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Abstract; Herbivorous insects encounter chemical defense in the form of numerous secondary metabolites in host plants.
Understanding insect counter-defense mechanisms is important. In this study fifth instar Spodoptera litura insects were
exposed to diets containing 0.01% cinnamic acid, 0.01% salicylic acid, 0.01% xanthotoxin, 0.02% quercetin, 0.05%
flavone and 0. 1% coumarin for 48 h. Activities of detoxification enzymes including glutathione S-transferase ( GSTs) ,

caboxylesterase ( CarE) , cytochrome P450 (P450) and acetylcholinesterase ( AChE) were then determined in midguts and
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fatbodies, and transcript levels of CYPAM14 and CYP4S9 were examined by semi-quantitative RT-PCR. CarE activity in
midguts was increased 1.67- and 1.37-fold after consumption of cinnamic acids and coumarin, respectively. All six plant
secondary metabolites induced GSTs activity in the fatbodies. Total P450 activity in the fatbodies was increased 2.93- and
14.50-fold after consumption of cinnamic acid and coumarin, respectively. Consumption of cinnamic acid, xanthotoxin,
quercetin and coumarin increased AChE activity 1.53-, 1.80-, 2.36- and 1. 56-fold, respectively. All six plant secondary
metabolites induced transcripts of CYP4M14 in the fatbodies of S. litura. Cinnamic acid, quercetin and coumarin strongly
induced transcripts of CYPAS9 in the fatbodies. These results indicated that S. litura is able to induce its detoxification

enzymes to minimize toxicity from plant secondary metabolites.

Key Words: Spodoptera litura; detoxification enzymes; cytochrome P450; plant secondary metabolites; insect

counter-defense

i Ehrich 1 Raven'" #H B d S My Hip R ot AL BEIE LISK , IR O A 0 S5 R A 9 S S5 AR A 1] 0 56 2R
B2 ARSI A 22— FEIEE D B ORI AE Y O S Rt AR AU R AR A
itk . M E R AN G A, i R 2 R R W R p AR R A £ R I AR S AR
HAIMNREEE S R AGE N Y B A A S AR 48 Bk BK-S-5% B il ( Glutathione S-transferase
GSTs) JRFRMEEE ( Caboxylesterase , CarE ) FIZH il (5,25 P450 ( CytochromeP450, CYP450) J& B HUIA PN e dE 21 —
KA Wl 7, 76 5 AR AL A 9 00 i 25 1 35 Hh 3 o g 2 i 0T B % S A S T L 2 I R e R
( Acetylcholinesterase , AChE ) f& 4l 2 58 fil A% 3 v %) SCBHE N , & 2 LB SIS AR 220 35 P IR i 25 % |5 ) o 824 )
AR AR PASO —2R WM AT R -FREEER E A AR, v 25 IR R 25 ) SR L A Y5
HNEPER AR CYPA SRR PASO B i i BRI SE IR KR 2 — , CYP4 FIRFE IR AR it 7%
VEF &R 2250 B il o HL 27 A4 A B ZE AL

R 8 ( Spodoptera litura Fabricius ) J& 85 H ( Lepidoptera ) 2 F} ( Noctuidae ) , J&—Fp A4 A 69 )
PR A E B B I E 0k 99 B 290 AL EVY L B ETRT A RSO B SE AL 2R 25
HEATBI I AH R A0 b4k 25 T BRSO T A LR A LI | 0 TP R TR | 4005 TR 2 T 45 22 P 3% o) 7 2R
T AIRIREBE BTG E , Bl jA s Al T

R IR RENSIE I 290 Z R Hh A9 45 Rk A= AT TR A MLBR (B A B 52 0" L ik, AR SCIIFSE T IR
i KGR ACHEER Wil 2 BRI 25 6 FiE UL A AR U AR W I X sk 30 1A 0 e 5 T 4% ek ) A S Bk
PRIZRIR 2], 5 TE AR B ARSI 3 1 R A6 ) o i) A B AE ARAILR 48R T Bk B BT 25 PRI U L
1 #Rl5F®
1.1 Btk

RIS RGN R [ AR A KA 5200 A 3, 7 5206 28 77 s NN TR 2200 fRl 3R B Ry (25 +
3)C  AHRHERE J (60+5) % ,CEH K 14 L:10 D,

T HEEA (Dimethyl sulfoxide, DMSO) ( =99.8% ) filfF 52 ( =98.0% ) W [ ) MALFFN 5 AAERR
(=98.0% )W H B2 (R EHAL AR FIA 7 KGR (=99. 5% ) W L ER T A Ak TR BIFSE A ; A
e Z(=98.0% ) FEWTER(=98.0% ) FIEH( =99.0% ) Wy T Sigma-Aldrich, HAbiXH 34 k244l
1.2 W5k
1.2.1 LI

BEREERR KGR ACHEEZE M R A D %R ] DMSO W%, 7 BIBLH & 0. 01% WAERR 0.01%
IKAATR 0. 01% FEMIEEZ 0. 02% Hit i E 0. 05% BEHAAT 0. 1% & E RN T 4Rk, KRR 100 ¢ A T AL
JIA 200 pL AY%5] DMSO, RIS Mk FIE 4 48 b5, 20 B HE BURHSCROIR B Hh iz FIE B 14, —80°C AR A7
. BAAEIE 20 SRHaoR ik, SEE IR 3 IRE R,
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1.2.2  Z Tt ARGR R P A 0% 0

T FIELRRR G 8 P 5 P00 52 2 5 4G 9 Ellman 7052 0 L K10 3k 5 IR RHECRT I 4 i Sk 3 TR A TS
T2 mL ARBRERIKIR AT ,49C 3500 ¢/min #5.0 10 min, B IE WA . 4 MRS o= A AE ) TRR 98 S AL 194X
F & A IRFFIRA, RS 15 min, 7F 412 nm Z00E HWR G RE(E , 42 3 Wk, R REIE 1T,
1.2.3  P450 g 2 1000 2

P450 i EAYINE S % Omura ™ Y75 BISURIK 5 W4 AL S Sk 1 40, S g R0 1 44 U5 43 ) FH
ﬁﬁ%ﬁ,ﬁﬂ/\ 0.1 mol/L E@@i@f{é}}(ﬁ”{@i(pH 7.0 % 1 mol/L EDTA 0. 1 mmol/L PMSF 0.1 mmol/L DTT .10%
Hil) ,4 °C 10000 g/min B5.0> 20 min, FIHWEDN A P450 i . F Na,S, 0, BHRE S AR FI S AR th 4 P450 il
WE S AR A CO 291 min, 43 31002 HAE 450 nm F1490 nm AbAYWR GRS, B4 3 W, 31 P450 iRy
T,
1.2.4  HEH K-S FERSEEE M

B WEH K-S ARG YE RO E B % Lee ™ MY 1k, RMEURE Ik Hh i T 105 442 43 500 PRV RO B s, A 2
mL 0. 04 mol/L BEFRZE M ,4°C 12000 g/min B.L» 30min, B35 W BN BT . BF 2.4 mL AYBEIR 2% 1P (66
mmol/L,pH 7.0) ,0. 1 mL )i ,50 mmol/L GSH ¥ 0.3 mL,30 mmol/L. CDNB % 0. 1 mL JIl A £ Lt 4 AR
W IESRIESE 1 min 340 nm AbAEMOCR R, R 3 IR,

FEA RS EAES% Bradford ™ Y715, U405 8 FOAPREE . B ImL BEENA 5 mL % 552
WEVS VIR ATHHE 2 min J5,7E 595 nm AR IO RE(E i bR th 28 B & i
1.2.5  FRPRMENE A5 PR

FR IR TR BEG P % 2% van Asperenm” B . W ER A AR 1 B AR A R R B B, A 2
mL 0. 04 mol/L BEM2Z% th# ,4°C 12000 g/min 5.0 30 min, B35, FH 0. 04 mol/ L BEHR 2% whigi i B 50 175, B
R . H0.3 mL B ,0.7 mL 0. 04 mol/L BEFRZE AN 5 mL 3x10*JiEY),37°C#E R I%3% 30 min, IA 1
mL A5 IR AT G S IR E 30 min, M€ HAE 600 nm AL WG REE , AR 3 R, LAAS[RIE BE 1 o-Z5 AR 1
HIES
1.2.6 >F& & RT-PCR kil ik

(1) & RNA $2H

RIS E T UK b LA A BERR 22 il (pH 7. 8) Sl , kil S S b s AN W 14, 4 v i Fn s s 4
R ) FE 0 | SR FH TRIzol ( Invitrogen ) B F2HURL RNA | #8 S 2 2 2 1110 52 1 ( Nanodrop ND-1000) £
T RNA A 0 (v 2 FNZGEE 0. 75 % WO BB ETE I L kRS U RNA A i 1) S 12k

(2) ¢DNA B&

cDNA A B2 BRI AR TIANScript RT Kit Ui 20 BRI T, FF ToRL R B9 250045 o AL RNA
1—5 pg,2 pL (10 pmol/L) Oligo (dT),2 wL (2.5 mmol/L) dNTP, KFEH/K4ME 14.5 L, iE2)J5 70°C 5 min,
BTFUKLE 2 min, EE.OJEIMA 4 pl. 5 x First-Stand Buffer,0. 5 wL (40U/uL) RNasin,1 pL (200 U/pL)
TIANScript M-MLV, J82JJ5 25°C 10 min,42°C 50 min,95°C 5 min, -20°C A& H .

(3) BlWEit

HRAE GenBank HREUR 1K 1Y CYP4M14 ( DQ352137) Hl CYP4S9 ( DQ355383) J¥ 41 43 %1% i PCR ¥ 34 5]
P20 DUZEH [ F--1a ( Elongation factor-la, EF-1a) (U20129) A NARFER G142 7551 4 .

CYPAM14 ¥ 5'-GTTGCTCGCTAATCATAGGAAAAT-3',

CYPAM14 R 5'-GGTTCTTAAACAAATCTGGTCTCAA -3’

CYPAS9 ¥ 5'-CAACGATGTCTGATCTGGCT-3',

CYPAS9 R 5'-GCAGGTCGTATATGTGGATTGAT-3',

EF-1a F 5'-GACAAACGTACCATCGAGAAG-3',
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EF-la R 5'-GATACCAGCCTCGAACTCAC-3',

(4) k7 RT-PCR K

2k 7Ef RT-PCR £ PTC-100 Thermal Cycler PCR 1% ( Bio-Rad) 1347, K JH 25.0 wL FW & % : 10xBuffer
2.5 pL;eDNA F47 1.0 pL;2.5 mmol/L ANTP 2.0 pL;ddH,0 18.3 pL;r Taq DNA & 0.2 wL; 1F [/ 152 W)
19145 0.5 pL, PCR W ZAF R :94°C 3min FFARHFRELE 32 MR A8 M 94°C 30 s,iR K 55.9°C 45 s, I
72°C 1 min; )5 72°C 10 min Z5 5§,

BU5 wL PCR =41, A 1 L 6xloading buffer Y47, HLUK 5 Il HBERE A% 2 el B 9 3L ) FRak it
1.3 HdEmgit 550

RIGEHE FH SPSS 16. 0 ST R Jr 225007, 22 5 W3 0 HT R A Duncan 25 FLESIRK S, BT $diE 1y

P AR UELR
2 HREHM

2.1 AW RSO R T 40 L ACKE P 1) 510

MRS T A B T A 0.01% AEERR \0. 01% T 0. 02% Mtz A1 0. 19% & 5.8 A T4
K48 h 5, BHROIE A L EB ACKE (A7 PE 2051 FL T BE R 55 T 1,53 .1.80.,2.36 1 1.56 £ (F=15.605,P<
0.001) . HRE S A /KGR A S T4k 48 h J5 X RESOR k4 Sk ACKE (3& M0 o 2552 . 3R WA R A:
iR AEAEE 2 MR 22 A O R SRR R A Y 0 nT 5 RO e 5 S ACKE & TE (3R 1) .

F1 6 WEYREY RIS R Tk 4h B SLE8 AChE FER R0

Table 1 Acetylcholinesterase activities of the fifth instar larvae of S. litura exposed to diets containing the six plant secondary metabolites

WA AChE it WA ACRE 15 HE
Secondary metabolites AChE a(tthltyA Secondary metabolites AChE ac[lv1ty~

/(U/mg SEH ) /(U/mg HEFJ5T)
%} Control 0.055+0.003 de 0.01% PIAEMR cinnamic acid 0.084+0.010 be
0.01% 7K#%M& Salicylic acid 0.061£0.005 cd 0.01% FEMHEZR xanthotoxin 0.099+0.004 b
0.02% Mt} % Quercetin 0.130+0.016 a 0.05% M flavone 0.035+0.004 e
0.1% F 5. Coumarin 0.086+0.007 bc

[ 3 o A ) - B[] 2 57 B 3 ( P<0. 05)

2.2 AW RSO AN i 2 PASO il 75 5 (15

RS HAIB ) U &4 0. 01% /KR 0. 02% Hit i 2 0. 1% B Z 2= N T Ak 48 h 5, RHEaok ikt i
o P450 iS4l e BE S 2 T T 3,20 3. 53 A1 7.33 f5(F=79.546,P<0.001) (#2), 1Mi0.01% RH:
112 ,0. 01 % FERIFEZR A1 0. 05% w5 i N\ TARDEHE X RESCR M b P450 Bl & =0 &2 m, IE & 0.01%
WEERR N 0. 1% & SR BN TAEL 48 h J5 , RESURCME AR D74 rh P450 il 5 12 43 1) LE X R &5 T 2,93 Fil 14. 50
£ (F=110.005,P<0.001) , FEAA[FAEYI U AL 4 00 75 b Ao e 3 in v i AR I AR P4SO il 7

F2 ATMEYREY R RIS T 4 B AR 3 P450 BR R BRI
Table 2  The content of cytochrome P450 enzymes of the fifth instar larvae of S. litura exposed to diets containing the six plant

secondary metabolites

KA W) P450 Fifi &5 P450 enzyme content/ ( nmol/mg E EEE‘)
Secondary metabolites T % Midgut JERiA Fatbody
Xif i Control 0.015+0.004 cd 0.014£0.004 ¢
0.01% KRR Cinnamic acid 0.027+0.004 ¢ 0.04120.008 b
0.01% KABMR Salicylic acid 0.048=0.004 b 0.02720. 004 be
0.01% 1EHFEE Xanthotoxin 0.016+0.004 cd 0.031£0.012 be
0.02% 2 # Quercetin 0.053+0.004 b 0.014+0.004 ¢
0.05% M Flavone 0.008+0.002 ¢ 0.02220. 006 be
0.1% 7.2 Coumarin 0.110+0.006 a 0.203+0.004 a

[R) 3 o S ) - B[] 22 57 B 3 ( P<0. 05)
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2.3 WAEYIFREHSR I CYPAMI4 Fl CYP4S9 261k Y 5

WU & A AR R AE Y TN T AR FIS R SR ik 4l o, L rf i FRR B 44 T CYPAM14 T CYP4S9 32 2K
AR B 5 2 3RA . BUE & 0. 05% BT 0. 01% fEAEE 2R 0. 02% it K Z F11 0. 01% PIAERR 9N T4k 48h
J&, it CYPAM14 3Rk i HexT B2 & (T 1) s TTHCE 35 0. 01% /KGR AN 0. 1% & 2 N T B &)
SR kel AL A g CYPAM14 B FRik i 50T IRIE 2 57 RIS L) HUBCE & 0. 05% T 0. 01% {EH)
R 0.02% it K 0.01% WEERR AN 0. 1% & G RZ WA TR 48 h 5, 5XF A A L CYP4S9 7EH iz h 3R ik
I, MR 0.01% KGR N TARERT CYP4SY 1A #5 TRk,

TERRWI A HUE 5 A 0. 05% H R 0. 01% {6FE % 0. 02% it B2 & 0. 01% W HERR 0. 01% 7K 4% R AN
0. 1% TS RN TARRE 48 h 5, 5ATIEA I CYPAMI4 Z6A 1558 . BUE & 0.01% AEHEEER 0. 02% il iz
£ 0.01% WHEBRMN 0. 1% & . XN Trk 48h 5 CYP4S9 FEak k14 m , 1 B 358 1)k &4 0. 05% 5 il
F10.01% KA N TARRHE CYP4SO FENRIIA h IC KA,

1 2 3 4 5 6 7
CYP4M14

CYP4S9

S8}
w
BN
W
(=)
‘ ~

EF-la

i Midguts JEWifE Fatbodies

Bl 1 $FEE RT-PCR il 6 Fuk &M R RGBSR CYP4AMI4 F1 CYP4S9 FiA KIS0
Fig.1 Transcript levels of CYP4M14 and CYP4S9 in midguts and fatbodies of caterpillars of S. litura exposed to diets containing the six
plant secondary metabolites

1: X%} 18,2.0.05% #5H;3:0.01% EHFEZ;4:0.02% M7 2%,;5:0.01% KEERL;6:0.01% KiHEZ;7:0.1% HEE

2.4 AW RSO GSTs 5L 50
RIS TR U BUE 5 0. 01% AEHEE R F10.01% KR 0. 1% T 2 RN TAa K 48 h )5, i
GSTs TGP HE X A 20 S48 i 1,97 2. 24 F11 3. 21 % ( F=33.743,P<0.001) , MirEJgH A ,0.01% WEER .
0. 01% K%K 0. 01% FEARTEZ 0. 05% B 0. 19% & G Z# AT i &5 GSTs MidtE, i %4 0. 01% /K
Wl B9 N T A k5 5%t BEAH L GSTs 1 P B 158 17 7. 05 1% ( F=48.086,P<0.001) (3 3), 45RFMWRLRK
B R IR AP B, s R AR GSTs A3 PR AN [R) 72 B2 1175 S0 0
£3 AR RIS R 4 B GSTs & MR I

Table 3 Glutathione S-transferase ( GSTs) activities in midguts and fatbodies of the fifth instar larvae of S. litura exposed to diets containing

the six plant secondary metabolites

WY

Secondary metabolites

GSTs {fitk: GSTs activity/ ( mmol - min~ ' mg’l RA=15)

iz Midgut

21 A Fatbody

X718 Control

0.01% PFERLZ Cinnamic acid
0.01% Kz Salicylic acid

0.146+0. 006 ¢
0.184+0.002 ¢
0.327+0.016 b

0.019+0.004 e
0.102+0.009 b
0.134+0.004 a

0.01% FEMTEZ Xanthotoxin 0.287+0.044 b 0.116+0.007 ab
0.02% HitHz % Quercetin 0.192+0.004 ¢ 0.040+0.005 d
0.05% THil Flavone 0.209+0.016 ¢ 0.067£0.005 ¢
0.1% F5 % Coumarin 0.468+0.006 a 0.072£0.004 ¢

[F) 3] HAS [ B 1) 22 52 1. 25 (P<0. 05)

2.5 WAEMBOS RSB Cark 15 1) R
RHEUR I T 4 B A O AE W I 48 b i R i AR R h Cark BTG TERML LR 4, I T &4
0.01% PERR 0. 1% 75 R BN THa R RIS I Carks (935 P 10 25 155, 500 BRAH LL 20035 1 1. 67
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M 1.37 5 (F=23.763,P<0.001) ; T E &4 0.01% AEEEZ A TR 48 h 5, BHE0R i 1% CarE B TR
PEZ BP0, xRS T 0.73 £, BUE 6 Ak A S  Ag Wi RH CarE (35 P -5 56 BEAH LG i 3%
F#F(F=2.459,P=0.078) , %W CarE fEXAEYFRIES F , HEHE AR LA b i b LR B A B

R4 AMEYREYRIFERIEA L LR CarE & HERIH0D
Table 4 Carboxylesterase ( CarE) activities in midguts and fatbodies of the fifth instar larvae of S. litura exposed to diets containing the six

plant secondary metabolites

Vi W CarE 751 CarE activity/ (umol + mg B 1))

Secondary metabolites i Midgut JEWifA Fatbody
Xf 18 Control 0.7150. 049 ¢ 0.7870.013 ab
0.01% PHE:MR cinnamic acid 1.19120.060 a 0.90020.056 a
0.01% K#i& salicylic acid 0.718+0.005 ¢ 0.853+0.156 a
0.01% FEAEEZE xanthotoxin 0.519+0.041d 0.447+0.055 b
0.02% #itF2 & quercetin 0.730+0.042 ¢ 0.646+0.035 ab
0.05% ¥ flavone 0.785+0.013 ¢ 0.545+0.047 ab
0.1% FEZ coumarin 0.977+0.067 b 0.699+0.033 ab

[RIZ o AN ) <7 R ) 22 e S35 (P<0. 05)

3 iFig

PR R R S I A R — D AR A AV 2 B S AR AE W BT (AN s S AR
25 ) X R A T AR 2= B AR 720 55—y T, R R Rt R A% A I 19 SR W 3 oy A ) ) AR BE AR R
P R R R 0 R A W A AR DG AR R 2R, T RESE MR 1) B B N TR A 2 bkt 7> R R R[]
WP R A ) BN B R 09175 S RCR AN R] . ARGR) B B T R T 75 A 4% B ( Helicoverpa. armigera ) 41 H2
T AT T GSTs 16 J7 3858 | o 9 AL BRI AT i S0, Be A Ikl SRS A 5
DI ( Spodoptera frugiperda) 2¥ Bt H K S-F& R Wi 1175 A FIARTE] , 175 568 71 R/AMK YR « BRI B K> B Fei>
IE> JEHE> # h> 01> HiE> KA f6h> ME™  OR[FEIFN S U A= 9 Jot B AN ) i 2 6 2 1) 52
AR FEAREEZR | B S5 R AR ) 0T 0] A5 S B b T Rk GSTs I MRG0, 11 0 BT A7 A 4 T 46 YR A )
fifi GSTs {lHPER#AR , AR B 0 S B2 45 (5§ BEXT GSTs 1S REm™) AR5 R R KR A 2R ER
AW AT R SOR IR T I GSTs 1E HEHEa8 , TEAEE R RSO IR IR Wit rh GSTs W& M 1IN T 6. 11 5, %
S A O A W) o m] 7 AR ik P i FR I A vb GSTs Y30 M i, 1 P S e T 28 A A4 ) ke F 9
71 :0. 06% BT R 7] 3 FUAI 1 22 K45 WF ( Macrosiphum avenae ) CarE F1 GSTs 13 77 50. 08% £ 12 i 24
CarE I GSTs B3 115 0.065% 7 2% B Z Hu g H] GSTs f3% 11 . B BIMIBY AL ( Bemisia tabaci ) 167 [ )
T AR AT A I A [ 5 0 7 AT R S BN A TR A A RS R, R R T B R A Y ACKE il GSTs
T T BRI CarE J6 M, FEARAE TR B AT 1 GSTs T , HLfdk 2 B EL A S A ]
mpEs

A A3 P4S0 S R UK N AR i R D77, H AT R b B8 E B 4 R P4S0 43 JE T CYP4
CYP6 .CYP9 .CYP12 .CYP15 .CYP18 .CYP28 .CYP48 %5 27 5k, Hoh CYP4 Ky —Le il b2 5 B By A
260 AL e X VR A T Y 5 K A ME T AR S CYPAMI4 1 CYPASO ff it i 36k A 061 CYP4 Kk ik
PR e o 1 R K 22 B G 1 L 77 A 0 B AL, R SUCR R B A B B AU 3 M
PRIRERR (9 N TARDEL AT S h B AU PR CYPAMIL4 (k38 i, i A A 8 b 38 R IR AN 1 Rl
RIS IR A CYP4S9 Feik it Ty, & W RMSCR I i i 8 i 15 A v CYPAMI14 T CYPAS9 W] P AN [F] A1 4
WA s T A TR RIS T AR e B S ig D5 14 b 4SO Bl 1 L AR R IR (Manduca sexta ) B
A WAL G , 5S4 SR Y P4SO AYRBETE PEAR 5, IS4 I X HE Bk A g 2/ 0 R4S H R i
S0 (6 2L i PASO 363K TR Uk A P S B ) SE VAR S 1L ( Helicoverpa zea ) AP CYP6BS 1]
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PR LR AIEEE R 5 T 05, CYPOBS S 5 IEMIEE R AR, RS HY B IS RAE I R e, g
Bt 5 FE DI AR I RSB ( Spodoptera exigua ) 4)) LAY AChE 1 T Jy o HRUCES 38 388 4 48 8 HC & A8 ) 1) W . 34
0 RREAS RIS 2 W RSB O AR TR AR REE 3 W 3R 0 75 S 3R S AR A U A ) T A G 3K AChE
TSR

YR AEY BRI E 2 HATE 200 5 %5E i ol 20 T, N R LS Y b R st e b BA
FEMIER N S BRI AE Y B0 B R R AR 1 IR AL A R T B R A S R R A 2
R RLE A 2, %0 T4 3 LBl IR SR BT B 24 AR

References :

[ 1] Ehrich PR, Raven P H. Butterflies and plants; a study in coevolution. Evolution, 1964, 18 (4) : 586-608.

[2] Dongl]F, Zhang ] H, Wang C Z. Effects of plant allelochemicals on nutritional utilization and detoxication enzyme activities in two Helicoverpa
species. Acta Entomologica Sinica, 2002, 45 (3) . 296-300.

[3] ZengRS,SuY]J, YeM, Xie L. J, Chen M, Song Y Y. Plant induced defense and biochemical mechanisms. Journal of South China Agricultural
University, 2008, 29 (2) : 1-6.

[ 4] Mainguet A M, Louveaux A, El Sayed G, Rollin P. Ability of a generalist insect, Schistocerca gregaria, to overcome thioglucoside defense in desert
plants: tolerance or adaptation?. Entomologia Experimentalis et Applicata, 2000, 94 (3) . 309-317.

[5] ZengR S, Niu G, Wen Z, Schuler M A, Berenbaum M R. Allelochemical induction of cytochrome P450 monooxygenases and amelioration of
xenobiotic toxicity in Helicoverpa zea. Journal of Chemical Ecology, 2007, 33 (3) . 449-461.

[ 6] Tiwari S, Pelz-Stelinski K, Stelinski L L. Effect of Candidatus Liberibacter asiaticus infection on susceptibility of Asian citrus psyllid, Diaphorina
citri, to selected insecticides. Pest Management Science, 2011, 67 (1) . 94-99.

[7] WenZ, Zeng R S, Niu G, Berenbaum M R, Schuler M A. Ecological significance of induction of broad-substrate cytochrome P450s by natural and
synthetic inducers in Helicoverpa zea. Journal of Chemical Ecology, 2009, 35 (2) . 183-189

[ 81 Piskorski R, Dorn S. How the oligophage codling moth Cydia pomonella survives on walnut despite its secondary metabolite juglone. Journal of
Insect Physiology, 2011, 57 (6) : 744-750.

[ 9] Furihata T, Hosokawa M, Satoh T, Chiba K. Synergistic role of specificity proteins and upstream stimulatory factor 1 in transactivation of the mouse
carboxylesterase 2/microsomal acylcarnitine hydrolase gene promoter. Biochemical Journal, 2004, 384 (15) . 101-110.

[10] Duan H, Schuler M A. Differential expression and evolution of the Arabidopsis CYP86A subfamily. Plant Physiology, 2005, 137 (3) .
1067-1081.

[11] Després L, David J, Gallet C. The evolutionary ecology of insect resistance to plant chemicals. Trends in Ecology and Evolution, 2007, 22 (6) .
298-307.

[12] Hama H, Hosoda A. High aliesterase activity and low acetylcholinesterase sensitivity involved in organophosphorus andcarbamate resistance of the
brown planthopper, Nilaparvata lugens Stal ( Homoptera: Delphacidae). Applied Entomology and Zoology, 1983, 18 (4) . 475-485.

[13] Claudianos C, Ranson H, Johnson R M, Biswas S, Schuler M A, Berenbaum M R, Feyereisen R, Oakeshott J] G. A deficit of detoxification
enzymes: pesticide sensitivity and environmental response in the honeybee. Insect Molecular Biology, 2006, 15(5) . 615-636.

[14] Pedrini N, Zhang S, Juarez M P, Keyhani N O. Molecular characterization and expression analysis of a suite of cytochrome P450 enzymes
implicated in insect hydrocarbon degradation in the entomopathogenic fungus Beauveria bassiana. Microbiology, 2010, 156 (8) . 2549-2557.

[15] Ahmad M, Arif M I, Ahmad M. Occurrence of insecticide resistance in field populations of Spodoptera litura ( Lepidoptera: Noctuidae) in
Pakistan. Crop Protection, 2007, 26 (6) . 809-817.

[16] Qin H G, Wang D D, Ding J, Huang R H, Ye Z R. Host plant list of Spodoptera litura. Acta Agriculturae Universitatis Jiangxiensis, 2006, 18
(5) :51-58.

[17] Huang SJ, XuJ F, Han Z J. Baseline toxicity data of insecticides against the common cutworm Spodoptera litura ( Fabricius) and a comparison of
resistance monitoring methods. International Journal of Pest Management, 2006, 52 (3) ; 209-213.

[18] Xiao P, He J, Liu Y J, Qiu X C, Jiao Y Y. The relationship of resistance to lambda-cyhalothr in with detoxification enzyme activity in Spodoptera
litura (Fabricius) ( Lepidoptera: Noctuidae). Acta Entomologica Sinica, 2009, 52 (10) . 1097-1102.

[19] Chen QJ, Li G H, Pang Y. A simple artificial diet for mass rearing of some noctuid species. Entomological Knowledge, 2000, 37 (6) . 325-327.

[20] Gao X W. Introduction of Ellman procedure for assay of cholinesterases in crude enzymatic preparations modified by Gorun. Entomological

Knowledge, 1987, 24 (4) . 245-246.

http ; //www. ecologica. cn



5198 JAE = 324

[21] Omura T, Ito A. Biosynthesis and intracellular sorting of mitochondrial forms of cytochrome P450. Methods Enzymol, 1991, 206 . 75-81.

[22] Lee K. Glutathione S-transferase activities in phytophagous insects: Induction and inhibition by plant phototoxins and phenols. Insect Biochemistry,
1991, 21 (4) : 353-361.

[23] Bradford M M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding.
Analytical Biochemistry, 1976, 72 . 248-254.

[24] van Asperen K. A study of housefly esterase by means of a sensitive colorimetric method. Journal of Insect Physiology, 1962, 8 : 401-416.

[25] Huang S J, Qin W J, Chen Q. Cloning and mRNA expression levels of cytochrome P450 Genes CYPAM14 and CYPAS9 in the common cutworm
Spodoptera litura (Fabricius). Scientia Agricultura Sinica, 2010, 43 (15) : 3115-3124.

[26] Piskorski R, Ineichen S, Dorn S. Ability of the oriental fruit moth Grapholita molesta ( Lepidoptera: Tortricidae) to detoxify juglone, the main
secondary metabolite of the non-host plant walnut. Journal of chemical ecology, 2011, 37 (10) : 1110-1116.

[27] ChenFJ, Gao X W, Lei M Q, Zheng B Z. Effects of tannic acid on glutathione S-transferases in Helicoverpa armigera ( Hiibner). Acta
Entomologica Sinica, 2003, 46 (6) : 684-690.

[28] Yu SJ. Interactions of allelochemicals with detoxication enzymes of insecticide-susceptible and resistant fall armyworms. Pesticide Biochemistry and
Physiology, 1984, 22 (1) : 60-68.

[29] YuSJ, Hsu E L. Induction of detoxification enzymes in phytophagous insects: Role of insecticide synergists, larval age, and species. Archives of
Insect Biochemistry and Physiology, 1993, 24 (1) . 21-32.

[30] ChenJ L, Ni HX, SunJ R, Cheng D F. Effects of major secondary chemicals of wheat plants on enzyme activity in Sitobion avenae. Acta
Entomologica Sinica, 2003, 46 (2) . 144-149.

[31] AnZ L, ChuD, Guo D F, Fan Z X, Tao Y L, Liu G X, Zhang Y J. Effects of host plant on activities of some detoxification enzymes in Bemisia
tabaci biotype B. Acta Ecologica Sinica, 2008, 28 (4) . 1536-1543.

[32] Fleming I. The cytochrome P450 pathway in angiogenesis and endothelial cell biology. Cancer and Metastasis Reviews, 2011, 30 (3/4) .
541-555.

[33] Snyder M J, Glendinning J I. Causal connection between detoxification enzyme activity and consumption of a toxic plant compound. Journal of
Comparative Physiology, 1996, 179 (2) . 255-261.

[34] Arimura G, Huber D P W, Bohlmann J. Forest tent caterpillars ( Malacosoma disstria) induce local and systemic diurnal emissions of terpenoid
volatiles in hybrid poplar ( Populus trichocarpaXdeltoides) ; ¢cDNA cloning, functional characterization, and patterns of gene expression of (-)-
germacrene D synthase, PtdTPS1. The Plant Journal, 2004, 37 (4) : 603-616.

[35] Li X C, Baudry J, Berenbaum M R, Schuler M A. Structural and functional divergence of insect CYP6B proteins: From specialist to generalist
cytochrome P450. Proceedings of the National Academy of Sciences of the United States of America, 2004, 101 (9) : 2939-2944.

[36] Xue M, Dong J, Zhang C S. Effect of feeding Bt cotton and other plants on the changes of development and insecticide susceptibilities of lesser
armyworm Spodoptera exigua (Hiibner). Journal of Plant Protection, 2002, 29 (1) : 13-18.

B3k

[2] &8, TKRARLT, FIREE. AP UCEY B ANTT HORIAR % RO A B o A 2 M PRS2 R IR2AAR, 2002, 45 (3) + 296-300.

[3] WGAERR, UGG, s, R, BREL, RIFR. BT SHUE SAE L. AR R M ( H AR . 2008, 29 (2) : 1-6.

[16] ZEHE, EHHk, T, s, hiEs. RIOpUksdy SRS, IR, 2006, 18 (5) : 51-58.

(18]  HMS, B4, XUKA, BFFR, S Mg IR EEA FPTrk-F 5RO R, B B4, 2009, 52 (10) .
1097- 1102.

[19]  BRHAE, 2770, BEX. iR A BORHR RO —Fh R S5 N T AR R AURIR, 2000, 37 (6) : 325-327.

[20] AR Gorun AF AN Ellman AMGRBEEES P E T ik 4. BRI, 1987, 24 (4) : 245-246.

[25] #ok4:, 30, BRBn. RIEURk P4S0 LD CYPAMI4 FI CYPASY [ 5EFE 5 mRNA RKACHFFE. BB &R, 2010, 43 (15) .
3115-3124.

[27] BRRG, mimik, S, FRINAE. BT RO ARES B I K S- e oM s R IR~# 4, 2003, 46 (6) : 684-690.

[30] BREE, (DU, Phathn, FER. /INEJLRD B0 A W 0 22 (A8 W JLAREEHT I 52, AUz, 2003, 46 (2) : 144-149.

[31] 22z, ¥R, L, M, By, MEE, KAE. FFMWA B BT (Bemisia tabaci) JUFP EE ARG MERIEN. L%
&, 2008, 28 (4) . 1536-1543.

[36] WM, #A, KA. AR B BEPIAR SE LY TSRO AR I R B 250 BURE 2 . AR IR P24, 2002, 29 (1) : 13-18.

http ; //www. ecologica. cn



CEDFIRY2012 F£AEITEE

AR B B A E 2 B B IRBL e AR T QT 1981 4, 32 2l A= 2 WF e It

SR BB PRI R | 45 50 BE S B AE

K T3 18] B 75 £ P SCRE 5 BF 8 T4l AR 2SS0 BE By

W BRI A  AE AAR RIS ROV R = A 414

(A2

ey A H T, K16 1A ,280 0T, & A RE Hr 70 Jo/ M, 24F5E i 1680 JC,

FEINIE LSS :82-7  [EAMIRK NS :M670  #Rr#ETIS . ISSN 1000-0933  CN 11-2031/Q
A [ A5 1 RS SRy BT TT T ), s T G BRI AR SK . WG T R AR RHIT R | A B AL A

TEAEITT

B . 100085 Jb R IE X AGE M 18 5 H &

E-mail; shengtaixuebao@ rcees. ac. cn

F£RE FHle M

HEMEMRE flats

£ &5 % B
(SHENGTAI XUEBAO)
(EAF] 1981 483 B AT
(2012 48 H)

I

(010)62941099 ; 62843362

www. ecologica. cn

HITHE XIKE B %

ACTA ECOLOGICA SINICA
(Semimonthly , Started in 1981)

Vol. 32 No. 16 ( August, 2012)

& B

H H HE
SHIR 3

CHEAREAR ) G

Mk U E X XU 18 5
MR L 4 5 - 100085

HL 3 : (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
PSS

hER 2 ER AR Y

P E B B A AR A 5T L
Hhk - U E X BUE 18
MR L 4 5 - 100085

Edited by

Editor-in-chief
Supervised by
Sponsored by

Editorial board of

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

H R 4+ 4 & K ik Published by Science Press
Hihk . b AR IRAR L HT 16 5 Add ;16 Donghuangchenggen North Street,
HS B2 ) 1RO0717 Beijing 100717, China
Rl dbstduARENRIT Printed by Beijing Bei Lin Printing House,
% 1T # ¢ P M Beijing 100083 , China A
Huhik . AR BIRAR AL 16 5 Distributed by Science Press m 2%
MR I 2 - 100717 Add:16 Donghuangchenggen North o =
Eﬂiﬁ 31((_)10)6;‘(334563 t Street , Beijing 100717, China < ==
-mail ; journal @ cspg. ne o o V-
5w S o s =5
EISNEAT o bR A 55 2 ) atl:Joumatt® espe: net - =0
Mokl AL 5T 399 {546 Domestic All Local Post Offices in China > g
kB 5T . 100044 Foreign China International Book Trading :': _S
Y YT e Corporation - P
;“EII T TR T 55 8013 5 Add:P. 0. Box 399 Beijing 100044 , China =:
SR 10m-0953 ERSMATF T EREE RS 827 ESNEFTRE M6T0 R 70.00 T

CN 11-2031/Q



	fm job.pdf
	stxb201203060302.pdf
	16fd.pdf

