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FE: AR S 0 kA%, AR & & B 5 MR A Z 2 44 35 5 Ik B 37 4] 7 (potato carboxypepti-
dases inhibitor, PCI) #= CrylAc & & 3£ B B R Ja 454 % Helicoverpa armigera % % P M %% &
B R G B R MR SLR O B e 22 KB 09 75 M BB A (carboxypeptidase A, CPA) Fl1#: Pk B4 B
(carboxypeptidase B, CPB) A B a9 48 3F ik A AR R F &K, &R KM, 49 20 pg/cm?
PCI+1 pg/cm?® CrylAc.40 pug/cm® PCI+5 pg/em?® CrylAc A 2544 G 454 & 3864 &+ /% A CPA /&
4% 4 0.20 Umg#2 0.16 U/mg, 2 A& T2 18 ; & G B87& 394 0.15 0D 'min " -mg™, 5 3 18 £
FARBE EMREGHEMRE A 045 umol min'mg™', ¥ B FK T L L4 32 CPB A& B & ik S5 2)
R ZF TFA, 4720 pg/cm® PCI.40 pg/cm? PCI. 1 pg/cm’ CrylAc.5 pg/cm? CrylAc.20 pg/cm? PCI+
1 pug/em’ CrylAc.40 pg/em’ PCI+5 pg/em’ CrylAc 4 25 44t J& , CPB & 1 4 %1 4 0.26.0.26.0.24
0.26.0.274#20.26 Umg, 54 B £ F R B & ;4 k384 kP A L REILE GBEZHS A
0.48.0.39.0.42.0.41.0.40 2 0.45 pmol-min™"-mg™, 6 & Z 18] £ F R % , 123 L FAK T 2 1R 4545 &
3P HACPA KRR R Xk AR B EF LA, 4% 20 pg/em® PCI+0.02 pg/cm® CrylAc,
40 pg/cm® PCI+0.02 pg/cm’® CrylAc.20 pg/cm® PCI+0.06 ug/cm’ CrylAc.40 pg/cm® PCI+0.06 pg/cm’
CrylAc A 25446 , A%4 E g 4 2 52 FRAR B 5L T R 5 5 4 66.54% .68.28% .77.74% #2 85.76% , 34
& T AR IEL &, £ PCIlA= CrylAc Fi H AF K R BB R I A IR SAF R A 3G ZAE R, H T
RN TAR R4 ReG 54,
ééﬁ%ﬂ Mk BRAKEEIPRIA]; CrylAc &2 2 afEE; X REk

Effects of potato carboxypeptidases inhibitor combined with CrylAc toxin on protease
activities and insecticidal activity against cotton bollworm Helicoverpa armigera
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Abstract: In order to develop insect-resistance pyramided cotton varieties, the activities of total proteas-
es, trypsin-like proteases, chymotrypsin-like proteases and carboxypeptidases were determined using
the specific substrates, and the expression levels of carboxypeptidase A (CP4) and B (CPB) genes in the
third instar larvae of cotton bollworm Helicoverpa armigera fed on different concentrations of potato
carboxypeptidases inhibitor (PCI), CrylAc or PCI+Cryl Ac were also investigated, and the effects of
PCI toward insecticidal activity of CrylAc against the newly hatched larvae of H. armigera were fur-

eI H K A ARG (32001912) , TR AR AAFE4: TARIUH (2020HYTP043) , T B 4 RH BOGH H (202102110226 , 1 R4
REFEARTHANLITH (202010466063 )
* W {5VEH (Author for correspondence), E-mail: xincheng@henau.edu.cn

Wk H 9. 2020-12-10



1148

iR 7/ S A S

48%:

ther tested in bioassay. The results showed that when the third instar larvae of H. armigera were fed on
an artificial diets containing 20 pg/cm’ PCI+1 pg/cm’ CrylAc and 40 pg/cm’ PCI+5 pg/cm’ CrylAc, re-
spectively, the activities of CPA were 0.20 U/mg and 0.16 U/mg, which were significantly lower than
those in the control; the activities of total protease were 0.15 OD-min'-mg', which had no significant
difference from those in the control; the trypsin-like enzyme activities were 0.45 pmol-min™'-mg™',
which were significantly lower than those in other groups; the expression levels of CPB significantly
lowered than those in the control. When the third instar larvae of H. armigera were fed on an artificial
diets containing 20 pg/cm’ PCI, 40 pg/cm® PCI, 1 ug/cm® CrylAc, 5 ug/cm® CrylAc, 20 pg/cm* PCI+
1 pg/em’ CrylAc and 40 pg/cm® PCI+5 pg/cm’ CrylAc, the activities of CPB were 0.26, 0.26, 0.24,
0.26, 0.27 and 0.26 U/mg, which had no significant difference from those in the control; chymotryp-
sin-like protease activities were 0.48, 0.39, 0.42, 0.41, 0.40 and 0.45 pmol'min""mg™', respectively, among
which were no significant difference, but they were all significantly lower than the control; the ex-
pression levels of CPA significantly increased compared with those in the control. When the newly
hatched larvae of H. armigera were fed on an artificial diets containing 20 pg/cm’ PCI+0.02 pg/cm’
CrylAc, 40 pg/cm’® PCI+0.02 pg/cm® CrylAc, 20 pg/cm® PCI +0.06 pg/cm* CrylAc and 40 pg/cm’
PCI+0.06 pg/cm® CrylAc, the observed corrected mortalities were 66.54%, 68.28%, 77.74% and
85.76%, which were higher than its expected corrected mortality, the results suggested that there were
independent and synergistic interactions between PCI and CrylAc toxin, their combination can be used
to in resistance pyramid to the pest H. armigera larvae.
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ticidal activity

4% W Helicoverpa armigera J&=— Fh 2 & P 3
HL, 20 fH 22 90 AR ARG 73 AR KRB 1997 4F
J& i Bebt AR AEFR B )1z s AL R AR (A5 AR 4%
MR B AR . SR B U TR R R 45
FEJVRE , 2010 4F L — 2 iy DX A 4% dURRERICEE D]
W], HOF TR R AR S EAR AP 1 R 35 A B
HOCFHHAE,2016) , JF ™ H I LN ST HIR XM T
IR J5 A I DS R A A XSt M A
2018) o 117 HL i AT >fe W 4l 2 W 3% [ v i) g
i DA S ORI P 1% B 470 266 DR 431 232 52t B3
#(Jin et al.,2015; Zhang et al.,2019) ., [EApZ 5
7. FH ] 3000 45 4 2 B 58 ) %o AN BeAE Y ™ A= it
4 (Tabashnik et al.,2013a) , 1fii 4 22 L RS 1 2
TE LT3 O 2 R Z R Rl AL S B
FEAE BT RN T X B — R R P AR B
FIMAE . H T A 5 B R T AR 2 02 5 AUy
YED , e A0 35 DRI ] LU LA AR T] 2% B R AL
(1) Bt FE P, SORT DL SR 5 T A Bl R A
N a-YE A B ) L R LK L BEAR 2R lecrin BEPH |35 3%
ACEEEZR gna FEDH BTG R 1 B 31 59] cpei FEDFN
A4 TR I 1 3R] Pin 11-2x FE % | LIk B E 2%
AU AU E A (SO A, 20025 Yu et al.,

2012) . i3k E A EHLFE CrylAc+CpTI WA HL
R 3G [ L AR AR W R S wD B B A R
Cry24b+CrylAc W4T 24 Bollgard I JE1EIA A=)
BN TR B mCrylAb+Vip3Aal9 B HT 2L
Fil% Cry14b+Vip3A4a20 XU HL T A S (5 S5
2002 ;Carriére et al.,2016) .

P F R A o R R AT A R
AR LA ) A BTG 2, WA R RE AL T B AEBL
il AHGARD B A SRy o Lo A TR R A A )
(protease inhibitor, PI) BE % X AF £ 1 B L A Ji A4
PRGN B E R 5 R B v R Uk 4E
B PR SR T AT T B M, B
KRBT LT ERNE T T8 R
SET-(Ryan, 1989) . 5 Bt # Z AL, PTEA P dL i
7 RS 7 R 2 P SO0 (CE SR 4655 ,2001) .
HLLE PLXT Bt 8¢ 3 HATERVE L, Gk K G e i 1 il
PGS ) B il 3R v, AT AR S A A K
45 AE B (Zhang et al., 2000) ;15 25 15 45 11 17
I35 B3 H 5 Cryldc ZPXUNFE A BIRRAEH A4
PR Mo P i 2 34598 (Guo et al., 2003) ;B Bt FIZE [
it 100 o1 390 B PR A\ B A v, LB RE T W s T
0 B — B SR A A MR (225246, 2000) o
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T 44 3 KT 110 ] 751) (potato carboxypeptidases
inhibitor, PCI) J&: iz 0] A\ B #% % v 7 B 4l A R 1)
— Tl i 39 SRR TR ELAT MUY BRIR 2 K, HEREAE 411
il B He g 18 N R IR W A9 75 1 (Diez-Diaz et al.,
2004) o TR KR A BRI 22 KRG C S IT 4632
TR e 2 R 1) — R IR ST , 7R
P AT A W e ke A T, LA IO U 7
TR Tl RO 2 B R B S S
(Bayés et al.,2005;2006) . £ F B4 Py 52 kil = 22
A R BK I A (carboxypeptidase A, CPA) Fl R ik i B
(carboxypeptidase B, CPB) K2, 1fif PCI 1] 4 574k
0 B B 18 9 CPA 6 M (Bayés et al., 2005;
2006) . Ul Abdeen et al.(2005 )4 PCI Fll h44 35 PI-11
FEPRIE N BT v, 45 3 90 v 28 AR 1 e 1 5
18 i 25 e R 2R T A Ry 4 A A ORI = I B
Liriomyza trifolii 4] H ; Quilis et al. (2014 ) £ K
1 0 A1 500 A PCTBE R il 5 Je e A BIDK AR v, 465
R IFL BE R KRR RE A] AT —ALIE Chilo suppressa-
lis >k 3 0T J i) 75 95 9 B Magnaporthe oryzae 13
Y4 ; Oppert et al.(2011) 4 PCI 5 Cry3Aa A MU 1R
H, 458 & B PCI+Cry3 Aa 1] 7 34 4E 2% 45 % Rhyzop-
ertha dominica " B i, 38 M LFE T3, FEAK
HEH KR M BT, T PCLS Bt RN
B Ha v i 85 1 B R 52 0 LA S PCT A Cry1Ac # &%
A U P T 5T A R

H W PCLRERAE N — A 5L 5 Cryldce
FVEH, A E PCLY CrylAc B RIBR G
A He v iz PR KT | S 1S P 2R 1 A
S IFEEFL R AT P L CPA R CPB 3R A X 26
IR KOG AS R gl B A O T, DU RS 2
WA B A SR AR A
1 ¥R 5FE
1.1 &

AR AR U T 1996 4F AT R4 8T &
-G B BN T A SRR, TR (2742) °C R
Ji (75+10)% S 14 L2 10 D 37 L% 4 TR
Fr A 20 WO g R, N T ARDRHC 5 2 1R
TR HFAIELERE (1999)

B ALES : CrylAc 5 &, W E A BR 2= B dd
PO 5 i A W H R A 15 5 SR AR e i) RS 2
F1 No- 28 E-DL- A 220 2 -4- 1k 2% ot i 6 R 36
(Na -benzoyl-DL-arginine-4-nitroanilide hydrochlo-
ride, BApNA ) | N-J%H179: — A 19 22— PN 19 22— il Pt 22—

2R TN 2 R X il 3 Bk R % (N-succinyl-Ala-Ala-Pro-
Phe p-nitroanilide, SAAPFpNA ) | & Jik it 311 il 5
PCI N-((2E)-3-(2-WK M £ ) -2- 45 Tt ) -L- R N 2
Pk -L- 75 5 & liZ (N- (3- (2-furyl) acryloyl) -Phe-Phe,
FAPP) | A P — P 2 gt — 50 PR (N- (3- (2-fu-
ryl) acryloyl) -Ala-Lys, FAAK) , 52 [F Sigma i 7| 2
7] ; FastKing gDNA Dispelling RT SuperMix, KM A4
AR (b 50) A5 FRZA 7] 5 Trizol 15 , 35 [ Invitrogen
A R A BR /A s Premix Ex Tag™, 5 H BEAY1H;
AR KR BRS w5 HA R 1 8 = 43 A 48
24 fLFE MR, b S RS A R\ s DY Y-6C
HLIKAY, ALt /S — 14X 5 Synergy4 Z I RERFAR Y,
F[E BioTek {Y#54 TR/ &) ; Immuno 96 FLAG R , 55
[¥] Thermo Fisher £} /A 7] ; NanoDrop2000 i f#{
4366 T, 521 Thermo Fisher BHE A
1.2 Fik
1.2.1 PCI5Cryl Ac3 A Bt A 6947 950X 3b

PCI 5. % & 43 91l 4 20 pg/em? Fl1 40 pg/em?,
R T HA A S 55 25 I 22 19 Cry 1 Ac XA 48 R )0 4)p
HUA LC,, 45 4 (Zhang et al., 2019) }% da Silva et al.
(2018) BYBFFT A5, CrylAc BF 2 L & &40 5
1 pg/em’ 15 pg/em’, PCI5 CrylAc iR 5435
720 pug/cm’PCI+1 pg/cm?® CrylAc fi140 pg/cm? PCI+
5 pg/em’ CrylAc. F#rifil/E RN T kHE i 50 mL
T AR 24 FLFE RN, BfL 1.5 mL, FEA T
TRV H18E [ 5 5 4T 1R 0.1 mol/L PBS 2% #hifk (pH
7.4) .2 DUPE Y CrylAc., 2 A~ ¥k B 1 PCT Al 2 4>
Cryl Ac+PCIHIE & 45 100 pL ¥45) 1 Tk & 1
R G BRI N— S AR S He 3 8840 1, L
HRALEE 12 h 553 B AAS R AR B T AR R
fL 1Skl A AL BRI 96 k4, I 12 h
J& B AR BRIC10 3k A 15 Sk 4y B 550 T o B R
HIE RNA IS, BN B AT 3,
1.2.2  4RGARE R4k & M W & @ B E AN T

R A4 vl g RO 11 T 8 K 1 Kb BRURE J 1Y
RS He 3 8 40 HOBCTE UK b, PR o) B LT G i
WO 7 SO & 0 BT B B K AR A
0.15 mol/L NaCliA Wi 1 mL, BFEES)3 ,4°C .12 000xg
T B 15 min, BCETEWAE A AR A T . AR
Bradford (1976) J5 ¥ L4 ML 26 MR bR 115
AR R, B PR E A 3R

PR PRI RE « 7351 L FAPP M FAAK NI
Yyl i€ CPA 1 CPB 15 ¥ (Bown et al., 1998) . JiE
HYIFAPP HIFAAK £-H0.02 mmol 43liA -7 0.1 mol/L
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NaCl,pH 8.0, ¥ &£ & 20 mmol/L Tris-HCI f#J 10 mL
GER N AR B4 2 mmol/L. B 10 pL
i B N A B 96 B2 4 0.1 mol/L  pH 8.0, 170 pL il
1R - S A AL AN ZE v, 30°C I 10 min J5 43900
A 20 pL FAPP FIFAAK ICH) , (i A7 SAE 330 nm ifE
KA 25 10 min U 1 WG ODyyg e AR ] A
AR LA G EE ODysg 0 ARV, B W) 21
#5115 AODyy,, B AUAA o B3 5381 7K f# 1 pmol
JEE ) e i Ry 1N TG 7 BT, 1 mL B T
J1 5457 =(AODyy, ,, < B AT BEATEO / R P BE IR TH
Z BB AEX107) , FAPP fil FAAK f4 B /R 11
YERBH1M 2 300 L'mol -ecm™ F11 820 L'mol:cm™;
ity F6 3% 1 =1 mL B b i & 07 S/ 8 B 1
(Wang et al.,2004) .,

B P TS M I - S BT A RN AR
(1996) J7 ¥ FF A T18 MIE M. HF 200 mg 2 AR A i
18 UMK 25 9% T4 B 4 0.15 mol/L i 10 mL NaCl
e, 2B R 20 pg/ul, DL AR Y . KKBUR 9
40 pL 0.2 mol/L H &R - = A Ak 2 v (pH 10.5)
20 pL AT 7 B S pL AR 1.5 mL B0 N,
30°C N 1.5 h i, N AR TR G R 10% 1) =& LR
65 uL, Ak Jh . BIRAPIFE4°C, 12 000xg N 5
0> 15 min, B EWE T 415 nm PR AN 2 W%
3 3 TR AL R[] P O R AR A, JEBR L
it A F e B 1A e R AT A 2 B P TS 4 (Cao et
al.,2013).

SRR IS P A 5 < FF 200 mg BApNA ¥
10 mL ZFFELE AR i 20 5 20 pg/uL, LA
WY o 0] 96 FL 1 Bk Al o in A4 100 pL |
0.1 mol/L H & k- E AN ZE b (pH 10.5)45 pL
Feb B B S wL, 5z B B F B AR, F 405 nm P
FABI 5 WL OD,5,,, » BEUCELER B 20 s, T2
#5010 min, LABE] D HEARAR DL OD g5, M A AEARAE
K, BUR IRy, A AOD,,, BYZEAE(H .. 1 mL
it R v 28 R B 1l ) AV = (AOD g5, il VR FE
15 550/ RS  JBE 7RI 06 2 B0« B A 1 <107,
BApNA [P /R 7 4R 8 800 L-mol ' -em™ ; 25 ik
FE UG L 1% J7=1 mL B P S IR AR S /R
1Tt (R4, 2012) .

v L A TS P 0 I A2 < 2 B T S AR
R 1%(1996) 7712 , K 100 mg SAAPFpNA ¥ T e
4 0.15 mol/L Y 5 mL NaCl i/ R i) , &k B Ky
20 pg/pL. 17 96 £L B br Az th hn A K4 45 L.
0.1 mol/L H 2 MR- % A L8N 22 vh ik (pH 10.5)90 pL

bl 5 L, 57 BVE T REFR A, T 405 nm i1
KA IR OD,5,,, » BEUCLER MBI 20 s, FFEEE
K010 min, PARHE] A AR BR , LL OD,g; 0 AN AR, HL
HHILRAETB Sy, 354 AOD,; . S AL (B . 1 mL B
2R SR EE L AR G ) B = (AOD g, i VR R
£5 850/ (7 ) B8 R I D't 28 B0 B A it <107
SAAPFpNA JK fift 7= ¥ XF i 56 K e (%) B8 R 76 O
Z KM 10 070 L-mol™ - cm™ ; 2 JHREEFL & H i 1L
15 77=1 mL i i 0 25 e 2L 28 1 I /6 B 1 o
 (Pekkarinen et al.,2000) .
1.2.3  FRIG AR R P I F KBRS ) 09 F A AT
WA A SRS S5 AR L 3 18 40 AR UK
PN, 10 min J5 A 55 AT A AR 9, A/
VA B SR 2 AR, A 1 mL Trizol i
FIARSEBIF S 25 5) 3K 35 5], 43 B8 Trizol IEHEHUEL RNA
LAY RNA 2250 66 BE TG T RNA 40 B Fi i
FFRE I RNA 5838 14 . 2 I FastKing gDNA Dispel-
ling RT SuperMix BtH] 454 L cDNA ., 20 pL J 5% 5%
& % : 5xFastKing-RT SuperMix 4 pL .2 RNA 1 uL,
DEPC 7K 15 uLo S5k 451 :42°C 15 min, 95°C K
7 3 min, A ALAY cDNA T-20°CUKFE TR 7 5 H
HRAE NCBI 52 A4S L CPA(GenBank %5 5%
54 AJ005176,AJ005177 Al AJ005178) . CPB(Gen-
Bank % 5%5- 4 EF600060) 4% H -actin (GenBank
kS N X97615) il gapdh (GenBank % 5% 5 Ry
JF417983.1) 3K [ 51 , {di FH Beacon Designer 8 # {4
WIS I AIRE (R D), 519 LAREH 4 i 5 H BB A
WA CRE) AR ARG .
LA B-actin F1 gapdh & F I AN SN, R
FH TagMan #5172 P54 7 52 B 298 Y6 72 1 PCR K& CPA
1 CPB mRNA HIXF 35 5, 25 pL W AR 5 : 2xPre-
mix Ex Tag™ 12.5 pL .10 pmol/L PCR iF JZ ] 5| 14
0.75 pL ¥R %1 0.5 uL . 50xRox 2 % YL Kl 0.25 uL .
cDNA MR 1 L JG RNA /K 9.25 uLo SR 451
95 C.HIAENE 2 min, 95 CAEVE 155,60 °CiE K ZEfH 30 s,
40N I 3, AW EE 3R i
Bl A 27T R TR SRR AT
1.2.4 PCIH=Cryl Ac3 i ZOR A AtARA & e 4 k&1
K FH 26 T 1 4K 2 PCT AN Cry 1 Ac B FH A2 IR
FHXSARAS BRI . AR AR S2 50 2 BT 2 1
CrylAc X i £ H 41 i %)) L) LC,, (Zhang et al.,
2019), CrylAc o FH LB W BUAE E 0.02 pg/em® 1
0.06 pg/cm’; PCI H H #E$% 20 pg/em’ F140 pg/em’,
PCIfl CrylAc TR I R B MR EE IR ZL 5 . & 24
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TRk 45 5 2 ) 12,1, R T IR AR LA 1 3k
FRES RIS R AR B % TP 3 R A B
723k, 7 dJE AL R AFET KA KA B IEN, 4
FET- i W R 3k 3 1% 35  M 3E 17 (Chakroun et al.,
2012) B SLPRAG IEFET R, SLPRAL IEFET R =(4b
PREAAET RN RT3 )/ (1- X B LT3 ) x
100%. R~ #E S 3. PCIAI CrylAci Y
FRIIRE TFFE T %=(1-PCI B ] i 52 PR IE A7 1% 2 x
CrylAc LSRRI IEAFIG ) x100% o K T4y

SR B K 5 1 (Tabashnik et al., 2013b) % #i44 H1 %)y
HSEBR R EAE T 38 5 T AL IE AT kA7 22 7 1 2
PERZIR , 4 SCPRAG IEFET R 35 K T WAL IEFE T
R FIN PCLY Cryl Ac TR FHIRARES B UG A
PN FIE A 5 24 S PRAS IEFET R 5 WU AS I 56T
REFSANRFE,FIRPCLY Cryl Ac IR HIXIHRE 2%
S A ST AR 5 2 SE PR IE AR T 2/
TR IEFE TR, /R PCLS Cry 1 Ac RIS
AR TR EA T ER.

F1 AHRPELATENEE PCRATASI MR IR F 5

Tablel Sequences of primers and probes used in quantitative real-time PCR in this study

T RIRE 4B

Name of primer and probe

SRR P51

Sequence of primer and probe

CPA-F

CPA-R

CPA 41 CPA probe
CPB-F

CPB-R

CPB #£%} CPB probe
gapdh-F

gapdh-R

gapdh 7%t gapdh probe
f-actin-F

f-actin-R

p-actin #84[ -actin probe

5. TCCTCCACTGTCGTGAATGG-3'
5" TGACATCAATGACAAGTTTGTGGAT-3'

5'- (FAM)TGACCCTCCCTGCGACTCTCTACGC(TAMRA)-3'
5'-CAACTATGATTTCGCCTGGAATACC-3'
5'-GCAATACGAGCCAGATGTTCTTG-3'

5'- (FAM) TCCTTGCTCCGACATCTACGCTGG (TAMRA)-3'
5'-CATTGAAGGTCTGATGACCACTGT-3'
5'-CAGAGGGTCCATCCACTGTCTT-3"

5'- (FAM)CACGCCACCATTGCCACCCA(TAMRA)-3"
5'-CACAGATCATGTTCGAGACGTTCAA-3'
5'-GCCAAGTCCAGACGCAGGAT-3'

5'- (FAM)CCGCCATGTACGTCGCCATCCAGG (TAMRA)-3'

5 L FAM Al TAMRA 53971 47 5" A5 08 2 680 o F 3 il A9 A8 K )5t . FAM and TAMRA in brackets are the FAM (6-
carboxy-fluorescein) at the 5’ end as a reporter dye and TAMRA (6-carboxytetramethyl-rhodamine) as a quencher dye at the 3’ end.

1.3 HESH

iz FH DPS 7.05 %4 b i 22 G0 3 A 6 56 5 s
HATG 08, N Duncan G k#7245 %
B EMAR

2 ERESH

2.1 PCIFACrylAct KB A & B R0

TR 1 pg/em? CrylAc Fil 5 pg/em?®CrylAc & 24
TERHIE AR AR 3 08 4l Hurp i N CPA TG M 3 i
0.78 U/mg #10.76 U/mg, 4 5 X} f8 22 AN 12 235, il
M2 20 pg/cm? PCI ., 40 pg/cm?® PCI, 20 pg/cm® PCI+
1 pg/cm® CrylAc, 40 pg/cm® PCI+5 pg/em’CrylAc
AR, CPA 6 5 73 5 4 0.25.0.19,0.20 F1
0.16 U/mg, i Z KT XF BR (P<0.05, 1K 1-A) .

A I 20 pg/em’ PCI, 40 pg/ecm’ PCI, 1 pg/em’
CrylAc.5 pg/em’ CrylAc, 20 pg/cm’ PCI+1 pg/cm’
CrylAc.40 pg/cm?PCI+5 pg/em’CrylAc 7 2 1)
Je RS I 3 0 4y H b iz I CPB TS P35 0.26

0.26.0.24.0.26.,0.27 #10.26 U/mg, 5 X}l 25 A g
FH(E1-A).

FA I 20 pg/em? PCI, 40 pg/cm® PCI, 1 pg/cm’
CrylAc.5 pg/em® CrylAc & 251 BL A, 4% L 3 %
2Jy R b N R R 235504 0.17.,0.16.,0.19
#10.19 OD-min™"-mg™ , 5 X I 22 5 A . 2%, il 1]
M2 20 pg/cm’ PCI+1 pg/cm® CrylAc.40 pg/cm’ PCI+
5 pg/em® CrylAc & 254k , S8 PG PR N
0.15 ODmin"-mg™", ¥ i F (X F 1 pg/cm?® CrylAc il
5 pg/cm’® CrylAcAb ¥ (P<0.05,% 1-B) .,

FA I 20 pg/em? PCI, 40 pg/cm? PCI, 1 pg/cm?
CrylAc.5 pg/em’ CrylAc & 251 BHe , i85 8L 3 ik
&Iy 58 F i PN IR R RS 23591 0.59..0.59..0.66
F110.58 pmol-min™-mg™", 55X 22 AR i 25 | T AR] M
20 pg/em® PCI+1 pg/em® CrylAc . 40 pg/cm® PCI+
5 pg/em’ CrylAc & 25 mBHG , JERE ARG R
0.45 umol'min~-mg™", 4 & 35 I F H fth &b L (P<
0.05,%1-C).
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A i 20 pg/em? PCI, 40 pg/cm’ PCI, 1 pg/em’
CrylAc.5 pg/cm’ CrylAc, 20 pg/cm’ PCI+1 pg/em’
CrylAc. 40 pg/cm’PCI+5 pg/cm’CrylAc 7% 24 1] B}
Jer R HL 3 W 4l B g PN 2SR L A 1 S 1

109 A

W RAKEFA Carboxypeptidase A
[ $RALKEEB Carboxypeptidase B
a a

0842

0.6

REKREE
Carboxypeptidase activity/(U/mg)

ST 20 pg/em?® 40 pg/em? 1 pg/em? 5 pg/em? 20 pg/em? 40 pg/em?

BEAREE

Total protease activity/(OD min™-mg™)

H°470.48.0.39.0.42,0.41,0.40 F10.45 pmol'min "mg ",
6 Z M 2ZEFAN W (A BT IR (P<0.05, 4]
1-D).

0.20
0.15
0.10

0.05

0.00 -
SR 20 pg/em? 40 pg/em’® 1 pg/em?® 5 pg/em?® 20 pg/em?®40 pg/cm?

CK PCI PCI CrylAc CrylAc PCI+ PCI+ CK PCI PCI CrylAc CrylAc PCI+ PCI+
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Fig. 1 Protease activities in midgut of third instar larvae of Helicoverpa armigera that fed on diet
containing PCI, CrylAc or PCI+CrylAc

Pl S P B bt o [A) b R [R)/ING SR 37K 28 Duncan [GBT R 225K 30 7E P<0.05 /K722 57 i3 . Data in

the figure are mean+SE. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.

2.2 PCIFACrylAcE A KR A3t CPAFACPBHI RN
FAJMEE 1 pg/em? CrylAc.5 pg/cm® CrylAc.20 pg/cm?
PCI.40 pg/cm® PCI, 20 pg/cm’ PCI+1 pug/cm’ CrylAc,
40 pg/cm’PCI+5 pug/em?Cryl Ac & 25 BHE , fi4S B
3W 4 P i N CPA DR 25305 B 241 A00) R I 255
9 (P<0.05) ; ] M 1 pg/em?® CrylAc, 5 pg/em?
CrylAc.20 pg/cm’® PCI+1 pg/cm® CrylAc.40 pg/cm’
PCI+5 pg/em’ CrylAc & 2454a0KHE , i 3 i34y it
H iz N CPB ik PRI AF G 3 3K 55 H Al Ak 31 1 =2 )4
(P<0.05) ; 1M 7 M2 20 pg/cm® PCI F1 40 pg/ecm® PCI
& 2y 1A RHE CPBEEPIARXS ik 00 BT i % 78
(P 2).
2.3 PCISCrylAcH KR AR RAYR RiEHE
20 pg/cm® PCI+0.02 pg/em® CrylAc.40 pg/em’
PCI+0.02 pg/cm*Cry1 Ac}20 pg/cm?PCI+0.06 png/cm?

Cry | AcKb R , A48 HURI I 4 He 1 SEPR A IEBET 3R
43 9°M 66.54% . 68.28% F1 77.74% , WAL IEAET R
I3 5K 59.67% .60.10% F1 69.46% , 5 52 prMe IESET
Y N TE A 8t DO R s Wb VA (B
F 5 T 40 pg/em® PCI+0.06 pg/em’ CrylAc iR A
B BT ANy H ) S PR IE SR T R AR IEAE TR
4390 R 85.76% M 71.37%, Wi & & & Ta# , X4
YA A S PR B R E I (£ 2)
3 iFig

TERLY) SR E v R AU K P R it AR
FEYIIE KT Z2Fp Z2 6 0 Bl AL SR HPT B ol 3%
TR 47 05 1 Tt A o) 790 2 G v — I R ) ) A 2R
F, IF FLRE FE R R AR 1) K, 2 HE ) 5 (i
PR B R T e AR R B A (R S 4%
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2000; Guo et al.,2003; Yu et al.,2012) , {1 44 B 45
KB . ABFTEEE R, PCLAI Cryl Ac iR H
ARG LA A B gl B g P 2 AR T
H4% HURN B JE 45 Plodia interpunctella 585 H 4
Ha iz P 1 SR R A SIS R e LB 1 T A Bt
JRREZR T FLIZ AR G M A AR 5 R A Bt
P B 77 A2 K 5 (Oppert et al., 1997; Liu et al., 2014) .
fif R 45 (2012) % PLEUE CrylAc Ji % 3 Mythimna
separata 1A PN [P EE 11N R EREFL AR BTG PEAR R
B, SARRFR S5 R —5 A2 % (2012) W58 4
RI, B AR FE CrylAc i , M4 BUUK P R 1
T B T S P AT 2R e L R S
Thi , SAHEIE 45 AT 3, 58 HLR R AT BB J2: Bt
5.0 7

4.0

3.0

X RIEE

Relative expression level

JRAEZE AR B N e R A e S R L
IR AE R RO S BT VIR B R (145 BUaR P 7= A
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ik A i Y Bt R 3 3 — B E R Y Dl st &= A
B ISR, B & A TP RN,
T R T 2 3 v AR PN A B R LA R 1) 0
PERRARSIR AR RS A T PE R B 1k = T 2154k
RHBEN, #HdE—LhEIET, ZERA THALEE
Y o323 AR AR T AR AR 1L TT RE H B ) Bt
Ji 35 2R 5 A Y U 2 I 75 IR AR A
Fpe— T8I

SRR AR R Carboxypeptldase A CORKEBER Carboxypepndase B

il

pugii 20 pg/em® 40 pg/em® 1 pg/em? 5 pg/em® 20 pg/cm? 40 pg/cm
CK PCI PCI CrylAc  CrylAc PCIt1 ug/em® PCI+5 pg/em?
CrylAc CrylAc
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E 2 PCIFICrylAc 2 AK R ARG R 3 84 R rh g MZ IEEE EAEX RIZE
Fig. 2 Relative expression levels of carboxypeptidase genes in midgut of Helicoverpa armigera
third instar larvae that fed on diet containing PCIL, CrylAc or PCI+CrylAc
i8R BB AR iR . R B[R NS S EE37R 4 Duncan [CHT E R 25 146 55 4 P<0.05 /K F-22 5 12 % . Data in

the figure are mean+SE. Different lowercase letters on the same color bars indicate significant difference at P<0.05 level by Duncan’s

new multiple range test.

2 PCIFACrylAc B AR B AN R4S AL Rk HiE

Table 2 Insecticidal activities of single and mixed use of PCI and Cry1Ac on newly hatched larvae of Helicoverpa armigera

Qb3 SR IEAET R TR IESET %
Treatment Observed corrected mortality/% Expected corrected mortality/%
20 pg/cm?* PCI 23.62+4.11 -
40 pg/cm?® PCI 28.39:4.00 -
0.02 pg/cm® CrylAc 44.28+5.05 -
0.06 pg/cm? CrylAc 60.02+7.84 -
20 pg/cm® PCI+0.02 pg/cm® CrylAc 66.54+3.22 59.67+2.50
40 ug/cm? PCI+0.02 pg/cm? CrylAc 68.28+0.96 60.10+4.44
20 ug/cm? PCI+0.06 pg/cm? CrylAc 77.74x1.73 69.46+6.70
40 pg/cm® PCI+0.06 pg/cm® CrylAc 85.76+2.53 71.37+6.30°

—: T . R PR R . * R PR E AL TR G B R E A TR 2 W] 2 2 A AR RS AR T P<0.05 K-

#3553 . —: No data. Data in the table are mean+SE. * indicates significant difference between observed and expected corrected

mortalities at P<0.05 level by Fisher’s exact test.

ARG 25 H 3R B A AE L TR ek K I, 5%
RELI A L, PCT A Cryl Ac PR H MR AR IA S T CPA

LAY E9E {5 HAE PCIEAH M 5 Cryl Ac iR G
1% v LA SEBR T BE Y CPA [T M 1B 28I 5% IR 4
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M CrylAc B, 2W] PCI 5 CPA 45 4 45 & 4
T HIEE R CrylAc BT M 5 PCHR I .35
T CPB LR A, {H CPB G 7 45 Ab B 2 1] I
T E 25, &Y CrylAc Fl PCIANJE CPB 2 1 1)
M 7 . Bayés et al. (2006) Fif 1 iF 52 PCI I A 2
CPB i 51) , SAMFFR A R —2, e HURIK
il B PR 28 7K AR A TP i SR BRI M 1 S P 2
AEAS— 2, 58 o PR T B R IRl A2 LA g S A7
TE T I TR L n R v i N © AT 70 i St D)
i P A5 (Bayés et al., 2005) , S 20l P R S )
[] A G i 35 72 4k

AWFFELERFRY], PCLY CrylAc iR JHXHR 4%
W 4y HUY 2 TSR TC A PO AUAE 40 pg/em’
PCI+0.06 pg/cm’ Cryl Ac ¥ i 20 A B A5 13 [R] 384 5k A
L AR TTABESE o PCLS CrylAc HE D, KAeA
T KT (R e R FE AT AL G, i — 2D 1 B D W]
R E RS B A ). ASBFSE T 2R PCTH
R T CrylAc il &, AR Al Itk PCTAEA
R 8 1 e HAE R IR N i 3R 57K, IR el it
AW T T AR AR AT K A LA BEA T . 2R
F 410 15 59 %5 Bt B 25 A B9 A0VE T, W1 Zhang et al.
(2000) W5 K LR 219 28 11 it 4100 ot 59) ) 4 i Bt B¢
FXHRAES R4y B B A KA IR 5 Zhu et al. (2007)
W5 & BIOR H bk 2 F LA 5E 1 (phenylmethylsulfo-
nyl fluoride, PMSF ) 1 F 28 Ak Pt 6t 2 15t 52 Y il (N- -
tosyl-L-lysine chloromethyl ketone , TLCK ) & [ i 1)
il 70t AT 4 5 BtRE 2R A LML HL . zea HOA BT
P45 Oppert et al. (2010) {iB IR U %5 Tribolium cas-
taneum 4] BUBCES 2 e 202 45 1 B 1500 L 23 AR
P e = R 2H AR I Wl e T = R R A
Tt T35 A LA B 400 500 % A= K % B Y520 5 Oppert
et al. (2011) 25 5 % B PCT =k 411 ik il 7T &) 35 184 51
Cry3Aa X 4% % 19 A& SR, (B X 808y . Tenebrio
molitor F A4 ¥5 ToHE VE T, 8 LI K PCLX Bt
BE & IRV AT AT RE 5 B HoMh 28 R0 Bt 2 R 28
AKX,
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