CHARACTERISATION OF A NOVEL GLUTENIN-SPECIFIC PROTEINASE OF SUNN BUG EURYGASTER INTEGRICEPS PUT.  RESPONSIBLE FOR  WHEAT GLUTEN DEGRADATION
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Sunn bug infestation affects crop quality primarily by the injection into the wheat grain of digestive proteinases produced by the salivary glands of some Heteropteran insects (True bugs).  These proteinases degrade the gluten network, leading to a decrease of dough viscoelasticity and resulting in poor processing properties and quality. Sunn bug proteinases have a narrow specificity for gluten proteins and particularly for the high molecular weight (HMW) subunits of glutenin which are the major determinants of gluten quality.  Proteinaceous inhibitors of proteinases and other enzymes have been shown to provide effective defence for plants against many insect and fungal pests (Shewry and Lucas, 1997; Gatehouse et al., 2000).  Present and previous (Konarev, 1981, 1996; Konarev and Fomicheva, 1991) studies have shown that digestive proteinases and -amylases of E. integriceps show little or no sensitivity towards most proteinaceous inhibitors of wheat. This may result from the co-evolution of the pest with the host plant. Current knowledge of the structures and reaction mechanisms of the proteinases of Sunn bug and similar pests is insufficient to allow a logical approach to be taken for the identification or design of specific inhibitors or the development of effective approaches to neutralize the action of these enzymes.  The aim of the present study was therefore to purify and characterize the digestive glutenin-hydrolysing proteinases (GHPs) from Eurygaster spp. in order to determine their specificity and develop strategies for exploiting proteinase inhibitors and knowledge of glutenin structure in crop protection. 
The specially developed “glutenin-replica” method was used for detection of GHPs after isoelectric focusing of various protein fractions isolated from bug’s salivary glands and bug-damaged wheat grains. These methods facilitated analysis of GHPs heterogeneity and control for their purification. It was found that the production of active GHP by salivary glands of bugs is seasonal, with substantial activity only being detected in bugs from the summer generation that feed on maturing wheat seeds when they are required for digestion of seed proteins, in contrast to over-wintering generation that feeds on green wheat seedlings. 
GHPs have been purified, by affinity chromatography, from Sunn bug (E. integriceps) damaged grains selected from Triticum aestivum and T. durum wheat samples obtained from Turkey and Russia. A 28kDa protein with glutenin-hydrolyzing activity was partially sequenced by mass spectrometry and Edman degradation which showed homology to serine proteases from various insects and other invertebrates. Degenerate primers were designed based on the protein sequences obtained and mRNA extracted from salivary glands of Eurygaster collected from three regions of Russia. Three full length clones were obtained from each of the regions, showing highest homology to ‘trypsin precursor’ of Lygus lineolaris (52.7% similarity; 36.4% identity) and the serine protease of Creontiades dilutes. The cleavage site for the protease was determined using recombinant and synthetic peptides and shown to be between the consensus hexapeptide and nonapeptide repeat motifs of wheat glutenin (PGQGQQ^GYYPTSLQQ). This is in contrast to a proteinase of Nysius huttoni, a similar wheat pest, from New Zealand whose activity was found to be specific for the peptide bond in the middle of the hexapeptide (Every et al, 2005).  Homology models were generated for all three sequences identified in this study using the high resolution X-ray structure of a crayfish (Pontastacus leptodactylus) trypsin complexed with a peptide inhibitor as template (PDB accession 2F91). Molecular mechanic simulations and docking studies were consistent with the cleavage site identified by mass spectrometry. All three Eurygaster proteinase isoforms appear to have a high affinity for the PGQGQQ^GYYP peptide “in silico”. This sequence has been defined as part of the minimum glutenin epitope for the HLA-DQ8 form of coeliac disease. The results raise the possibility of use of recombinant enzyme expression for food processing and/or management of coeliacs disease. The molecular modeling studies indicate important characteristics of the active centre structure within the protease which may be used for the design of specific inhibitors of GHPs. The data also provides insights that may prove useful in traditional and biotechnological breeding programmes to improve resistance to this pest in wheat.
