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MODIFIED PLANT VIRUSES AS VECTORS OF HETEROLOGOUS PEPTIDES

This invention relates to the use of viruses as carriers (vectors) for the production or presentation
of foreign peptides. More particularly, the invention relates to the genetic manipulation of viral
nucleic acid by incorporation of foreign nucleic acid sequences which are expressed as peptides
in the virus particle (virion). In this specification the term "foreign", as applied to a peptide or to
the nucleic acid encoding therefor, signifies peptide or nucleic acid sequences which are not
native to the plant virus used as a vector. Such sequences can be alternatively described as
exogenous or heterologous sequences. The term "peptide" includes small peptides and

polypeptides.

Our patent application WO 92/18618 describes the utilisation of plant viruses as vector systems
for the expression of foreign nucleotide sequences, je nucleotide sequences (RNA or DNA) which
are not present in plant viruses, as found in Nature, and which in consequence code for peptides
not normally found in any naturally occurring plant virus. The invention described therein
comprises assembied particles of a plant virus contaihing a foreign peptide. The plant viruSes
of the invention are therefore modified forms of the native viruses and for convenience will be

referred to as modified viruses.

The foreign peptides which may be incorporated into plant viruses according to our prior
application W0O92/18618 may be of highly diverse types and are subject only to the limitation that
the nature and size of the foreign peptide and the site at which it is placed in or on the virus
particle do not interfere with the capacity of the modified virus to assemble when cultured in vitro
or in vivo. In broad concept, modified viruses may be formed from any biologically useful

peptides (usually polypeptides) the function of which requires a particular conformation for its

activity. This may be achieved by association of the peptide with a larger molecule eg to improve
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its stability or mode of presentation in a particular biological system. Examples of such peptides
are peptide hormones; enzymes; growth factors; antigens of protozoal, viral, bacterial, fungal or
animal ongin; antibodies including anti-idiotypic antibodies; immunoregulators and cytokines, eg
interferons and interleukins; receptors; adhesins; and parts of precursors of any of the foregoing

types of peptide. The peptide preferably contains more than 5 amino acids.

- Among the broad range of bioactive peptide sequences presented on plant virus vectors in
accordance with our prior invention special importance attaches to the antigenic peptides which
are the basis of vaccines, particularly animal (including human) virus vaccines. it should be
noted that in the context of our prior invention vaccines may have prophylactic (ie disease
prevention) or therapeutic (ie disease treatment) applications. For vaccine applications our prior
invention provides an especially attractive epitope presentation system. When used for such
applications the antigenic peptide component will be sited appropriately on the virus particle so
as to be easily recognised by the immune system, for example by location on an exposed part
of the coat protein of the virus. As applied to the latter, therefore, our prior invention comprises
assembled particles of a modified plant virus containing an antigen derived from a pathogen, eg
an animal virus, incorporated in an exposed position on the surface of the coat protein of the
plant virus. This invention also comprises the use of such assembled modified plant virus
particles as the immunogenic component of a vaccine. Such assembled modified plant virus
particles presenting antigenic peptides also have applications as the antigen presentation

component of an immunodiagnostic assay for detection of eg animal (including human)

pathogens and diseases.

The system described in our prior application is highly versatile in regard to the size of the foreign
peptide which may be inserted into the viral coat protein. Thus peptides containing up to 38 or

more amino acids have been successfully inserted in the course of our continuing research.
However, the modified viruses so produced, being non-natural structures, are at a competitive

disadvantage with the unmodified virus (wild type) when propagated in plants. As a resuit, we

-0
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have observed a tendency in some modified viruses for the foreign peptide to be lost during

propagation with consequent reduction in yield of modified virus.

In accordance with the present invention, the causes of this problem have been identified and

the steps necessary to avoid it have been determined.

Firstly, the process used for modifying the plant viral nucleic acid by introducing a nucleotide
sequence coding for a foreign peptide should avoid the presence of direct sequence repeats
flanking the insert. In the context of the present invention a construct containing a direct
sequence repeat is one in which an identical oligonucleotide sequence is present on both sides

of the inserted nucleotide. Such constructs can be genetically unstable because recombination
can occur between the seqUence repeats leading to loss of the foreign peptide coding sequence
and reversion to the wild type sequence. Secondly, where the foreign oligonucleotide sequence
is inserted into the plant virus genome as a substitution for part of the existing sequence, the
resultant modified viral coat protein may be missing in an amino acid sequence which is
important for virus replication, encapsidation and spread in the plant. This defect may be readily
determined and avoided. Thirdly, the heterologous sequence should not be inserted at a sub-

optimal site.

The present invention comprises assembled particles of a plant virus containing a foreign peptide
in which the corresponding foreign nucleic acid has been inserted into the plant virus genome
in the absence of direct sequence repeats flanking the insert and preferably as an addition to the

existing nucleic acid.

In a preferred embodiment the plant virus is cowpea mosaic virus (CPMV) and the foreign insert

is made immediately preceding the proline 23 (Pro®) residue in the BB-BC loop of the small

capsid protein (VP23).
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The invention can be applied to any plant virus by identifying that part of the virus genome which
encodes an exposed portion of a coat protein. Within this part of the genome two difterent
restriction enzyme sites are chosen and the nucleic acid cleaved using the appropriate restriction
enzymes. Pairs of complementary oligonucleotides are synthesised encoding the foreign peptide
which it is desired to insert into the virus coat protein. The oligonucleotides terminate in ends
which are compatible with the restriction enzyme sites thus allowing insertion into the cleaved
virus nucleic acid. This procedure results in the introduction of a nucleotide sequence coding
for a foreign peptide whilst avoiding the presence of direct sequence repeats flanking the insert.
Preferably complementary oligonucleotides are synthesised in which the sequence encoding the

heterologous amino acids are flanked by plant virus-specific sequences so that the foreign

nucleic acid is inserted as an addition to the existing nucleic acid.

In a prefe'rred embodiment the three dimensional structure of a plant virus is examined in order
to identify portions of a coat protein which are particularly exposed on the virus surface and are
therefore potentially optimum sites for insertion. In a further embodiment the amino acid
sequence of the exposed portions of a coat protein is examined for amino acids which break a-
helical structures because these are potentially optimum sites for insertion. Examples of suitable
amino acids are proline and hydroxyproline, both of which whenever they occur in a polypeptide

chain interrupt the a helix and create a rigid kink or bend in the structure.

To demonstrate this system, the plant virus cowpea mosaic comovirus (CPMV) was chosen.
The three-dimensional structure of CPMV has been solved at atomic resolution which has

enabled identification of sites suitable for modification without disruption of the particle structure.

CPMYV is a bipartite RNA virus and in order to manipuiate the genome of any RNA virus to
express foreign peptides it is necessary to use cDNA clones of the RNA. Full length cDNA
clones of both CPMV RNA molecules are available which can be manipulated to insert

oligonucleotide sequences encoding a foreign peptide. cDNA clones of the genome from plant

-4 -
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RNA viruses can be used to generate in vitro transcripts that are infectious when inoculated onto
plants. However, the infectivity of the transcripts is significantly lower than that of natural virion
RNAs, probably as a result of the presence of non-viral residues at the termini of the transcripts.
Difficulties may also be caused by exposure of the transcripts to degradative agents during
inoculation. For this reason the transcripts are usually stabilised by capping their 5' ends, but this

is an inefficient, costly and time-consuming process.

In a further aspect of the present invention, cDNA clones of CPMV RNAs M and B have beeh
constructed, in which the ¢cDNA clone of the M BNA contains an inserted oligohucleotide
seqguence encoding a foreign peptide, which make use of the cauliflower mosaic virus (CaMV)
35S promoter sequence linked to the 5' ends of the viral cDNAs to generate infectious transcripts
in the plant. This technique overcomes some of the problems encountered with the use of

transcripts generated in vitro and is applicable to all plant RNA viruses.

To demonstrate the wide applicability of this invention, antigenic peptides irom four different
animal viruses, one bacterial pathogen of animals and a mammalian peptide hormone were
used. Two of the viruses belong to the picornavirus group of animal viruses - foot and mouth
disease virus (FMDV) and human rhinovirus (HRV). There are several important pathogens In
this group, particularly, FMDV, poliomyelitis (polio) and hepatitis A. The third virus selected is
human immune deficiency virus (HIV) which bears no similarity to any known plant virus, and for
which no successtul vaccines are currently available. The bacterial pathogen is Staphylococcus
aureus, a causitive agent of several animals diseases including mastitis in cows. The peptide

hormone is porcine gonadotrophin releasing hormone.
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In one aspect, the invention provides assembled

particles of a plant virus containing a foreign peptide
insert as an addition at a nom-terminal site in the coat
protein of the virus, the site of the insert in the coat

protein corresponding to a site 1n the plant virus genome

which 1s free from direct nucleotide sequence repeats

flanking the insert and wherein the coat protein of the

virus has a P-barrel structure and the site of the insertion

of the foreign peptide 1s in a loop connecting PB-sheets of

the plant virus.

In another aspect, the invention provides a
vaccine for protection against human or animal pathogens
comprising assembled plant virus particles as described

above.

In another aspect, the invention provides an
animal virus vacclne comprising virus particles as described

above.

In another aspect, the invention provides a method
of producing plant virus particles as described apove, which
comprises i1ntroducing a nucleotide sequence coding for a
foreign peptide to modify the plant viral nucleic acid which

codes for the coat protein in such a way as to avoid the

production of direct sequence repeats flanking the
introduced sequence, 1infecting plants, plant tissue, plant
cells, or protoplast with the modified wviral nucleic acid,

and harvesting assembled particles of the modified virus.

In another aspect, the invention provides a

fragment of CPMV coat protein cDNA containing a DNA sequence
encodling a foreign peptide at a site corresponding to an
exposed surtface of the coat protein, the site being free

from direct sequence repeats flanking the DNA insert.

5a
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In another aspect, the invention provides a vector

containing a fragment as described above.

In another aspect, the i1nvention provides a vector

comprising a full length cDNA of CPMV M RNA containing a DNA
insert encoding a foreign peptide at a site corresponding to

an exposed surface of the coat protein of CPMV, the site

being free from direct sequence repeats flanking the DNA

insert.

In another aspect, the i1nvention provides an RNA

transcript of a fragment or vector as described above.

In another aspect, the invention provides use of
virus particles as described above or a vaccine as described

above for protecting an animal against pathogens.

In another aspect, the invention provides use of
virus particles as described above in the preparation of a

medicament for protecting an animal against pathogens.

The invention will now be further described with

reference to the following accompanying drawings:

ob
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Figure 1 depicts the region of CPMV M RNA which encodes the amino-terminal 40 amino acids

of VP23. The numbers below the nucleotide sequence refer to the M RNA sequence and the

position of the unique Nhet site is indicated. The amino acids involved In forming the BB and

BC strands of VP23 are indicated above the amino acid sequence of the protein which is shown

using the standard one-letter code.

Figure 2 depicts (A) the sequencé of the oligonucleotides used in the construction of pFMDV

together with the amino acid sequence encoded by the top (positive) strand, which corresponds
to amino acid residues 136-160 from VP1 of FMDV serotype O,, and (B) the structure of VP23

after insertion of the FMDV-specific oligonucleotides. The arrowed region indicates the extent

of the inserted FMDV epitope. The Nhel site not restored during the cloning is indicated by

xNhe1. The diagnostic Bglll site present in the inserted sequence is also indicated.

Figure 3 depicts the effect of insertion of the FMDV-specific oligonucleotides, encoding amino
acid residues 136-160 from VP1 of FMDV serotype O, , on the structure of VP23 in
- pMT7-FMDV-IL. The amino acids involved in forming the B and BC strands of VP23 are indicated

above the amino acid sequence of the protein which is shown using the standard one-letter code.

Figure 4 depicts the construction of a "substitution" vector by site-directed mutagenesis. The
asterisk indicates the T residue that is changed to a C by site-directed mutagenesis, thereby

creating a novel Aatll site.

Figure 5 depicts (A) the nucleotide sequence of the oligonucleotides used in the construction of

pMT7-HIV together with the amino acid sequence encoded by the top (positive) strand, which
corresponds to amino acid residues 735-752 from gp41 of HIV1, and (B) the structure of VP23
after insertion of the HIV-specific oligonuclieotides. The arrowed region indicates the extent of

the inserted HIV epitope. The diagnostic Pvul site present in the inserted sequence Is also

indicated.
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Figure 6 depicts (A) the nucleotide sequence of the oligonucleotides used in the construction of

pMT7-HRV together with the amino acid sequence encoded by the top (positive) strand which
corresponds to amino acid residues 85-99 from VP1 of HRV-14, and (B) the sequence of VP23
after insertion of the HRV-specific oligonucieotides. The arrowed region indicates the extent of

the inserted HRV epitope. The diagnostic Clal site present in the inserted sequence is also

indicated.

Figure 7 depicts the effect of insertion of the FMDV-specific oligonucleotides, (depicted in bold

type) encoding amino acid residues 141-160 from VP1 of FMDV serotype O,, on the sequence

of VP23 in pMT7-FMDV-II.

Figure 8: Sequence of the oligonucleotides used to construct pMT7-FMDV-V, pMT7-HRV-Il and

pMT7-HIV-Ill. All oligonucleotides used terminated in the sequences shown in bold at the top
of the diagram. The variable portions used for the construction of pMT7-FMDV-V (FMDV-V),
pMT7-HRV-ll (HRV-Il) and pMT7-HIV-IlI (HIV-lll) are shown below. The amino acid sequences
encoded by the plus-sense oligonucleotides are indicated above the nucieotide sequence and
correspond as follows: FMDV-V, amino acids 141-160 from VP1 of FMDYV serotype O,; HRV-II

amino acids 85-98 from VP1 of HRV-14; HIV-lll, amino acids 731-752 from gp41 of HIV-I.

Figure 9: Neutralization of HIV-1 llIB by sera from individual C57/BL6 mice given two sub-

cutaneous injections of the CPMV-HIV-I chimaera expressing amino acids 731-752 of gp41 on
its surface (open bars). Mice were bled after 14 days. Also shown is the mean serum

neutralization titre of a parallel group of mice inoculated with wild type CPMV (solid bars). All

immunogens were formulated in alum adjuvant.
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Modificati MV

Methods for manipulating the genome of the virus in order to make insertions into the coat
protein of CPMV are described in WO 92/18618. A full length cDNA clone of CPMV M RNA in
the transcription vector pPMI is available (pPMM2902), as is a full length cDNA clone of CPMV
B RNA (pBT7-123). A mixture of transcripts from pPMM2902 and pBT7-123 gives rise to a full

virus infection when electroporated into cowpea protoplasts.

We have selected the BB-BC loop in VP23 for the insertion of foreign peptide. This loop is clearly
exposed on the surface of the viral particle and computer modelling has shown that even large
loops inserted at this site are unlikely to interfere with the interaction between adjacent subunits

responsible for capsid structure and stability. This loop has a unique Nhe1 site at position 2708

of the M RNA-specific sequence where foreign sequences may be inserted (see Figure 1).

The principal antigenic sites of the picornavirus foot and mouth disease (FMDV) and human
rhinovirus (HRV), and the lentiretrovirus human immune deficiency virus (HIV) were used to

illustrate the use of modified plant viruses in the production of vaccines to animal viruses.

The design and construction of pFMDV, a full length cDNA clone of CPMV M RNA containing a
DNA insert coding for a segment of FMDV loop protein, is described in WO 92/18618. An

oligonucleotide sequence encoding amino acid residues 136-160 from VP1 of FMDV serotype

O,, strain BFS 1860 was inserted into the unique Nhel site of pPMM2902 as an addition to the

existing nucleic acid. The procedure used resulted in the creation of a direct repeat sequence
flanking the insert (see Figure 2B). The properties of pFMDV transcripts are described in WO
92/18618. Infection of cowpea protoplasts with a mixture of pFMDV and pBT7-123 transcripts

leads to multiplication and assembly of modified virus particles.

However, to produce modified plant viruses on a large scale it is necessary to prepare a

-8 -
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construct which can be inoculated directly onto whole plants, and which will replicate and
assemble into virus particles as in the protoplast system. Therefore pPMM2902 was modified
such that RNA synthesis is driven by a more efficient promoter and the modified plasmid
transcribed under conditions that result in the transcripts having a "cap" structure at their &'

ends. The steps in the modification of pPMM2902 to produce pMT7-601 are described in detalil

in WO 92/18618. A mixture of capped pMT7-601 and pBT7-123 transcripts was found to be

infectious to intact cowpea plants.

The design and construction of pMT7-FMDV-|, starting from pMT7-601 and pFMDV, are
described in WO 92/18618. An oligonucleotide sequence encoding amino acid residues 136-160

from VP1 of FMDV serotype O,, was inserted into the unique Nhe1l site of pMT7-601 as an

addition to the existing nucleic acid. The procedure used resulted in the creation of a direct
repeat séquence flanking the insert (see Figure 3). The properties of pMT7-FMDV-| transcripts
are described in detail in Usha et a/ [Virology (1993) 197, 366-374]. Plants inoculated with a
mixture of pMT7-FMDV-| and pBT7-123 transcripts developed lesions on their inoculated leaves
which were smaller than those seen on the leaves of plants inoculated with wild type transcripts.
Immunosorbent electron microscopy on leaf homogenates from inoculated leaves of pMT7-
FMDV-I-infected plants confirmed the presence of CPMV-like virus particles. However, there

was no evidence of systemic spread of the chimaeric virus particies to uninoculated leaves.

We have since characterised the progeny of a pMT7-FMDV-| infection by reverse transcriptase-
polymerase chain reaction (RT-PCR) analysis of RNA extracted from ieaves inoculated with

pMT7-FMDV-l. The analysis revealed the presence of two products, the major one

corresponding to the expected product of approximately 580bp and a minor one of 500bp. The
latter product comigrated with the product synthesised from RNA extracted from a plant infected
with wild-type CPMV. When the PCR products were cloned into bacteriophage M13 and the
sequence around the site of insertion was determined, two classes of clones could be found:

those which retained the entire FMDV-specific sequence (the majority) and those which

-9-
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contained a sequence corresponding exactly to wild-type CPMV (the minority). These results
indicate that reversion to the wild-type sequence occurs in the transcript-inoculated leaves by an

apparently single-step process.

When RNA extracted from a pMT7-FMDV-| transcript-inoculated leaf was passaged on to
uninfected cowpeas, the plants developed symptoms on their inoculated leaves which consisted
of a mixture of small lesions characteristic of a pMT7-FMDV-| infection and larger wild-type
CPMV lesions. In addition, the upper leaves developed mosaic syfnptoms characteristic of a
wild-type CPMV infection. RT-PCR analysis of RNA extracted from the inoculated leaves of such
plants again yielded two products but in this case the dominant one corresponded to that derived
from wild-type M RNA. Analysis of clones derived from the dominant mixture of PCR products
‘again revealed the same two classes of sequence found previously. However, in this case the
majority of clones represented the wild-type sequence. These results indicate that not only does
pMT7-FMDV-I tend to lose the entire FMDV-specific sequence in a single step process, probably
as a result of the presence of direét repeats flanking the insert but also that wild-type progeny

virus has a significant advantage over the chimaeric virus.

In order to avoid the creation of a direct repeat sequence flanking the insert, a second restriction
enzyme cutting site was created in the nucleotide sequence of the region of the CPMV genome

encoding VP23. A single silent base change (U to C) at position 2740 of the M RNA creates a

unique Aatll site at amino acid valine 27 (position 2735 of the nucleotide sequence). This was
achieved by site-directed mutagenesis of M13-JR-1 using methods described in WO 92/18618
(see Figure 4). The creation of the Aatll site enables the nucleotide sequence encoding the six
amino acids from the native BB-BC loop in CPMV to be removed by digestion with Nhel and Aafil.

The sequence can then be replaced by any seque'nce with Nhel- and Aatll-compatible ends.

-10 -
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oMT7-FMDV-Il, pMT7-HIV and pMT7-HRV

Construction o

Three different sequences were designed to be substituted for the sequence between the Nhel

and Aatll sites of the mutated M RNA sequence. In all three cases the foreign sequences
substituted for wild-type sequences encoding six amino acids. The first sequence to be
substituted into VP23 consisted of oligonucleotidés encoding residues 735-752 from the
transmembrane glycoprotein gp41 from human immunodeficiency virus (HIV-1). This sequence
was selected because a synthetic peptide for this region is recognised in enzyme-linked
immunosorbent assays (ELISA) by antisera from seropositive AIDS patients and is capable of
inducing antibodies which neutralise a range of HIV-1 isolates. The second sequence consists
of the nucleotide sequence encoding residues 85-99 from VP1 of human rhinovirus 14 (HRV-14).

In both cases, the oligonucleotides were designed to contain restriction enzyme sites to facilitate

screening. The sequences of the oligonuclieotides and the effect of the substitutions on the
amino acid sequence of VP23 are shown in Figures 5 and 6. The methods used for the

construction of pMT7-HIV and pMT7-HRYV are given in WO 92/18618.

The third sequence consisted of nucleotides encoding residues 141-160 from VP1 of FMDV
serotype O,. The effect of the substitution on the amino acid sequence of VP23 is shown in

Figure 7. The method used for the construction of pMT7-FMDV-IIl is given in Usha et al/ (1993).

The properties of pMT7-HIV and pMT7-FMDV-I|| transcripts are described in WO 92/18618 and
Usha et al (1993) respectively. pMT7-HIV transcripts, when mixed with pBT7-123 transcripts
can replicate in cowpea protoplasts and the resultant modified coat protein can assemble into
chimaeric virus particles. Similarly, pMT7-FMDV-ll transcripts can replicate in cowpea
protoplasts but progeny RNA accumulated at a considerably lower level than that from pMT7-
FMDV-I, or from pMT7-601 which contains the wild-type VP23 sequence. No virus paricles
could be detected in protoplasts infected with pMT7-FMDV-Il. The ability of transcripts derived

from pMT7-FMDV-ll to multiply in whole cowpea plants was also studied by Usha et a/ (1993).

- 11 -
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No symptoms developed on inoculated plants and no progeny RNA could be detected in either
the inoculated or the upper leaves. The reduced infectivity of pMT7-FMDV-II may be attributed
to the resultant chimaeric virus particles lacking an amino acid sequence which is present in the
wild type virus, and in chimaeric virus produced from pMT7-FMDV-i infections, and Is important

for virus replication and spread in the plant.

Example 1
ynstruction of pMT7-FMDV-V, pMT7-HRV-Il and pMT7-HIV-ill

The small lesion phenotype of pMT7-FMDV-I and its competitive disadvantage in comparison
with wild-type CPMV, suggest that the heterologous sequence may have been inserted at a sub-
optimal site. Detailed examination of the 3-D structure of CPMV revealed that proline 23 (Pro®),
which lies in the centre of the BB-BC loop of the S protein, is particularly exposed on the virus
surface and is potentially the optimum site for any insertion. To make use of this fact and to
prevent the introduction of repeated sequences which may facilitate reversion, pairs of
complementary oligonucleotides were synthesised in which the sequence encoding the
heterologous amino acids are flanked by sequences present in wild type CPMV such that the

insert is made immediately preceeding Pro*. The oligonucleotides terminate in Nhel and Aatil-
compatible ends enabling them to be inserted between the Nhel and Aafil sites of either pMT7/-
FMDV-II (Usha et al, 1993) or its derivative_pMT?-FMDV-ll Aatll in place of the original FMDV-
specific insert. Such a strategy not only ensures that the heterologous sequences are inserted
at the optimal site and that the inserts are not flanked by direct repeats but also ensures that no
CPMV-specific sequences are deleted, a fact believed to be important in enabling virus particles
to assemble (Usha et al, 1993). The sequences inserted in this manner consisted of residues
141-160 of VP1 of FMDV serotype O, (a slightly shorter version of the epitope in pMT7-FMDV-1),

residues 85-98 of VP1 of HRV-14 which make up the immunodominant site, Nim-IA [Sherry et

al, J. Virology, (1986) 57, 246-257], and an epitope comprising residues 731-752 from gp41 of
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HIV-1, the so-called "Kennedy epitope” [Kennedy et al, Science, (1986) 231, 1556-1559]. The
sequence of the oligonucleotides used in the constructions Is shown in Figure 8. The resulting

constructs were designated pMT7-FMDV-V, pMT7-HRV-ll and pMT7-HIV-lil, respectively.

The construction and properties of plasmids pBT17-123, pMT7-FMDV-| and pMT7-FMDV-Il have

been described previously (Usha et al, 1993). These constructs and their derivatives were
propagated in E£scherichia coli strain JM83. Oligonucleotides were synthesised on a Pharmacia

Gene Assembler Plus synthesiser. Sequence analysis was performed by "dideoxy” method using

either E. coli DNA polymerase | (Kienow fragment) or Sequenase™ version 2.0.

To construct pMT7-FMDV-V, pMT7-FMDV-ll was digested to completion with Nhel (which
cleaves at position 2708 of the M RNA sequence) and partially with Aafll which cuts once within
the M RNA sequence (position 2735) and once in the pUC-derived portion of the plasmid
(position 2617 on the pUC18 map). A pair of complementary oligonucl‘eotides encoding residues
141-159 from VP1 of FMDV serotype O, flanked by sequences encoding residues 18-22 and 23-
26 of the CPMV VP23 protein (Figure 8) were phosphorylated, annealed and ligated into

Nhel/Aatll-digested pMT7-FMDV-Il. Recombinants having the desired structure were identified

by restriction enzyme mapping and sequence analysis.

To construct pMT7-HRV-Il and pMT7-HIV-HlI, pMT7-FMDV-Il was initially partially digested with

Aatll and full-length linear molecules recovered after agarose gel electrophoresis. The linearised
plasmid was treated with E. coli DNA polymerase | (Klenow fragment) to remove the 3
overhangs left by Aafll, recircularised and transformed back into E. coli strain JM83. A
recombinant, designated pMT7-FMDV-Aatil, in which the Aatil site in the pUC portion of the
plasmid had been desfroyed but which retained the Aatll site in the M RNA specific portion was

identified by restriction enzyme analysis. Complementary oligonucieotides encoding residues 85-
88 from VP1 of HRV-14 or residues 731-752 of gp41 of HIV-|, flanked by the appropriate CPMV-

specific sequences were phospnorylated, annealed and ligated into Nheil/Aafli-digested pMT7-

*Trade-mark
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FMDV-Aatll giving rise to pMT7-HRV-Il and pMT7-HIV-Ill, respectively.

Example 2
Abilitv of pMT7-FMDV-V, pMT7-HRV-Il and pMT7-HIV-Ill to replicate in whole cowpea plants

When RNA was transcribed from the chimaeric plasmids, mixed with transcripts from pBT7-123
and inoculated on to cowpea plants, in each case the inoculated leaves developed chlorotic
lesions typical of a wild-type CPMV infection. RNA hybridisation analysis revealed the presence
of M RNA-specific sequences within these leaves. In all three casés the infection could be
mechanically transmitted to further healthy cowpea p]ants. In the case of pMT7-HRV-Il and
pMT7-HI-V-Ill the infection spread to the upper leaves of most of the infected plants giving a
typical systemic mosaic. However, the infection induced by pMT7-FMDV-V remained associated
exclusively with the inoculated leaves, no systemic symptoms being observed and no viral-

specific RNA being detected in the upper leaves of the plants.

When total RNA was extracted from leaves inoculated with pMT7-FMDV-V transcripts and
analysed by RT-PCR, only a single band corresponding in size to the product derived from RNA
retaining the insert was observed. Even after up to three serial passages, a similar result was
obtained. To confirm that the insert had been retained, the products derived from samples taken
from plants after initial inoculation and after three serial passages were cloned into bacteriophage
M13 and the nucleotide sequence of a representative number of clones determined. All the
clones in both instances contained the sequence corresponding to viral RNA which retained the
inserted sequence intact. These results indicate that reversion of pMT7-FMDV-V RNA had not
occurred at a detectable frequency. Analysis of RNA extracted from purified pMT7-HRV-ll and
pMT7-HIV-lll particles (see below) supported the conclusion that the new constructs are

genetically stable, no evidence of reversion being found after 10 serial passages.
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Virus particles could be prepared from leaf tissue infected with either pMT7-HRV-Ii or pMT7-HIV-
Il using the standard CPMV purification protocol [van Kammen and de Jager, (1978), Cowpea
mosaic virus. CMI/AAB Descriptions of Plant Viruses, 197], the yields obtained (1.2-1.5 mg of
virus per gram of fresh tissue) being similar to that obtained with wild-type CPMV. By contrast

no particles derived from pMT7-FMDV-V could be obtained using the standard procedure or a

number of variants of it. This failure was not due to the absence of particles within the infected
tissue since Iargé numbers of such particles could be seen by immunosorbent electron

MICroscopy (ISEM) of tissue homogenate using grids coated with anti-CPMV serum.

Example 3
Im vlogical properties of chimaeric virus particles derived from pMT7-HRV-ll and pMT7-

HIV-{il

To confirm that the purified pMT7-HRV-Il particles possessed the antigenic propérties of the
iInserted sequence, samples of the purified virions were subjected to western blot analysis using
a pblyclonal antiserum raised against HRV-14. A product corresponding in size to the modified
VP23 protein could be detected, confirming the antigenicity of the inserted sequence. No

reaction could be seen with the antiserum when samples of wild-type CPMV were analysed in

the same way.

When a sample of denatured virus was examined by electrophoresis on a SDS-polyacrylamide
gel, only three bands were seen. The largest polypeptide (L) corresponds to the large (VP37)
viral coat protein and comigrated with the L polypeptide from wild-type CPMV. The middie band
(S,) corresponds to the small (VP23) viral coat protein harbouring the HIV-1-specific epitope.
The fastest migrating band (S') represents the C-terminal 192 amino acids of the VP23 protein.
Terminal sequence analysis showed that it was derived from the VP23 protein by proteolytic

cleavage between the two C-terminal amino acid residues of the insert. Thus S, , but not S',
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contains the insert and as predicted reacts with gp41-specific antibody by Western blotting. The
predicted N-terminal cleavage product consists of only 43 residues and could not be resolved on
the gel system used. Both elements of S remain associated with the virion. Because a certain
amount of S' protein was always present in preparations of CPMV-HIV regardless of how quickly

the virus was purified, it is possibie that this cleavage occurs in planta.

The strategy designed to overcome the limitations bf pMT7-FMDV-i has proved to be successful
since all three of the new chimaeras (pMT7-FMDV-V, pMT7-HRV-Il and pMT7-HIV-ll) gave wild-
type symptoms on the inoculated leaves and showed no sign of reversion. Furthermore, two of
the chimaeras grew as well as wild-type CPMV and could be readily purified. The fact that
pMT7-FMDV-V gives wild-type lesions on inoculated leaves but fails to spread systemically
suggests that these chimaeric virus particles are fully competent for cell-to-cell movement but
deficient for long-distant transport. This phenomenon may be related to the observation that
particles from pMT7-FMDV-V appear to aggregate into intracellular crystalline arrays making
purification problematic. These features are not a result of the iength of heterologous sequence
since pMT7-FMDV-V contains an ins'ert intermediate in size (19 residues) between those

contained in pMT7-HRV-Il (14 residues) and pMT7-HIV-lll (22 residues).

Example 4.

Use of chimaeric pMT7-HRV-II virus particles to raise antibodies to HRV

Particles of pMT7-HRV-Il and wild-type CPMV were purified as described in Example 2, injected
into rabbits. the antisera collected and used to probe western blots of denatured HRV-14 virus
particles. A single band corresponding to VP1 of HRV-14 could be detected using the antiserum
raised against pMT7-HRV-II virus particles even when the serum was diluted 1:16,000. No
reaction could be seen with the other HRV-14 coat proteins (VP2 and VP3). No reaction with any

HRV-14 protein was found when serum raised against wild-type CPMV was used to probe the
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blots. The ability of pMT7-HRV-II virions to raise antibodies which recognise VP1 of HRV-14

WO 96/02649

shows that epitopes presented on the surface of CPMV particles are immunogenic.

Example 5.

oMT7-HIV-1ll virus particles aise neutralizing &

Transcripts derived from pMT7-HIV-1Il were mixed with transcripts derived from plasmid pBT7-
123 and inoculated onto the leaves of 10 day-old cowpea plants. To obtain large yields of
recombinant virus particles, samples of leaf tissue showing symptoms characteristic of a CPMV
Infection were homogenised in 100mM sodium phosphate pH7.0, centrifuged briefly and the
supernatant used to inoculate healthy cowpea plants. The plants were harvested 2-3 weeks
post-inoculation and chimaeric virus particles purified as described in Example 2. The purified
chimaernc virus, designated CPMV-HIV-I, was stored at 4°C in 10mM sodium phosphate pH7.0
in the presence of 0.05% (w/v) sodium azide. The quality of the preparation was monitored by
electron microscopy and by electrophoresis of portions of denatured virus on 15%
polyacrylamide/SDS/reducing gels. The proteins were visualised by staining the gel with
coomassie brilliant blue R250. Prior to injection into mice the virus preparation was dialysed

against phosphate-buffered saline and protein concentration determined by Bio-Rad™ assay.

Adult C57/BL6 mice were immunized at 8 weeks of age. Virus (CPMV-HIV-| or CPMV) was
mixed with aluminium hydroxide adjuvant at a ratio of 1:5 with stirring for 30 min at room
temperature. Mice (6 per group) were immunized subcutaneously at the back of the neck in 5

sites with a total of 100 pl of virus-adjuvant mixture containing 100 pg virus. At the required

intervals animals were bled from the tail, and serum stored at -20°C. All sera were heated at

56°C for 30 min before being assayed for neutralizing antibody.

Mice were given two injections of CPMV-HIV-| or wild type CPMV at 0 and 35 days and bled from
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the tail 14 days later. Individual neutralizing titres to HIV-1 IlIB were then determined as follows.

Dilutions of heat-treated serum were incubated with about 2000 syncytium-forming units (sfu) per

ml of virus for 1 h at 37°C. Semiconfiuent monolayers of C8166 cells (5 x 10* celis/well) were
prepared in 96-well tissue culture plates, which had been pretreated with poly-L-lysine. Medium
was removed and the cells received 50pl of inoculum. These were incubated for 1 h at 37°C
before fresh medium was added. Incubation was continued for 3 days at 37°C, and synctia were

then counted with the aid of a microscope and the percentage inhibition calculated for each well.

Figure 9 shows that neutralising antibody was produced in mice immunised with CPMV-HIV-{ with
a 50% neutralizing titre of about 1/1000 in 83% of the mice. Antiserum diluted 1)1 00 gave a
mean neutralisation titre of 97% with 100% mice responding. The response was highly uniform.
Figure 9 also shows that a control group injected in paraliel with wild type CPMV also gave a
neutralizing response to HIV-1. The neutralisation titre was about 10-fold lower than with CPMV-
HIV-I with a 50% neutralization titre of was about 1/100. This was evidently a de novo antibody
response as there was no significant neutralization with serum from non-immunized litter mates

even at a dilution of 1/1 0.

The stability of the neutralizing antibody response to the CPMV-HIV chimaera was investigated
by bleeding the mice again at 48 days after the second injection. These antisera had no
significant neutralizing titre at a dilution of 1/10, indicating that the level of neutralizing antibody

had declined by over 100-fold. The neutralizing activity stimulated by wild type CPMV was now

also undetectable.

The same mice were given a third injection of CPMV-HIV-I as before, 3 months after the second
injection, and bled 14 days later. The mean neutralization titre was 54% at a 1/1000 dilution with
all mice now responding. There was no neutralization at this dilution with serum from mice

boosted with wild type CPMV. Thus there was little overall increase in neutralising activity. The

stability of the neutralizing antibody response to CPMV-HIV-l was checked with antiserum
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obtained after 56 days. The titres had fallien but antisera from all mice still gave significant
neutralization at a dilution of 1/10, with a mean value of 58%. Neutralization by antisera from

controls inoculated with wild type CPMV was barely significant.

Neutralization of the homologous HIV-1 strain 1lIB by antiserum obtained after the third injection
was compared with the neutralization of HIV-1 strains RF and SF2. At a dilution at which strain

llIB was neutralized by 92%, RF was neutralized by 78%, and SF2 by 66%. Antisera made
against wild type CPMV also neutralised all three strains, but relative to strain llIB these antisera

neutralised RF and SF2 less than antisera raised against CPMV-HIV-I.

it was confirmed that the neutralizing antibodies in the antiserum made against the wild type
CPMV were all specific for CPMV epitopes, with none made against the HIV-1 gp41 peptide, by
adsorbihg antisera with purified wild type CPMV. Three successive adsorptions with CPMV did
not significantly reduce the HIV-1 neutralizing titre of the anti-CPMV-HIV-l serum but reduced the
neutralising titre of the anti-CPMV serum 5-fold. Thus we conclude that the majority of
neutralizing antibodies made against the CPMV-HIV chimaera were made against HIV-specific
epitopes, but that CPMV stimulates antibodies that cross-react with neutralising epitopes of

HIV-.

xamp]

Construction of cDNA clones of CPMV BRNA M and B which can be used to direct!

inoculate plants.

cDNA clones of RNAs M and B of CPMV were constructed in pUC18 such that the 5' ends of the
viral RNAs are abutted directly to the transcriptional start site of the CaMV 35S promotor. In

addition, the RNA B clone (pCP1) can be linearised precisely at the 3' end of the viral sequence
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by restriction enzyme digestion at a unique M/ul site and the RNA M clone (pCP2) can be treated
similarly with Eco Rl. Therefore, after digestion with these enzymes, run-off transcripts can be

generated which contain no non-viral sequences at either their &' or 3' ends.

The clones were constructed as described in Dessens et al/ [Journal of General Virology (1993)
74, 889-892]. The CaMV 35S promotor was cloned between the Hindllli and Pstl sites of
pUC18, during which process the Hindlll site was lost. This promotor sequence is flanked by
Sstil and Stul restriction sites, the latter of which allows blunt-end digestion to expose the
transcriptional start site. cDNAs were generated for RNAs M and B and the &' halves of these
were cloned independently by digestion with Ssti and BamH! respectively and ligation into a Stul
/ Ssti- or Stul / BamHI- cut CaMV 35S vector. The 3' halves of the RNAs were cloned into these
‘constructs by utilising previously constructed cDNA clones (pMT7-601 and pB17-123) which had

been engineered such that the 3' ends could be precisely exposed by restriction enzyme

digestion. RNA M was cloned on a Pstl / EcoRl fragment and RNA B on a Bghl / EcoRl

fragment.

The CaMV 35S promotor utilises host plant DNA dependent RNA polymerases and is highly
active. Therefore an infection can be generated in the plant host simply by abrading the surface

of the primary leaves in the presence of a mixture of linearised pCP1 and pCP2. The host
polymerase directs transcription of viral RNA from the CaMV 35S promotor in vivo, and in cells
where both pCP1 and pCP2 are transcribed, an infection similar to that obtained with wild type
CPMV is generated. Therefore an in vitro RNA transcription step is no longer required. This
represents a considerable advantage over the previous method for inoculating plants both Iin

terms of ease of use and cost.

In order to allow the production of assembled particles of CPMV containing a foreign peptide
which has been inserted immediately preceeding the Pro* residue in the BB-BC loop of the small

capsid protein, and in which the corresponding foreign nucleic acid has been inserted into the
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CPMV genome in the absence of direct sequence repeats flanking the insert and as an addition

to the existing nucleic acid, cDNA clone pCP2 was mutated as described for pMT7 earlier in this

specificalion to create a unique Aatll site at position 2735 of the RNA M sequence. This was

designated pCP2-Aatil.

Oligonucleotide sequences encoding various foreign peptides (see Table 1) were substituted for

the sequence between the Nhe1 and Aatll sites of pCP2-Aatll as described in Example 1. The
pCP2-Aatll variants and pCP-1 were linearised and inoculated onto the primary leaves of cowpea
plants. In all cases infections developed and stable chimaeric virus particles expressing the

appropriate foreign peptide were recovered from plants.
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Table 1.

Foreian peptide sequences expressed as chimaeric virus particles produced b direction

inoculation of piants with cDNA clones

LENGTH
CONSTRUCT

PEPTIDE SOURCE

(amino acids)

HIV-| amino acids 731-752 of gp41 of HIV-| strain lIB

- amino acids 312-317 of gp120 of HIV-I strain IlIB (the

V3 loop)

amino acids 140-150 of gp120 of HIV-I strain IlIB (the
' V1 loop)

HIV-5 amino acids 117-127 of gp120 of HIV-| strain |lIB

amino acids 141-159 of VP1 of FMDV strain 0, (the G-H
loop)
A peptide sequence from VP1 of FMDV strain CS8 (the
_ G-H loop)
A peptide sequence from VP1 of FMDYV strain A10 (the
‘ G-H loop)
amino acids 40-49 of VP1 of FMDV strain O, (the B-C
loop)

PARVO-1 amino acids 13-29 of VP2 of canine parvovirus
PARVO-2 the insert sequence of PARVO-1 in reverse
PARVO-3 a flanking sequence variant of PARVO-1

an immunodominant epitope from pig gonadotrophin
releasing hormone

MAST-1 - derived from the fibronectin binding protein of

- > Staphylococcus aureus

MAST-2 a longer version of MAST-1
HRV-2 amino acids 85-98 of VP1 of HRV strain 14
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CLAIMS:

1. Assembled particles of a plant virus contalning a

foreign peptide insert as an addition at a non-terminal site

I~

in the coat protein of the virus, the site of the insert in

the coat protein corresponding to a site in the plant virus
genome which is free from direct nucleotide sequence repeats

flanking the insert and wherein the coat protein of the

virus has a B-barrel structure and the site of the insertion

of the foreign peptide is in a loop connecting [-sheets of

the plant virus.

2 . Virus particles according to claim 1, in which the

foreign peptide i1s a biologically functional peptide, the
biological application of which requires or 1s enhanced by
presentation of the peptide in association with a larger

molecule or particle.

3. Virus particles according to claim 1 or 2, 1n

which the peptide is an antigen.

4. Virus particles according to claim 3, in which the

antigen is a viral antigen.

J. Virus particles according to claim 4, 1in which the

antigen is an animal viral antigen.

6. Virus particles according to claim 5, wherein the

animal viral antigen is a human antigen.

7. Virus particles according to any one of
claims 1 to 6, in which the foreign peptide 1s 1incorporated
in an exposed surface of the coat protein of the plant

virus.

8 . Virus particles according to any one of

claims 1 to 7, wherein the plant virus is an RNA virus.
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0. Virus particles according to any one of
claims 1 to 8, wherein the foreign peptide is 1nserted next

to a proline or hydroxyproline residue in a loop connecting

B-sheets of the plant virus.

10. Virus particles according to any one of

claims 1 to 9, in which the plant virus 1s a comovlirus.

11. Virus particles according to claim 10, 1n which

the comovirus is cowpea mosailc virus (CPMV).

12. Virus particles according to any one of claims 9,

10 and 11, in which the foreign peptide 1s inserted 1n a

BB-BC loop of the plant virus.

13. Virus particles according to any one of

claims 1 to 5, in which the foreign peptide 1s an animal

virus antigen derived from foot and mouth disease virus

(FMDV) .

gr——
p—

14. Virus particles according to any one of

claims 1 to 12, in which the foreign peptide 1s an animal
virus antigen derived from human immune deficiency virus

(HIV) .

15. Virus particles according to any one of
claims 1 to 12, in which the foreign peptide 1s an animal

virus antigen derived from a human rhinovirus (HRV).

P
p—

16. Virus particles according to any one o:

claims 1 to 5, in which the foreign peptide 1s an animal

virus antigen derived from canine parvovirus.

17. Virus particles according to any one of

claims 1 to 3, in which the foreign peptide 1s an animal

pathogen antigen derived from Staphylococcus aureus.
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18. Virus particles according to any one of

claims 1 to 3, in which the foreign peptide is an antigen

derived from a peptide hormone.

19. Virus particles according to claim 18 in which the
foreign peptide is an antigen derived from gonadotrophin

releasing hormone.

20. A vaccine for protection against human or animal

pathogens comprising assembled plant virus particles

according to any one of claims 3 to 19.

21. An animal virus vaccine comprising virus particles

according to claim 5.

22 . A method of producing plant virus particles
according to any one of claims 1 to 19, which comprises
introducing a nucleotide sequence coding for a foreign
peptide to modify the plant viral nucleic acid which codes
for the coat protein in such a way as to avoid the
production of direct sequence repeats flanking the
introduced sequence, infecting plants, plant tissue, plant
cells, or protoplast with the modified viral nucleic acid,

and harvesting assembled particles of the modified virus.

23. A method according to claim 22, applied to an RNA

plant virus, which comprises introducing a DNA Sequence

coding for the foreign peptide into a cDNA corresponding to

the RNA of the plant virus which codes for an exposed

portion of its coat protein, producing from the thus

modified ¢cDNA an RNA transcript thereof, inoculating plants,
plant tissue, plant cells, or protoplasts with the
transcript, if necessary together with any other RNA

P

required for multiplication and assembly of whole virus

particles in the plant material, and harvesting assembled

particles of the modified virus.
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24 . A method according to claim 23, 1in which the

modified cDNA is produced by introducing the DNA encoding

the foreign peptide into a DNA fragment excised from the

plant viral cDNA, and recombining the modified fragment so

as to reconstitute the plant viral c¢cDNA in modified form.

25. A method according to any one of claims 22 to 24,

in which the foreign nucleotide sequence 1s 1inserted by

selecting two different restriction enzyme sites 1in the
plant viral nucleic acid; cutting the plant viral nuclelc
acid using the corresponding restriction enzymes; and

inserting into the cut viral nucleic acid a pair of

complementary oligonucleotides which encode the foreign

peptide and which terminate in ends compatible with the

restriction enzyme cutting sites.

20. A method according to claim 25, in which, 1in the
complementary oligonucleotides, the sequence encoding the
foreign peptide is flanked by plant virus-specific sequences
so that the foreign nucleotide sequence 1s inserted as an

addition to the plant viral nucleic acid.

27 . A method according to claim 23 or 24, in which
modified virus produced, or RNA extracted therefrom, 1s

passaged in plants to produce further yields of modified

virus.

28. A method according to any one of claims 22 to 26
in which the nucleotide sequence coding for a foreign
peptide is under transcriptional control of a cauliflower

mosaic virus 35S promoter sequence.

29. A fragment of CPMV coat protein c¢cDNA containing a
DNA sequence encoding a foreign peptlide at a site

corresponding to an exposed surface of the coat protein, the
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site being free from direct sequence repeats flanking the

DNA 1insert.
30. A fragment according to claim 29, being an Sstl
fragment.

5 31. A vector containing a fragment according to

claim 29 or 30.

32. A vector comprising a full length c¢DNA of CPMV M

RNA containing a DNA insert encoding a foreign peptide at a

site corresponding to an exposed surface of the coat protein
10 of CPMV, the site being free from direct sequence repeats

flanking the DNA 1insert.

33. An RNA transcript of a fragment or vector

according to any one of claims 29 to 32.
34, A capped RNA transcript according to claim 33.

15 35. Use of wvirus particles according to any one of
claims 1 to 19 or a vaccine according to claim 20 or 21 for

protecting an animal against pathogens.

36. Use of virus particles according to any one of
claims 1 to 19 in the preparation of a medicament for

20 protecting an animal against pathogens.

37. The use according to claim 35 or 36 wherein the

animal 1s human.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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TATAGCCCATGTATGATAGCTAGCACTTATAGTAGAAATGCTGTTCCTAATTTGAGAGCGAGATCTTCAAGCTTTTGGCT
ATATCGGGTACATACTATCCGATCGTGAATATCATCTTTACGACAAGGATTAAACTCTCCTCTAGAAGTTCAAAACCGA
Nhel Bglll
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CAAAAGGTTGCTCGGACTCTTCCTAGCACTCCTCCTGCTCCATTTTCAGACGTTACAGCAGTAACTTTTGACTTAATC

GTTTTCCAACGAGCCTGAGAAGGATCGTGAGGAGGACGAGGTAAAAGTCTGCAATGTCGTCATTGAAAACTGAATTAG
xNhel
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15 20 25 30 35
p ¢C M I A s T P P A P F S D V T A V T F D L 1
CCATGTATGATAGCTAGCACTCCTCCTGCTCCATTTTCAGACGTTACAGCAGTAACTTTTGACTTAATC
2700 Nhel 2730 * 2760

' Site-directed Mutagenesis

15 20 25 30 35
p ¢ M I A S T P P A P F § D V T A V T F D L I

CCATGTATGATAGCTAGCACTCCTCCTGCTCCATTTTCAGACGTCACAGCAGTAACTTTTGACTTAATC
2700 Nhel 2730 AatII 2760

FIGURE 4
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(A)

S T DR P E G I EEEGGTETRIUDTERTUDTU RS D
CTAGCACTGACCGCCCTGAGGGCATCGAGGAAGAGGGCGGTGAGCGCGATCGTGATCGTTCGGACGT
GTGACTGGCGGGACTCCCGTAGCTCCTTCTCCCGCCACTCGCGCTAGCACTAGCAAGCC

Pvul

(B)

1 5 10 15 = ——— e e e
G P V C A E A S DV Y S P CM I A S T DI R P E G I E

GGACCTGTTTGTGCTGAAGCCTCAGATGTGTATAGCCCATGTATGATAGCTAGCACTGACCGCCCTGAGGGCATCGAG
2670 2700 Nhel

---------------------------------- > 30 35
E E G G E R DR DR S D.V T A V T F D UL I

GAAGAGGGCGGTGAGCGCGATCGTGATCGTTCGGACGTCACAGCAGTAACTTTTGACTTAATC
Pvul AatII 2760

FIGURE S
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(A)

S T P A T 6 I D N HUREO AUIKL D
CTAGCACTCCTGCTACTGGAATCGATAATCATAGAGAAGCTAAATTGGACGT

GTGAGGACGATGACCTTAGCGCTATTAGTATCTCTTCGATTTAACC
Clal

(B)

1 5 10 15 Cmmm e e e me
G p V. C A E A § DV Y 8§ P C M I A S T P A T G I D N
GGACCTGTTTGTGCTGAAGCCTCAGATGTGTATAGCCCATGTATGATAGCTAGCACTCCTGCTACTGGAATCGATAAT

2670 2700 Nhel Clal

------------------- > 30 35
H R E A K L DV T A V T F D L I

CATAGAGAAGCTAAATTGGACGTCACAGCAGTAACTTTTGACTTAATC
AatIl 2760
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11 140
Yy § p C M I A S T V P N L R 6 D L Q V L A
TATAGCCCATGTATGATAGCTAGCACTGTTCCTAATTTGAGAGGAGATCTTCAAGTTTTGGLT

ATATCGGGTACATACTATCGATCGTGACAAGGATTAAACTCTCCTCTAGAAGTTCAAAACCGA
Nhel BglII

160 30
Q K V A R T L P D V T A V T F D L 1I
CAAAAGGTTGCTCGGACTCTTCCTGACGTCACAGCAGTAACTTTTGACTTAATC

GTTTTCCAACGAGCCTGAGAAGGACTGCAGTGTCGTCATTGAAAACTGAATTAG
Aatll

FIGURE 7
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S T P P A
CTAGCACTCCTCCTGCT
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25

P F 8 D
CCATTTTCAGACGT
GGTAAAAGTC

141

731
P

v P N L R G DL Q VL A Q K V A R T L
GTTCCTAATTTGAGAGGAGATCTTCAAGTTTTGGCTCAAAAGGTTGCTCGGACTCTT
CAAGGATTAAACTCTCCTCTAGAAGTTCAAAACCGAGTTTTCCAACGAGCCTGAGAA

FMDV-V

B85 98

K D A T G I D N H R E A K L
AAAGATGCTACTGGAATCGATAATCATAGAGAAGCAAAATTG
TTTCTACGATGACCTTAGCTATTAGTATCTCTTCGTTTTAAC

HRV-II

752
R G P D R P E G I E E E G G E R D R D R S

CCTAGAGGACCAGACAGACCTGAAGGAATAGAAGAGGAAGGTGGAGAACGCGATCGAGATAGATCA
GGATCTCCTGGTCTGTCTGGACTTCCTTATCTTCTCCTTCCACCTCTTGCGCTAGCTCTATCTAGT

HIV-ill

SUBSTITUTE SHEET (RULE 26)



2170412

WO 96/02649 PCT/GB95/01618

/9

% Neutralization

100

Ay
A
A e
r
A
Bl
[
‘-
’
. -
. albly —
SN
. A
\
' >
S ;
f ) .
Y
» . .
© S .
Y ILEs
r AE
[
i (&
4
~, >
< .
¥ 5
i A—
P~ .
3
¢
n g
o S
i -
>~
by
- b'. P
M .
o\'; y
4 14
.- - \
¢ 5
. 3
¢
" 1
. »
{ »
xr ¢ .
il
’ ~
n:’ .
‘;. | .
L3
.' " )
_! . e~
o o ;
g' » . & ¢
] ‘{
PN .
k) ' |‘
po1 g :
; i
v
. . P oo
St Ca
s . .
> - e
s % pu—
. . . s
S
;- N i ¢ ———
L 4
]
' [ ] .
l ~° -

1/10 1/100 1/1000  1/10000
Dilution of antiserum

80

60

40 -

20

""””"f'?" .—:1\:..*
A .
e e et
= -1 & wila-type C PMV
f‘ﬁjﬂ i

FIGURE ¢

SUBSTITUTE SHEET (RULE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings

