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Introduction

Many plant viruses, and the protein products which they
encode, accumulate rapidly and to very high levels fol-
lowing infection of host plants. The speed with which
virus infections become established throughour a plant,
and the high yield of virus-encoded proteins, makes
virus-based vector systems an attractive and cost-effective
route for the over-production of valuable proteins.

We have shown recently that potato virus X (PVX;
Figure 1la), a filamentous plant virus, can be used as a

veeror for the production of foreign proteins in plants.

PVX is a single-stranded positive-sense RNA virus that
infects over 200 plant species. The virus particle com-
prises a helical array of identical coat protein (CP) sub-
units wound around the viral nucleic acid. For wild-type
virus, approximately 1300 CP subunits are incorporated
into each virus particle. Electron microscopic analysis of
PVX-infected tissues reveals the presence of organised,
crystal-like aggregates of virus particles occupying a large
proportion of the cytoplasm in infected cells. These
structures are important in allowing high level accumula-
tion of the virus away from cellular proteases which
might otherwise degrade them.

The Experiment

In our novel experimental system we first fused the green
fluorescent protein (GFP) from the jellyfish Agueorea
victoria via its C-terminus to the N-terminus of the PVX
coat protein using the 2A ‘protease’ from foot-and-
mouth disease virus (FMDV) as a linker between the
passenger (‘OVERCOAT™") protein and the PVX CP
{Figure 1b).

Fusion of GFP to the viral coat protein affected neither
the ability of the virus to replicate, nor to move systemi-
cally throughout the plant. Inoculaton of plants with
the modified virus ( PYX.GEFP-CP; Figure 1b) led to
complete infection of both inoculated and systemic
leaves (Figure 2).
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Figure 1a Genetic map of potato virus X. b GFP- CP
potato virus X vector carrying the GFP- coar protein fusion,

Figure 2 Virus-infected plant egpres'éing GFP visible
under UV lighe.



Fz‘rure 5 OVERCOAT™ virions (left panel) are over twice
the diameter of normal PVX (right panel)

Under the confocal microscope, the fluorescent virus was

aggregated into organised, paracrystalline arrays (viro-
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The Advantages

The OVERCOAT™ strategy has a number of artractive
advantages over conventional approaches for the produc-
tion of novel proteins.

* PVX has a broad host range allowing a choice of local

or edible plants for the production of unique proteins.

¢ PVX accumulates to high levels in infected plants
{OVERCOAT™ protein levels can exceed 20% of total
soluble leaf protein) and yields of virus particles can
exceed 1-2 grams per kilogram fresh (wet) weight of
plant tissue.

e Purification of the foreign OVERCOAT™ protein from
infected plant sap can be achieved simply through
selective precipitation and low speed centrifugation of
the carrier virus. The OVERCOAT™ protein could then

be cleaved and separated from the virus, if desired.

° Because PVX is a filamentous rod there is no a2 prior
constraint on the length of the modified RNA genome
to be encapsidated. thus large OVERCOAT™ gene
sequences can be inserted.

* PVX virus particles are stable over a wide pH range,
resistant to a variety of chemical treatments and offer
the possibility of extensive surface presentation of large

discontinuous epitopes for use as multivalent vaccines.
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Figurc 6 Genome organisation of PVX.GFP-CP and
some OVERCOAT™ - coar protein fusion vecrors.

= Engineering of the FMDV 2A protease allows the ratio
of fused (OVERCOAT™) to unfused (CP) protein pro-
duced during virus infection to be controlled. We
have shown that a mixed pool of large OVERCOAT™
fusion protein and free CP is a prerequisite for the suc-
cessful assembly of virus particles.  Virus particle for-
marion from fusion protein alone is hindered by steric
effeces. Thus OVERCOAT™ proteins so far up ro
32,000 daltons can be fused to 50% of the PVX CP
(25,000 daltons) subunits in a single virus particle.

e So far, four unrelated OVERCOAT™ proteins (Figure 6)
and two antigenic OVERCOAT™ peptide constructs
have proved genetically and structurally stable in chis
unique PVX vector system, through successive infec
tion cycles on host plants.
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