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Short Abstract: 

Through bioinformatics, genomes are scanned for the identification of small protein domains to be chemically synthesized. Through rigorous down stream selection of hundreds of constructs, the best candidates are selected. This procedure is rapid and in two years time a malaria candidate went from bioinformatics selection to funding for a phase 1 clinical trial. 

Long Abstract:  
Malaria remains the most important, poverty-related parasitic infection prevalent in many tropical countries. An estimated 1-3 million people die of malaria each year and another 350-500 million people suffer acute illness from the disease. Malaria is also the underlying cause of many other health problems. An effective vaccine offers one of the most promising long-term solutions for combating malaria. However, vaccine discovery, in general and particularly in malaria, has been a very empirical process in which, at best, only a few candidates could be compared in the same laboratory.

Today, the most impressive progress in vaccine development is linked to the increasing number of the sequenced genomes of pathogens.  The genomic data allow in silico selection of promising vaccine candidates regardless of their abundance, expression conditions and necessity to grow the pathogen in vitro. At the same time, molecular biology and expression technology are still labor-intensive, making this approach fastidious and costly for high-throughput screening. Proper protein folding and solubility remain a limitation in numerous cases. 
These bottlenecks can be by-passed by using an approach, which uses a concept of structural epitopes, and combines bioinformatics and peptide synthesis.  Indeed, the peptide synthesis technology is fast and cost-effective. Peptides of 40-60 amino acid residues, which are appropriate for high-throughput chemical synthesis, can form stable structural domains on their own. We successfully applied this structure-based bioinformatics/peptide synthesis approach to the identification of new malaria vaccine candidates.  In order to select protein fragments that would retain the native conformation adopted in the parent protein, the a-helical coiled-coil motif was first selected. The a-helical coiled coils are abundant and share a seven-residue repeat (abcdefg)n containing hydrophobic residues at positions a and d and generally polar residues elsewhere. Peptides containing three or more such heptad repeats with apolar residues at a and d positions are able to fold into a stable native structure ADDIN ENRfu 
. Bioinformatics screening of the P. falciparum genome identified several hundred proteins containing the a-helical coiled-coil motif. 

A second motif is represented by the so-called “natively unfolded or unstructured regions” of proteins, which do not fold in any particular unique structure. By following these principles, in a time frame of only two years, we could synthesize, purify and characterize the immunological and biological properties of a specific fragment to lay the basis for its entering in clinical trial.

Protocol Text: 
1.) Bioinformatics analysis 

1.1) use the following programs to analyze a-helical coil coiled fragments,…………..,

unstructured regions,………………, small globular domains, ………. (ANDREY)
2.) Peptide synthesis

2.1) select the sequence to be synthesized.. 

2.2) Prepare reagents for synthesis. a) Prepare the solution for each amino acid (aa) present in the sequence at 0.5 mmol in 1 ml of n-methyl-2-pyrrolidone (NMP). Add  aa solution in the proper cartridge. b)..

3.) Mass spectrometry

4.) HPLC analysis

5.) Affinity chromatography purification of antigen specific human antibodies

1.1) Centrifuge serum at 3,000 rpm for 5 min, filter the supernatant and further dilute at 1:5 in PBS/0.5 M NaCl. Two to five mg of each polypeptide is coupled with CNBr-activated Sepharose 4B (Amersham Biosciences, Büdendorf, Switzerland). Mix the serum solution mixed with the antigen coupled beads and stir on wheel overnight at 4°C. Centrifuge then the solution at 3,000 rpm for 20 min and wash the beads twice first with 5 ml of 20 mM Tris/ 0.5 M NaCl and then with 20 mM Tris. Elute the specific antibodies with 0.1M glycine pH 2.5 at room temperature. Collect 3-4 1 ml fractions in 100 µl of neutralization solution (10 PBS, pH 7.4). Filter the antibody solution through a 0.22 μm syringe filter, aliquot and store at -80°C. The antibody concentration is determined by the absorbance of each fraction at 280 nm (1 OD = 1 mg).

6.) Immunofluorescence?

Representative Results: 

Representative results
Tables and Figures:  

Tables and figures

Discussion: The strategy outlined above is universal, can be extended to other small domains contained in larger proteins (zinc-fingers, EGF modules, chemokines), and can be easily applied to other pathogens where protection is mediated by antibodies. In fact, bioinformatics analysis of P. vivax indicated the presence of a-helical coiled coil segments homologous to those found in the P. falciparum genome  and target of antibody responses. The biological and protective significance of the immunological response to P. vivax fragments is under investigation. Similarly, analysis of the staphylococcus aureus genome revealed the presence of about hundred small domains, which could be synthesized and analyzed to identify targets of protective immunity for the development of a highly needed vaccine against this pathogen.
Discussion
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