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VLPs are Flexible Platforms for Vaccines

VLPs make excellent platforms for increasing the immunogenicity of
diverse target antigens (derived from pathogens, chemicals of abuse, and
even self-antigens).

However, one limitation of using the VLP approach is that there often is
difficulty in both identifying relevant target epitopes and then presenting
them to the immune system in a context that mimics their native
conformation. This is particularly true for 1) structures that are hard to
mimic using peptides, and 2) epitopes that are poorly immunogenic in the
context of a larger protein.

Major Questions:

Adow do we identify the important antigenic epitopes?

Adow do we present these epitopes to the immune system in a highly
Immunogenic format?

Our ideais to create a new VLP-based platform that will facilitate this
process, serving both for epitope affinity-selection and as an
iImmunogen.



PHAGE DISPLAY: A method to identify epitopes by affinity selection.

Phage Display (invented about 1985) is a method that allows
the selection of peptides from a complex random-sequence

population that have some arbitrarily chosen binding function. Construct phage
M13 is a filamentous phage with a circular DNA genome inside recombinants with a library

a long, skinny, helical capsid. Peptides can be genetically of all possible hexapeptides
fused to a phage structural protein so that each recombinant M13 genome fused to the gene for a viral
phage displays a different peptide on the surface of a particle structural protein

that also contains the DNA encoding the peptide.
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INADEQUACY OF FILAMENTOUS PHAGE DISPLAY FOR VACCINE DEVELOPMENT - The affinity selection capability of
filamentous phage display is really good at epitope identification, but the peptides they display are poorly immunogenic (not dense
repetitive arrays). Further, peptides identified by filamentous phage display frequently lose the desired activity when displayed in
other structural contexts. NEEDED: a vaccine platform that enables affinity selection on a highly immunogenic platform.
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Desirable features of a VLP phage display platform.

A Peptides should be displayed as dense repetitive
arrays on the surface of VLPs, ensuring high
Immunogenicity.

A Since VLP-display requires fusion to a viral
structural protein, insertion of the peptide must not
interfere with correct protein folding and VLP
assembly.

A The VLP should encapsidate the nucleic acid that
encodes its synthesis, thus enabling the recovery of
affinity-selected sequences from complex random
seguence or antigen fragment libraries.

The overall goal is to integrate into a single

structural platform the high immunogenicity of VLPs
with the affinity-selection capability of phage display.




The goal of this work is to create an analogue of phage
display that can be conducted on MS2 VLPs, thus creating a

single, integrated platform for epitope identification and
Immunogen presentation.

This would enable identification and production of vaccine
candidates by the following approaches:

1. Rational Design - engineered display of peptide epitopes
already identified by other means.

2. lrrational Design - selection from highly complex random
sequence peptide libraries of peptides having affinity for any
selecting agent (e.g. a mAb).

3. Semi-rational Design - optimization of the properties of a
peptide epitope by mutation of its amino acid sequence, or by
randomization of its flanking sequences, followed by affinity
selection.



An Integrated Platform for Epitope Identification and Immunogenic Display

Bacteriophage MS2

AConsists of an icosahedral capsid containing a short ssSRNA genome.

AA single structural protein, coat protein, that forms a homodimer.

A/LPs can be generated by overexpression of coat protein in E. Coli.

A/LPs consist of 90 dimers, arranged with T=3 symmetry, with a diameter of 27nm.

ACoat Protein dimers also function by interacting with an RNA hairpin structure on the
viral genome, repressing translation of the downstream replicase.



How do we display antigens
on VLPs in a highly
Immunogenic format?

The AB surface loops (the gold balls) on the
coat protein dimer represent a good target
for engineering surface display.




Display of foreign peptides on
MS2 VLPs by genetic fusion to

coat protein expressed from a
plasmid.
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Assays for functional coat protein:
1) Translational repression
Does recombinant coat protein repress translation of a reporter
(LacZ) cloned downstream from the translational operator?
2) Capsid formation
As assessed by agarose gel electrophoresis

VLP with
foreign

peptide on
surface







