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Effects of CrylAc toxin on proteases and carboxylesterase activities in the
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Abstract: To clarify the effects of CrylAc toxin on midgut protease and detoxification enzyme activi-
ties of Plutella xylostella larvae, the midgut fluid proteinase activities were detected to obtain the opti-
mum pH value in several buffer solutions by using the specific substrates. The LCs of CrylAc was de-
termined, when P. xylostella larvae were treated with different concentrations of CrylAc, and the insect
proteases and carboxylesterase activities were studied. Meanwhile, the relationship between CrylAc
and these enzyme activities were monitored. The optimum pH levels of midgut total proteases of P. xylo-
stella larvae in the three buffers, Tris- HCl, KH,PO,/NaOH, and Glycine/NaOH, were 11.0; those of
high-alkaline trypsin were 10.0, 10.5 and 10.5, respectively; those of low-alkaline trypsin were 8.5, 8.5
and 8.5; and those of chymotrypsin were 8.5, 9.0 and 9.0, respectively. The LCs, of CrylAc for P. xylo-
stella was 0.343 ng/mL. After feeding P. xylostella larvae with different concentrations of CrylAc tox-
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in, the protease activities exhibited different trends in feeding time: the low-alkaline trypsin and the chy-

motrypsin activities of P. xylostella were obviously increased and tended to be more active with increas-

ing concentration. The carboxylesterase activities had no significant changes in low concentration toxin

treatment groups after 36—72 h. However, the carboxylesterase activities in high concentration toxin

treatment groups were greater than that of the control. The study indicated that the CrylAc toxin could

significantly affect the protease and carboxylesterase activities of P. xylostella.
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JNFEMk Plutella xylostella (Linnaeus ) & 746 R
B e ) R BE L, EA AR IS 0 e D 0 | B e
P kA MAUES ™ EAERE N, B Z R
AR A A [ AR BE BB, B TR MEE K (Zounos et
al., 1999; 1% 5, 2011) o 95 = <& 2F U AT I Bacillus
thuringiensis (Bt) fill 5 & —FhF B A Yk 25, E1) 12
FHT/INREE ) TE A F B, X/ Nl Ry 35 A —
FEEGIVEH . s &2 AT e ARG R rp ]
TEEA TR IR R A sk 6- B R (i -24F
4,1996) R RE R BN E S5, fER B b pH A5
TR, Fa T E KRS N R S LA E
R AR 2 2R B R A, SRAEAELH
JH b I 1 T A4 i e i M | e S BR BB T (Sch-
nepf et al., 1998) . Vi Bt 5 & H A # 4 17 & H Bl
IK AR A RE BRI A R IS PR #E R B, T
AIFE Bt A R VAR ,2001) . HATFE 2
T % BB iR 1 Bt R A Cry M1 Cyt Fp 2R 11, L
H Cry ZIEE FIXTEEH H B3 E SUH HE LR R
H 2 VR HA R 7% (Schnepf et al., 1998) , H:
H Cryl Ac B % M HECN) 2 (25555 ,2015)

e BeaE s iy R AT oy 3 & miiE i
R G PO 395 1 sk 22 3 A sl fn b g A o, AT
AR Bt 7 2= % BU0G M sl Pi 1 (Forcada et al., 1996
Mohan & Gujar,2003) . HAT, AIRZAFH NN 2L
P IR 2 11 Bt A Bt B 2 135 AL AR A Pl 3= B
JUHAE A H B HU 7  (Oppert et al., 19965 Li
et al.,2004) , AN5R 4K £ 45 (2001 ) K AR B Helicov-
erpa armigera (Hiibner) " B2 A (B E [ Bt 7%
R FEEH. 40, R EX BtEE = HitEm
P 5 b g R A OGBS R B i R i RE DR
ZEXt Bt 8 2 BYTE AL NPT FLRE A , 2R HUX Bt
B Z AU, {f 57 2 HTME (Forcada et al., 1996;
Keller et al., 1996) , WNE[ FEAFIE Plodia interpunctella
(Hiibner) Xf Bt #8227 A PutkJ5 , Forb g 8 1l i 1
REEAL, X 2 28 G AL Bl 2 055 , 1 VS AL s 2 1
P ZHILF I 5 & (Candas et al., 2003)

Tt e B s ) i g, 76 B R B IR 241
F7 L EA AR (F S ,2010) , Ho R iR R
it 2 L OGRS R A B AR ST 2 1Y
— PR, B HO S ORI RE 1 10 3 55 ZE AR R
JE T A2 T e (B2 98 55, 2008) , HAE A £
EL R HLBE AR H A5 TR A R b & 4 i
Y HH (Brattsten, 1990; #4558 55 ,2008) . AHUEF Bt
MR A 1~3 (R B S K Spodoptera exigua (Hiibner)
FIR) 2 T T it 1 1 o 2P T BB 5 LA (52, 2009) 5
U Bt A ) iS008 e &)y MR 7 WL S 1A ( B+
Cp T HUR RO ATF Ao B A DAY ) 68 2 s il 0 12 ol 2
e TR R AR AL (FERA 45,2002 ; Xue et al.,2011)

H T, & T CrylAc 53 5/l b iz 4 F i A
FRIR BRI T C R PFREEA HRGE . R, AR
A0 2 /NS g 25 1 RS () 92 e v 7 e
3 pH, JF LA [E1V B 1) Bt 2 % (Cry1Ac) ] /N3¢
1% 41 U, 4845 Cryl Ac 3 2 % /NS¢ ik 1 B00E v i
LCso, M 72 /N 7 53 pH 2514 T CrylAc T2 XS
Hh i 2 1A TR T T T 5 2 ) S ) L R 9 R U
B ABEG AL S Cryl Ac B R Z IR, LI
A Cry 1 Ac FE R I/E HIALEE AR HUX) Cry1Ac ™
AT LT B BE AR
1 MR ER*E
1.1 ##

AL R NSRS T BT K E >
il AL 2= AR 25 B O i e A 7 S, T 24+
1°C FHXTHEEE (70£10)% SEJE 14 L:10 D SRR
£ 4 000 Ix B 258 iR 55 . & dUOR A 3% , il
FH 10%8 5 K g o H i s AP 22 H 70, v dege
MBHE R E .

T AL - Cryl Ac 8 % H 1 E AL BHE B
Py ORAF B 5 i R S S DB AL, 2 A b e 1) R 2
4 .BApNA . TAME ,BTEE . 2-D Quant Kit & 7] & .
Insect CESELISA Kit il 171 £ 45 , 55 B Sigma 2
Al Hg R 2 R P-4l . Sunrise 2 42K i
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FRAX , Tecan Austria 2y 7] ; PHSJ-3F 52565 % pH 1T, -
TR EA S A FRA ]

12 Ak

12,1 DS R P I &R G B sx iE pH A e

I8 1B E 3 AR TR pH A9 2% sh W, 43 3 A
0.1 mol/L Tris-HCI Z& " ¥ , pH 6.0~11.0; 0.1 mol/L
KH.PO./NaOH 2% #1 ¥ , pH 6.0~11.0; 0.1 mol/L Gly-
cine/NaOH 2% M1 , pH 6.0~11.0., 7£ K[ pH &4
N5 Hh B 45 28 ARG 2, e LG P 1 s pHL, TR
3K

r fi Tl R ) 5 < R /NS 3 0 v 4B &)y e AR DK
R A, AR LS, BT LS mL
DT AV TR, —20°ChfifE8 o TER A T
0.15 mol/L NaClIF W , B i 219 , 4°C .12 000 r/min
TFEGC 15 min, BUEIEWRAE R G BEREBOR . AR
Bradford (1976 ) J7 % #E 47 88 1 ¥ BE DU 2 , DA 2R Il 3
F & H bR 1, #R45 2-D Quant Kit 18477 &5 15
o 5 v g Bl ECR T AT A R

SR P TS PR I A <K 20 mg/mL ) = R il
Jhie (1 2R 1% 2K P17 T 0.15 mol/L NaCli& i Bl g 24 2%
it 2z A1 20 B W, 4°C IR A48 o 7E 1.5 mL &0
A PO R e A U AR P 100 uL | P R
10 pL & 0.1 mol/L & i 2% #h ik 90 uL, IR 2] 5 1
30°CHRARIFE KLV 3 h, A 150 L B 30% (m/ V)
SRALIRLAE RN . IR APIAE 4°C (12 000 t/min
B0 15 min 5, R TEROINA 2 96 FLAR S FEFL T, F
415 nm A IR R (E (B FIER 215, 1996) .

8 B AR 11 S 2 DU 2 SR FH BApNA il TAME
PRI E I . 20 mg/mL BApNA I T HI 5L 50
H, 7R 1.5 mL B IR S BApNA P 100 pL
HABEREUR 10 uL %2 0.1 mol/L [ KW & ik 90 uL,
TRAJ5 30°CHER UMW 20 min, JILA 2 96 FLAR S FEFL
1, F 405 nm A 1O B (1 3R TR 1,
1996) ., TAME ¥ A% F 0.15 mol/L ) NaCli&E K 1,
BC il R R 2 nmol/L IR A, 7E 1.5 mL &5
DT IEYIR S 100 uL 7RG EE UK 10 pL
J%.0.1 mol/L Fi SV 2% i 90 uL, IRATIE A ZE 96 L
M EEFLA, 30°CHF & N 20 min, T 247 nm AbE2HL
W YGREE (Wirnt, 1974) .

JREEFLER FUBERE T : L BTEE Sh UM IR
¥ BTEE ¥ KV T 10% (V/V) H (%) 0.15 mol/L
NaCUAW T, BL i e BE R 1 mmol/L AR &
W, TER AR s AL I AR PR A 7 100 plL
Wz B EBUGR 10 pL A2 0.1 mol/L 2%+ 90 uL, 30°C

% & K W 20 min, T 256 nm &b 332 B 6 B A
(Wirnt, 1974) .,
1.2.2  CrylAc & Z x> E 365 LCy M 2

K ER S (2013) J i 5E Cryl Ac # 2 4/
S LCsoo  HUOR/IN—35 XS F-HE A H 5, 7
K P2 10~20 min, bR LR AR, AT 24
RN A, BT B Cryl Ac BERTGILE
1 HI PBS 2% i e il e i 4 10.8 .54 ,95.190 475 .
540.2 700, 5 400 ng/mL fY %5 , LA PBS % ¥ A Xt
W B H R A4 CrylAc T R WO 10 s,
T B imtaE KA B T, AN [) e B A B 1 H i i
T W /NS 3 I A 101 40 L, AR 3 20 Sk i, EE AR
3o 1A G A FLAF TR IR DL, e Al lf AU R e
TCAAEM G RAET ., THE/IN M 5 07 7 B B
HFE LCsoo
1.2.3 4R CrylAc &% G I 3 4 R 44 b W B 5 1

FRAE /N 0k 11 B 7y R A EBE P VR B LCo, 4
CrylAc 7 2 1if 1k 2 11 F PBS 2% wh ¥ fic il e 1 A
0.038.0.114,0.343,1.03.3.0.9.3 pg/mL M ¥ 1K %5
100 mL. 4 H #E M F 43 512 A 45 Cryl Ac BRI IR
H110 s, LA PBS 2% th i 1 %4 B8, T BF 3t 38 JXUA Byt T
S H .

PR/ N A) HA R Y 3 #3044l L L
W4 h, FEZ AR FEHRREE Cryl Ac B A RAL UL 19 H
W 23T 0.4.12.24 36,4860 .72 h 51 E 4%
REFREA BT RO e, —20°C A7
L UKRIE BRI HRIEXN IR, A EE 3K,

FEASHE I ) AR 52 P IROR s pH AR T, U
FE LRI FE Cryl1 Ac B R A5 /NI 4)) B
N L 25 1 i (Glycine/NaOH . pH 11.0) | 5 Bl 1 28 Jik
B 14 M (Tris- HCL, pH 10.5) . 55 B 11 25 I 25 1 i
(Tris- HCI, pH 8.5) . 2% g & L & 1 fi§ (Glycine/
NaOH .pH 9.0) FI1F& 1 T il (49 175 14 , 5 3 b il 7% 1 1)
W Ty 1.2.1,

22 T 6 TG 0% P 1 0 2 - 4% B Insect CES ELISA
Kit J27) S U DR 7 o DA IR P47 20 min 5 1Y
FRAALS T I 12 FLERI A 5% , 150 B b oA A FL R
rnFL A LA v B2 0.62.5,125.,250,500
1 000 nmol/mL FARE S 50 L ; BEAFL S I v g fifg
PR 10 pL, P INAEAS TR BEWR 40 pLs bR s LA
E it L B LI BAR 3 4810 W A 1 S U T A4
100 pL, BA A EHE L, 37°CHE 1 hs 77 LW
T FEM K AR AT, B LN PR A, B 1 min,
Fr RV, AR K AR AT, T VAR S UK B
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TR RS
1.3 #HE\EHW
IR B K SPSS 20.0 4t AT LN R 7
530, R H Tukey 28 LU 725 5 W B A 56, R
FH GraphPad Prism 5 {447 IR I
2 ERE5HMH
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ANTF pH Z5AF T /N i 4y v v g 45 2 G
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pH ¥y 8.5 ; 5k L 25 11 i 1) de 3 pH 437l 4 8.5
9.019.0.,

/NSRSy L i R T 1 pHL Y S T
o, Heord e pH 11.0 BF 3% P 5 K, £E Tris- HCI,
KH,PO./NaOH #1 Glycine/NaOH — 2 iz i 1 1Y
S0 0.1628 ,0.1525 £110.1638 OD min ™' »mg
(1 1-A) ;76 pH 6.0~8.5 2 1] , 53 B P4 s 2 (1 il 0% P
T, T 7E pH 8.5~10.0 2Z 8] | FHZE1E , 24 pH K
F10.0 0, BV PE T B (& 1-B) 5 550 JBE 25 1A TG
PEE pH 1935 2 3R Se 38 hn 5 FAIK, 78 pH 6.0~7.5
FpH 9.5~11.0 JEFE N , B 7 Tris-HC1 AT KH,POW/
NaOH ZZ i th T I 2 22 52 (1€ 1-C) ; S5 8 PR J 2 1
il TR 3 A s v b 25 S 0 L (BB pHL 3
ISR N5 AL E (& 1-D)
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Fig. 1 Protease activities of the 3rd instar larvae of Plutella xylostella in the midgut in different pH buffer solutions
A: BRI ; B: SROLPERE 8 ; C: S90UMERE i ; D: BB OB, EIh B T Bebi iR . [F— pH 4%
TRE/ING S BE IR 48 Tukey KL B0 AE P<0.05 /K725 5+ % . A: Total protease; B: high-alkaline trypsin; C: low-alkaline

trypsin; D: chymotrypsin. Data are mean+SE. Different letters at the same pH condition indicate significant difference at P<0.05

level by Tukey test.

2.2 CrylAcHEM/NFEHEAILCs

FHR ) e B B Cry 1 Ac 75 2 15 /NS I8 3 14 40)
Wgh B, AR Cryl Ac BER MR T /N
R IFET 4, BB 153 Cryl Ac T3 2 0] /N ik 300t
HYR B LCs A 0.343 pg/mL, 35 J7 [0 9 05 72 Ky y=
0.838x—2.125, ¥ ¥/ 0.114,0.343,1.030,3.100,
9.300 pg/mL 1Y Cry | Ac BERALHS ,/NRIRIVFET 2557
4 35.0%.50.2% .68.0% . 78.5%F188.0%, X} H& 41 11
FET- A 1.0%, /NI FET- % Bl Cry 1 Ac
R B e

2.3 CrylAcBEM/NEHE QBTN

ZR[RI B Cryl Ac B R AMLS  BEBUN gk 4))
A g B TR 5 B Bl i pH AR PF T (R0 245 21
BN Nl L P e S T A P e o T e =3
I3 o il e 2 1 G PR A, LT 3 e ) 3 2 i
CrylAcFE R WK RIS R 2R (K 2).,

HUE 4 hiF, [40.114 pg/mL #19.300 pg/mL AbEH
FR) B 1L TG PG T X R 2 A1, L v 3 A P 4 2
= TR HEZH L 1.030 pg/mL AbFH ) 25 B M
90.0899 OD-min™ *mg™", H. % & TXF B 2H ; MUHRL
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INSEIIRA) HL AP i B IR R P T 1V ) R 717

112 h T Uf , 45 W R AL FRZH 1) B P BB PR3 T
H¥E X (E 2-A) o BUE 0~12 h i1}, 1.030,
3.100 F119.300 pg/mL &b PR ZE fit i midi 14 i 2 1 Bt
PR T B4, M B 12 h 5 B s v s T
X HELZH , HAr 3,100 pg/mL Kb HRAH i ma P e 2 11
TP R TR IR A A R 2251 72 h;0.114 pg/mL Al
0.343 pg/mL &b 38 25 7F 8] M ) 2 v %) iR el e
B BTG PG T X R4 (&1 2-B) . HUE 36~60 h
25 T P A BHL 2R 555 B R AR T S P X ) R
2, 70 R B e R v v R R Ah B2 P )k e v
R I )R TR e B AL B H (181 2-C) . B4 h T,

= CK

1.030.3.100 F19.300 pg/mL &b 3 £H 11t f 5k 7L 25 A il
TEPEYE X B (B 2-D) .
2.4 CrylAc BRI/ RIBHER RAREE R 20
SRR BE (1) Cry 1 Ac #5 Z 4RI/ Nk 4 L
L R R TG 2 ) 2 2 SR W, 7R B 0~4 h A
{ECHEE 0.038 pg/mL F10.114 pg/mL AbFREH AR PR S
Pl PR B e, W R T IR 7R 12~24 h
A G P T 4R T B, 76 BUEE 36~72 h il G P 5 X
WEZH 2630 . T EE 1.030 pg/mL F13.100 pg/mL &b B
Y AEICES 12 b B 198 TG T PR AP T X R, i B
1 24~72 h ISP S 2 e T FRAL (&1 3) .

=0.114 pg/mL == 0.343 pg/mL

=2 1.030 pg/mL. == 3100 pg/mL == 9.300 pg/mL
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Fig. 2 Effects of different concentrations of CrylAc toxin on the activity of Plutella xylostella protease
A: BEFNE; B: MmMERE AR ; C: S9iIERE AR ; D: PESEFLE M. BhBAE -F8ebriiR . W — IO
[8] N AR/ NG PR IR 4 Tukey K50 7 P<0.05 /K F2 7 3% . A Total protease; B: high-alkaline trypsin; C: low-alkaline
trypsin; D: chymotrypsin. Data are mean+SE. Different letters at the same sampling time indicate significant difference at P<0.05

level by Tukey test.
3 iTFit

AW ST E S5 RN, /NS 4 Herb g B R
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it 1) 5 pH 2494 8.5, R 7L 2K 11 16 1Y) fie 3k pH
B4 8.5.9.0 F19.0, 58 B /NS k45T AL £ 1 A A
[7i) 2 i W TP Y Bl pHOAS ] o /S i 2l e rh )i
SiR BB R P I8 T R B R IS pH S R S N
14 Fre it pH BT, X 588 2 P55 (2016) X LNV R

— CK

>} Grapholita molesta (Busck) 4l #2  JIg 25 1 il
He il pH A58 45 SR — 30, 5 T B4 AR 42 1
(1996 ) TA Ay it B 1 JB 28 11 il 7 RE 2 AR 4% L 4 LT
1638 N B — P ZH AR ) 4518 — B0, BT 9
PR IR AR 1 T RE S B AR v g ) — A e S0H AL
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Fig. 3 Effects of different concentrations of CrylAc toxin on the activity of Plutella xylostella carboxyl esterase (CarE)
P Kl Dy P P bR R o ] — BRORE I )R A ) /N5 7 BE 3678 28 Tukey WEAG 30 1 P<0.05 /KF- 22 5% i %% . Data are

mean+SE. Different letters at the same sampling time indicate significant difference at P<0.05 level by Tukey test.

/NSRRI B BE A W 4y o i 2K e 3L A 11
A 7% Bt Ji1 5 % (Oppert et al., 1994; Mohan & Gu-
jar,2003 ) ; A4S gy vl PN 2 et L AR e T R
Bl Bt 5 28 A R B3 KN S 2 T Rk Y
CrylAc # R A5 /N &)y du b g P9 0 28 1l I
P ) L S ) 777 A Ak (5K /D e S, 2004) o TEARFSE
o R CrylAc BE 2R T, /N SR Mk &) H e e 2L 28 11 il
TEPERA T, O HL R R B T 2 T g X —4h
5 Shao et al. (1998 )i 5a 45 AR, B Bt & K 7F
g3 H %)) b iz PN R T L AR 1 Bl TS PR A
LRFR, A5 (2006) FIAFIEAE (2012) & BUR H
Mythimna separata(Walker) FUE CrylAc % & 5 , H
i A S I R AR 9T 25 SR 5 AR At
AT AR B RN AT G % A A it — 20T

AGRIR G5 R R, SV T a2 1
535 Bl T R R R MR R L A P e ) P ] R
CrylAc B8 R W] 3G AE Ak, 150 ok BE AL B 1 25
B A TS P v IR A B, L o v Ak L 2 il
5P 1) 8 e v 114 R 3R AR B Ah 3, 3 AT 2
TRV IE Cryl Ac 8 R AHEEHIBUFRRROBC 0] 22
SR B 1 T 2 B 22 (1) B[] SR o i o TR B Cry 1Ac
B, TGN T CrylAc 5 2% B AUAGAE F I Ta]
Hog T EERERHSCR, a5 R 5255 (2012)

LR —3 . ARFFE IR KB Cryl Ac 1 Z Uk I
T, /NS v i B P RS R, AT R
VLA 2R 115 5 Cry1Ac 7 2 19 48 HUE PR 25 ) AR
Ko EIMHAE(2000) KM RBREHEG, HEA
THALEEE M L TE o 6B B b A B U EEAE Cry1Ac
BRI A EEAEA

AW IE L5 SR B /N ikl e g o8 ) R R e
T PR BE TR MR Cry 1 Ac B 2= B[] (1 LT A& A 02
FEHUE 36~72 hi, AR v B Ak B2 ) 2 TR e Tl 0%
550 R 2E 0T T e A 3 A T2 ) R I TG TS 1 S
Fm TR X 5 5k D AF (2004) Fil K 2 AE
(2012) FAIFFE 285 2L, HHI /N30 &y 3 m] R PR 4%
A CrylAc 8 R 5 , il 33 B = o W 11 12 19 g a0
WIS 8BRS TS BB EETHEST5
HUBR AT 05 B S5 A, AT A 2 Bk B B RS E A .
[FIE, Bl Cry 1 Ac 75 2 e B T i P2 R G 1l 0% 1k 7+
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