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Study guide for research assistants
Read "Design and pre-clinical profiling of a Plasmodium falciparum MSP-3 derived component for a multi-valent virosomal malaria vaccine" (M. Tamborrini et al., Malaria Journal 8: 314, 2009).  The full text of this paper can be accessed online by following the links from this web page: http://www.ncbi.nlm.nih.gov/pubmed/20042100. 

Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg and/or other people at any time.  When you are satisfied with your overall understanding of the paper, please answer the "Questions for lab notebook" in your notebook; these won't be given a letter grade but will be checked!
General background


This article is somewhat far afield from our usual readings in that it concerns the immune system, about which you may know relatively little.  So let's start with some general background about the immune system.  Immune responses can be classified as innate (not requiring previous exposure to the microbe) or acquired.  Acquired immune responses, in turn, are commonly divided into humoral immunity (which involves antibodies: proteins in the blood that bind to foreign substances known as antigens) and cell-mediated immunity (which is carried out by T lymphocytes, a.k.a. "T cells").

The overall purpose of a vaccine, of course, is to boost the body's acquired immunity by exposing it to a weakened pathogen or components of the pathogen that, by themselves, are harmless.  Most current vaccines primarily affect humoral immunity (i.e., antibody production), but the ideal malaria vaccine would affect cell-mediated immunity as well, due in part to the complicated life cycle of the Plasmodium parasite.  Another important point about the parasite's life cycle is that different antigens become prominent at different life-cycle stages.  Therefore the ideal vaccine would also include antigens from each of the different stages.  

A long but useful summary of malaria vaccine information is available from Wikipedia:

http://en.wikipedia.org/wiki/Malaria_vaccine

Abstract

• Background:  A virosomal vaccine is one delivered via a virosome, which is a lipid/protein vesicle resembling the envelope of the influenza virus.  A multi-valent vaccine formulation is one containing multiple antigens.
• Methods:  Immunopotentiating reconstituted influenza virosomes (IRIVs) are explained in the second paragraph of the Background section: "IRIVs represent an innovative antigen delivery system derived from a mixture of natural and synthetic phospholipids and influenza surface glycoproteins." They are both a peptide carrier and an adjuvant system, an adjuvant being any substance that enhances the immune response to an antigen while having few effects by itself.
• Results:  "All FB-12 immunized rabbits seroconverted."  This means that the rabbits' blood went from having no detectable antibodies against the peptide to having such antibodies.  ELISA (enzyme-linked immunosorbent assay) and IFA (immunofluorescence assay) are techniques for measuring the presence of specific antibodies.
• Conclusion:  FB-12 is described as a peptidomimetic.  This means it's a synthetic peptide that mimics a natural one (merozoite surface protein, or MSP-3, in this case).
Background
• Paragraph #1: "Peptide-based vaccines could have many advantages compared to conventional vaccines…."  Conventional vaccines are those using killed or weakened pathogens.  The end of this paragraph says, "The development of synthetic peptide vaccines is often hampered by [A] limited intrinsic immunostimulatory properties and [B] the lack of cross-reactivity of elicited antibodies with native target antigens."  (A) means that peptides resembling malaria proteins often do not in and of themselves stimulate the immune system; in other words, they need to be coupled to an adjuvant.  (B) means that antibodies produced against the synthetic peptides do not always bind to the true Plasmodium proteins that the synthetic peptides are supposed to resemble.
• Paragraph #2: Immunogenic means "immunity-producing."
• Paragraph #3:  Question #1 for lab notebook:  What is MSP-3 and why was it chosen for this study?
Methods

This section is dense with details that may not be meaningful to you.  Just do your best not to get too bogged down. Note that several procedures include "blocking" steps with milk powder or bovine serum albumen (BSA).  The basic goal is to prevent nonspecific binding of antibodies by first introducing another protein sample that will "stick" in all of the spots that attract proteins in general so that the antibodies don't get stuck there.  Below are short summaries of each subsection.
• Animal studies:  Animals were treated humanely.

• Mouse immunogenicity studies, Rabbit immunogenicity studies:  Animals were given a flu vaccine, then the malaria vaccine three weeks later.
• Enzyme-linked immunosorbent assay (ELISA):  Animals' blood was tested for antibodies against the peptide antigen.  Also notice the introduction of the abbreviation IgG, standing for immunoglobulin G.  IgG is simply a class of antibody – the class in which we are interested at present.
• NH4SCN elution ELISA:  This measures the strength of antigen-antibody binding.  The higher the [NH4SCN] needed to separate them, the stronger the binding must be.
• Generation of anti-FB-12 monoclonal antibodies (mAbs):  Monoclonal antibodies are antibodies that are all identical because they all come from genetically identical cells (clones).  Once collected, they can be used to detect the antigen against which they were made (FB-12, in this case).
• Indirect immunofluorescence assay (IFA):  IFA detects antibody binding, like ELISA, but fluorescent tags and microscopy are used to see where in or on cells binding occurs. 
• Sodium dedecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting:  Parasite cells were broken open and their proteins were separated by size on a gel.  Then the presence of antibody-antigen complexes was detected with antibodies (in the form of monoclonal antibodies or immune serum) against the antigen.
• In vitro growth inhibition assays:  The researchers tested the ability of the monoclonal antibodies (mAbs) to disrupt parasite growth.

Results

• Design and synthesis of peptide-PE conjugates:  The peptide fragment of MSP-3 was attached to phosphatidylethanolamine (PE), which was used to anchor it to the virosomes.
• Immunogenicity of virosomal formulations of MSP-3-derived synthetic peptide-PE conjugates in mice:  

Question #2 for lab notebook:  What does Figure 2 show, and how did the experiments of Fig. 2A differ from those of Fig. 2B?

• Generation and characterization of anti-FB-12 mAbs:  Question #3 for lab notebook:  Based on the data in Table 1, which mAb(s) seem(s) best to you?  Explain.
• Immunogenicity of peptide FB-12 in rabbits:  Question #4 for lab notebook:  The X axes of Figure 4 refer to the extent to which the rabbit serum was diluted prior to the assay.  Why were the data plotted in this way?  

• Immunogenicity of a virosomal formulation of a FB-12 produced according to the rules of GMP:  Question #5 for lab notebook:  What is shown by Figure 5F?  Refer back to the methods subsection "NH4SCN elution ELISA" as needed. Note that avidity is a synonym for affinity; the distinction between the two is not important for our purposes.
Discussion
• Paragraph #4 says, "These experiments have shown that influenza pre-immunity enhances immune responses against the malaria antigen."  Question #6 for lab notebook:  Which figure(s) and/or table(s) show this?  How?
• Paragraph #8 says, "IFA titers in mice and rabbits closely followed ELISA titers, indicating a close relationship between FB-12 and the natural conformation of MSP-3."  Question #7 for lab notebook: What does this mean, and why is it important?
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