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Introduction
Current HPV L1 virus-like particle (VLP) based vaccines are both type-specific and expensive. Plant expression provides a viable alternative production system for such vaccines, as
they allow for large-scale and cost effective vaccine production. The L2 minor capsid protein has been found to elicit cross-neutralizing antibodies against several HPV types, as it has
highly conserved regions. The L2 amino acid 1-120 region has a few areas within it that are broadly neutralising. Recombinant vectors have therefore been used to express a
conserved region of L2 in an L1 surface loop generating chimaeric particles.

Objective
To express conserved regions of L2 in HPV-16 L1 subunit surface loops, in order to generate chimaeric virus-like particles (cVLPs). The conserved HPV-16 L2 amino acid regions 17-36,
56-81 and 108-120 were each substituted into two HPV-16 L1 surface loops, at amino acid positions 131 (SAC) and 431 (SAE) and cloned into four plant expression vectors: pTRAc,
pTRAkc-rbcs1-cTP, pRIC3 and pEAQ-HT.

Methods
Chimaera construction

Figure 1: Substitution of HPV-16 L2 amino acids into HPV-16 L1 at positions 131 (SAC) and 431 (SAE) to generate chimaeras. The
L1/L2 chimaeras were cloned into four plant expression vectors: pTRAc, a cytoplasmic expression vector; pTRAkc-rbcs1-cTP, a
chloroplast targeting expression vector; pRIC3, a self-replicating geminiviral vector; and pEAQ-HT, a hypertranslational expression
system that increases protein expression without the need for viral replication.

Optimisation of expression
Recombinant Agrobacterium tumefaciens was used to infiltrate N. benthamiana plants and protein
expression was optimised by varying the Agrobacterium concentration and conducting time trials.

VLP formation and cellular localisation
VLP formation and cellular localisation of the chimaeras was visualised using in situ immunogold
labelling and transmission electron microscopy.
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Results
L1/L2 chimaera expression optimisation
Best expression for all chimaeras was determined by western blotting to occur at 3 or 5 days post
infiltration (dpi) at an Agrobacterium infiltration density (OD600) of 0.5 or 1.0.

Figure 2: Examples of time trials of L1/L2 chimaera expression. Red text indicates best day and OD of expression. M, prestained
ladder; +, pTRAc hL1 protein; -, plant infiltrated with infiltration media only. L1/L2 protein band expected at 56 kDa.
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Discussion and Future work
The L2 N-terminal region of amino acids 1-120 is highly conserved and has surface-exposed
epitopes that have been found to induce the production of cross-neutralising antibodies against a
broad range of papillomavirus types. L2 however is not displayed on the surface of mature
capsids and is subdominant to L1. The substitution of L2 epitopes into L1 exposed surface loops
can overcome these limitations.

The formation of VLPs is favoured to capsomeres as VLPs have been shown to elicit a stronger
immune response. Chloroplast localisation has previously been shown to accumulate higher
levels of L1 protein than cytoplasmic localisation. Therefore optimisation of protein expression,
quantitation and structural integrity of each chimaera will be necessary to determine which
chimaeras to move forward with.

High expression levels of the chimaeras in plants, coupled with VLP formation could lead to the
development of a second generation vaccine that is cheaper to produce and most importantly,
elicits cross neutralising immunity against several HPV types that will be tested in pseudovirion
neutralisation assays.
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Structural integrity of cVLPs and confirmation of cellular localisation
Crude extracts of chimaeras showed capsomeres, VLPs or aggregates.

Figure 3a: Transmission electron micrographs of crude plant extracts stained with 2% uranyl acetate.

Targeting of cVLPs to the chloroplast (pTRAKc-rbcs1-cTP) or cytoplasm was confirmed by in situ
electron microscopy of plants sections.

Figure 3b: Transmission electron micrographs of immunogold labelled plant sections, stained with 2% uranyl acetate and lead
citrate. Red arrow shows gold beads – 10 nm in diameter.
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