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Introduction

Apicomplexa: A phylum of protozoa characterized by the presence of complex apical organelles generally consisting of a conoid [thought to be an organelle of penetration into the host cell] that aids in penetrating host cells, rhoptries [tubular or saccular organelles extending back from the anterior end of sporozoites] that possibly secrete a proteolytic enzyme, and subpellicular microtubules that may be related to motility. The phylum comprises two classes: perkinsea and sporozoea (On-Line Medical Dictionary).

Of importance are two protozoan parasites of phylum Apicomplexa; the one that infects humans is called Cryptosporidium hominis and the one that infects both cows and humans is called Cryptosporidium parvum.  I will be working on a vaccine design – via a method referred to as “reverse vaccinology” – for C. hominis.  Both strains of this parasite are known to be closely related to Plasmodium falciparum, the parasite of malaria.  These parasites are resistant to chlorine, which poses a public health threat via city water systems and swimming pools; and has been a problem of epidemic proportions not only in developing countries but also in the United States.  There was an outbreak of the parasite in Lawrence, Kansas as recent as August 2003 that lasted for several months (Rothschild).  Infection of this parasite can lead to death in patients that are immunosuppressed, and infants are highly susceptible.  

My goal in helping to find a vaccine for this parasite is to select proteins – and/or parts of proteins – from the C. hominis genome that are surface-exposed, hydrophilic, and possess one or more of the qualities of antigenicity.  Several programs are available on the web that determine whether a protein possess these qualities.  These are discussed in “methods.”  Once the final vaccine candidates are selected, their sequences will cloned and expressed in E. coli and then sent to a University of Virginia lab to test the immune response in cultured human cells, and examine the possibility to be vaccines.

As a side note of possible scientific significance, we found a protein in C. parvum that has a high match (e-value of 10-7 if I recall correctly) with a mosquito protein.  Specifically, this protein is found in Anopheles gambiae, which is the mosquito that carries the malarial parasite.  I am hypothesizing that this may suggest that C. parvum not only is related to P. falciparum, but that it evolved from P. falciparum.  C. hominis most likely contains the match for the mosquito protein as well.  I may or may not test the validity of this hypothesis by performing a statistical significance test; the e-value from BLAST may already be proof of statistical significance.

Biological Background

In reverse vaccine design, the exterior-cell portions of transmembrane and peripheral proteins are selected so that they may be accessed by human immunobodies.  The majority of eukaryotic membrane and secreted proteins contain a “signal peptide,” near the N-terminus, that a SRP or Signal Recognition Particle will recognize during synthesis in the cytoplasm and bring to the RER translocon for co-translational transport.  Some proteins that have a signal peptide also contain a “signal anchor” sequence, which attaches the protein to the RER membrane to complete synthesis.  If it does not have a signal anchor sequence, the protein is transported into the lumen, cleaved by a protease, and eventually pinched off as a secretory vesicle.  Proteins containing a signal anchor will initially be kept inside the cell as an ER membrane protein and may remain there (as in the ER-bound liver enzyme cytochrome p450), be sent to the lysosome (M6P pathway) or other organelle to function as an organelle-membrane protein, or be sent to the cell membrane to function as a trans-membrane protein.  However, some proteins are secreted or sent to membranes via another, non-classical method and do not contain a signal peptide nor a signal anchor.  

A major strategy that will be employed is to select proteins that are involved in important metabolic pathways such as outer membrane bound transporters, which would be a detriment to the parasite if blocked by a white blood cell or by an antibody.  Membrane proteins are not easily expressed in E. coli due to the fact that they contain hydrophobic regions, which in nature allow them to exist among fatty acid chains in the lipid bilayer of the cell membrane but cause clumps of protein to form in culture (clumps may form regardless, but this may be resolved using GFP fusion).  Therefore, the hydrophilic outside portions of membrane proteins may be selected as long as they meet certain criteria: must contain a minimum number of amino acids, no more than one cysteine residue, preferably contain epitopes, etc.  Epitopes are regions on an antigen which an antibody or T cell receptor (TCR) may bind to.  Antibodies are Y-shaped protein complexes that bind epitopes and are produced by B lymphocytes.  T cell receptors (TCRs) also bind epitopes but remain on the surface of T lymphocytes.

Also, we might like to find a protein that is directly involved in the mechanism of infection, where the sporozoite coming from the thin-walled oocyst (product of the sexual cycle) – or the merozoite (product of the asexual cycle) – latches on to the epithelial cell of the intestine (steps b and f in figure): 
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Two items, pertaining to the sporozoites, found in journal articles may be of interest:


There is a protein called Cpa135 that is secreted via microneme vesicles by the sporozoites during their gliding (Tosini).  The antigenic portion of the protein it encodes is called SA35 (Tosini).  It contains disulfide bridges, and is processed (cleaved/cut) either before or after secretion (Tosini).  There are at least three copies of it in P. falciparum and two in the C. parvum genome (Tosini).

One article found that the parasite has a distinctive aminopeptidase (Accession number AY033887) thought to be involved in processing of adhesion molecules found on the sporozoite surface, homologous in several prokaryotes and eukaryotes, containing a Arg-Gly-Asp (RGD) tripeptide motif predictive of cell adhesion (Padda).  For many reasons, it seems to be a cytosolic protein; however its activity has been detected on the surface of the sporozoite (Padda); a possible mechanism of infection.

Antigenicity is defined as the ability of a peptide to raise an immune response in animals.  According to Ole Lund et al. (http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/Lund2002.html) in an article entitled “Web-based Tools for Vaccine Design,” only a small fraction of the possible proteins generated by a pathogen will raise an immune response; a protein must go through a series of steps involving cleavage by a proteasome and binding to an MHC I molecule in order to be presented to CD8+ T cells.  The best understood CD8+ T cells are cytotoxic T lymphocytes (CTLs), which secrete molecules that destroy the cell to which they have bound (Kimball).

A study conducted in the early 1990’s revealed that approximately nine C. hominis antigens were found after interaction with sera from AIDS patients, and approximately six antigens were found in a mixture that had reacted with sera from immunocompetent individuals.  Three antigens (two in 15-17 kDa band and one in 23 kDa band) were recognized by all species tested.  Furthermore, these antigens were found to be presented on the sporozoite, were recognized by monoclonal antibody (mAb) 5C3, and contained epitopes shared by some of the other antibodies (Reperant).  They are called CP15, CP15/60 (Accession number EAK90644), and P23 (De Graaf).  Unfortunately, AIDS patients lose their CD4+ (MHC II binding) T cells (Kimball); the sera from nine of ten AIDS patients did contain the antibodies specific to the 15-17 kDa antigens found on the sporozoite, but the parasite remained and developed (Reperant).

Computational Methods 

In reverse vaccinology, there are four steps to the overall procedure: prediction of vaccine candidates, cloning and expression of the proteins, the challenging of the animal’s immune system with each individual vaccine candidate and validation of an immune response, and finally the clinical trial. I am working on the first step – prediction of vaccine candidates. 

There are algorithms provided at no cost 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 (but are not limited to): Glimmer (to predict Open Reading Frame), SignalP (to predict surface protein), SecretomeP (to predict non-classical signal peptide triggered protein secretion), TM-HMM (to predict transmembrane protein), and BLAST (to search protein database for protein function).  GCG software is used to look for regions of hydrophilicity and antigenicity.  Several web-based programs for prediction of MHC binding and proteasome cleavage sites are referenced in the article by Ole Lund, et al., as well as some databases of known epitopes.

Once the data is collected in the form of web pages (output from the algorithms discussed above), the pages are saved on a UNIX server, and Perl is used to parse the html files into a distilled form that can be imported into a Microsoft Excel spreadsheet.  The data is then sorted.  There are thousands of proteins to sort through, and effective judging criteria are critical at this stage.

At this time, we have determined that the proteins to be considered are the ones that BLAST has shown to be similar to transporter proteins; also proteins 1) that contain a signal anchor, and 2) contain epitopes and/or have high antigenicity scores.  

Problems

The most common mistake that TM-HMM makes is to reverse the direction of the TM-helix in its proposed sequence – so that portions of the protein that are really inside the cell are predicted as outside.  To get around this shortcoming, when I get to that level of detail in the process, I will use GCG’s Seqlab plots to find regions of hydrophilicity.  However, there may still be some question as to which parts will be inside and which outside the cell.  For this there may be other web-based prediction programs I may use in conjunction with Seqlab such as EMBOSS or GCG’s own (non-web based) PeptideStructure and PlotStructure.  Also, I will follow the criteria used for picking portions of proteins that won’t form clumps in culture. 

Virulence factors must also be considered.  The same gene sequence may produce different proteins.  For example, Salmonellae “phase variation” occurs when the H2 flagellar operon’s promoter is flipped, subsequently expressing the H1 flagellar protein.  This prolongs infection by forcing the human immune system to make new antibodies, which may take days.  Modification of gene expression in eukaryotes is achieved by having alternate Poly-A sites and exon-skipping.  

The organism may go into asexual reproduction mode if it is not succeeding in sexual reproduction mode, so it may be necessary to find targets on both the merozoite and the sporozoite.

Mice and rabbits given Crypto oocysts showed no disease in one study conducted, however antigens from the parasites as well as immunobodies from the animals were found.  More antigens were recognized by rabbits than mice.  Of all the animals tested, the disease was more prevalent calves (Reperant).  Therefore mice (Reperant, et al. suggests BALB/c mice are known for developing immune response comparable to other animals) and rabbits would be important in testing for immune response.  Evidence suggests that calves would be the best subjects for testing effectiveness of the vaccine (disease vs. no disease).  Therefore, vaccine candidates that are the same in both C. Parvum and C. hominis would be best, if possible.  

In addition, there are going to be proteins recognized by the human immune system that are not recognized by any of the lab animals.  In numerous studies, the number of antigens recognized in calves ranged from 3-5 (Reperant), including the ones on the sporozoite mentioned earlier.  Rabbit immunobodies recognized the most antigens out of all of the species, but there were still more antigens recognized by immunobodies in human sera (Reperant).  

Progress and Plans

A table of some of the vaccine candidates has already been prepared that contains data from SignalP, TM-HMM, and BLAST.  This data needs to be refined and some more data needs to be added (epitope prediction, antigenicity, etc).  In the end, I expect to have a much smaller number of candidates than the existing thousand or so that we currently have.

I plan to keep the information in mind that is specific to AIDS patients (lack of CD4+ T cells) so the vaccine will benefit as many people as possible.

Portions of the prediction process may call for statistical confidence intervals, based on the known performance of the prediction programs stated on some of the websites.  I will consider adding some statistics to support my findings.

References

Adu-Bobie J, Capecchi B, Serruto D, Rappuoli R, Pizza M. “Two years into reverse vaccinology.” Vaccine. 2003 Jan 30;21(7-8):605-10. 

Cryptosporidium parvum Genome Sequencing Project. 28 Nov. 2000. Virginia Commonwealth University and Tufts University School of Veterinary Medicine. 4 Aug. 2003 <http://www.parvum.mic.vcu.edu>.

De Graaf, Dirk C., et al. "Specific bovine antibody response against a new recombinant
Cryptosporidium parvum antigen containing 4 zinc-finger motifs." The Korean
Journal of Parasitology 40 (2002): 59-64.

Florea, Liliana, et al. "Epitope Prediction Algorithms for Peptide-based Vaccine
Design." IEEE Computer Society, Proceedings of the Computational Systems
Bioinformatics (CSB’03) (2003).

Kimball, Dr. John W. B Cells and T Cells. 2004. 10 June 2004
<http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/B/B_and_Tcells.html>.

Lund, Ole, et al. "Web-based Tools for Vaccine Design." (2002): I-48-I-55. <http://www.hiv.lanl.gov/content/hiv-db/REVIEWS/Lund2002.html>.

Mora M, Veggi D, Santini L, Pizza M, Rappuoli R. “Reverse vaccinology.” Drug Discovery Today. 2003 May 15;8(10):459-64. 

On-Line Medical Dictionary. 1997-2003. Dept. of Medical Oncology, University
of Newcastle upon Tyne. 11 June 2004 <http://cancerweb.ncl.ac.uk/omd/>.
Padda, Ranjit S., et al. "Molecular cloning and analysis of the Cryptosporidium parvum
aminopeptidase N gene." International Journal for Parasitology 32 (2002): 187-197.
Pizza, Mariagrazia, et al. "Identification of Vaccine Candidates Against Serogroup B Meningococcus by Whole-Genome Sequencing." Science 287 (2000): 1816-1820.  

Reperant, Jean-Michel, et al. "Major antigens of Cryptosporidium parvum recognised by serum antibodies from different infected animal species and man." Veterinary Parisitology 55 (1994): 1-13.

Rothschild, Scott. Crypto outbreak spreads: Northeast Kansas on heightened
alert for parasite. 20 Sept. 2003. Lawrence Journal - World. 10 June 2004
<http://www.ljworld.com/>.

Tosini, Fabio, et al. "A new modular protein of Cryptosporidium parvum, with ricin B
and LCCL domains, expressed in the sporozoite invasive stage." Molecular and
Biochemical Parasitology 134 (2004): 137-147.

Upton, Steve J, PhD. BASIC BIOLOGY OF CRYPTOSPORIDIUM. 20 Feb. 2001. Division of Biology, Kansas State University. 4 Aug. 2003 <http://www.ksu.edu/parasitology/basicbio>.

