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Effects of Vip3Aa and Cryl Ac on enzyme activity in cotton
bollworm Helicoverpa armigera larvae
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Abstract In order to clarify the activity of Vip3Aa and provide a theoretical basis for its application in the “New toxin
strategy”, the effects of Vip3Aa and Cryl Ac on protease, detoxification enzymes were and aminopeptidase N (APN)
activity in larvae of the cotton bollworm Helicoverpa armigera (Hiibner) were compared and the impacts of CrylAc +
Vip3Aa on these enzymes were investigated. The lethality of Vip3Aa was lower than that of CrylAc, but Vip3Aa had an
obvious inhibitory effect on larval development. Total protease and trypsin-ike enzyme activity quickly increased in H.
armigera fed an artificial diet containing either CrylAc or Vip3Aa or CrylAc + Vip3Aa. However, compared to the
control, there was no significant difference in the activity of these two enzymes after 12 h of feeding on the Cryl Ac diet.
While the period during which the activity of these two enzymes increased was clearly prolonged in larvae fed on diets
containing Vip3Aa, that of the chymotrypsindike enzyme was also higher than in the control. This indicates that the
degradation rate of Cryl Ac was faster than that of Vip3Aa, and that the enzyme systems involved in degradation could be
different. Meanwhile, the diet containing Cryl Ac and Vip3Aa together extended the degradation time. The activities of
glutathione-S-ransferase and a-naphthalene acetate esterase increased in H. armigera fed on a diet containing either
CrylAc or Vip3Aa or Cryl Ac + Vip3Aa. This indicates that these enzymes may be involved in the detoxification of Vip3 Aa
and Cryl Ac. However, Vip3Aa and Cryl Ac had little effect on aminopeptidase N activities, suggesting that the toxicity of
the latter has no relationship to APN enzyme activity.
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%t Helicoverpa armigera (Hiibner) J2 i 7
I AR o, B RS AR 2 AR i
JSO™ A T B DAL R A ) R AT R 1 TR
B B 5% (Wu et al., 2008) o {H L B 45 5 Bt
(Bacillus thuringiensis) %& K| K 46 Tl A2 17 B ) 30 34
FEAC, BN B B DA AE A A6 AR A 45 2R 3R OA {49
B8 e A5 B bR T AR A A R 2 B B R
U R s DAL 3 SO B (90 25 1 2k
H—DNARNEZN B B (Gunning et al., 2005;
Huang et al. , 2007 ; Konasale et al. , 2008) .

IR duE A (Vips) 2 78 Bt g K /1 7 )%
JI R A AL AR B R AR . Vip3 £ A
Ak 3 B B R %k R B & (Estrueh er al., 1996;
Fang et al. , 2007) , A 65 $& i 0f A% dUf R 8 AR
S R BB S iy HLAE AR B AR A R A
BT AU A7 AR AC Uk I AT R R AR AR (Lee
et al., 2003, 2006) , ff J}y F dU L5 & v B b 1“0
B Z RS 7 IEAE )2 N W] DA RO SE 2 B b
MPTIER . Vip3A T2 B e N T e 5 R AR AE
o AR D — TR IR B T 0, © AR O R) A%
E % JF 4h Fp 4 [VipCot ( Syngenta Company)
(CrylAb and Vip3A) ] (James, 2009) .

488 ku [ Vip3A REHEALEEHES
Rz AL EE G T8 AL R R R AR T 2 JIAE
o o £ R A R A5 2 62 ku MR L R BA
fi R AT PE (Lee et al. , 2003) o 3X— 55 Bt 4% Ht
m AR E 20 B R R RAE A R VAW e, 40t
VA A A o B KRR OS> 4 RE R T R AT R
JUWE R R R R A W OR R KA R
(deficient proteolysis) 5¥ i #f &b J& /K fift, By 7= AE 1)
TR T BOIAS AT 2% dOis ok, X AT e 2 ptE ek
(R A 22— (R T4, 2001)

P 73 DE TR S — B 7% g 45 2 B dun) Ak 2
AT 03 AT T SR AR R AXO I A B R & R )
I T #R AT — & AE F JF Ho& BAT A R AR 5
G NSz 161 I RV M 71N S R - S
( Prapanthadara et al., 2002; Rodriguez et al.,
2002, 2003; Kim et al., 2004) . 7fij % ik B N
(aminoopeptidase N, APN) & — 24 Jik &% i fift B » g
WE R L AR R 2 Ik N SR i 1 e L TR 1 Ak
fift, 2 5H IR E . APN B2 5 — A gl
I AE Bt 75 3 A% BOpL I ok A R R R AR R
Fo

T, &4 2% Bt X B duh i & A g
fift T I - APN 3% 04 5 55 52 W (¥ # (Oppert et al.
1996, 1997; Li et al., 2004; Gunning et al.,
2005; Yang et al., 2009) , {H 3¢ F & 3 W & A
Vip3 A [F4E P 558 i 50 8o i T B dUk Ay
Z Tl g 15 0] e S 52 WA 25 3% 0% P 19 22 K & (Fortier
et al., 2007) , A A L4 T Vip3Aa. Cryl Ac X}
B8 el T AR G A R I L APN g V5 M 0 52
Wi, JFBIE ST T Vip3Aa 55 CrylAc 3L 5] 4 HI % JL
W s ) I AE > O ik — 2B Wl RS Vip3 Aa 8 1E H BL
il A5 kB BE 2 RS I R AR KA
A IERRA EEE L.

1 HB5FE

1.1 sy

4% HU UK S R 96811996 SR H W HT 2 »
o ELAEE NN L ARDRE G I, R B il AR T Be a3
B AR .

Cryl Ac. Vip3Aa B Ak 1 o B AL R 27 Bt Al 4
FRE DRIP4 B R A3 B Cryl Ac iy HDT3
FRAZEUAR 51, Vip3 Aa Fl| ] Escherichia coli (E. coli)
FeRIERG.

B eI e FE A B EAED
(Azocasein) i &% 1 /i JIK 4 (BApNA) . i it 7L &
A Y (SAAPFpNA) i& J5 1 4% Bt H ik - CDNB.
a-L TR Z5 NG [ ¥ RR ¥ B sigma A A W5
A8 1R At A 27 50 38 A [ 7= 20 i 4

1.2 A¥E

H Vip3Aa il CrylAc #1173 5l BLAS [ 1R 9K &
BRSSO\ T AR &0 78 23 TR 2T 3 TR /s
BT 24 fURRCR B S AT A Bigh AL 2 A
RN 25°CHG I IR A b, B 97 6 d Ja Ry A 4 B T
Tt DGR 0 I AN b B R 3 Ik A
POLO # v S 42 HU i B8 h ik B (LC,) i

1.3 #mil&E

W 4 W AR BUR I R A YLk 24 b5,
O A L5 20 we/g 1 Vip3Aas2 wg/g ) Cryl Ac
[FIBF 5 20 pg/g Vip3Aa fl 2 pg/g CrylAc ) A
TR, 7E AL FE 2.6.12.24.36.48.72 h J5 455 L 3
kA, W RV VR Ja - 80°C fR A7 LA M IE
TR} (1 Ab 21 4 6 i, R A R A 3 K. B A R IR
A7 W R B2 B4l RO B B 5 8 2% s i 500 L Tl
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71 0. 15 mol /L NaCl ¥ 7 K B A1 51
49 12 000 g &0 15 min, B F3EWE T 2 mL ()
B0 N i € 2% 3L €, 4°C 112 000 g B0 2 min,
TEAE Sy Tl 2% H o

L4 L#MEEMIHEMNE

141 BREABEMNIE K ERHEMRRE
8 (1996) 1) J7 ¥, JHMUIE s . R AU B A
(Azocasein) ¥ f# T 0. 15 mol/L [#¥) NaCl W, |t
% 2 mg/mL (). AE 1.5 mL B0 b 43 )l
N 10 WL 3 <100 pL 5 (M 2 1 R 40 pl
50 mmol /L ) H & M2 - &0 %01k B 2% vl (pH
10.0) , & T 25C/AKB IR E 2 hy AR5 AT
K 10% (v/iv) =5 &1 65 wl # 1k Jx W, 4C .
12 000 g B5.0 20 min, § 60 pL EiE MR 40 wL
1 mmol /L ] NaOH ¥ 0 in N\ B A5 AR 2R FL 4 75 1
FRAL 410 nm &b P 5E WO AE -

1.4.2 XBREQBEMNE UL BAPNA {EAK
¥, % BAPNA DL 1 mg/mL {3 E % T DMSO (—
HIE ) e 75 96 L b AR N A L 4 i A
100 pL 440 pl 50 mmol /L H 4/ - &4 4654
22 vR i (pH 10.0) 1 20 pL i ¥, 3L 5 il Ak A
N5 T 410 nm AR TF U B BUOBOG AR, B 30 s SR —
ASEL RS2 15 min.

1.4.3 XBRHEIAEAMIEMENE RPEEALE
FIG L SAAPFpNA 1E 4 I 4, K SAAPFpNA ¥ fif
F- 50 mmol /L Tris-HC1 %7K (pH 8. 0) v, &k &N
1 mg/mL. 768 b5 A ACFEFL o 23 500 4K I 100
pL Y40 pL 50 mmol /L H 2 1R — & A AL B 22
MR (pH 10.0) A1 20 WL 90, 38 35 E T B b5 4L
1410 nm 4 FF 4R 3 BOB G AE, BF 30 s B HC— A
AL FF4E 15 min.

1.4.4 o CBEBRBFEANMNE 2% Han 5
(1998) Jj i, T 96 LG A5 A I £ L o 4k 2 A
200 wL 5 B A5 1R & (aNA 1 mg. [#
RR # 2 mg % T 2 mL i, H 22 90 ¥ PBS & 4 &
25 mL, i JE 25T k) 90 pL T 1 22 ph i (0. 1 mol/
L.pH 7.6) , E 5 NN 10 pL fif . J5 il & T iy
PRACR S 75 410 nm KR B EOBROG A BE RS 30 s
gk 1 g 5% 15 min.

1.4.5 ABtHMK S - %8B (GSTs) FAHME
(WEWRBEHN N FIE) £ 96 Ll Ax B & FL K

AN 90 wL 0.1 mol/L.pH 7.6 (15 I8 28 b W

(PBS) <10 pL W (GSTs) <100 wL 1. 2mmol /L f£]
CDNB F1 100 wL f#] 6 mmol /L ff] GSH. ] i 454X
75 340 nm KT, BERE 30 s Gl sk 1 ROBAE, il
% 15 mino

1.4.6 SBKEBEMME I 21 LPNA
W BT O T mg/mL AR o £ I R AR
SEFESL 23 A O 200 wL ¥ LPNA 495
wL 0.1 mol/L Tris-HCI 2% ¢l ¥ (pH 10.0) Al 10 pL
Wi B e S BE TR AR A, T 410 nm Ab T 45 15 O
JGAE > BERE 30 s B — A AL FFEE 15 min.

L5 AAMEERRIENE
LA I35 & A BSA W ks iR (A, & W
Bradford J5 7% (1976) Wl & » HRALFEHE ST 3 K.

L6 D
KU DPS BAFHEAT ZEA 27 00 T S 3 1k S
ik PROC ANOVE HEAT LSD 4347 -

2 #RESH
2.1 Vip3Aa 1 CrylAc #8424 BRI B FE 3K

Vip3Aa Fil Cryl Ac 7% H 85 6 5 42t %)) du ()
LC,, 15 Z2r 7 4 8.23 wgl/g A 0.97 pglg, ¥t W
Vip3Aa & A2 R B R A W Cryl Ac £
M, HIRE KRB Vip3Aa XA B4R A KH W
S PR A AE H o

2.2 FEAEBMNFL ALY RSHEZIFEMLLD
=40

2.2.1 MREABEENEZE ST, A
BRI A E CrylAc. Vip3Aa if £ HL & CrylAc +
Vip3Aa 8 A TR AR B2 2L, 6 h 5 8 8 Il
WYERH B BT Mm% H 12 h 5 A
Vip3 Aa 4k HE 0 A B Ho 5 AR 1 W R TR R T
LItk 25 v T o0) IR B4R 7 22 21 36 h g AR L
F 48 h 5 - Ak B L5 0T ) 22 S AN 3 IS T
MK D) .

2.2.2 MEBREABEMEMZE S AL,
I Vip3 Aa fa] R} K #2 du 2 JBE 2R I 3 1 110
AR I Ay S BT AL B 2 ~48 h B T
FEC, T HLBR 212 h b5 RO S5 O 25 4 L A i T
o T X . CrylAc 5 Cryl Ac + Vip3Aa
MIACEE, KR E AN - H S XNHER AR
B T0 (B 2) .
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Fig. 1

The activity changes of total protease in Helicoverpa armigera larva fed on

artifical diet containing different Bt toxin
B PR P B = bR ANRRNE T RER RN FAL AL 0. 05 KPR EE . TR .

Data are mean = SE. Histograms with different small letters indicate significantly different at 0. 05 level.

The different among the same time is tested only within different insecticidal proteins. The same below.
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Fig.2 The activity changes of trypsin-ike enzyme in Helicoverpa armigera larva fed on

artificial diet containing different Bt toxin

22,3 WHRBREAEZAMFEMEHEZM LR
W &4 CrylAc. Vip3Aa 3 Cryl Ac + Vip3Aa [
TARL 2 R 6 h 5, 2 g L A 1 S P L RO
0. BUEr 24.36.48 h 5, Vip3Aa &b B [ 5 4%
KRB EAMEYE —HE e X, 272 h
I} 26 TR K Wl 3% ) B A ; Cryl Ac + Vip3Aa 4L 38 24 h
Joi o W U MR FL A 1 S PR B T L T
HAE 36.48.72 h ik B W 2K P IE S
CrylAc Ht F10DRL A A 20 dU B AL 2 24 h )5 28 B

P15 PR A T T (L 3) o

2.2.4 X« CBEFBEREIEMEMNEE 5
Lt s Cryl Ac. Vip3Aa B Cryl Ac + Vip3Aa £ 4b # %}
o= T 25 T8 Wl % M 10 5% i R LA I 36 h e, B
FH 2SI AL B 72 b SR A A AR AR Y o
LR ZR R WG PR W) N T 0 R (R AL B ) 22
AR (E4) .

2.2.5 WABMHEKS -#BEBEHEMNEN
CrylAc.Vip3Aa 8§ Cryl Ac + Vip3Aa - Ab L6243 it
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Fig.3

The activity changes of chymotrypsindike enzyme in Helicoverpa armigera

larva fed on artificial diet containing different Bt toxin
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Fig.4 The activity changes of a-acetic acid naphthalene ester enzyme in Helicoverpa armigera

larva fed on artificial diet containing different Bt toxin

K S — 7% My % £ 19 52w 7E HCEr 2 b J5 i R B
WY S, &AL FRAY e H K S — e B I 0 1 L X G
Fhie BUEE 6 h Jg, £ 40 BRI AR 42 Ll ) i
TR e (H2 IR 12 h 5, Ab BIAL AR B HL I g
W) AR T M RS IR S N O AR B
ARERE (K S5) .

2.2.6 XEAKEBEEMEM AR AL R
LMK EPEAR AL L 6. A 6 85 AT LU A
# HUEL & CrylAc. Vip3Aa 1 CrylAc + Vip3Aa
TARL G » IR M T s E T A A R 2 A

K xR (E6).
3 @SR

Vip3 A # FI0 2 F gkl B R RN R
#HE A 2 B iE P (Estruch et al. , 1996 ; Donovan
et al. , 2001 ; Selvapandiyan et al., 2001 ; Franco—
Rivera et al. , 2004 ; Liao et al., 2005) , [A] I % ik
Cryl A il Vip3 A 2 [ ¥ 4L AR 7€ (4 VipCot) 4
KT PR DR A 1 oAk Haal s B T A e
PEFIPUBEAS[R] ) 2 Fop K5 DAL, 32 3] 77 % 22 9t 1 1Y
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Fig.5 The activity changes of glutathione S-transferase in Helicoverpa armigera larva
fed on artificial diet containing different Bt toxin
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Fig.6 The activity changes of the aminopeptidase in Helicoverpa armigera larva fed

on artifical diet containing different Bt toxin

ER e FRATI RN 45 R 2R, B4R Vip3Aa XTARE
HUp) R HBCRAK T Cryl Ace, {0 Vip3 Aa X i #2 11 4))
QU A W] B AR TS A s LS i e R R
Cryl Ac (1) 32 BEHE AR T HU—H3 422 HU 43 i 80
Ut [FIN % Cryl A A1 Vip3 A 2R (116 & 56 RS 46
RA B N H A
CHWRUEY, 25 B # 235 10 10+ 1 e
W R R W e S A 8 (Terra and
Ferreira, 1994) , 1 HL&% (4 B 5 PE /9 o028 5 B U
Bt = AEPUPEAR G . 1 Oppert %5 (1996, 1997) K 3

PUVE B AR U5 fig 2 1 i R B A 9 A B
R 010 3 P AU AR S, PR R R R T 3K
FE) i 8 M. Huang 55 (1999) 4218, KR
ORI Bt 3% HUA 7 A T 1 D ERLRN 2 R
fil X Bt K i 2 R B 1 Ko Karumbaiah 4%
(2007) 3 5 BLHT Cryl Ac (¥4 4 ok 2D i i 2
JB R I DU Cry2 Aa [ A B HUBR A 35 15 1) 8 B ke
FLEAME . TATHRE SRR I F CrylAc,
Vip3Aa ¥, Cryl Ac + Vip3Aa 1A B HE 8 R, B EH
Vil A1 S e g L o 1 I R AR R T e Bl IX 2
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W25 7T CrylAc A1 Vip3Aa B [%f# . Cryl Ac 4-FE
12 h 53X 2 7 i 0 11 55 008 22 5 AN B 2 Bl AIG 00
W Y W) CrylAc MR- B B AF, 12 h )5 5 BCE IR W
ALK} B 82 U ZE AN ORI Vip3Aa 5 CrylAc AH
Bb 22 S5 K, BUEE & Vip3 Aa Gk} KR 42t i 3
A 5 v T JRUER) N ) A S K, T HL 2R JRE £ A
EHEEES TR UHEREORS ST
Vip3Aa [ B fif o X 2245 RA U] Vip3Aa b
Cryl Ac 75 i 5 5 A 16 7 sCAS ) S A T 7 AN [+
T H AL A e & Al Cryl Ac S8 B3G5« Vip3Aa B
F AR AR 1 SR DR o IR B 45 A FRATT AL W]
LA His Cryl Ac + Vip3Aa B ] A0 B (1 AR 8 B 2 2
I S0 E A S ) AR 3 S Cryl Ae K40,
ERE R AL A NS PEAE AL BE 24 h J5 —H B2 F &
TORF IR R B 2 M VR T S T A AR I T

P 23 DB IR S — e B8 I 7 A7 LB A 900 I R
2 18 45 7% o 70 1 AR b RS B AR L T HL 2 T
RO R R BPE ) — A EZE ] % . Gunning
25 (2005) WA Ky, KR4 durh G Gl L5 Cryl Ac B/ 75 %
Re B AR R S B 45 B AT S SR B ok
CrylAc $t P 19 7 425 Bt PE A 2% U AE R Cryl Ac
Je o A IR B R )T RS U0 W) IR B AR B X
Cryl Ac (B HTtEAT W] B9 AH OGP JF HL3X MAH 5 1
FE DU S Mg 0 CrylAc BT 75 R B ARFF S vE 45 & 4
F . FEHH A (2001) ORI, 5 HUR R AL
R Be e g v b R W) o= IR 2% 8 Wl 3 1k 1
e Candas 2 (2003) %, H1 Bt E[J gF 45 W= 4fy o oh
7y DR ER e eE e T E S o W R A
HE 00 3> AT 3 B0 B 1 T B R E e AR SO
R IEL 4 Cryl Ac.Vip3Aa 5 Cryl Ac + Vip3Aa
TR AR B dU A e H IR S — BB W 3 AR R BT
FEAL PR 2 b J5 gt b 8 25 T, HAE 12 h 5 W
BRI TR o= T 2% 1R I8 3T ) 55 ey 0 L B A
AFRT2 hJE . UEHIIX 2 FREG T RES T AR HUL
£r Cryl Ac. Vip3Aa J& (% 25 48 1T 10 HA% e H ik S
— W Wy s Tk T e A A B RN, o= PR 25 IR
WP TS R E . (R 2 Ml 2 5
B Xy CrylAcsVip3Aa HuPE ™ £ 15 T4 J5 it
— B

7 APN & Bt i REZE =4 EH, B xR
1 APN 1 Bt E IR - B At ™ A= b i 4 R F
R Z, B INK APN [ RAB R E R T
BHUXS Bt 7 B P MK (Zhu er al., 2000

Herrero et al. , 2001; Yang et al. , 2009) . 3% T [
AR AL AR TE D, AT Loseva 45 (2002) % 3L
XJ Cry3Aa g H 7 A PUVE I 5 8 2 W drp iz & ik
W (13 P v T RO R o FRATT KB 45 R N R A
AT & CrylAcs Vip3Aa a5, 20 Il 35 7E
AR AN WY S AR 22 52 K DRI, IR T g
R E A R ER R SRS S B I XRA
Ko
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