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Introduction

There is a new approach for making vaccines called “reverse vaccinology,” with which vaccines can be predicted solely from genomic data.  It is a process of finding proteins – some of which we didn’t even know existed – from the ORF’s or Open Reading Frames within the genome.  An ORF is a part of the sequence that has a “start” codon and a “stop” codon, and therefore has a chance of being coded as a protein.  A protein with the desired characteristics can be found using computational methods.  If all goes well, a select set of proteins within that organism may prove useful as a vaccine candidate.  This is a major improvement in vaccinology; years ago, the whole pathogenic organism or parts of it were used to induce immunity.  
The organisms for which I will be finding vaccines are Cryptosporidium Parvum, a parasite close to Plasmodium falciparum, the parasite of malaria; and Streptococcus Sanguis, a bacterium that lives in the mouth and can lead to endocarditis and stroke.  C. parvum is resistant to water chlorine treatment, which has been a problem of epidemic proportions not only in developing countries but also in the United States.  Infection of this parasite can lead to death in patients that are immunosuppressed.  S. sanguis can be found in just about anyone’s mouth, but in patients who have undergone heat catheterization or have a heart murmur, these bacteria will collect in the heart, causing endocarditis.  Also, if a chunk of the bacteria breaks off and gets into the blood stream, the patient will have a stroke.  
In reverse vaccinology, there are four steps to the overall procedure: prediction of vaccine candidates, cloning and expression of the proteins, challenge animal and validate the immune response, and finally clinical trial. I am working on the first step – prediction of vaccine candidates. 

There are algorithms on the internet that can perform most of the functions necessary to find a protein with the desired characteristics that may be suitable for a vaccine.  These include: SignalP, TM-HMM, BLAST, and GCG software.  Once an ORF (predicted using Glimmer or other ORF finding softwares) is found to have a Signal Peptide, then its sequence is run against TM-HMM to find whether it is a surface protein.  Then, the sequence is checked for variability using BLAST.  If it has no putative domains, it is run through GCG software to check for antigenicity.  The goal is to find a surface-exposed protein that is unique to the organism; is non-variable across strains of the organism (if applicable); and raises an immune response in mammals.  
Progress Report
After running 6 contigs from C. Parvum (194 ORF’s totaling >70,000 amino acids) through this process, I discovered 7 proteins that can go into the next step of the overall process – expression in E. coli.  The findings are summarized in the tables below.  Note that one of these proteins is an oocyst cell wall protein, thus making a very good candidate for a vaccine.  If you have trouble reading the graphs, refer to the powerpoint presentation online at http://ramsites.net/~colbyea/Emily_rvs_vacc-rev4.ppt
	1) CONTIG 3883, 8th ORF

	· BLAST (peptide comparison) showed no striking similarities

· Closest match: unknown mouse protein (E value of near 1.00)

· Relatively high antigenicity

· Good candidate for further testing
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	2) CONTIG 3885, 29th ORF

	· Interesting protein worth considering

· BLAST (peptide comparison) showed similarities

· Closest match: vespid allergen antigen homolog [Onchocerca volvulus] and various secretory proteins (e=10^-5) 

· Other matches included “cocoa crisp” and venom antigen
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	3) CONTIG 3886, 1st ORF


	· BLAST (peptide comparison) showed no striking similarities

· Closest match: microneme protein 5 [Eimeria tenella]  e=.005

· Unknown protein

· Good candidate
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	4) CONTIG 3886, 8th ORF

	· BLAST (peptide comparison) showed no striking similarities

· Closest match: myb-related protein MIXTA [garden snapdragon] e=4.0

· Unknown protein

· Not definite whether outer-membrane (see lower right graph)

· High antigenicity scores
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	5) CONTIG 3887, 5th ORF

	· BLAST showed no putative domains

· Worse than threshold similarities with various other organisms’ proteins (such as alanyl-tRNA synthetase, kinesin-like protein A, chemotaxis)

· Closest match: hypothetical protein [Plasmodium yoelii yoelii] e=.014

· High antigenicity scores

· Good candidate
	Signal P:
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	6) CONTIG 3887, 46th ORF


	· Oocyst wall protein C. parvum and C. wrairi (BLAST)

· High antigenicity

· Only problem is, 20% of C. Parvum oocysts do not have the characteristic wall

· May have to combine this with a few other proteins unique to this organism in a vaccine
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	7) CONTIG 3888, 59th ORF


	· BLAST (peptide comparison) showed no striking similarities

· Contains no putative properties

· Best e-value was 1.9

· Unknown protein

· Not definite whether outer-membrane (see lower right graph)

· Shows some antigenicity


	Signal P:
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Goals for the Academic Year
The main goal is to find as many as possible vaccine candidates against C. parvum and S. sanguis.  I will work on this project with my VCU mentor Dr. Ping Xu.  Judging by the discoveries that have been made so far, it should be feasible to accomplish this.  As it stands right now, we already have some good protein candidates for a vaccine candidate against C. Parvum.  The next step is to run the rest of the C. Parvum genome through the prediction process and then S. sanguis.
Plan for the Academic Year

I. Computation


The plan is to write a script in Perl that will run in the UNIX environment.  This script is going to take the output files from various programs that can be accessed in UNIX and convert the contents of them into suitable formats, then thread these files into the next program which will perform the next function of the prediction process.  For example, Glimmer finds the ORF’s but doesn’t output in FastA format.  My Perl script will take the output files from Glimmer and put the contents in FastA format, then feed it into GCG’s “translate” program.  This will change the nucleotide sequence to a peptide sequence so that the subsequent output can be fed to SignalP.  The ORFs predicted to have a signal peptide will be fed to TMHMM to predict whether the protein is surface-exposed.  The remaining ORFs (peptide sequences) will be run through BLASTp.  Those with no putative domains or better-than-threshold matches will finally be run through GCG software’s antigenicity program, for a final score.  

There are ~1800 C. Parvum contigs left to run through this process and ~200 S. sanguis contigs.  This is why automating the process using the aforementioned script is critical.  A letter will have to be written to the makers of SignalP to see if there is any way a local version of the SignalP algorithm can be obtained.  SignalP website only allows 10 queries per 24 hour period with each query containing no more that 4000 amino acid residues.  There were over 70,000 amino acid residues within the 194 ORFs in the 6 contigs that I ran, and there are ~6956 more ORFs; therefore there are about 2.5 million more amino acid residues must be run through SignalP for C. Parvum alone.  If a local copy of SignalP cannot be obtained, the process will be spread out over a number of days.   This should not hold up the overall process, however, because I can feed my results to the people working on the next step (expression in E. coli) as I go along.  Hopefully, though, a local copy of SignalP can be obtained.

II. Courses

1. MATH 309 Intro to Probability Theory

2. STAT 212 Concepts of Statistics

3. CMSC 255 Structured Programming
I believe that these courses, which I plan to take, will aid my research this academic year.  I can’t be so ambitious as to say that I might “re-invent the wheel,” but if I do, the statistics and probability classes may help in understanding how SignalP and TM-HMM work.  It is hard to say which is more difficult: writing a Perl script that goes onto the internet and submits queries to the SignalP and TM-HMM servers; or actually writing algorithms that work similarly to SignalP and TM-HMM.
Budget


The whole prediction process is done on the computer; therefore no supplies will be needed.  During the semesters, I will have 20-25 hours a week during which I can either work on this project or at a job.  I will need $800-$1000/month for living expenses during times when I must dedicate work hours to the project.  
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