatment group with the survival

rates of 53.33% , 60.00% and 53.33% , respectively. For survival rate, there was no significant
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difference between three combined treatment groups and the cyantraniliprole-treated group. Except for 6 h
of treatment, GST activity was induced by different single poplar secondary metabolite. The GST activity in
cyantraniliprole-treated group was significantly higher than the control group and single secondary
metabolite group during 48 h. Except the GST activities in the mixture treatment I were lower than
cyantraniliprole treatment at 6 h and 12 h, the GST activity in mixture I and mixture II treatments was
higher than that of the cyantraniliprole treatment. The LdGSTe2, LdGSTsl, LdGSTs2 and LdGSTzIl genes
differentially expressed in 2" instar larvae of L. dispar under different treatments. These results will
provide theoretical foundation for the controlling L. dispar by combined usage of poplar secondary
substances and cyantraniliprole, as well as provide a reference basis for the rational usage of insecticides in
practice.
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B o4 b B K S-# B B ( Glutathione S-
transferase, GST) TE5# IR AL A& ¥ 0 i 7 b i 85 22
EH, IF 5 R BAHT %A X (Huang et al
2011) , GSTs FEAMEAEHRALGY S0 FEPERBEH
JIK (GSH) ISR &, XF W) EAT 6 A% A,
G B W 3 5 s T K R HE M (Habig et al.
1974) , FEYyiE I Az % B A 3 B0 B ICAE W)
R ARARAR £ M B Ay, [ Ik X6 B E 4K P i 5 il
HAEFHSYEA (Howe and Herde, 2015), BH N
T FRARAE W O A ) TS DR AN R 2, 3 A
ZRhid BPEBLE, B A Y VR TR AR kAR A,
BRI S RIA% (R T5F, 2015) 0 & F
%5 Apolygus lucorum . FYS MK Spodoptera litura ., 7%
2L L Sitodiplosis mosellena LB R BCE AR B A
YWY E, e TS GST M RIL Bl (&
IS | 2018 RS, 2018, FEBIZE, 2020) .

RS HREENE  ( Cyantraniliprole ) J& BT AI4E — 2K
eI 2R % ), HA S s . Ry,
LA AN Gy R S E AU SR (B SR,
20165 Z=HFE, 2021) , I FHE 5] Y5 e I i b
FET SE R Wk Spodoptera exigua . JK K HE\ Laodelphax
striatellus . /NZE BT Agrotis ypsilon, MK GST
W IR I B A SRR, R GST S H5E M
R IR EB I (RER, 20185 AR,
2019; FKELIESE, 2020) .

B JOma 07 A W T 5 A A A B Y L Rk an 2
B CAMCHE,, #EI A (1998) BTk
B 1 5 T R ) o g 1B 5 A BT DA R R JE 42 v
R4S Helicoverpa armigera GST BTG, /.
Wik 2R A0 2~ = B T 5 AR A AR GST ¥
ThEr, ik Ez 2R 4 3 A T Y e Xof A w8 ) AR PR AT

UL 50% , 2575 A 2-F = e F Ak B 2H XoF B 6 X6} A
BEABURMER A AL (R, 1997) . MY LIk
PRI LAVE AR S HUUR Y GST 16, AT RAA L
AF T A T I S5 ok AR HL X K 22 R T
BB # (Zhu et al., 2017 ), AE %R IR ¥ by
Bradysia odoriphaga TE 77 F & 58 51 1] 3% 1 4 4
GST it & TAEAE SR AT LR SRR Ay, Fr LA
FER n R S0 R 3% 0 &y BT 38 RE ) 3 5
(Chen et al. , 2018) . HHr, ENIMTF KA
Y2 5 4 2 i i 18 % H SR AR AL A o D
PR, A S o A DR 43 500 VS 25 4 Bk AR
Yl (CECER ., MR AT DL R AR R
W5 SR 2 Mk 4 BUAF 6 % GST 16 Pk T L SE R i 3
ki, KRR F7KOF PF 0 % 1k 2B ) o o) B
B I M 17 YR S5 E P P SR ) S

1 HR5H®

1.1 #ikER

PEREION R AE T N 580 AR X AR I T 77 ik
Ha S akdgy, N AR SE T v B ROl B 27
TGRS TGS AR R AT RT, 2 2 0
IR IR T2 A PRI T 10% ~ 15% W
40 min, FEKMPE 10 min T KA, 4hdupEdk
JEETATSMBAN (25°C, e 14 L:10 D,
FIRHREE 70% ) FEATHR SR, PRIGERRE . K/h—3
ABEREIK 2 W4 AR bR
1.2 FEEHF

BEH BK S-FE B (GST) T M A 3t 7
% H Solarbio 2\ #], SYBR Green Real-time PCR
Master mix ¢ 68 7 PCR 17 &4 A Toyobo 2l ;
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RNeasy Mini 4 [ Qiagen A H]; Taq &M & PCR
LT . Prime Script™ RT reagent Kit ¢cDNA & A,
&I B TaKaRa A F], #Hi (Flavone) JRzh
(99.0% ) WiH Amresco A F], Hit & (Quercetin)
J525 (97.0% ) W H Scientific Instrument 23 ),
T (Rutin) J52y (95.0% ) W H L ufb-#RL
AIRAF, BEURBEEZS (97.0% ) W9 H DuPont
NG
1.3 BERIASLE

TR MR R AT AR RIS R
FRA W i ARG B e, 3 AR AE Y B
By o B 0.8% (w/w) ., it 0.02%
(w/w) HIFT0.5% (w/w), MG T70E LR
(F 1), AU U It e b P B 5 0k 2 4 L 48 h

WEAEHSE LC;, (4.06 mg/L) YENALFIHRSE , B
il (8.8 ¢/L). M E (0.22g/L). 1T (5.5¢/L)
SR G IR ECR B (4. 06 mg/L) IRGAE
HHEEALTE T, BEAALEE 2 RIS AL 3, W ANTH
AT WA (DMSO) IR AN T AaEHE
ARFRAL, XFRELH A A SE = DMSO B9 T4kt

WP, 1k, K/ —BE k2 4l
DU 24 b J5, 30l A& DMSO, B, A
FBFR, AT, RE B BA AR 1, BRG A
2, BCEALEE 3 ek, AR EE 20 kg, H
4w, WHJETFT 6 h, 12 h, 24 h, 48 h FEHLEE
BURR M SRR 2 W4 U, W AR VRS R AT
—80°C VKA, F TGSkl GST 3t K HL I R %

K,

1 REHBRENESH 2 BSR4 hEN

Table 1 Toxicity of cyantraniliprole on the 2™ instar larvae of Lymantria dispar treated for 48 h

#Jy lE BiEX L HEXA /L il
ﬁjrjj J ji*I LC30 {n [E] (mg/ ) LCS() 1n [A] (mg ) {E *Ejt/%ﬁ R
Toxicity regression Confidence Confidence (AHE)
) (mg/L) . (mg/L) . ) Correlation coefficient
equation interval interval X (df)
y=1.82x+3.37 4.06 3.01 ~5.47 7.87 5.56~11.13 4.96 (13) 0.99

i XfB' 005 =22.36, B EIHITR S 5PRAFT . Note: X%m‘ 0.0s) =22.36, toxicity regression equation was consistent with the

reality.

1.4 $#FW GST iFMHENE

AT K S5 RS (GST) 2 #i I GST 11
PERIAF & (Solarbio) Ui BBy A BT, 15
PEBAA K pmol/min/mg protein EAFESENE
K H Bradford (1976) BY% D52 G250 7%,
1.5 XLEWHEEE RT-PCR

¥ HI RNeasy Mini /#2021 5 RNA 42 B )
B PRIUGT HERIAS ] b 351 A 2 2 A O AL RNA, SR
H Prime Script™ RT reagent Kit ¢cDNA £ 7] &0
BRI 0.5 pg Total RNA 4354 18 cDNA, 7EH
S E B RT-PCR BA , ERERSIZH Fif 30 M B
BRI SR 20 v 0 2 AR 1Y 2 A W B A RS AT |
I N R 8 LK GST 2N (LdGSTe2
LdGSTsl . LdGSTs2 F1 LdGSTz1) A M fis % 3
(EARil, 2020) , K3l GST FENFRILE

SERF S¢S B RT-PCR ffi ] SYBR Green Real-
time PCR Master mix ikl &, WNZH Actin Ml EFla
B, SIS 2, SETIOERE # RT-PCR X
NAKZ K 2 x SYBR premix Ex Taq i 10 wL, Primer
mix (10 pmol/L) 1 uL. ¢DNA 2 pL, ffi /] DEPC

JKAMEZE 20 wL, W S&AF R . 94°C TS 1 30 s,
94°CAEME 12 s, 60°CiH k 45 s, 72°C FEAH 45 s,
81°CIEMR 1 s, 45 DMEM, BAFHEMER 3 IR,
1.6 HEFITE5HH

S AIR LA + Fr i 22 KR, 181 SPSS
17. 0 44, ® M Duncan J7ikibiT2 5 0 F M0 Hr
(P<0.05), JH GraphPad Prism 8. 0.2 #{}iE174
&, SCEF32 6 E B RT-PCR 3088 240 28 A 4 1Y
Opticon Monitor 3 2K AbBE . BEFE K GST F& K ik
W 27 AR R T (Pfaffl, 2001)

Abott 232 HITPEAR B A 24700 % 32 12000 4 (1 Bk
& 5 M (Gisi, 1996; Gatidou and Thomaidis,
2007) , HIEEMHIA C, A2 E WA SRAE(E RT 735
HTFAFRR.

C.. = A+B-AB/100%; RI=0I/ C

exp exp

K AL B allFoR 24 hia il Z; o1
IR A A 2 R 40 07 5 o 2 53 % 32 3
WA FENE; RI<1 B WFEMERPL, RI=1
FEE O PR AT, RI > 1 R BN M [
( Chesworth et al. , 2004 ) ,
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%2 HHKEE RT-qPCR 3|57
Table 2 Primer sequences of target gene for RT-qPCR

HH EHFIFES (5 -3") RIn5IHIF5 (5 -3") TR BR/DN (bp)
Gene Forward primer sequences Reverse primer sequences Sequence length
LdGSTe2 GCAGCGCGAATGCTTGCTG ACTGTGGTACGTGTGCGTAG 245
LdGSTsl CTGTCGTGGAGAGTATGGCAC CACAATGCAAACTCAGCCCAG 211
LdGSTs2 GCGTCAGTTCACTATGAGCC CCCCAAGATCGGGCATTTG 214
LdGSTz1 CTTGGCGTGTTAGAATCGCA CGTTTGAAGCAGTCTTGGGGC 238
Actin AGAAGCACTTGCGGTGGACAAT ACCTGTACGCCAACACTGTCAT 252
EFla TTTGCCTTCCTTGCGCTCAACA TGTAAAGCAGCTGATCGTGGGT 223
PHAAAEIE R 93.33% , TR H L Ab B AH &)y H A7
2 ZFERESW W 66.67% , EMK T (DMSO) HIWK:
YIBBARIAL FEZH (P <0.05), 7648 h, 3 NS
2.1 REYREREHEBERAIEANESHETE  OHAY R AE RS R R B A 2 7 AR
ERAIRNG % IETE RAR K 53.33% . 60.00% Fl 53.33%
Bk 2 W) MAEATF A AL I T 48 h f20G  BRGALEE 1, WG AL 2 ARG AL 3 3 A hia R
FARE (F3), P48 h 5, X4 (DMSO) . T 0900 1,24 . 1.20 1 1. 40, BEATEMRM

WhEZER | T AR B A RS R 9 100% , HEIAL

A EVEA

R3I REMRILEABREN FFWEH RTFERNZM

Table 3 Effects of secondary metabolites and cyantraniliprole on survival rate of Lymantria dispar larvae

TR (%) Survival rate

AL Treatments
6h 12 h 24 h 48 h
it f8 Control 100 a 100 a 100 a 100 a
H# i Flavone 100 a 100 a 100 a 93.33+9.43 a
Hit f2 & Quercetin 100 a 100 a 100 a 100 a
7T Rutin 100 a 100 a 100 a 100 a

BE R EEAE cyantraniliprole 96.67 = 4.71 a
BCEALFE 1 mixture treatment I 100 a
B A AbFH 2 mixture treatment 11 96.67 + 4.71 a

BEAAb 3 3 mixture treatment [l 93.33 £ 4.71 a

90.00 = 8.16 b 80.00 = 8.16 b 66.67 = 4.71 b
90.00 = 8.16 b 76.67 + 4.71 b 53.33 +4.71 b
86.67 £ 4.71 b 76.67 + 4.71 b 60.00 + 8.16 b
83.33 £+ 4.71b 70.00 + 8.16 b 53.33 +4.71 b

T ARVNG PR E —BROR R AL BRI A 22 55 B35 PE (P <0.05), Note: Lowercase letters showed significantly difference

between treatments at the same time at 0. 05 level.

2.2 REVRERFREREKSERAX GST &4
op-1|
BRT 6 h 2k, AN B s ik 2R
FROEETE PR XA U5 S IR . 55 e R R T Ak B
AL, HiHz AL AE 24 h 7148 h Xf GST Al
BEREHE R, 53 51°8 2. 65 pumol/min/mg protein
2.43 pmol/min/mg protein, TR & Bk B% % GST

WS S RCR B3 & TR — AW RIEM, 24 h
BRARERK, N 2.79 wmol/min/mg protein,
XIRALRY 2.36 £, BREKG AL 1 /E6 h, 12 h /Y
GST i Il PE T LT IR B AL # 6 h, 12 h
WEPESL, SERAALIRALN) GST 175 SR M4 i IR
MEMEALBRL ., R ALEE 2 75 24 h F148 h i TGRSy
924 3.65 pumol/min/mg protein A1 3. 24 pumol/min/mg
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protein, 3l A X BRZH A9 3. 09 £5 AN 3. 12 4%, B3
= TERA AL 1 KA AbFE 3, VR0 HL e AR

AL B E X GST 15 Sk H I RIS T 5 5
A, HAE 24 hiB50EE (K1),

BT O ORI U X S5 0 2 e 4t GST 4% MR IR
Fig. 1  Effects of secondary metabolites and cyantraniliprole on GST activity in the Lymaniria dispar larvae
. ANEVNE FRE R R E— B AN R AL BRAL R ) 25 55 @ P (P <0.05), Note: Lowercase letters

showed significantly difference between treatments at the same time at 0. 05 level.

2.3 REYRSRERBGRESIERAX GST EE
RiEWMm

AN 5] iy 38 Ak B G 4 2 gk 2 4 4 L GST JE A
LdGSTe2 . LdGSTsl . LdGSTs2 Fl LdGSTz1 FZik )5
M 2 fizs , AR PR E AL B E LdGSTe2 FEF 3
IEIKOE B, T AR 6 ~24 h, LdGSTe2 Fikte
WEETHERAEY RIS, HAE6 h EFHEKE
BT ERKRM, XTI 24. 08 5, 3 HEE
AP 6 h LdGSTe2 J A 33K 7K - 34 | 3% & T % R
A, IR Y 3,15 %, 37.98 51 6.48 1%,
o TR R R R R R SRR Rk i, R A b
B2 AR B A T e A A

YR A 0 S5 RN YL R B e e 90 LdGSTs1 A
TR LV, AN 48 h )5, LdGSTsI
SRR IR i 0 T R AL B A T A Y
R Zeikit, MRTIRAY 10. 88 £, TREUREE AL BRZH
LdGSTsl ik M X AR KEEKEEMW 1.02 ~
3.71 4%, HBR6 h Ff124 h 4k, IR AHELHEAE 12 h
F148 h A Kk B EART T A R AL

HHFEE, 3 MG 6 h, 12 h F148 h
LdGSTsl Fik/K 3 L, BEAALHEL 1 AbFE 48 h
LdGSTs1 HEPRIFRIRKF- Ty, X BRZH BL R 3R
REAY 11,21 %5, BEAALEE 2 4bHE 12 h, LdGSTsI
Fk X IRLLRY 5. 22 £, BRAALIE3 4bHE6 h,
LdGSTsl FRikt TR AMH, Xl 4] HE 3Rk
HHY 10. 88 15,

WAL PE 48 h LdGSTs2 FEHFik it BE T,
St B RER Fe ki 0 33, 02 5, (HAEH & Inha] A5
LdGSTs2 WX 35 i T B T B AT b 3 BRI, Al e
KU 24 h, LdGSTs2 WFRIBIKT-WEREAL, FXt
MY 27.09% , IR HRBEREAL I 6 h, LdGSTs2 ()4
X PRk 2 m X, XTI 24. 06 £, [FIET
6 ~24 h Y3 KA X 8 2 T R AR W B A B
H, 3MEAATE 6 h, LAGSTs2 X ik B3
R, BRAAREE 3 R Rk s K, X IR
33.02 1%, {H 12 ~48 h BEA A HE 1 FIER & b BE 2
LdGSTs2 AXTFIRFLAR T X IR

KA T LdGST=1 N3k Fi, H
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P2 AR B RIIR S R IS X SR AR M 4 L GST FE R 33k 1 52
Fig. 2 Effects of secondary metabolites and cyantraniliprole on the expressions of GST genes in Lymaniria dispar larvae

(A2R%E, #TR)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B2 A B AR LI e o S 2 e 4y He. GST K PR ek b5 i)
Fig.2  Effects of secondary metabolites and cyantraniliprole on the expressions of GST genes in Lymantria dispar larvae
A ANEVNE FRE LR —nf A A R A B A A 22 7 B FEPE (P <0.05), Note: Lowercase letters showed

significantly difference between treatments at the same time at 0. 05 level.

P Bz AL PR LdGST=1 FENF k& T HE WA
VI AL TR, ELAE 48 h R P XF E s s Bl
{H, SAXTREMY 11,20 %, TR BN ALH 24 h )5,
LdGSTz1 1 3 [H 3% 3k 2 iy X IR 2.96 %, (HAE
12 h #1148 h BB R IA E LTI AE Y BTab A
3 PG AL R LdGST=1 FEH ik it i 2 1w 1 X IR
., BEAALTR 1 AR 12 h LR A R B,
XA 3. 77 £, {HAE 12 ~48 h (Y FE R 3R KF
BHEAG, BCAALEE 2 76 12 h (3L N Rk 2 ik,
St BRI 1. 62 7, B BE A [A] 2iE < 35 R 26 38 3 1 T
B BCAALEE 3 4l SE R IR KRR TR
JEREAR, 7E 6 ~24 h B3 KA XA
1. 64 155 TR X IRIY 4. 44 4% {HAE 48 h AL Z X
WA 1. 83 %5,

3 ZiRSi

WFFE K IR o6 H K S-76 7% il % 24 1 7 s il LA
IRt S A B o i A I R B o R R
BERE N e (ZERESRSE | 20185 BEHISEAE 2020)
SUREAETE . SRR A ST 3 R OR U A B

B Leptinotarsa  decemlineata J5, LdGSTe2a .
LdGSTe2b . LdGSTo5 M1 LdGSTil ¥4 i 3 i 7 3 3k
(Han et al. , 2016) , H 4 HUEEPFAL FRAR S HL 48 h
J& GSTsI AAXTFRINF WETHE, M GSTe2 Fih ik
FRARIE TR, W GSTsI AN GSTe2 3 i ik i Ay AE
FEFZNR GST WG 77 HE I I B R BRI Ak (%
A, 2014) 5 AKAGER A T iR SRR S, 1T
ffi LdGSTed FN LdGSTol %3553 E 1k, ¥iZEN
TUER G 25 F 304 Ot 7K A e 0 T 1) 3t g e e A1
(Ma et al., 2021), # 8 #k LdGSTe2 . LdGSTs .
LdGSTs2 F LdGSTz1 FEPRIAEXF U A= 1) ot 4 Jilp 36 vy i
HERah o 3 TR, R SR RE MM OC GST R UTER
Jo, TR RO A KRBT 3 N BE e, IR S
B WA RERBE I R AL GST JEH 1) Rk %
DIFHOG (ERME, 2020) , WA o IR 0 H gt M
PR GST FZERMM W EH RN, HA ik
AAL BRI IE T GST Bl 1 £ 2 RN & IR
Mgt ab 31, (B 5 A 55 Ab 2R BT R A9 R A= ) BT
HFIA R A, HESURT AR - 35 184
#A Ak,

TR N R A A E, X R ) AR
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RT3k 3 2% BUBPE T R, T B AR L LA K Tt
o (WRHEIESE, 2002) . AWFFELEG TN 3 Fhig iy
WY U  MEECER TR e B i X IR
Pt R AR, A ) Jo g R T e 1B R
RORY R UMFAE . SRR e R A W B 5 F
GST fifr il e Thsy, JEPRIRIAZKF-34m, GIEW] GST
FHOCHEER 2 5 1 3 3 TR ) YR A= ) o 1) it 354G
AR (Ma e al., 2021), $F35 ST 24 PEIE 55,
TUEPE T RE, ZRMEE R fE, SRR MAE T
BT, XOER A F R R A Y BT S
T A ] S HOA P 5 A% SR AR OC A9 i 15 &R
SPECER O 2 R0 B & A BB (Nena et al.
2018) , AWK AS . /N MR EFEIHER
B FPAEREIE Oxya chinensis RN GST 1514 B9 284k 2
RO SR s U 2 R R 2 — (KA,
2008) , MMEZEA G, & 1 AR EL O I L R
BERIK Z B n i 250k, A8 RO i e Rt s T
HoF, XK Z BT, R 2-+ = 5ili)fs, 32
e R S X 5L A TR R T 2 e (FE e A,
1998) , RIS Ik 4l HL ) MR OR S AN SR AR I X P s
HEE B GST % % 7% P ( Karuppaiah et al. ,
2016) . AL, FEHE SRR BB IR R G IS, R
JEAN [) 2 3 0 0 0T B i 0 At 7 T8 114015 R R Rk
AR, XY S B R BRSO R
MBI A A, 98 T AR 7 92 B b R U] i 5 2R
i,
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