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Project Code: RSAI14/2544
Project Title: Folding and Stability Analysis of Insecticidal Proteins from Bacillus thuringiensis
Investigators: Chartchai Krittanai

Institute of Molecular Biology and Genetics, Mahidol University
Email Address: stckt@mahidol.ac.th
Project Period: ~ December 2001 — November 2003
This research project aims to characterize for the process of protein folding/unfolding of

the Bacillus thuringiensis Cry4B toxin and survey for the role of conserved residues in molecular
folding and stability. The 130-kDa Cry4B protoxin was expressed from pMU388 plasmid
containing an encoded cry4B gene. An extracted protein from E. coli culture was solubilized in
carbonate buffer pH 9-10, proteolytically processed to a 65-kDa active form by trypsin, and then
purified on size exclusion liquid chromatography. The purified toxin was incubated with various
concentrations of GuHCI from 0 - 6 M, and their conformational states were monitored in steady
state using circular dichroism and intrinsic fluorescence spectroscopy. Based upon the
folding/unfolding curve, transitional free energy between the native and unfolded states of wild
type toxin was determined at 17.87 kcal/mol. The value for wild type toxin with an internal tryptic
site removed (R203Q) was also obtained at 23.10 kcal/mol. Activation energy derived from
kinetic study has revealed a 25.59-kcal/mol transitional barrier. These results have established a
reference energy map for the folding/unfolding of the wild type Cry4B. A PCR based site-
directed mutagensis was performed on a numbers of residues of the five conserved blocks.
Mutational effect on these generated mutants were characterized in a series of assays including
toxin solubility, trypsin-processing pattern, mosquito-larvicidal activity and changes in the energy
map of folding/unfolding. Mutation that perturbs side-chain packing of the conserved
hydrophobic residues inside the protein interior has led to a large structural destabilization up to
10.49 kcal/mol. Substitutions that eliminate hydrogen bond or salt bridge among the tertiary
structure have revealed a significant inhibition on the folding of native structure. These mutants
have completely lost their solubility, tryptic digestion pattern, and larvicidal activity. However
eliminating of these bondings within the secondary structure has no effect on the toxin
properties. These results have demonstrated that a numbers of conserved residues play a
critical role in maintaining the integrity of molecular structure of Cry4B.

The future direction of this work is to employ these stabilizing features to the designing of

mutant toxin with enhanced stability, resulting in a more environmentally stable toxin and

improved efficiency.



