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Abstract [Objectives] Bt (Bacillus thuringiensis) insecticidal proteins have been widely adopted to control agricultural pests
because of their high target specificity. The binding of a Bt insecticidal protein to its specific receptor in the insect midgut
plays a key role in the insecticidal action process. Aminopeptidase N (APN) is one of the major Bt protein receptors. To better
characterize the molecular mechanism underlying the insecticidal activity of different Bt insecitcidal proteins, and lay the
foundation for Bt resistance management and novel Bt insecticidal protein development, we analyzed the binding affinity of
aminopeptidase N4 (APN4) to the CrylAc and Cry2Aa insecitcidal proteins in Helicoverpa armigera. [Methods] The binding
affinity of aminopeptidase N4 (APN4) was assessed using ligand blot analysis and an ELISA binding assay, respectively.
[Results] The results show that recombinant APN4 could bind to both CrylAc and Cry2A; their respective dissociation
constants were 46.7 nmol/L and 26.5 nmol/L. [Conclusion] The results suggest that there was no significant difference in the
binding affinity of APN4 to CrylAc and Cry2Aa in H. armigera.
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Fig. 4 The binding affinity comparison of APN4 receptor in Helicoverpa armigera with
CrylAc and Cry2Aa insecticidal proteins

Cry2Aa Cry2Aa
LCsy 1.57 ug/mL CrylAc 0.24 pg/mL
CrylAc Cry2Aa  APN
CrylAc Cry2Aa
CrylAc  Cry2Aa
Bt Gould et al.
1992 Escriche et al. 1995 CrylAc
C
CrylAc
Cry2Aa C
Bravo et al. 2004 Adangetal. 2014
Arenas 2010 CrylAb
K~=101 nmol/L K4=267 nmol/L
Manduca sexta ~ APN
ALP
K4=3.3 nmol/L
Vadlamudi et al. 1995
K4=0.5 nmol/L K4=0.6 nmol/L ALP
APN
Arenas et al. 2010
APN

APN4 CrylAc Cry2Aa

CrylAc Cry2Aa

SZ Ak (References)

Adang MIJ, Crickmore N, Jurat-Fuentes JL, 2014. Diversity of
Bacillus thuringiensis crystal toxins and mechanism of action.
Advances in Insect Physiology, 47: 39-87.

Arenas I, Bravo A, Soberon M, Gomez I, 2010. Role of alkaline
phosphatase from Manduca sexta in the mechanism of action of
Bacillus thuringiensis CrylAb toxin. J. Biol. Chem., 285(17):
12497-12503.

Bulla JLA, Bechtel DB, Kramer KJ, Shethna YI, Aronson Al,
Fitz-James PC, 1980. Ultrastructure, physiology, and biochem-
istry of Bacillus thuringiensis. Crit. Rev. Microbiol., 8(2):
147-204.

Bravo A, Gomez I, Conde J, Munoz-Garay C, Sanchez J, Miranda R,
Zhuang M, Gill SS, Soberon M, 2004. Oligomerization triggers
binding of a Bacillus thuringiensis Cryl Ab pore-forming toxin
to aminopeptidase N receptor leading to insertion into membrane
microdomains. Biochim. Biophys. Acta., 1667(1): 38—46.

Chen XJ, Curtiss A, Alcantara E, Dean DH, 1995. Mutations in
domain 1 of Bacillus thuringiensis d-endotoxin CrylAb reduce
the irreversible binding of toxin to Manduca sexta brush border
membrane vesicles. J. Biol. Chem., 270 (11): 6412—-6419.

Escriche B, Tabashnik B, Finson N, Ferre J, 1995. Immunohisto-
chemical detection of binding of CrylA crystal proteins of
Bacillus thuringiensis in highly resistant strains of Plutella
xylostella (L.) from Hawaii. Biochem. Biophys. Res. Commun.,

212(2): 388-395.



5 : APN4

CrylAc Cry2Aa - 1235 -

Ferre J, Real MD, Van Rie J, Jansens S, Peferoen, M, 1991.
Resistance to the Bacillus thuringiensis bioinsecticide in a field
population of Plutella xylostella is due to a change in a midgut
membrane receptor. Proc. Natl. Acad. Sci. USA, 88(12):
5119-5123.

Gajendra B, Udayasuriyan V, Asia Mariam M, Sivakumar NC,
Bharathi M, Balasubramanian G, 2002. Comparative toxicity of
CrylAc and Cry2Aa &-endotoxins of Bacillus thuringiensis
against Helicoverpa armigera. Crop Protection, 21(9): 817-822.

Gould F, Martinez-Ramirez A, Anderson A, Ferre J, Silva FJ, Moar
WIJ, 1992. Broad-spectrum resistance to Bacillus thuringiensis
toxins in Heliothis virescens. Proc. Natl. Acad. Sci. USA, 89(17):
7986-7990.

Hernandez-Rodriguez CS, Van Vliet A, Bautsoens N, Van Rie J,
Ferre J, 2008. Specific binding of Bacillus thuringiensis Cry2A
insecticidal proteins to a common site in the midgut of Heli-
coverpa species. Appl. Environ. Microbiol., 74(24): 7654-7659.

Hofmann C, Luthy P, Hutter R, Pliska V, 1988. Binding of the delta
endotoxin from Bacillus thuringiensis to brush-border membrane
vesicles of the cabbage butterfly (Pieris brassicae). Eur J.
Biochem., 173(1): 85-91.

Jimenez-Jua'rez N, Mun-oz-Garay C, Gomez I, Saab-Rincon G,
Damian-Almazo JY, Gill SS, Sobero'n M, Bravo A, 2007.
Bacillus  thuringiensis CrylAb mutants affecting oligomer
formation are non-toxic to Manduca sexta larvae. J. Biol. Chem.,
282 (29): 21222-21229.

Jurat-Fuentes JL, Karumbaiah L, Jakka SR, Ning C, Liu C, Wu K,
Jackson J, Gould F, Blanco C, Portilla M, Perera O, Adang M,
2011. Reduced levels of membrane-bound alkaline phosphatase
are common to lepidopteran strains resistant to cry toxins from
Bacillus thuringiensis. PLoS ONE, 6(3): €17606.

Liang G, Tan W, Guo Y, 1999. An improvement in the technique of

artificial rearing cotton bollworm. Plant Protection, 25 (2):

15-17.

Masson L, Lu YJ, Mazza A, Brousseau R, Adang MJ, 1995. The
CrylA(c) receptor purified from Manduca sexta displays
multiple specificities. J. Biol. Chem., 270(35): 20309-20315.

McGaughey WH, 1985. Insect resistance to the biological insec-
ticidal Bacillus thuringiensis. Science, 229 (4709): 193—-195.

Nagamatsu Y, Koike T, Sasaki K, Yoshimoto A, Furukawa Y, 1999.
The cadherin-like protein is essential to specificity determination
and cytotoxic action of the Bacillus thuringiensis insecticidal
CrylAa toxin. FEBS Lett., 460(2): 385-390.

Tabashnik BE, Unnithan GC, Masson L, Crowder DW, Li X,
Carriere 'Y, 2009. Asymmetrical cross-resistance between
Bacillus thuringiensis toxins CrylAc and Cry2Ab in pink
bollworm. Proc. Natl. Acad. Sci. USA, 106(29): 11889-11894.

Tiewsiri K, Wang P, 2011. Differential alteration of two
aminopeptidases N associated with resistance to Bacillus
thuringiensis toxin CrylAc in cabbage looper. Proc. Natl. Acad.
Sci. USA, 108(34): 14037-14042.

Vadlamudi RK, Weber E, Ji I, Ji TH, Bulla LA Jr, 1995. Cloning and
expression of a receptor for an insecticidaltoxin of Bacillus
thuringiensis. J. Biol. Chem., 270 (10): 5490-5494.

Wei J, Guo Y, Liang G, Wu K, Zhang J, Tabashnik BE, Li X, 2015.
Cross-resistance and interactions between Bt toxins CrylAc and
Cry2Ab against the cotton bollworm. Sci. Rep., 5: 7714.

Wu D, Aronson Al, 1992. Localized mutagenesis defines regions of
the Bacillus thuringiensis delta-endotoxin involved in toxicity
and specificity. J. Biol. Chem., 267 (4): 2311-2317.

Wu KM, Guo YY, 2005. The evolution of cotton pest management
practices in China. Annu. Rev. Entomol., 50: 31-52.

Xie R, Zhuang M, Ross LS, Gomez I, Oltean DI, Bravo A, Soberon
M, Gill SS, 2005. Single amino acid mutations in the cadherin
receptor from Heliothis virescens affect its toxin binding ability

to CrylA toxins. J. Biol. Chem., 280(9): 8416-8425.



