580
F.N. YUNUS ET AL.
581
SYNERGISTIC EFFET OF Cry1Ac AND Cry2Aa TOXINS

Pakistan J. Zool., vol. 43(3), pp. 575-580, 2011.

Synergism Between Bacillus thuringiensis Toxins Cry1Ac and Cry2Aa Against Earias vitella (Lepidoptera)
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Abstract.-
Most strains of insect killing bacterium Bacillus thuringiensis have a combination of different toxins in their parasporal crystals.  Some of the combinations clearly interact synergistically like the toxins present in Bt subspecies israelensis. The present study reveals that a mixture of different toxins could be more effective than a single toxin. In this study, the possible synergistic effects between two Cry toxins i.e. CryIAc (CAMB 10227) and Cry2Aa (CAMB 10082) on Earias vitella (Spotted bollworm) the major pest for cotton in three different combinational ratios of toxins i.e., 1:1, 1:2, 2:1 was observed through artificial diet bioassays. Expected toxicity was calculated from the activity of each individual toxin and its proportion in the combinations. Fifty percent mortality was calculated from biotoxicity experiments by probit analysis. The results showed the synergism significantly in three different Cry toxins combinational ratios.
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INTRODUCTION

Bacillus thuringiensis (Bt) is an aerobic, spore forming soil bacterium that produces highly specific insecticidal proteins termed as delta-endotoxins. Delta-endotoxins accumulate as crystalline inclusions within the cell during sporulation. At the end of sporulation, the cells lyse and both the spores and crystals are liberated. If ingested by susceptible insects (usually the larvae), the crystals are dissolved and the delta-endotoxins, which are protoxin molecules, are specifically cleaved by insect gut proteases. The active toxins recognize specific receptors on the surface of the midgut epithelium cells then cell lysis leads to the death of insect larvae (Entwistle et al., 1993; Shahid et al., 2000; Salvador et al., 2001; Dror et al., 2004; Kirouae et al., 2006). Commercial Bt products generally consist of a mixture of spores and crystals, produced in large fermenters and applied as foliar sprays, much like synthetic insecticides (Vincent et al., 1999).
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In Pakistan, agriculture being the largest sector in economy contributes 25% to the gross domestic product. The world marketing survey reveals that out of an annual expense of US $ 8.11 billion incurred on insecticides, 23% (US $ 1.9 billion), share goes to cotton, which is the highest of amounts spent for any other crop. Cotton, which is the most important natural textile fiber in the world, is a major cash crop of Pakistan since it accounts for 60% of our export earnings in addition to about 85% of domestic edible oil production. Cotton is susceptible to attack by more than 67 insects, the major Lepidopterans being American bollworm, pink bollworm and spotted bollworm. The bollworms cause heavy damage to cotton and out of the 40% of the flowers and fruits, which drop off, 25% are shed because of the bollworm attack (DMCS, 2001).


Biopesticides containing Bt are environment friendly and effective in a variety of situations. However, their performance is often considered to be poorer than that of chemicals in terms of reliability, spectrum of activity, speed of action and cost effectiveness. Inspite of the potential of Bt to impact significantly on productivity and sustainability, as well as a replacement for a significant quantity of conventional pesticides currently applied to crops, the long-term impact can only be sustained through effective and responsible deployment schemes that can maintain the durability of Bt genes and avoid the emergence of resistant insects to Bt products. This deployment strategies adopted are use of multiple genes or pyramiding of resistance genes, targeted expression and use of refugia and mixtures of one or more Cry toxins.


Binding of Bt toxins to specific sites in the epithelial membrane is a key step in toxin specificity. By using different chimeric genes and using toxins combination, development of resistance in target insects is delayed. Thus, this strategy could be useful for generating individual Bt strains that produce various combinations of insecticidal proteins to assess their potential synergistic or antagonistic interactions (Hyun-woo et al., 2003; Margaret et al., 2005).


The main problem with Bt products for pest control is their often narrow activity spectrum and low yield. In present study, two Cry proteins Cry IAc and Cry 2Aa are used in three different combinational ratios i.e. 1:1, 1:2, 2:1 against spotted bollworm (Earias vitella) to broaden its toxicity spectrum and enhance toxicity.

MATERIALS AND METHODS
Bacterial strains


Clones for cryIAc (CAMB 10227) and cry2Aa (CAMB 10082) were obtained from the culture collection at CAMB. The strain of Bt subspecies Kurstaki (HD-73) (Acc # M11068) was obtained from BGSC (Bacillus Genetic Stock Centre, Ohio States), whereas Bt strain MR1.7 was obtained from culture collection at CAMB.

Toxin extraction


Cry IAc toxin was extracted from Bt Kurstaki HD-73 using the procedure described by Bietlot (1990). A single colony, picked from a freshly grown plate of Bt Kurstaki HD-73 strain was inoculated in 5 ml of LB broth, incubated overnight at 30°C in a shaker incubator (New Brunswick). Five ml of overnight culture was used to inoculate 500 ml of G-medium broth and allowed to grow at 30°C in a shaking incubator for 72 hours, until sporulation. The culture was harvested at 4,000 rpm for 10 minutes (4°C) in a medium centrifuge (Beckman model JA-21). The cell pellet was washed once each with 0.5 M NaCl and 10 mM EDTA and twice with distilled water. All centrifugations were carried out at 4,000 rpm for 10 minutes. The final pellet was resuspended in 2ml of solubilization buffer (50mM sodium carbonate, 10mM dithiothreitol [pH: 10-12]), and incubated at 37°C for 3 h. The sample was then centrifuged and supernatants transferred to clean eppendorfs.

Determination of toxin concentration


The toxin concentration was determined by the method of Bradford (1976). Bovine serum albumin (BSA) stock solution (1 mg/ml) in deionized water was prepared and its exact concentration determined by measuring the O.D278 at which the absorbance should be 0.66. The solution was then diluted to 100 (g/ml BSA in PBS according to the O.D value. The diluted solution was further used to prepare the concentration series of 2 (g/ml BSA in PBS. Sample proteins were diluted in PBS whereas for the blank, only PBS was used. The volume of each BSA concentration and blank was prepared up to 1 ml by adding 200 µl of Bio-Rad protein assay reagent to each. Vortexed each tube and left at room temperature for at least 10 min but no longer than 30 min. Measured O.D595 for each tube and plotted a standard BSA curve of the BSA concentration against its optical density at 595 nm. The HD-73 concentration was determined at O.D595 by regression analysis using the standard curve.

Activation of solubilized protein


The protoxins were converted to active toxins by trypsin digestion.  Trypsin works optimally at neutral pH 10 so the solubilized protoxin were adjusted to pH 7.0-8.0 by adding 1N HCl. One microgram of trypsin (Stock: 1mg/ml in distilled, deionized water) for each 20 µg of protoxin was mixed well in the samples, followed by incubation at 37°C for 3 hours.

Biotoxicity assays


Different concentrations of active toxin protein ranging from 10 (g to 300 (g were mixed per gram of diet and air-dried. Two second instar spotted bollworm larvae were placed in each vial containing 2g of diet. Each assay was done in triplicate. In case of combinations of two Cry proteins each assay was done in triplicate. For a negative control comparable quantity of buffer and trypsin was added to the diet, air-dried and assay established in triplicate whereas in case of combination 1:1, 1:2, 2:1 assay established in triplicates. Mortality was monitored till 72 hours. Bioassay data was statistically analyzed by using Quantal Computer Programme.

SDS-PAGE


SDS-PAGE was performed in a Bio-Rad Mini protein-II gel apparatus by the method of Laemmli (1970). The acrylamide concentration for the resolving gel was 4%. Protoxins and trypsinized toxins were run on the gel and stained with coomassie stain (0.25% coomassie brilliant blue R-250, 45.5% methanol, 9% glacial acetic acid) for 30-60 minutes at 65°C or overnight at room temperature (Sambrook et al., 1989). The gel was destained in 25% ethanol and 7% glacial acetic acid with several changes until the blue background disappeared.
Western blotting


Protein in gels followed by SDS-PAGE was blotted on to Nitrocellulose (Hybond-C Amersham) using a Trans-Blot Semi-Dry Transfer Cell (Bio-Rad) and Western blot analysis were done as described by Towbin et al. (1979). The membranes were blocked for one hour in blocking solution (5% Skimmed milk in PBST) followed by one hour incubation at room temperature in the primary antibody diluted at 1:1,000 in the blocking solution. After three washings, 15 minutes each wash, with PBST the membrane was incubated at room temperature with the secondary antibody (alkaline phosphatase conjugated anti-rabbit antibody) diluted at 1:10,000 in blocking solution. The membrane was then washed three times; 15 minutes each wash to remove unbound antibodies. The membrane was equilibrated in Genius buffer III (100 mM Tris-HCl pH: 9.5, 100 mM NaCl, 50mM MgCl2) and color developed by using NBT/BCIP as alkaline phosphatase substrate. The membrane was finally washed with distilled water and air-dried.

RESULTS

The cry1Ac and cry2Aa toxin genes were over expressed in E. coli DH5( by using the expression vector pKK223-3.  These recombinant plasmids were used to produce the Cry1Ac and Cry2Aa proteins.  The crystal proteins were purified and solubilized in protein solubilization buffer (DTT 10mM, Na2CO3 50mM) at 37°C for 3 hours at pH: 10.5.  The concentrations of proteins in supernatants were determined by the method of Bradford (1976) using BSA as the standard.  The solubilized protein was digested with trypsin for 3 h at 37°C at pH 8.0 at 200rpm in shaker incubator. The purity of protoxins and activated toxins was examined by 10% SDS-PAGE.  Western blot analysis for both toxins was done by using rabbit antiCry1Ac and antiCry2Aa antibodies (Fig. 1).
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Fig. 1. SDS-PAGE analysis for Cry1Ac and Cry2 A proteins. (A) SDS-PAGE analysis of crude protein of Cry1Ac extracted from recombinant clone. Lane 1, HMW marker; Lane 2, BSA; Lane 3, crude pellet; Lane 4-6, solubilized protein; Lane 7-8, solubilized and trypsinized protein; Lane 9-10, positive control; (B) SDS-PAGE analysis of crude protein of Cry2Aa extracted from recombinant clone. Lane 1, HMW marker; Lane 2, BSA; Lane 3, Crude pellet; Lane 4-7, Solubilized protein; Lane 8, MR1.7; Lane 9, HD-1.

To find out synergism between two different Cry toxins Cry1Ac and Cry2Aa, three different combinational ratios 1:1, 1:2, 2:1 were used against spotted bollworm (E. vitella) by diet surface contamination bioassays.  The bioassays were done in triplicate for each toxin.  Total crystal protein, solubilized and trypsinized was used for the determination of LC50s against 2nd instar of spotted bollworm larvae. For each type of bioassay, six dilutions of 10, 25, 50, 100, 200 and 300 µg per gram of artificial diet were used with 20 larvae. Sodium carbonate buffer was used as a negative control and Bt strains HD-1(Johnson et al., 1994, 1998) and MR1.7 (Makhdoom, 1999) as reference standard MR1.7 is a well characterized local Bt isolate containing all three genes of cry1A subclass along with cry2Aa gene.  Mortality was recorded after incubation for 72 hour under insectary conditions.  LC50s were obtained from toxin combinational ratios 1:1, 1:2, 2:1 for Cry1Ac and Cry2Aa, Cry1Ac and Cry2Aa as well as toxin preparation from reference standards HD-1 and MR1.7 strains (Figs. 1A, B). Probit Analysis program was used for the calculation of LC50 values and comparison studies were verified by ANOVA testing.  The LC50 values for combinational ratios were 37.17±1.88µg/g, 22.2±5.48µg/g and 6.23±2.85µg/g for 1:1, 1:2 and 2:1, respectively; whereas LC50 value for Cry1Ac was 59±13.35µg/g and LC50 value for Cry2Aa was 780±9.43µg/g.

DISCUSSION

Development of resistance in insects against Bt toxin is the major problem with Bt formulation. To delay the resistance development in insects many tactics are used, which have the potential to slow down the evolution of resistance. Tabashnik (1989) suggested that under certain conditions toxins mixture would inhibit the development of resistance more effectively than other strategies.


Present work involves the use of two Cry proteins i.e. Cry1Ac and Cry2Aa in three combinational ratios 1:1, 1:2, 2:1 against E. vitella, the major pest of cotton in Pakistan for evaluating their synergistic effects. The purpose of this study is to overcome the resistance problem by delaying the resistance development and broaden the host range specificity by using two different Cry proteins. Cry1Ac is highly effective against Lepidoptera, whereas Cry2Aa is reported to be effective both for Lepidoptera and Diptera. Cry2Aa is an effective insecticidal delta-endotoxin produced by several strains of Bt.  There are differences in solubility, binding and ion channels formed by Cry2Aa toxin in comparison with the Cry1Ac toxin. It showed a lower bioactivity against H. Zea when compared with CryIAc but represents a unique mode of action among the delta-endotoxins (Leigh et al., 1994). Mandal et al. (2007) enhanced Cry2Aa entomocidal potency through knowledge-based protein engineering of the toxin molecule.  Pandian et al. (2008) isolated epithelial cell membrane 252KDa protein (P252) from Bombyx mori midgut and shown to bind strongly with Cry1Aa, Cry1Ab and Cry1Ac toxin of Bt. Similar work was done by Rouis et al. (2008).


To evaluate possible synergism among these toxins, bioassays were performed with mixtures of CryIAc and Cry2Aa against E. vitella. For this purpose crude protein was prepared by using E. coli expression clones for both Cry toxin to avoid any toxicity from spores. The HD-1 (Johnson et al., 1994, 1998) and MR 1.7 (Makhdoom, 1999) were used as reference standards that contained CryI family along with Cry2Aa.  The LC50 value for CryIAc alone against E. vitella was 59(g/g of diet whereas for Cry2Aa it was 760(g/g of diet demonstrating that Cry2Aa was less effective against spotted bollworm as compared to CryIAc. However, when both were used in combination the LC50 values for three combinational ratios (Fig. 2) were lower then the LC50 value for separate proteins. With CryIAc:Cry2Aa ratios as 1:1, 1:2 and 2:1, the LC50 values were 37.17 µg/g, 22 µg/g  and 6.23 µg/g of diet, respectively, showing significantly higher toxicity as compared to individual toxins indicating synergism between these two toxins against E. vitella.  Three combinational ratios were compared with reference standards and with each other. The LC50 values were calculated through Probit analysis programs.


ANOVA was applied to find out the significant or non-significant difference within the treatment and between the treatments. The LC50 values for HD-1 and MR 1.7 were 19.14 and 21.12 µg/g, respectively (Fig. 3). The t-values for three combinational ratios compared with HD-1 showed non-significant difference with three ratios whereas MR 1.7 also showed non-significant difference with three ratios which is consistent with the fact that both reference standards contained Cry1 family and Cry2Aa, however, along with spores.
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Fig. 2. Synergism between Cry 1Ac and Cry 2Aa in three different combinations compared with LC50s of individual toxin.


Synergy between CryIAc and Cry2Aa was detected consistently in the 2:1 mixture throughout the study and this contributed significantly to the high toxicity of the mixture as well as the slower evolution of resistance in the line selected with Cry2Aa plus CryIAc.

Margaret et al. (2005) suggested that the CytAa is the principal factor responsible for delaying the evolution and expression of resistance to mosquitocidal Cry proteins.  Ding et al. (2000) studied the expression and synergism of two cry insecticidal protein gene for CryIAc and Cry2Aa in Pseudomonas fluorescens.  Lee et al. (1996) studied the mechanism of synergism against gypsy moth, Lymantria dispar by using toxins CryIAa and CryIAc and suggested that the mixture of toxins CryIAa   and   CryIAc   might   bind   to   their  own 
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Fig. 3. Comparison of LC50 combinational values LC50 of wild type strains containing both toxins.

receptors, insert and make pores. Another explanation for synergism between these toxins is that the individual pores made by different toxins may act together and show higher toxicity than the individual pores in the brush border membrane of insect’s midgut epithelium. Some studies on the interactions of toxins found in Bt subspecies israelensis have revealed evident synergism when the toxins act in different combination against Aedes aegypti, Culex quinquefasciatus. Among the lepidopteran toxins, the CryIAc1 toxin of Bt. subspecies Kurstaki exhibited synergism in combination with the CryIAa1 toxin from the same subspecies when the toxins were tested against L. disper larvae (Cristina et al., 1999).
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