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(1. TAHE R KA 2B, A2 0710005 2. VLA IR & iR ke ik , TR 054001 ;
3. R ERN B E B PR RS T , R U A e R S S0 A, o 100193)

E: H FIFHT 8 0= 4 5F BAF A Bacillus thuringiensis # 7% & & 3t = % B R ¥k Athetis lepigone
o 2 7y VA BRAR R ALEL 38 3T 479k 4 CrylAc.CrylAb,Cry2Ab #= Vip3Aa w9 #F R ] Bt 4 % %& & 47
oM BtEEEGN AR RO EN, AR AR EEEQB L R PR RE S
T, 4RBF, S ERBY EREEFEEG)ET2h,CrylAbFe CrylAc % & & &F = 5 & UK
ﬁ};ﬁza@%&ﬂzi@i&% AR ESLT Ry 84.7% A2 76.4%; Vip3Aa fe Cry2 Ab & Z QW F &K 5B, =
BRI R AR Bt EEE GG, P ARSI REIE , 2 EL 53 IE A, AR 28 6
}Eﬂ“%wﬂ;rﬁ HREBLE , REARF NN E TR MR R BRERFRBRE AT
1, 2 CrylAb #= CrylAc % & G L 2 )5 7 W 20 B 6 9% %5 s K Fe ik 9 2 % T Cry2Ab #= Vip3Aa
AEEFEOLE, AW CrylAbFCrylAc A 2 B O S ARMM R A R EMES, 255 T
Cry2Ab #e Vip3Aa&& & & , BLxt 3 WP ) 40 I 69 s R A R AL 805% |
KEEIR: FEEFIAE,; BB 5 ARREF

Toxicity of Bacillus thuringiensis toxin proteins against Athetis lepigone larvae
and histopathology of the midgut of the larvae
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Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: In order to examine the action mechanism of Bacillus thuringiensis toxin against Athetis lepi-
gone larvae, A. lepigone larvae were fed on CrylAc, Cryl Ab, Cry2Ab and Vip3A toxins, and the toxici-
ty of Bt toxin proteins to A. lepigone larvae was detected, and the cellular morphological change in the
midgut of larvae was observed by transmission electron microscope (TEM). The results showed that
CrylAb and CrylAc toxins had higher toxicity against the larvae of A. lepigone than Cry2Ab and
Vip3Aa toxins, and the corrected mortality were 84.7% and 76.4%, respectively. Obvious histopatholog-
ical changes were observed in the midgut cells after the larvae were fed on Bt toxins. Microvillis of col-
umn cells and goblet cells dropped off. Mitochondria and endoplasmic reticulum were dissolved and
mixed disorderly. Wiredraw of nucleus, condensation of nuclear, and disappearance of nuclear mem-
brane were also observed. The pathological changes of column cells and goblet cells in the midgut of 4.
lepigone larvae induced by Vip3Aa and Cry2Ab were slower than that by CrylAb and CrylAc. The
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results indicated that Cryl1Ab and CrylAc toxins had higher toxicity against the larvae of A. lepigone

than Vip3Aa and Cry2Ab toxins. Similar to the changes of histopathology, CrylAb and CrylAc toxins

disrupted the midgut epithelium cells faster than Vip3Aa and Cry2Ab toxins. Lysis of gut epithelium

cells resulting in larval death might be the mode of action of Cry toxin and Vip toxin.

Key words: Bacillus thuringiensis; Athetis lepigone; toxin; histopathology

TS BRI Athetis lepigone Moschler J& 3# H
PR, 2 T KA ™ H A — 253 1, 2005 4F
AR B O A (L0055, 2008 EHRESE,
2012) , Hegly 2 2AR v e F K B AR BRI o 3
FH T2 AU IR A oK IR A A T Bl o 3, IRt
7E H 7] = 2L Ak 22 A 2R it (e AT 55, 2012) .
Bifi 45 R HRT 2 1 e Jr R R B R4 45 (R A 1 R 30, %
TSR AE G ST H 553 2, ki 14
(20125 2016) WF 5 & B AR 5~ 1R 0 BR A 1 45 A
Beauveria bassiana #y 0T — 15 Z W EECE 455
B —EE BA W AE 0 R 8 ; 7R F 55
(2013) &30, e do 2 B U 4k d S/ M2 R Her-
erorhabditis bacteriophora HB8 X} 35 ZE 1 Ik 4) HLEL
9 18R e , WO AT AR FH TRIHE L FH Bl 6 — s 2 ik

4 S MUAT I Bacillus thuringiensis (Bt) 75 &
FIN B SRR WIS 7 A 2 B s B B
BB, AL Cry 8 1 .Cyt & 1 . Vip & [ B
IWA B m e R EHE R AEYB G R A R
1& i (Hofte & Whiteley, 1989; Bravo et al., 2011)
UK R MICE Cry R E U5, f iR e R du
i N s i AN R TR B TSR R R R E N
5 B R IR T 2RSS & BEIR v 40 e ) o
e 3R BB T (Bravo et al.,2007) . LA,
BEHNEBtERG, B A SO 8% &
AT IR R ZH 2L L AR A X AR Ak 32 A Tk
BV AR AT R 20 B AS 20 2 s e
&5 YN E KW Ostrinia furnacalis %) B BUE ¥4 Bt
FEPR K B T P 5T A e JEK B 2 FRER
LR 38 2 R AL S AR (TR IS 55, 2009) 5 FEHA
LM M5 Cnaphalocrocis medinalis %] B E %% cry14b
FEPRUKFESG , b B A A Sk A LB ILEESR L a0
M 25 WA A B2 AR Ak R b a2 A Jo A e
i KRN A AP A RS (205
T5EE,2007) s B i SO K Alabama argillacea %) 3L
HUE Cryl Ac B8 28 2 15 HE DR 240 I FARIR 40 e 45 &
AT IR AR A I A T % A5 4 2% B AR £k (Sousa et
al.,2010),

ARSI 2 FTHATE E L Cryl Ac 5 £ & 10

TR R B R U (B 285, 2014) Sk
T, A EH Cry1Ab  CrylAc Cry2Ab. Vip3Aa
PO ] 2 2R 2R, 1 P2 S H B W — s 2 i ik
g HURE T R 5 i ZUR B2 L, LU O i
—2 T Cry F5 R AOVE IR B2 B 4 A H Bt il 77

Biih S ZE RO AR L B AR
1 5 RE
1.1 ##l

fti: Bt % Z %5 11 : CrylAb. CrylAc. Cry2Ab,
Vip3Aa #E R & TR, i EAOL R B )
PRIPIEFE T EREEZ 4L, H pH 8 1) Na.COs ZZ il
TR T A B 0.5 mg/mL B R B A IR TR
T, —20°CIRA7 A H

MR A T RO AL 2= A
PRI e 3 A YR IR S 00 S AL A U
AR % 2 2 W 4l Ha T AR W T A R
A4 R T LR B2 S

R B AR < BT AR X R [ P g b Al
PRX-450D & fig N T AUAR , WL 7 I 384 52 5o Y
A PR ] EM UC6 B Y1 F ML, 8 1 ok
{LER 28 7] 5 JEM-1230 3% 5 fL 1 i 3088, H 7R JE-
OL /],
1.2 FHik
12,1 BtHFZE G S Rmush k& HnZ

KN T BHE A B8 5 8 O A e 8 2= 0
TRBRRAEE S o R N TR T mL
JE0 0.5 mg/mL W FE R EHEW, RIRY G, 57
BT 24 fLth , LA LSk 2 4k, BT 26+
1°C AHXF MR BE 70% OGJE I 12 L: 12 D iR REA T
SAERE R B SR B AL B 24 S 4l AR 3K, LU
TCH KIS N TARRHEXT A fa M 72 h )5 4845
AbFRA) B AE B, TR IE LT R I IEAET R =
(AL FRLHFET- R XF BRALFE TR )/ (100-%F HRALFE T
F)x100% . LUEE Sk fil il B T AR AT S g 5 A0 A
FET, I Z MG 4
122 2R P HALAERLAE L B ALK

W 408 — S B ROR L) ST AL PE 24 h, 4y
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A4 0.05 mg/g 1 CrylAb . CrylAc.Cry2Ab,
Vip3Aa Bt# ZE &H AN TAARE, UEMIC KRS
N T AR 4 AR XTI, A Ab B 24 Sk gl i,
109%, 43 S7EHUE 12.24.36.48 .60 .72 hIf, X 4%-4b
PR A TR o B A 2L BT 2.5% T
TR R E 2~3 do

FH PB'S 2 I 6 U4 I Tt 1 1 — i 2 R ik
2 AR L 3 Y%, 30 min/YR, A 1% OsO. &l E
I, PR PBS 22 i eI il 39K, 30 min/iK, [
RE S AR (it PRV T VIS 328 0 o 7K Ak L T PR
FEAIEA TR K AL BEZ) 30 min, £5-H Spurr 5 AL HELAE
i, SR 5 FHARR EM UC6 BUER HY) A HLX E AL HE 7
SrHISNEZEAT Spurr MR ARSI T YD L B
T T el — AR IR WU 18, $5J FH TEML- 1230 #4355 B
HLF BB S A
1.3 B

FIr A 4 1) FH Excel 2007 .SSPS 10.0 #k F 47
i1, K Ducan [C T B 2T A R B #
PERG S

2 BEREHM

21 BtEEEANM_KZREBLRAFRRFESE
CrylAb,CrylAc.Cry2Ab F1 Vip3Aa U Fl 7 &
T N R Z RO 2 I 4 HOA R TSRS SR R
4 Fp Bt EE 2 R O i ZE R 4 R R PR 2 5
R TR Y0 0.5 mg/g B, Cry1 Ab # Cry 1 Ac #
F A O T A Y A BT TR T Vip3Aa
I Cry2Ab # Z /5 11, 72 h BT AL IESE T %50 51 Ky
84.7% F176.4%, i Vip3Aa il Cry2 Ab 7 K & [ (L
IEFET 353 5 47.2% F134.7%
22 HEBtEEEARSHRPHAMEMRRFETL
HUE TR RS R p il U A IR 4
JL T ) T R B R AR 2, HES B TR ST O HORL
A4S (1 1-a) s MRODR 20 LA FES T2 AR 2 SR 00 )y e [
SRR |, Jis P 4 it o 5 e 5 & R 01 B A 7
([ 1-b) s SRR N AT UL JERA B A 13 BROE I
HIEA BRI NI & ik 4510 52 3831 HHES A )7
(&1 1-c) 5 2 A2 A B8 s A T e it A% I A ) e 2 I
Y5y o i (K 1-d) o

2 um
FrrEre

1 EEEAMNT WEZ R ZRBFRARSEHTE
Fig. 1 The midgut cells of Athetis lepigone fed on normal food without Bt toxin
a: WYLE; b MRIRAIEAREE 5 o WTIIFIZRALIAR ; d: ZHMI4% . a: Microvill; b: goblet cell; ¢: endoplasmic reticulum and

mitochondria; d: nucleus.

TR BN IRS A Cry1Ab . CrylAc . Cry2Ab
M Vip3Aa Bt R E MG, T AR A IS E ARk
E L AR | DA 5 X AR 200 A S A i J 5 i B
B AN R E RS T — R, E
CrylAb I CrylAc B2 H F1 /5 , 36 h iy — i Z2 1 ik
oy Heorb B 20 M AR B B A M 22 B T ik

24572 Wi BUE Cryl Ab M Cry | Ac R R R I — 5 &
TR0k AR AN R B B AR, 2 AL e
Wi (E 2-a~b) . BUES Cry2Ab 1 Vip3Aa i 2 55
J& , TR AR AU AR AN T B AR AN B
., 7E 60 h I U EAN BA R e 845t , 272 h
BT EA 2 1 b K BT 25 A5 A (] 2-c~d) o
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B2 MR4MBtEREA 2 h G- R EREA RPAEMATHTHLE
Fig. 2 The changes in the microvill of midgut cells of Athetis lepigone larvae after treated with four kinds of Bt toxins
a: CrylAbFEZR I ; b: CrylAcTERHE M ; c: Cry2AbTEEH M ; d: Vip3AaFE R . a: CrylAb toxin; b: CrylAc tox-
in; c: Cry2Ab toxin; d: Vip3Aa toxin.

TR IR AR BRERE S, P ETOIEM ORISR AP 72 h AR
PR MR HH L T ARSI AN R MR MIMRIE N e T W ieiE (K13) .

S pm
[ s - ]

B3 ME4MBtEREAR - SZREY R EARERHTHIERE
Fig. 3 The changes in goblet cells of Athetis lepigone larvae after treated with four kinds of Bt toxins
a: CrylAbEEE & ; b: CrylAcTFEHM; c: Cry2AbTEEE M d: Vip3AaTFEH M, a: CrylAb toxin; b: CrylAc
toxin; c¢: Cry2Ab toxin; d: Vip3Aa toxin.

WEAFMBRHREAG AR B A CEAE AL e A A2 (K 4-a) L
AL E BN W, CrylAb MICrylAc TR R EH B Cry2Ab 2 2 45 H 1940 51 AP 240 P o oKk
YERIT B bz dn i dn i s 2 AL B, 12 hinb 2 AR W R 20, 72 h ISR I T UL, Vip3 Aa B
LA MR LR RN B A AE B, 72 i e B AR B e 4 i o A0 o s v A ™
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72 A 30 A G A A0 i L A B A
(E14-b) . dipAZ A AR Ak 5 BER PR AT Ak
¥ B R I AR (754K, 72 hiff Cry1Ab, CrylAc #
FHEAEH T T4 C 58 2 F A A (&

5-a~b) , Cry2Ab il Vip3Aa £ % & I /EF T #0400
P A B T A% B SR R R A0 A2 Ak, (H 4 A% 1 A%
JIESAS S 77 7 ] UL (1 5-e~d) o

4 BUA CrylAcH Vip3Aa B35 B B 5 = S ERH4H S 7 SRS O 2 L 3T 72
Fig. 4 The changes in the organelles midgut cells of Athetis lepigone larvae after treated with CrylAc and Vip3Aa toxins

a: CrylAcTE &R 1; b: Vip3AaF K& M. a: CrylAc toxin; b: Vip3Aa toxin.
ry p

E5 Me4MBtEREOR - AEREL H P ARAMRZHNELERE
Fig. 5 The changes in the nuclei of midgut cells of Athetis lepigone larvae after treated with four kinds of Bt toxins
a: CrylAbEZREH; b: CrylAcFHREN; c: Cry2AbFHREM; d: Vip3Aad R4, a: CrylAb toxin; b: CrylAc tox-
in; c¢: Cry2Ab toxin; d: Vip3Aa toxin.

X R 2R LA A v Y R LU T Cry2Ab
H1 Vip3Aa B R 8 A 8 IR &)y A R0 e 59
31, ST A SUR B F MRS R 5 2 W) 4,
B[ = 5 2 ik 4 B Cry 1 Ab Al Cry lAc BE R B 1

3 i+Tig
AR 2E B E W 4 Fh Bt ZE 1, Cryl Ab
S ZE R AN R R MR L Cry LA R 2, T

Cry2Ab Fl Vip3Aa B4 UG PERAK , SAM 5 P s
ZH S5 2R g5 L — 2, B Cry 1Ab Al CrylAc 2 R &
FA G 5 ZE 1 Mk 4l H H i AL A B S R e
Cry2Ab Hl Vip3Aa 15 5 85 [ I IR 218
ARG K, 72 h it} Cryl Ab Fl Cryl Ac # &

Ji , 12 W gl s i A L IR , R T IR e
BEPRZ AN 33X 2 FPEE T A SRR | PN BT ) L 4
% BT IR B 1 L Cry2 Ab 1 Vip3Aa 7 2 28 11K
Lemes et al. (2014) 57 & Bl & Hb 077 ik Spodoptera
frugiperda U Vip3Aafi RE MG, BB 5K
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A IR, 5 7 KA RBUR LT AEAR A
IR I i B Vip3Aa #E R 5, ML 60 h i
TG ZUA TR R I B AR AL, ULHH Vip3Aa R
P R T i R B S8 T Cry R &,
I HAGI JASINE] T 72 hitf Vip3Aa TR E IR —
)y R B RS B RE T, A e FE
SE (ARSI S [i] , A BAAE I 2 Vip3 Aa B R 8 10 AR
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1996; Jackson et al., 2007; Song et al., 2016) .
Cry2 Ab a2 8 POl H AN H R AR AT R
WP, o 30 R B A ) AR A AR T (MeNeil &
Dean,2011;Siebert et al.,2012;Pan et al.,2014) ,{HiZ%
FREAT 2 pH(pH 12) 5 h A GE A EH
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B A AE LA T 2 — 2D oR .

crylAb FE DN = TR A B DT L R OK HE
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etal.,2010; 27745, 2011) , )y T 4E L% & R (40 24 1k
(Crespo et al., 2010; Burkness et al., 2015) , X £
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A AN T 2K (Jakka et al., 2015 ; Zhang et al.,2016;
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i AHFSE & Cryl Ab Fil Cryl Ac 35 2 845 1%
TR R ERA R MAL R E D
LW A Cryl Ac T R B F7E i i) durp
J 45 & Z AR B 11 APN E 11, B4 CrylAb # %
EEAE S EZERIKT IS ZIREANR.
CrylAb#H R EH M CrylAc T R EHE ARSI
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