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Effects of PXCAD1 and CrylAc protein mixture on the growth,
development and in vivo enzyme activity of Plutella xylostella
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Abstract [Objectives] To investigate the synergistic mechanism responsible for the increased insecticidal activity of
CrylAc when combined with the PxCAD1 peptide. [Methods] The leaf dip bioaasay method was used to treat leaves fed to a
randomly selected group of 3rd instar Plutella xylostella larvae with a mixture of the PxCAD1 peptide and CrylAc toxin, after
which their larval mortality, pupation rate and emergence rate were recorded and compared to those of a control group. In
addition, trends in Carboxylesterase, Glutathione-S-transferase, total protease and trypsin-like activity, were measured and
compared between groups. [Results] The mortality rate and emergence rate of larvae fed leaves treated with the PxCADI1
peptide and CrylAc toxin mixture were significantly higher than that of the control group, and their pupation rate was also
lower. The carboxylesterase activity of treatment group larvae was significantly higher than that of the control group after 24 h
and 48 h, then significantly decreased after 72 h. Glutathione-S-transferase activity was significantly higher after 24 h, then
decreased significantly after 48 h with no further change after 72 h. Total protease activity was significantly lower than that of
the control group only at 72 h, and there was no significant change in tryptase activity. [Conclusion] PxCADI not only has a
significant synergistic effect on CrylAc, but also has an adverse effect on the growth and development of P. xylostella larvae
and the activity of Carboxylesterase, Glutathione-S-transferase and total protease in vivo. These results facilitate further study

of the synergistic effects of midgut receptor proteins on CrylAc.
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/NIEMR Plutella xylostella (B# H . BikFl)
VR TG RN oA de ) B SE e ey, 2 PR
N2 P g™ H Y R Sk F L Z —( Talekar
and Shelton, 1993; Chen et al., 2020) . {RIEH
AR M 37 K 2% Arthropod Pesticide Resistance
Database ( APRD ) W5 E M, /pNScigke Xf 97
AN ] 1 2% SOV P o3 77 A T P2 (httpe//
www.pesticideresistance.org ) o [RIH, /NSl
SR FAER B S IR RE ) A iR 1 F B ( Wang
and Wu, 2012) , {U/ERE, HX 5 ERNR >
¥ FE AL 1990 4F 100 J7 hm® #%) 2010
AR 223 J7 hm®, RHESERA T 7.7
{23678 (Lietal., 2016) .

B 4 H AT E ( Bacillus thuringiensis, Bt)
Cry AR BERFHEAX AR EY 24 A
YRR IR AL, SRR Ao HR A RO R
i, BB B A )4 B39 ( Sanahuja et al.
2011; Guoeral., 2015) . KM, BEHHEARFH S
ety kR, ©rA R Z B Pk ( Gahan
etal., 2001; Tabashnik et al., 2008 ) ., 1990 4F
T UCTE SR T I ] e B/ N kot Be il 507 4R
Btk ( Tabashnik ez al, 1990) , 2016 4F4F%f
FE A rb ol DX I P L BG4 A A T /NS ik
[AIFPHEXT Bt RIHTIEREELE 5 250-400 1 ( 254k
FAFE, 2016) o HOARTE AU Bt HUEAKERYSE N
SR BRI E R B S FEY P 1 0 T B
AT A lb Az 77 i BB R 2 4% . R AU Bt
TE ST EZA DT 3 28: 1) Cry Ji#g
RIER G, EHEA R R 200 Cry JEEER K
A e T E K% (Rajagopal et al., 2009;
Yao et al., 2014) ; 2) #%2K Cry R ZIAM R
AREE D, WESKS S H ( Cadherin, CAD )., i
PEWEBR B ( Alkaline-phosphatase, ALP ), 24 fikfif
N ( Aminopeptidase- N, APN ) F1 =z If 4k
& & ¥4z 85 11 ( ATP-binding cassette transporters,
ABC #3281 ) % ( Tiewsiri and Wang, 2011;
Pardo-Lopez et al., 2013); 3) BEHGERSGW
P85 ( Rahman et al., 2004 ; Caccia et al., 2016 ).

TEWEH H | 5 EH A H AR dvh, i F
i) CAD /E 8 Bt Cry B R W R ZIRN 5 T
BRI 1 P o BREM VIR AR R SR AL,
£ Cry B % PIAVE ML T & 78 8 ZE/E FH( Soberon
et al.,2007 ), —SERFFTRI], B LR R IAY CAD
5 Bt AMBERES G M AT GRS —FA RN F &
BRI (Chenetal., 2007; Maetal., 2019 ),
Chen % (2007 ) RRIBMHE KIK Manduca sexta
MsCAD CRI2-MPED fik Bt 7 il b 451 41 3% Jin
BBMW [IRER S G A AR CrylA #E R
FIIERLAVE - o e Cryl 285 R AL UMARES R
Helicoverpa zea . /NWBE I Agrotis ipsilon FIEIE
WK Spodoptera exigua WAL FEH , AN[E] R/
) CAD Ji Be ¥y nl e 1) — & /Y by A 48 1

( Abdullah et al., 2009 ), 5 CR12-MPED A[d],
Pacheco % (2009 ) & BUMHRE R M) CR12 JikBt
i R HE R R AR IE LM 5% CrylAc 19
ARHGEE . BRitkz b, RIS Spodoptera
frugiperda 9 SfCad FKBL 5 HH & Kk 1Y) MsCad K
BEAT 3 2k 0 o i AR R K AR AR Cry
B R ANGLIEAR , DR 2] PR HE244E H ( Rahman
etal., 2012 ),

RAEFASEAPOE AI/E N Bt Cry BRM
WY, BESKEEE S Cry R IR G WX
B A AR R SR N BT P (s AT SRR 0
I SE DA 1 () /N SRR S X 42, il
RE/NIRIRES KG 8 IKBE PxCAD1 X CrylAc ## K
A RIERGE M, FBIEZ KBS CrylAc 1R
G INRE A A K R B SO P T T S
Ml o %45 kA B T it — 20 h a2 AR )
CrylAc H3ERLHLE

1 #R5AHE

11 gkt

SIS R /NS0T 2019 4F 6 AR H i E
W ERDIAL R, 2% % E RO BB
SEAE TR ST T 28 A 5 /N SRSk %) O vk (SR IRKE
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4, 2015) , BEPAMREM /NI SN B TE % N
BRI . FhAE 225 it 45 Fh 2R AL 5] (12 2k
/NSRRI FP#E, DBM Field )

PxCAD!1 Jk B il ik A 52 06 3 ) 4 2 1) A%
FIB RGBT (F2HTA S, 2016 ), CrylAc
BRI T se i BRAE DB R AR A

i FH R M 2 Super-Bradford Protein Assay
Kit (CW0013S ) MEH AW . ADEH IK-5-5%
# 0 ( Glutathione -S-transferase, GSTs) FIF&ZMR
fisfif ( Carboxylesterase, CarE ) %4l & 155 &

(A004-1-1; A133-1-1) Iy [ R 5 AE ) TR
W5 . £} £ FR( Ethylene diamine tetraacetic
acid, EDTA ). —#i 73 ( Dithiothreitol, DTT ).
LA EMERE ( Propylthiouracil, PTU ), ZKH 3k
i 7. ( Phenylmethylsulfonyl fluoride, PMSF )
Bl B bt R ERHA TR A A

1.2 PxCAD1 BkEE3t CrylAc R HiEMHRIN

CrylAc B Z0/INR 0k () FpEEE 100 2B 9
I SR FHI i st il R (A h B4 20095 Liu
etal., 2019) , 1REIX N, LCso fH, BEFEMEILT
LCso FH B AT . TR A PxCAD1 (&M N
500 pg-mL ") 5 CrylAc (&M N 5 pg-mL ")
AL 3 A, DA CrylAc (AUWRE N
5 pg-mL - OFEN IR AN EE I 12 A ERA
FEE 15 3k 3 i4ha, SCRd AR e A% 4
B 72h RT3, 4 88 fLIRR . Wi .
W L MR R PR

1.3 PxCAD1 BKEX 3t/ ik e iE R 0

5 EiR 1.2 AR R 5 2% FES IR 24
48 172 h ik, SrBIECGE 5 k4B A BTS2
R, A 1 mL 2 2% v ( Phosphate buffer
saline, PBS) (% 1 mmol'L" 'EDTA. 1 mmolL "'
DTT.1 mmol-L ' PTU.1 mmol-L ' PMSF, pH7.4)
TEVKRIR A, SIWAE 12 000 rmin” ', 4 °C
ST B0 20 min BSOS B IE WAE A CarE
F GSTs &N E AIBFIR, -3 fFE T - 20 °C
P W B R s A I, PR 3
Ko GSTs Ml CarE 3 P % 2 B & i i 45 .

T4 BUBUCE AN [ Ab PR A% HUR) 24 48 FIT 72 h
IF, A3 10 kgl HTREHL 75%iP94 AR
BRIFATIHEE G, BT UK AR . BUR /NSRS B
PRI AL S NEY), JFET 1.5 mL
BT, SR 1 mL PBS Zmhik (&
1 mmol-L ' EDTA. 1 mmol-L ' DTT. 1 mmol-L "'
PTU. 1 mmol-L ' PMSF, pH7.4) , fEvkinth?s)
S, SPRWAE 12 000 rmin ', 4 CCE&MFTFEL
20 min, B3R R B 1 R 2R B A
PN E B BEIR , 0285 - 20 °C, 43l
8 B IR RS M, MR 3 IR BR
P it B 2 s 2 1 TR 1 3% P 000 4 1) 2 R o T
S (2017) K EBAEFERIE (1996) MYk,
fifi 1] Super-Bradford & [k B A I A7) £ 07 7 2R
B

14 HESH

It A5 $ s i IBM® SPSS® Statistics 24
(IBM Co., USA)3KF#Efr4 it 504, 08 H
GraphPad Prism 8.0 ( GraphPad Software, Inc., La
Jolla, CA) B{F2z &l o il ad BEXS oK 4 HEA P Ak
HPREFET- R | B EY A SR 2 AR
EFE5H (P<0.05),

2 HREHH

2.1 PxCAD1 BkEEX} CrylAc FHFEMR/IE
%AW F SR

WIS M S, AT CrylAc BEFE X/
SEHE TR FPAER LCso 9 11.31 pgemL ™', 370l
HFER y= - 0.445+0.897x, R*=0.989, H:r x
RHHREELL 10 MJRAIXTEL, vy WIET R (£ 1),
PxCAD1 ZHRFET W&/ TRHIRAL (P<0.05),
Ui PxCADI1 BREBL i 38558 T Cryl Ac X/
3 AR A HEYE (£ 2) o S5XFRR4IA L,
PxCAD1 ZHILIHZAL (P=0.089) , P
TR (P<0.05) , {H 4B EFHY . 1k
R E/RfE N R L /R | O/ A TG
Z5 (P>0.05) (%£3) .
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£ 1 CrylAc /e HEFEES O E WM E
Tablel Bioassay of CrylAcon DBM Field

[ 51 77 7

Regression equation

X R R

95% {7 X 1] (pg-mL™")
95% confidence interval (ug-mL ")

y=-0.445+0.897x 0.989

11.31 6.93 - 18.47

x HRIELL 10 HJRBINEL, y MAET R,

x is the logarithm of the concentration base 10, y is the mortality rate.

& 2 PxCAD13xf CrylAc 3 HiE RIS E
Table2 Theeffect of PXCAD1 to CrylAc insecticidal activity

Kb ¥ Treatment INEIRAN BAET-R (%) Mortality of Plutella xylostella larvae (%) {8 t-value
PxCADI1+CrylAc 75.06+3.34a
3.214
CrylAc 56.21+£3.27b

P RE BRI, B R AR A NG TR A B 22 5 2 (P<0.05) o TR

Data are mean+SE, and followed by different lowercase letters indicate significant difference at the 0.05 level. The same as

below.

#: 3 PxCAD1 5 CrylAc BEWX/NEHEKAETHNZI
Table3 Effects of the mixture of PXCAD1 and CrylAc on the growth and development of Plutella xylostella

¥ %28 Biological parameters PxCAD1+CrylAc CrylAc

4 @i & B (d) Devolopmental duration of 4th instar larval (d) 1.66+0.19a 1.48+0.18a
1LEH% (% ) Pupation rate (%) 47.44+5.16a 61.05+5.54a
I (mg) Pupal weight (mg) it Female 3.20+0.10a 3.44+0.20a
1t Male 3.44+0.09a 3.77+0.28a

14 (mm ) Pupal length (mm) It Female 4.90+0.06a 4.98+0.08a
J#E Male 5.12+0.12a 5.20+0.09a

15 (d) Pupal duration (d) M Female 5.25+0.14a 5.64+0.37a
Ji#ft Male 5.66+0.38a 5.3340.19a

FME% (%) Emergence rate (%) 48.71+1.28b 77.57+1.89a

2.2 PxCAD1 RKEX»t/IN3Eds4h difk B iE MY
=410

U PxCADI 5 CrylAc WIRGWIG, /NR
U9 3 4 U CarE 15 PETE 24 h Fl1 48 h 2 &g 3%
B xR (P<0.05) , 17 72 h A0 gt 2 ARG T %o
(P<0.05) (&l 1: A) ; 24 h it GSTs i PE L&
BT RHR (P<0.05) , 48 h B I & S540E T-xf BE 20
(P<0.05) , % 72 h WFF4 LR E LS
(P>0.05) (& 1: B); SEHMHGMAE 72 h
iF i AR T X AR (P<0.05 ), HoAth At [A] o5 00 55 %6}
MR EESR (P>0.05) (K 1. C); MKMKE

FIB IS HETE 24 . 48 Fl 72 h BF 5 0 HE G i 2 %
S (P>005) (K 1: D),

3 itig

Iz Ad ] Bt 3 R A Bt Bt AL VR
/N Sic i T 1 i 2 ) e ), e & 3 0% 0%
W HF U Bt ditk &SI E ( Shelton et al.,
1993 ; Gahan et al., 2001 ; Tabashnik et al., 2008 ),
PR 58 25 S8R i LA 3 5 Bt B R AR HUTE
PRGBS BT IS o ASBIFFE 45 R B/ NSRS
K FUBRB: PxCAD1 W] S 25 45w T R R /N2
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A mm PxCAD1+CrylAc == CrylAc
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w
T

FRIR RIS
Activity of CarE (U-mg™ port)
o o
— [\S]

24 48 72
AbPERTE (h) Sampling time (h)

—_
W

e mm PxCAD1+CrylAc == CrylAc
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(=)
T

©

bS% A=Il30T
o

Activity of total protease (U-mg™' port)

(=}

24 48 72
AbBERFE] (h) Sampling time (h)

—_
(=]
(=}

mm PxCAD1+CrylAc == CrylAc
a

B

B N [ee]
(=} [=} (=]
T T T

A HEH BK-S- SR g 1
S

Activity of GSTs (U-mg™ port)

(=]

24 48 72
Ab¥ERTE (h) Sampling time (h)

e
)
(=]

D = PxCAD1+CrylAc == CrylAc

e

PR AT
Activity of trypsin-like (U-mg™ port)

24 48 72
Ab#ERFE] (h) Sampling time (h)

Bl 1 PxCAD1 5 CrylAc BB & ¥IXI /NSl 3 4 M4k A B iE 1 B9S2 i
Fig. 1 Effectsof mixture of PxCAD1 and CrylAc on the enzymes activitiesin vivo of
thethird instar larvae of Plutella xylostella

A, RIRVENE; B. AADEHIK-S-56 M ; C. BEAM; D. KEREAM.
A. CarE; B. GSTs; C. Total protease; D. Trypsin-like.
PR B I (R R . A AR ARG TR R AN RIAE AR 0.05 7KF-22 5 35

Data are mean + SE. Histograms with different letters indicate significant difference among different groups (P<0.05).

k4 BT Cryl Ac 3 R UM, 4 PxCADL1 5
CrylAc BRIMNIEGYLEIS, /N 15T
ToRIRFIN IR 1.34 £, HARMCRBENT
U CrylAc FERIATALEE, ZBFH %5 (2016)
WiE, H5KEMA A B PxCADL W] g 3 #2 7t
CrylAc X 85U R /D S My 31, X R B
PxCADI1 TEFEZE/NRME Bt HUik i & e BA —
FEH

B 1 GTHEAR B ) RO R AR 25 HE S
B fefi FH e 2 v [ A £ 7 2 iR 5 AN 45 1 . 3B A%
N, AN R AR ST AR A E Mt
ST AL, AT RE Sy 51 B A AR I R
fiX, FEUL BFPRE ARG I T R G, S 2 HAh
BEBhASTFE A 1 52 WR( Desneux et al., 2007 ; Saber
etal., 2013; Shenetal , 2013; de Franca et al.,
2017 ) o HrE KA E BB T bR B A

FHHKMEREZE R, W R Bt AT
BEANA . TS (2018) WF5EA L Bt #
F N CrylAc Ml Cry2 Ab XJ K . Mythimna separata
(AR 2 RN P fE F 34 G 2 ), T S SR oE vk
1) 22 A% TR 22 X0F 7N SR 06 1 £ i 23 AR P Ak 3 5L AT B
FHIRICR (Yinetal, 2009) , 4ff LS
# Metarhizium anisopliae 5 Bt 7 % IR S ¥) %t
TR Tuta absoluta 2 MUEAT AL BRAST, 0
() b B = F1 3P 4k R 2 8 25 B2 (X ( Mantzoukas
etal., 2019) . 7EARHBITTH, SXTIAHLL, BE
PxCAD1 5 CrylAc MIRG YT S804
MALEG R T R, PR B ERRIT 28.86%., XF&
B PxCAD1 AU T CrylAc X/
BEPE, /NI A K R H A T AIRSEN
FEATG/ NI B A5 25, e8] BB XS /NI () o B
A — B UEAE
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TR A% HORV TR PR R T, 45 T o ik 2 Tl 1Y)
TG PR H 3 BTN A OCH#E (Ishaaya,
1993; Shono et al., 2004 ) , Hr CarE v]i@d
T fift 2 T B S A LR 14 i AR AT 7 9 5 1) K
P ( Oppenoorth, 1984; Zhang et al., 2012) ,
1M GSTs Wi i Ak A W H IR S 2R 6 E 7
PEEARMILEEY) , 28 AR 40 ( Enayati
et al.,2005;Bajda et al., 2015 ), Candas %( 2003 )
B, Bt Huih i RENESIE Plodia interpunctella
B9 CarE 3% M TRUSG &, /MR IKZE CrylAc
BRIEFE, Hirtks R/ GSTs iG 1L 5
FHURGS R (WA, 2013) , X R E KM
CarE 1 GSTs 7ES%H H 3 26 & BRI He sk rh
WEEEM . ARV, DRIRY R
PxCAD1 5 CrylAc ERMIRGYIGE, S5XHRAH
o, #hduApy CarE K GSTs 16 PEAE 24 h b ¥y
FTbEr, R 2 MEEATRES S T AT LR
REYPrEd R, HIE 48 h #1172 h, GSTs
5 CarE WG4 52 258 ZUMH] . 454 CrylAc
S B HCHR BE 1) Bl U i A S HUR Y GSTs 5
CarE 1 MESETH R R REARMHGE (T4, 2012;
Vojoudi et al., 2017) , ARWF5LEFATRELM,
HEAEA BRI PxCADI JIKEES CrylAc
HIREW A, RPN CarE f GSTs 7Kt
ﬂ“%u%'ﬁﬁ CrylAc BER MBS, HET
KB AETE , CarE J GSTs Joik 58 &9z
REYTEE, MRERAMZ B0, MR
T CrylAc X/NEIE4) B
FERI AR B 6 2R 1 28 % U o A T L
o, TH AT B BT AR o A R B —
I Lightwood et al.,2000; Celifiska et al., 2015 ),
Forcada %5 (11996 ) XI Bt HTVE 0 HE K 25 7% ik
Heliothis virescens AT )G & B0, Z M EEDTIE
(4 77 A 2 T v i R D R T AR Y
TR RS AR R BRI B AR S,
CrylAc X5 PxCAD1 IRAY FEGL R P
HEEBHEVETE 24 h AFAK, 75 72 h 2 8% 25
T, 255/ NSRRI 1 Hsp9O0 i 41 i 2
FI B G K AR S Cry 1 Ac T3 28458 5 Z IR il 4%
A HESIIHRIE ( Garcia-gomez et al., 2019) , %

B PxCADI X} CrylAc 1S LEE R B R0VE FH T fig
SIS i 4y B R 1 ) K T M
Ko AMFREW, Bt Priknl e 538 HE A b
W ALVE R A 5% ( Oppert et al., 1997; Liu et
al., 2014) . BoF#iB o, JEE I EE LA
PxTryp SPcl WK 3 ik 5 H (8] /N3¢ 1% Fp B X
CrylAc MHUHEA G, (RS 5K 2
M () /N2 08 Bt HLtEHLE] ( Gong et al., 2020) .
TEARMFIE T, /NEEEUE PxCAD1 5 CrylAc i
RRER MR EGYGE , RN R B s 1 5
HEAH LT B35 25 55, ik — U0 I T 28 2 1 il
Al fiE 5/N3E Mk PxCADI XF Bt i 1L 35 & H34 R bl
il JE o

i LTk, /NGRS R EE KB PxCADI
5 CrylAc R IR WAL 45 1 H[af
HE/ R4 RT3, T T A7 A Ab i
AP, i HAX RN CarE, GSTs K E R
IS PR ™ 2R T BB AR, AT RE XS /N
AN BN A 7 A — 2 I B T S 0 o AR RIS 485 A
BT mZAEEAX CrylAc H3ERCHLE )
WF5E, Mo IELE /NS Bt Bk b & R R AL T35
B
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