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Claim

1. A plasmid replicon for introducing a plurality of genes into

an expression vector, said plasmid replicon comprising double-stranded
DNA containing sequences (a), (b1), (b2) and (c) defined as follows:

(a) a sequence allowing the replicon to be reproduced in a
bacterial host,

(b1 and b2) first and second sequences which are adapted to permit an

intervening sequence located between said first and second
sequences to be introduced into an expression vector, and

(c) ah intervening sequence located between said first and
second seéquences (b1)> and (b2),

characterized in that the intervening sequence (c) comprises first and
second polypeptide expression sequences (PESs) desfgnated (c1) and (c2),

wherein said first PES (c1) includes (i) a first transcriptional
promoter, (ii) a first unique restriction site for first
introduction of a first gene which is native or foreign to the
expression vector, said first gene being under the control of said
first transcriptiondal promoter, and (iii1) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter, (v) a second unique restriction site for
introduction of a second gene which is native or foreign to the
expression vector, said second gene being under the control of sald
second transcriptional promo*er, and (vi) a second transcriptional
termination site.
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(54) Title: EXPRESSION VECTORS FOR THE SYNTHESIS OF PROTEINS AND PLASMID REPLICONS AND
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{57) Abstract

Expression vectors for the expression.of proteins, particularly eukaryotic proteins are provided which are based on
novel plasmid replicons. Sequence cassettes nseful in constructing such vectors are also disclosed. The expression vectors
according to the invention are useful for expressing selected proteins in insects and insect cells. Specifically, the plasmid
replicons comprise double-stranded DNA having (a) ene or more sequences allowing the feplicon to be reproduced in a
bacterial host, (b) first and second sequences which are adapted to permit an intervening sequence located between said
first and second sequences to be introduced into an expression vector, and (c) ar intervening sequence located between
said first and second sequences, and are characterised in that the intervening sequence ¢omprises first and second polypep-
tide expression sequences (PESs) wherein ¢ach PES includés (i) a transcriptional promotor, (ii) a unique restriction site for
- introduction of a gene which is native or foreign to the expression vector and (1) a transcriptional termination site.
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EXPRESSION VECTORS FOR THE SYNTHESIS OF PROTEINS AND PLASMID
REPLICONS AND SEQUENCE CASSETTES FOR USE IN CONSTRUCTING SUCH
VECTORS

This invention relates to expression vectors for the
expression of proteins, particularly eukaryotic proteins, and to
plasmid replicons and sequence cassettes useful in constructing such
vectors. The invention particularly relates to improved expression
vectors useful for expressing selected proteins in insects and
insect cells.

To address some of the more challenging aspects of molecular
biology, for example, the synthesis of products involving multiple
proteins, the investigation of the factors involved in heterologous
protein-protein interactions and the synthesis of products involving
consecutive enzymatic processes, new expression systems that produce
several gene products simultaneously are required (so-called
"polygenic expression"), “ncluding ones that can reproducibly make
different proteins at different predetermined levels.

This particularly applies to hepatitis B surface and core
antigens. That is to say it would be particularly desirable in order
to produce diagnostic reagents and vaccines to be able to co-produce
Hepatitis B surface and core antige: .. Hepatitis B is a disease of
major significance world-wide. Infected individuals may experience
only an acute infection, or may develop a long term infection that
is associated with liver cirrhosis ‘and hepatocellular carcinoma,
chronic active HB, chronic persistent HB and chronic lobular HB. In
certain regions of the world, particula-~ly, but not exclusively in
South-east Asia and Africa, persistent infections may account for up
to 15% of the population with as many as 40% of those individuals
liable to die from one or another form of the disease. Estimates
have been made that world-wide up to 300 million people are carriers
of the disease (i.e., persistently infected with the virus). Plasma
and rDNA derived preparations that contain the HBsAg have been used

to vaccinate people against the disease.
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A difficulty which often arises when attempting to produce
new constructs which combine in a single expression vector genes
coding for different proteins is that it can be difficult to select
recombinant entities containing both desired genes in functional
form or in a form in which the gene products can be expressed in
predetermined quantities. Further the constructs obtained can be
genetically unstable, that is to say naturally occurring
recombinational events can result in loss of one or more of the
introduced genes from the vectors or from the plasmid replicons used
ta produce them.

The production of eukaryotic proteins using expression
vectors derived from the Adutographia californica nuclear '
polyhedrosis virus has been described, e.g. by Smith et al.,
"Modification and Secretion of Human Interleukin-2 Produced in
Insect Cells by a Baculovirus Expression Vector", Proc. Natl. Acad.
Sci. USA, 82 No. 24 (1985) 8404-8408 and by Matsuura et al.,
"Baculovirus Expression Vectors: The Requirement for High Level
Expression of Proteins, Includirlg Glycoproteins", J. Gen. Virol.
(1987) 68, 1233-1250. However in available baculovirus expression
systems, no ready means exists which enables the expression of more
than one gene product simultaneously in a reproducible manner.
Further, available expression vectors lack the infective capability
of the native virus. This is believed to bée due to the fact that
native virus produces, during late stages of infec¢tion, so-called
inclusion bodies formed from a protein, polyhedrin, which is encoded
in the native viral genome. Recombinant expression vectors designed
to express desired proteins in the baculovirus expression system
hitherto have sought to produce the desired protein in favour of
polyhedrin. The expression vectors cannot readily be produced in the
form of inclusion bodies - a form which is known to be particularly
infective of insect larvae. 4
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Chakrabarti eral. in an article entitled "New Vaccinia Virus
Expression Vector" (Vaccines 86, Pubin Cold Spring Harbour Laboratory and
Chem. Abst. 105 €1986) 166241r) described a coexpression vector in the
vaccinia system that coexpresses the B-Gal gene of E.coli and a second
foreign gene. Expression of the B-Gal gene is used to screen for
recombinant vaccinia virus. However no procedures are described enabling
the reproducible expression of a plurality of eukaryotic proteins.

The present invention provides plasmid replicons, sequence
cassettes and expression vectors in which the deficiencies of the prior
art are avoided or substantially diminished.

Particularly multiple expression vectors that make foreign gene
products as well as polyhedrin protein have now been developed. Since
such recombinant viruses are occluded they are highly infectious in
caterpillar hosts that are permissive for the parent virus, allowing the
production of the foreign gene product in a cost effective manner.
Multiple expression vectors have also been developed in which two foreign
gene products are made by a recombinant virus (e.g., HBcAg and HbsAg), as
well as occluded recombinant viruses that make HBsAg, and single
expression vectors that make high levels of HBcAg, or HBpcAg.

According to & first embodiment of this invention, there is
provided a plasmid replicon for introducing a plurality of genes into an
expression vector, said plasmid replicon comprising double-stranded DNA
containing sequences (a), (b1), (b2) and (c) defined as follows:

(a) a sequence allowing the replicon to be reproduced in a

bacterial host,

(b1 and b2) first and second sequences which are adapted to permit an
intervening sequence jocated between said first and second
sequences to be introduced into an expression vector, and

(c) an intervening sequence located between said first and

second sequences (b1) and (b2),

characterized in that the intervening sequence (c) comprises first and

second polypeptide expression sequences (PESs) designated (c1) and (c2),

wherein said first PES (c1) includes (i) a first transcriptional
promoter, (i1) a first unique restriction site for first
introduction of a first gene which is native or foreign to the
expression vector, said first gene being under the control of said




10

15

20

- 3A -

first transcriptional promoter, and (111) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second

transcriptional promoter, (v) a second unique restriction site for

introduction of a second gene which is native or foreign to the

expression vector, said second gene being under the control of said

second transcriptional promoter, and (vi) a second transcriptional

termination site.

According to a second embodiment of this invention, there is
provided a plasmid replicon for introducing a plurality of genes into an
expression vector, said plasmid replicon comprising double-stranded DNA
containing sequence (a), (bl1), (b2) and (c¢) defined as follows:

(a) a sequence allowing the replicon to be reproduced in a

bacterial host,

(b1 and b2) first and second sequences which are adapted to permit an
intervening sequence located between said first and second
sequences to be introduced into an expression vector, and

(c) an intervening sequence located between said first and

second sequences (b1) and (b2),

characterized in that the intervening sequence (c) comprises first and

second polypeptide expression sequences (PESs) designated (cl1) and (c2),

wherein said first PES (c1) includes (i) a first transcriptional
promoter, (i1) a first gene which is native or foreign to the
expression vector, said first gene being under the control of said
first transcriptional promoter, and (111) a first transcriptional
termination site, and said second PES (c¢2) includes (iv}) a second
transcriptional promoter, (v) a second gene which is native or
foreign to the expression vector said second gene being under the
control of said second transcriptional promoter, and (vi) a second
transcriptional termination site.

According to a third embodiment of this invention, there is
provided a sequence cassette for constructing a plasmid replicon
according to the first or second embodiments, sald sequence cassette
comprising double-stranded DNA containing first and second polypeptide
expression sequences (PESs) designated (cl1) and (c2),

wherein said first PES (c1) includes (1) a first transcriptional

promoter, (i1) a first unique restriction site for introduction of
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a first gene which is native or forelign to the expression vector,
sald first gene being under the control of said first
transcriptional promoter, and (i11) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second

5 transcriptional promoter, (v) a second unique restriction site for

introduction of a second gene which is native or foreign to the
expression vector, said second gene being under the control of said
second transcriptional promoter and (vi) a second transcriptional
termination site,

10  and wherein said PESs are flanked by flanking sequences which are
homologous with sequences of an expression vector, such that when
inserted in the vector, no essential functional genes of the expression

R vector are lost.

5'.". According to a fourth embodiment of this invention, there is

e 0+, 15 provided a set of sequence cassettes, each according to the third

* . embodiment, wherein the homologous regions of each cassette of the set

.'..‘: are homologous to different regions of the vector genome, allowing a
ER plurality of pairs of PESs to be introduced into the vector genome, with
each pair being located at a separate location.
20 According to a fifth embodiment of this invention, there is
e o provided a viral expression vector, for transfecting an insect cell and
': ::3 having an insert adapted to direct synthesis in the cell of at Teast one

polypeptide not normally encoded by nuclear DNA of the cell, said insert
core comprising double stranded DNA containing a sequence which comprises
oot 25 first and second polypeptide expression sequences (PESs) designated (ci)
and (c2),
wherein said first PES (c1) includes (i) a first transcriptional

A promoter, (1i) a first gene which is native or foreign to the
expression vector said first gene being under the control of said
30 first transcriptional promoter, and (111) & first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter; (v) a second gene which is native or
foreign to the expression vector, sald second gene being under the
control of said second transcriptional promoter and (vi) a second
35 transcriptional termination site.
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According to a sixth embodiment of this invention, there is
provided a method of constructing a viral expression vector suitable for
transfecting an insect cell and having an insert adapted to direct
synthesis in the cell of at least one polypeptide not normally encoded by
nuclear DNA of the cell, said insert comprising double-stranded DNA
having an intervening sequence located between first and second
sequences, said intervening sequence comprising first and second
polypeptide expression sequences (PESs), wherein each PES includes (i) a
transcriptional promoter, (ii1) a gene which is native or foreign to the
expression vector, and (ii1) a transcriptional termination site, whica
method comprises the step of utilizing a plasmid replicon according to
the second embodiment to transform a vector lacking said insert.

According to a seventh embodiment of this invention, there is
provided a process for producing one or more desired polypeptides, which
process comprises the step of infecting susceptible insects or insect
cells with a viral expression vector suitable for transfecting an insect
cell and having an insert adapted to direct synthesis in the cell of at
least one polypeptide not normally encoded by nuclear DNA of the cell,
said insert comprising double-stranded DNA containing a sequence which
comprises first and second polypeptide expression sequences (PESs)
designated (c1) and. (c2),

wherein said first PES (c1) includes (i) a first transcriptional

promoter, (11) a first gene which is native or foreign to the

expression vector said first gene being under the control of said
first transcriptional promoter, and (i11) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter, (v) a second gene which is native or
foreign to the expression vector, said second gene being under the
control of sald second transcriptional promoter and (vi) a second
transcriptional termination site.

As described above, the present invention provides plasmid
replicons for use in introducing a plurality of genes into an expression
vector, comprising double-stranded DNA having

(a) one or more sequences allowing the replicon to be reproduced

in a bacterial host,

et
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(b) first and second sequences which are adapted to permit an
; intervening sequence located between said first and second
sequences to be introduced into an expression vector, and
(c) an intervening sequence located between said first and second
5 sequences.
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The plasmid replicons are characterised in that the
intervening sequence comprises first and second polypeptide
expression sequences (PESs) wherein each PES includes (i) a
transcriptional promotor (ii) a unique restriction site for
introduction of a gene which is native or foreign to the expression
vector and (iii) a transcriptional termination site. Preferably each
PES includes a different unique restriction site for introduction of
a gene which is native or foreign to the expression vector.

The term “"PES" will be used hereafter to denote "polypeptide
expression sequence".

In order to reduce the possibility of recombinational
elimination of desired introduced genes, the first and second PESs
are advantageously arranged in the opposite sense to one another on
separate strands of the DNA.

Alternatively the first and second PESs may be arranged in
the same sense on the same strand of DNA. With this construction it
is particularly preferred that a selectable gene or an essential
functional gene for the expression vector is located between the two
PESs to select against derivatives that have eliminated one or other
PES by, e.g. natural regombination.

In order to prepare the plasmid replicons for introducing a
plurality of genes into an expression vector capable of transfecting
a susceptible insect or insect cell, genes which are native or
foreign to the expression vector may be introduced at the sites (ii)
of the PESs. The resulting "loaded" plasmid replicons, i.e. plasmid
replicons loaded with desired genes for introduction into an
expression vector form a further aspect of the present invention.
Such "loaded" plasmid replicons comprise double stranded DNA having

{(a) one or more sequences allowing the replicon to be
reproduced in ‘a bacterial host,

(b) first and second sequences which are adapted to permit
an intervening sequence located between said first and
second sequences to beé introduced into an expression
vector, and

I
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(c) an intervening sequence located between said first and
second sequences,

and are characterised in that the intervening sequence comprises
first and second polypeptide expression sequences (PESs) wherein
each PES includes (i) a transcriptional promotor (ii) a gene which
is native or foreign to the expression vector and (iii) a
transcriptional termination site. The transcriptional termination
site can be native or foreign to the expression vector.

Advantageously, the plasmid replicons according to the
invention are used to constuct vectors capable of transfecting
susceptible insect cells. Examples include vectors derived from
viruses, the wild type or derivatives of which are capable of
infecting such cells. In such cases one or more of the genes present
in the PESs may code for viral protein normally expressed during
infection of the cells by wild type virus.

Alternatively or additionally the gene introduced into at
least one the PESs may represent a selectable foreign protein or a ¢
normal gene product of the vector.

The production of one or more selectable or normal gene
products may then be used as marker(s) for the detection of desired
recombinant plasmid replicons or expression vectors. Further, at
least one of said promoters in the PESs may be a promotor for a
viral protein normally expressed during infection of the cells by
wild type virus.

The plasmid replicons according to the invention (both
loaded and unloaded) may be constucted from so-called “"segquence
cassettes"”" which themselves form a further aspect of the invention.
These sequence cassettes comprise recombinant DNA molecules having
an intervéning sequence which comprises first and second pélypeptide
expression sequences (PESs) wherein each PES is as defined above
either for the loaded or unloaded plasmid replicons, flanked by arms
which are homologous with sequences of an expression vector, such
that when inserted in the vector, no essential furictional genes of
the expression vector are lost.
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In a first preferred constuction of sequence cassette, the
arms are homologous to sequences of the vector genome, which
sequences are arranged so as to allow the intervening sequences to
be introduced without loss of vector DNA sequences.

In a second preferred construction the arms are homologous
to sequences of the vector genome, which sequences are arranged so
as to allow the intervening sequences to be introduced with
replacement of inessential vector DNA sequences by intervening
sequences of the sequence cassette.

In a third preferred construction the arms are homologous to
sequences of the vector genome, which sequences are arranged so as
to allow the intervening sequences to be introduced so as to replace
intergenic or non-regulatory regions of the vector genome.

Sequence cassettes, according to the invention may be
constructed in sets wherein the homologous regions of each cassette
of the set are homologous to different regions of the vector genome,
allowing a plurality of pairs of PESs to be introduced into the
vector genome, with each pair being located at a separate location.

Expression vectors, suitable for transfecting insect cells
may be produced from the plasmid replicons defined above. These
expression vectors are themselves novel and form a further aspect of
the invention and have an insert adapted to direct synthesis in the
cell of at least one polypeptide not normally encoded by nuclear DNA
of the cell, said insert comprising double-stranded bNA having an
intervening sequence located between said first and second
sequences. The expression vectors are characterised in that the
intervening sequence comprises first and second polypeptide
expression sequences (PESs) wherein each PES includes (i) a
tiranscriptional promotor (ii) a gene which is native or foreign to
the expression vector and (iii) a transcriptional termination site.
The transcriptional termination site can be native or foreign to the
expression vector.

These expression vectors may be derived from a viral entity,
the wild type of which is infectious of insect cells. In this case
one of said structural genes may advantageously code for a viral
protein normally expressed during infection of the cells by wild
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type virus. In these preferred expression vectors at least one of
said promotors can be a promotor for a viral protein normally
expressed during infection of the cells by wild type virus.

Specific examples of expression vectors according to the
invention derived from viruses are ones wherein the viral entity is
a baculovirus. In this case one of said structural genes codes can
conveniently code for AcNPV polyhedrin protein and at least one of
said promotors can be the promotor of the polyhedrin gene of
Autographa californica nuclear polyhedrosis virus.

Recombinant plasmid replicons and expression vectors
according to the inverticn may comprise only a single pair of said
PESs or they may include a plurality of such pairs. Thus they may
be derived from only a single cassette' of the kind described above
or they may be derived from a plurality of such cassettes.

In the latter case it is preferable that there are one or
more essential functional genes or seslectable genes located between
the PESs with regulatory elements and sequences of these essential
or selectable genes being distinguished from those of the PESs. By
constructing plasmid replicons and expression vectors in this way it
is possible to reduce or minimise the likelihood of gene elimination
by recombination.

The plasmid replicons referred to herein generally can be
‘plasmids which can replicate in a bacterial host with or without
introduced genes. Any introduced genes can include ones that may be
expressed in the bacterial host, e.g. P-galactesidase under control
of a bacterial plasmid promoter to allow selection of recombinant
plasmids in bacteria, genes which may be expressed only in a
eukaryotic host, e.g. P-galactosidase under control of a eukaryotic
(e.g. viral) promoter %o allow selection of recombinant viruses in a

eukaryotic host, or genes coding for eukaryotic proteins.

ettt i —
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One particular example of a plasmid replicon/expression

vector system according to the invention is the system based

on the

polyhedrin gene promoter of the insect Autographa californica
nuclear polyhedrosis virus (AcNPV), a baculovirus which has been
increasingly utilized as an expression vector to synthesize a wide
variety of eukaryotic gene products (Smith et al., 1983; Pennock

et al., 1984; Miyamoto et al., 1985; Smith et al., 1985;

Matsuura et al., 1986, 1987; Possee, 1986; Kuroda et al., 1986;

Estes et al., 1987; Inumaru and Roy, 1987, Overton et al.,

1987). The basis for expression in this system is the use of the

AcNPV polyhedrin promotor, a major late promotor that in wild-type

“AcNPY infections leads to the production of polyhedrin protein which

assembles to form visible polyhedral inclusion bodies that occlude

virions in the nucleus of the infected cell.

Replacement of the polyhedrin gene sequence in a suitable

plasmid replicon with a foreign gene, followed by transfection of

Spodoptera frugiperda cells with the derived plasmid in the

presence of infectious AcNPV DNA, results in the production of

recombinant expression vectors (viruses) that express the foreign

gene product in lieu of the polyhedrin protein (Smith et al.,

1983). Such recombinants can be selected by virtue of their

polyhedrin-negative phenotype or other properties, for example those

ascribable to the presence of the foreign gene.

Although the level of expression of the foreign gene

product

has been found to be v.~iable, recent work has establishéd that the

level of expression of a foreign protein in this system is directly

related to elements of the DNA seguence between the transcription

initiation and the translation initiation site of the polyhedrin

gene and that high levels of expression are obtainsble when all

those sequerice elements are present (Matsuura et al., 1987).

Iy

These studies have resulted in the construction of a new plasmid

replicon, pAcYM1, which has been utilized to produce recombinant

viruses that express to high levels the gene products of the

ambisense S RNA of lymphocytic choriomeningitis (LCMV) virus

s .
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(Romanowski et ql., 1985; vwiz: either the LCMV nucleocapsid
protein, N, or the LCMV glycoprotein precursor, GPC). The levels of
synthesis of these proteins by the respective recombinant viruses
approach those of the polyhedrin protein made in wild-type AcNPV
infections (i.e., ca. 25-50% of the total cell or insect

protein).

Examples of multiple expression vectors according to the
invention have been constructed using AcNPV baculovirus expression
systems. Using these systems, we have duplicated the AcNPV
polyhedrin promoter and its associated transcription termination
signals to yield a plasmid replicon, pAcVC2, that contains both the
AcNPV polyhedrin gene and the LCMV-N protein each under the control
of separately organized polyhedrin promoters. Since both gene
products are krnown to be produced to a high level when expressed
individually (Matsuura et al., 1987), the isolation of recombinant
viruses using the pAcVC2 plasmid allowed us to assess the ability of
the baculovirus system to produce two different gene products
simultaneously using the duplicated polyhedrin promoter arrangement.
Once the viability of this approach was established, general purpose
AcNPV-based plasmid replicons were produced containing a cassette of
two PESs with insertion sites for two genes. To minimise
recombinational elimination the two PESs were arranged in non-
overlapping sequences in opposite orientation (viz: separate DNA
strands). However the invention does not exclude the posibility of
organization in series (viz: on the same strand with or without
intervening sequences).

General purpose plasmid replicons of the kind described can
be used to insert pairs of genes into a viral expression vector.
Such pairs or additional pairs of genes can be inserted into the
viral genome at multiple sites for polygenic expression by
incorporating the corresponding cassettes into intergenic regions.
(or into non-essential genes) in plasmid replicons containing other
parts of the AcNPV gengme.

i

Has
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In mere detail and by way of example, a copy of the
pelyhedrin gene promoter of Adutographa californica nuclear
polyhedrosis virus (AcNPV) in association with the coding region of
lymphocytic choriomeningitis virus N protein (LCMV-N) and the
relevant polyhedrin transcription termination signals, was cloned
into the unique EcoRV site of a plasmid representing an Eco RI
derived fragment of the AcNPV genome. The cloning site was upstream
of the natural AcNPV polyhedrin gene of the desired recombinant
plasmids and the one with the LCMV-N and polyhedrin genes in
opposite orientation to each other was selected, to minimise gene
elimination by natural :»ecombinational events.

The derived recombinant pAcVC2 plasmid had, therefore, both
the normal polyhedrin gene and the LCMV-N gene each with its own
copy of the polyhedrin transeriptional machinery.

Co-transfection of Spodoptera frugiperda insect cells with
the pAcVC2 plasmid together with infectious polyhedrin-negative
AcNPV DNA, resulted in the isoclation of recombinant viruses  that
made polyhedrin protein as well as LCMV-N‘protein. Electron
microscopy demonstrated the presence of occluded virus particles in
the nucleus of the recombinant virus infected cells and aggregates
of LCMV-N protein in the cytoplasm of the same cells. Unlike
polyhedra-negative AcNPV recombinants, the occluded recombinants
were patent infectious agents for the caterpillar
Trichoplusia ni.

In a similar manner DNA sequences coding for hepatitis B
surface and core antigens have been cloned into unique EcoRV and
dcell sites of an EcoRI derived fragment of the AcNPV genome.
Recombinant plasmids were produced containing (i) the polyhedrin
gene and the hepatitis B 'surface antigen gene and (ii) the hepatitis
B surface antigen gene and the hepatitis B core antigen gene.

)
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Co-transfection of Spodoptera frugiperda insect cells with
these plasmids together with infectious polyhedrin-negative AcNPV
DNA, resulted in the isclation of recombinant viruses that made (i)
polyhedrin protein as well as hepatitis B surface antigen and (ii)
hepatitis B surface antigen and hepatitis B core antigen.

Examples

The construction of multiple expression vectors according to
the invention will be described in more detail in the following
Examples.

EXAMPLE 1
(i) PROCEDURES

Construction of the plasmid replic.n pAcVCZ2 containing LCMV-N and
AcNPV polyhedrin genes

The method chosen to make a bacu®-~virus plasmid replicon
that would ultimately contain two gene products under the control of
the necessary regulatory sequences required the duplication 6f‘the
polyhedrin promoter and transcrip-ien ¢ermination sequences. The
transeriptional initiation and terminator sites for the polyhedrin
mRNA species have been mapped to, respeCtiveiy, approximately 48
nucleotides upstream of the translation initiation codon and 376
nucleotides downstream of the translation termination codon {(Howard

et al., 1986). Since transcriptior termination occurs downstream

- of the sequence motif AATAAA, a sequence corresponding to the normal

eukaryotic polyadenylation signal (Birnstiel et al., 1985), it has
been suggested that baculovirus mRNAs may be cleaved and
polyadenylated by the 3'mRNA processing machinery of the host (see
Rohrmann; 1986). By contrast, the precise sequence elements required
for the promoter activity of the polyhedrin gezne have not been
ascertained, although DNA sequence elements commonly observed in
association with RNA polymerase II driven transcription can be
identified in the sequences that are upstream of the translation

W Tt e b B T L P
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initiation site. Therefore, we envisaged that in order to duplicate
the required information for the mRNA synthesis and regulation of a
foreign gene under the control of the polyhedrin transcriptional
machinery a restriction fragment was required that contained DNA
sequences some distance upstream of the known transcription
initiation site and downstream of the sequences encompassing the
replicon termination site. To this end, an available plasmid
replicon containing the LCMV-N gene (pAcYM1.YN1, Matsuura et al.,
1987) which could yield recombinant viruses that made high levels of
LCMV-N protein was used as substrate. It was treated with the
restriction endonuclease Accll and the 3052 nucleotide fragment,
containing the relevant polyhedrin transcriptional initiation and
termination machinery in association with the LCMV~N-gene (Fig. 1),
was isolated by standard procedures (Maniatis et al., 1982).

Having recovered DNA which should encompass the polyhedrin gene
promoter and terminator sequences a plasmid containing the authentic
polyhedrin gene was required. The EcoRI "I" fragment in pUC8 was
selected (Possee,-1986). Initially, the 3052 base pair fragment was
placed within the 3' non-translated region of the polyhedrin gene
and in the same orientation as the polyhedrin coding sequence since
this region of the AcNPV genome had been utilized previously in our
laboratory to insert a synthetic oligonucleotide for the
environmental release of a genetically marked baculovirus (Bishop,
1986). However, plasmids containing the AccIl fragment in this
position ¢*.d4 not yield recombinant viruses. Although the reason this
did not work is not known, the likely cause was deletion of the
inserted gene by homologous sequence recombination. Therefore as an
alternative approach, we selected an insertion site in the 5'
upstream region of the polyhedrin gene. Notwithstanding the paucity
of biochemical data regarding ;he sequence elements essentisal for
high level polyhedrin gene prombtef activity, the unique EcoRV
restriction endonuclease site that is located in a non-coding region
some 100 nucleotides upstream of the polyhedrin ATG in the AcNPV
EcoRI "I" fragment was chosen for insertion of the 3052 nucleotide

Gfuotve I gk .
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Accll fragment containing the LCMV-N gene. Since the insertion
involved a blunt end ligation, the AccIl and EcoRV sites were
destroyed by this procedure. Following ligation and transformation,
recombinant plasmids were obtained and analysed by restriction
endonuclease digestion. Clones were selected that contained the
duplicated promoter and coding region for the LCMV-N gene in the
opposite orientation to that cof the fesident polyhedrin gene (see

Fig. 1). Such a configuration should restrict the possibility of
homologous sequence genetic recombination and the excision of one or
other of the genes of interest from progeny viruses. A derived
plasmid replicon, designated pAcVC2, was characterised and shown to
have the LCMV-N and polyhedrin genes with their associated

polyhedrin transcriptional machinery in the form shown in Figure 1.

Preparation of a recombinant baculovirus containing the LCMV-N and
the AcNPV polyhedrin genes .

The plasmid replicon pAcV(2 was co-transfected into
Spodoptera frugiperda cells in the'presénce of an available
recombinant, polyhedrin-negative, helper viral DNA. After
transfection, putative recombinant viruses (e.g., VC2) were isolated
from the infected cells by selecting for progeny virus plagues that
exhibited a polyhedrin-positive phenotype (ca. 0.1-1% frequency).
The helper viral DNA (YM1.BTV-10.2) contained a nucleotide insert
representing the major neutralization antigen VP2 of bluetongue
virus serotype 10, RNA segment 2 (gift of P. Roy; see Inumaru and
Roy, 1987) that had been previously manipulated into the polyhedrin-
negative virus using the vector pAcYM1. This helper viral DNA was

chosen for two reasons. First, the virus was polyhedrin-negative so

that new recombinants could be easily selected from co-transfections
involving YM1.BTV-10.2 viral DNA and plasmid replicons containing
the polyhedrin gene on the basis of their reacquisition of a
polyhedrin-positive phenotype: Secondly, unlike the pAcRP based
plasmids, or those derived by Smith and Summers (1983), the helper
contained no polyhedrin protein coding sequences (see Matsuura et
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al., 1987) thereby eliminating the possibility of recombination
within the polyhedrin coding region. After three successive cycles
of plaque purification stocks of VC2 virus were obtained and used
for a range of biochemical analyses. -

Immunofluorescence analysis of recombinant virus infected cells

S.frugiperda cells were infected with the pAcVC2 derived
recombinant VC2 virus and prepared for immunofluorescence analysis
using an LCMV-N monoclonal antibody (gift of M.J. Buchmeier, see
Buchmeier et al., 1981). As controls, cells infected with either
¥M1.YN1 virus (containing only the LCMV-N coding region), or wild-
type AcNPV were employed. The results, shown in Figure 2, provided
evidence for the expression of the LCMV-N protein in the VC2
infected cells (Figure 2e) that was comparable to that observed for
the: recombinant baculovirus expressing only the LCMV-N protein
(YM1.YN1, Figure 2c). As expected, cells infected with wild-type
AcNPV did not exhibit positive immunofluorescence (Figure 2a).

In addition to ultraviolet microscopy, examination of wvirus
infected cells using a light microscope revealed the presence of
polyhedral inclusion bodies in control wild-type AcNPV infected
cells (Figure 2b) and in cells infected with the VC2 recombinant
virus (Figure 2g). All the cells infected with the VC2 wvirus
exhibited both LCMV~N immunofluorescence and polyhedral inclusion
bodies (compare Figure 2e and 2g). This phenomenon is most clearly
seen in the hybrid ultraviolet/visible light mic¢rograph presented in
Figure 2f. As shown previously (Matsuura et al., 1987) cells
infected with the recombinant virus containing the LCMV-N gene in
lieu of the polyhedrin gene (i.e., virus YM1.YN1l) did not exhibit
polyhedral inclusion bodies although they had a marked granular
appearance (Figure 2d). In summary, the data clearly demonstrated
that cells infected with the VC2 virus expressed LCMV~-N protein and
polyhedrin simultaneously.

. 5
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Location of the genes for LCMV-N protein and AcNPV polyhedrin

protein within the recombinant VC2 viral DNA

Although the immunofluorescence data shown in Figure 2
indicated that the genes for LCMV-N and polyhedrin were expressed in
cells infected with the VC2 virus, it was essential to demonstrate
that during the co-transfection regime the genes had been
incorporated into the viral genome in the desired orientation (as in

pAcVC2, see Figure 1) rather than at random. Conveniently, digestion
of the recombinant plasmid pAcVC2 with the restriction endonuclease
dcecll yields a 5080 nucleotide fragment that contains both the
LCMV-N gene and the polyhedrin gene. This enzyme was therefore used
for Southern analysis of the recombinant VC2 virus. DNA preparations
obtained from pAcVC2 plasmids or frcuw purified VC2, or AcNPV,
virions were digested with A4ccll and resolved by agarose gel
electrophoresis. Southern blot analyses of these preparations using
radicactive probes specific for the coding region of either the
AcNPV polyhedrin or the LCMV-N (Matsuura et al., 1987) gene are
shown in Figure 3. The data demonstrated that both the polyhedrin
and LCMV-N gene specific probes hybridized to a 5082 nucleotide
fragment in the Acell digested VC2 viral DNA that correlated to

the Accll fragment detected with both probes in the plasmid

replicon pAcVC2. As expected, the polyhedrin probe hybridized to a
2028 nucleotide dcell fragment encompassing the polyhedrin gene in
wild-type AcNPV DNA, whilst the LCMV-N probe did not hybridize to
any of the AcNPV DNA sequences. The results indicated that both the
LCMV and polyhedrin coding sequences were incorporated into the
desired area of the VC2 viral genome.

Expression of LCMV-N and polyhedrin gene products by the VC2 virus

The presence of LCMV-N and polyhedrin mRNA species in cells
infected with the recombinant VC2 virus was determined by Northern
analysis. As controls, S.frugipérda cells were infected with
AcNPV and the YM1.YN1 recombinant virus (Matsuura et al., 1987).




WO 89/01518 PCT/GB88/00663

- 16 -

Infected cell nucleic acids were extracted at 24 h post-infection
and chromatographed on columns of oligo(dT) cellulose to select RNA
with polyadenylic acid sequences. The poly(A+) and poly (A-) RNA
preparations were treated with methylmercuric hydroxide and
separated into size classes by agarose gel electrophoresis also in
the presence of methylmercuric hydroxide. RNA was blotted and fixed
ta Hybond-N, then probed with nick-translated DNA representing
either the LCMV-N or the AcNPV polyhedrin gene. The results of such
analyses are shown in Figure 4. The polyhedrin probe hybridized to a
1.2 kb mRNA species in both the VC2 and AcNPV infected cells but did
not hybridize to any mRNA species produced in the YM1.YN1
recombinant virus infection. In contrast, the LCMV-N probe
hybridized to an mRNA species ca. 2.25 kb in length in both the

VC2 and YM1.YN1 virus infected cells. The size of this mRNA species
corresponds to the predicted length of the LCMV-N mRNA if the
authentic polyhedrin transcriptional machinery had been utilized.
These mRNA size analyses c¢onfirmed and provided independent evidence
that the LCMV-N and polyhedrin genes were under separate
transcriptional control. As expected neither polyhedrin, nor LCMV-N,
mRNA species were present in the poly(A-) RNA tracts (data not
shown)}. As far as could be ascertained by such analyses, the data
exhibited in Figure 4 indicated that the levels of polyhedrin and
LCMV~-N mRNA in the VC2 virus infected cells were esgentially
comparable to those produced by cells infected with either AeNPV or
IML.¥YN1 virus.

In order to determine the relative amounts of LCMV-N protein
and the polyhedrin protein synthesized in the VC2 virus infected
S.frugiperda cells, cells were pulse-labelled at various times
post-infection and the radio-labelled proteins analysed by
polyacrylamide gel electrophoresis. The results of pulse-labelling
VC2 virus-infected cells with [35S]methionine at 24 h and 48 h
post-infection are shown in Figure S5a. It was apparent that in the
VC2 virus infected cells there were two major [358]—1abelled

protein products with sizes corresponding to 62 x 103‘Da'and

*
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33 = 103 Da. By comparison with the [358]-labelled proteins
synthesized in insect cells infected with the polyhedrin-negative
¥M1.YN1 virus, or with the AcNPV virus, the VC2 directed protein
products corresponded, respectively, to the LCMV-N protein (62 x
103 Da) and the AcNPV polyhedrin protein (33 x 103 Da). The
relative level of LCMV-N and polyhedrin gene expression apparent in
the pulse-labelled protein analyses was confirmed by analyses of
stained protein gels (Figure 6b). This result also provided evidence
that both proteins accumulated to substantial levels in the VC2
virus infected cells.

As discussed above, the LCMV-N gene in the recombinant VC2
virus was located in a position that was upstream, but in the
opposite orientation, relative to the normally positioned polyhedrin
gene. It is of interest to note, therefore, that the level of LCMV-N
expression by the VC2 virus did not differ significantly from that
observed with the recombinant baculovirus YM1.YN1 that expresses
only LCMV-N (Figures 5 and 6). The level of polyhedrin protein
expression in the recombinant VC2 virus infected cells was
comparible in molar terms with that obtained for the LCMV-N protein
(Figures 5 and 6).

Electron microscopic analyses of VC2 virus infected cells

It has been previously noted (Matsuura et al., 1987) that
electron micrographs of insect cells expressing large amounts of
LCMV-N protein contaiﬁed multiple inclusion bodies in the cytoplasm
which, on the basis of the intense cytoplasmic fluorescence observed
with LCMV-N monoclonal antibody, were ascribed to LCMV-N protein
aggregates. A similar analysis of cells infected with the
recombinant VC2 virus is shown in Figure 7. By comparison with
uninfected cells (Fig. 7a), AcNPV (Fig. 7b), or YM1.YN1 (Fig. 7e)
infected cells, two features of the VC2 virus infections were
apparent; firstly, as in the YM1.YN1l wvirus infected cells, LCMV-N
protein was present in aégregatéd forfns in ¢ytoplasmic inclusions and
secondly, as in wild-type AcNPV infections, the nucleus contained
polyhedral bodies (Fig. 7d) with occluded virus particles (Fig.

Te).
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Expression of LCMV-N protein and polyhedrin iniT.nidélarvae

Since electron micrographs of iS.frugiperdad cells infected
with the VC2 virus had revealed the presence of VC2 virions occluded
within polyhedra, the latter were recovered and used to infect third
instar IT.nid caterpillars. For comparison, cell released virus
{titre 8 = 107 pfu/ml) obtained from the supernatant fluids of VC2
virus infected IS.frugiperdad cells was also used to infect third

instar iT.nid caterpillars. After four days post~infection and prior

to death of the larvae, a random selection of 5 caterpillars from
each infection group (40 caterpillars per group) were extracted and
their proteins resolved by polyacrylamide gel electrophoresis. The
results of the stained protein gel analyses of these caterpillar
extracts are shown in Figure 5. Of the five caterpillars that
received cell released virus (averége caterpillar weight: 97 mg),
only caterpillar no. 3 exhibited an infection and the concomitant
production of small quantities of LCMV-N protein. In contrast,
caterpillars infected with the VC2 derived polyhedral inclusion
bodies were significantly smaller in size (average weight: 33 mg)
and all five caterpillars exhibited a virulent viral Irifection with
the concomitant production of large quantities of both the LCMV-N
and polyhedrin proteins. By comparison with known amounts of bovine
serum albumin electrophoresed in parallel with the larval extracts,

it was estimated that each larva contained at least 0.1 mg of LCMV-N
protein.

(ii) MATERIALS AND METHODS USED IN THIS EXAMPLE

(a) Viruses and cells

AcNPV and recombinant virus stocks were grown and assayed in
confluent monolayers of iSpodoptera. frugiperdad cells in medium
containing 10% foetal bovine serum according to the procedures
described by Brown and Faulkner (1977).
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(b) DNA manipulations and constructions of DNA clones

Plasmid DNA manipulations were effected essentially as
summarised by Maniatis and associates (1982). Restriction enzymes,
T4 DNA ligase and the Klenow large fragment of DNA polymerase were
purchased from Amersham, U.K., Calf intestinal alkaline phosphatase
was obtained from Boehringer Mannheim Biochemicals (Mannheim, FRG).

{c) Construction of pAcVC2

The plasmid replicon pAcYM1.YN1l which contained the entire
LCMV-N gene (Matsuura et al., 1987; Possee, 1986) was digested to
completion with Acell and the 3052 nucleotide fragment containing
the LCMV~-N gene with its associated polyhedrin promoter and
transcription termination sequences isolated by electrophoresis in
0.8% agarose. The Accll fragment was ligated into an EcoRV
digested and dephosphorylated plasmid, pAcEcoRI "I", that
contained a 7.3 kb AcNPV fragment in a modified pUC8 plasmid
{Possee, 1986). After transformation and screening with
nick-translated LCMV-N DNA, plasmids were obtained (Figure 1,
PAcVC2) that were chatacterised by restriction enzyme and sequences
analysis (Chen and Seeburg, 1985). Those with the format of pAcVC2

shown in Figure 1 were selected to produce the recombinant virus
vca. '

{d) Transfection and selectidn of recombinant virus VC2

S.frugiperda cells were transfected with a mixture of
plasmid pAcVC2 DNA and DNA representing a polyhedrin-negative virus
derived from pAcYM1l containing the bluetongue virus serotype 10
segment 2 DNA (YM1.BTV-10.2, a gift from Professor P. Roy,
University of Alabama in Birmingham, USA, see Inumaru and Roy, 1987)
using a modification of the procedures described by Smith et al.
(1983). YM1.BTV-10.2 DNA (1 npg) purified by the method of Smith and
Summers (1978) was mixed with various concentrations of plasmid DNA
(25-100 pg) and adjusted to 950 pl with Hepes buffered saline (20 mM
Hepes, 1 mM‘NaZHPOM. S5mM KCl, 140 mM NaCl, 10 mM glucose, pH
T7.05). After precipitation with 50 pl of 2.5 M Ca012 DNA was
inoculated onto monolayers of 1 x 106 S. frugiperda cells in
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35 mm tissue culture dishes and incubated for 1 hour at room
temperature. The supernates were discarded and 1.5 ml of medium
containing 10% foetal bovine serum was added. After 3 days
incubation at 28°C‘ the supernates were harvested and titred in
caonfluent monolayers of S.jfrugiperda cells. Plaques exhibiting
occlusion bodies (viral polyhedra, as determined by transmission
light microscopy) were recovered and retitred on S.fruigperda

cells to obtain recombinant, polyhedrin positive virus. Following a
third plaque purification, high titred stocks of recombinant virus
were obtained (VC2, 107 to 10° pfu/ml).

{(e) Extraction and characterisation of viral and c¢ellular nucleic

acids
Viral DNA and infected cell mRNA were prepared as described

previously (Matsuura et al., 1986). For Southern analyses, viral
DNA was digested to completion with AccIll and the products
resolved by electrophoresis in 0.8% Agarose (BRL, Madison, W.I.);
then blotted to Hybond-N (Amersham, U.K.). After drying, the
membranes were illuminated with ultraviolet light for 5 minutes and
hybridized (Southern, 1975) to either nick-translated LCMV WE DNA
obtained from clone Y-1-A (Matsuura et al., 1986), or to
nick-translated AcNPY polyhedrin DNA (a gift from Dr. R.D. Possee,
Institute of Virology, Oxford, U.K.). The membranes were washed and
autoradiographed. Cellular mRNA preparations were treated with
10 mM methyl mercury hydroxide (Bailey and Davidson, 1976j, resolved
by electrophoresis in 1% agarose gels contdining methyl mercury and
transferred by blotting to Hybond-N. After blotting (Alwine et
al., 1977), the membranes were dried and illuminated with
ultraviolet light for 5 min, then hybridized to 32P-labelled
nick-translation products of DNA representing the polyhedrin ‘gene
and LCMV-N gene as described by Denhardt {1966). Membranes were
washed and autoradiographed.
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(f) Protein analysis

S.frugiperda cells were infected with virus at a
multiplicity of 10 pfu/cell in 35 mm tissue culture dishes and
labelled with IOO‘uCi[Sss]-methionine {Amersham, 1131 Ci/mmol) for
t h at the indicated time using methionine-free medium. Prior to
labelling, the cells were incubated for 1 h in methionine-free
medium to reduce the intracellular pools of the precursor. After the
labelling periods, the media were removed, the monolayers rinsed
three times with phosphate-buffered saline (PBS) and the cells lysed
in 100 pl RIPA buffer (1% Triton X-100, 1% sodium deoxycholate, 0.5
M NaCl, 0.05 M Tris-HC1l, 0.01 M EDTA, 0.1% SDS, pH 7.4). Aliquots of
the protein samples were boiled for 5 min in dissociation buffer
(2.3% SDS, 10% glycerol, 5% p-mercaptoethanol, 62.5 mM Tris-HC1,
0.01% bromophenol blue, pH 6.8) and subjected to electrophoresis in
discontinuocus gels of 10/ polyacrylamide as described by Laemmli
{1970). After electrophoresis the gels were fixed in acetic acid
(10% v/v) and impregnated with Amplify (Amersham, U.K.) and exposed
at -70°C to X-ray film. Alternatively, gels were stained with
Kenacid Blue (Overton et al., 1987).

(g) Infection of T.ni with recombinant VC2 virus

Third instar T.ni caterpillars grown on semi-synthetic
media (Hoffman et al., 1966) were infected per os with either
cell-released, non-occluded, VC2 virus purified by differential
centrifugation (8 x IO24 p.f.u./caterpillar), or VC2 polyhedral
inclusion bodies (likewise purified, Y x 101'l polyhedral inclusion
bodies per caterpillar). After 4 days of incubation the caterpillars
were harvested. The caterpillars were weighed and individuals were

selected at random and homogenised in PBS (200 pl) containing 0.02%

" $odium diethyldithiocarbamate. Aliquots (5 pl) from the homogenates

were prerared for gel electrophoresis.

(h) Immunofluorescence analysis of recombinant virus infected cells

S.frugiperda cells were infected with the V€2 recombinant
virus and prepared for immunofludrescepnce analyses 36 h post-
infection using an LCMV-N monoclonal antibody (Buchmeier et al.,
1981). As controls, S.frugiperda cells infected with either
YM1.YN1 virus (Matsuura, et al., 1987; containing only the LCMV-N
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coding region), or with wild-type AcNPV, were employed. For immuno-
fluorescent analyses, aliquots (5 pl) of S.frugiperda cells
infected 36 h previously at a multiplicity of 10 pfu/cell were
spotted onto glass slides and fixed with cold acetone for 10 min,
The cells were washed in PBS and incubated for 1 h at 37°C with 10
pl of a 1/32 dilution of LCMV N-specific monoclonal antibody, kindly
provided by Dr. M. Buchmeier (Scripps Clinic and Research Institute,
La Jolla, Ca., U.S.A.). The slides were washed with PBS, the cells
stained with fluorescein conjugated swine anti-mouse IgG entibody
for 1 h at 37°C, washed again with PBS and examineéd for
fluorescence.

(j) Construction of pAcVC3

Plasmid pAcYM1 was digested with the restriction enzyme
BamHI and the 3'ends repaired with the Klenow fragment of DNA
polymerase in the presence of all 4 deoxynucleoside triphosphates.
The DNA was then dephosphorylated by treatment with alkaline
phosphatase and ligated to a BglIIl linker (5' GAAGATCTIC 3').
Subsequent digestion with BglII followed by religation led to the
recovery of a new vector, pAcYM2, containing a unique BglII site
in lieu of the original BamHI site (Fig. 8).

To generate a plasmid in which two foreign genes could be
inserted, each under the contrel of its own copy of the polyhedrin
promoter, the 1.3 kb DNA fragment obtained by digestion of pAcYM2
with AccII was cloned into plasmid pAcYM1 that had been previously
digested with EcoBV (Fig. 8). The ligation did not regenerate the
AecIl ot EcoRV sites used in these digestions. Of the 2 possible
orientations in which the fragment could be recovered in the new
recombinant plasmid, the one with the polyhedrin transcription
initiation sites next to each other but in opposite orientations was
selected, pAcVC3 (Fig. 8). In this orientation the two putative
transcription termination signals, AATAAA, were separated by the
BglIX and BamHI sites (Fig. 8). The construction of plasmid
pAcVT3 allows one foreign gene to be inserted in the plasmid at the
Bamil site and another into the Bglll site. By this means each
gene has its own, non-overlapping, copy of the polyhedrin

transcription promoter and terminator sequences (i.e., representing
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two PESs). The orientation of the genes on different strands of the
DNA, should minimize the possibility of gene excision by
recombinational events.

(k) Preparation of recombinant virus VCY

Using the procedure described above for the production of
virus VC2, but employing an available plasmid containing the gene
coding for the Hantaan N protein (the protein corresponding to the
Hantaan S (small) RNA « Schmaljohn, C.S.; Jennings, G.B.; Hay, J.
and Dalrymple, J.M. "Coding stategy of the S-genome segment of
Hantaan Virus"; Virology, 155, pp. 633-643 (1986)), recombinant
virus VC4 was produced. This virus, when used to infect T.ni
caterpillars enabled the concomitant production of polyhedrin
protein and Hantaan N protein in those insects.

Using similar techniques, recombinant virus capable of
axpressing combinations of polyhedrin protein and Hepatitis B, S or

C proteins may be produced.
EXAMPLE 2
(i) PROCEDURES
Construction of Recombinant Transfer Vectors for Single Gene

Expression

A 581 base-pair DNA fragment containing the coding region of

the HB virus C genée and a 1005 base-pair fragment contaiming the
coding region of the preC and C gene were excised with Styl and
HinPl, respectively, from plasmid pSCK102 kindly supplied by

C.-Y. Kang (University of Ottawa, Canada,; representing an adw
serotype of HB virus). Each fragment was repaired with the Klenow
fragment of DNA polymerase, then cloned into the BamHl site of the
baculovirus pAcYM1l vector (Matsuura et al., 1987). The derived .
recombinant transfer vectors were designated pAcYM1KTc and pAcY1KTpc
respectively (Fig. 9). The entire S gene of HB virus was prepared by
Acell digestion of plasmid pAcRP6-HBsYK14 (Kang et al., 1987),
ligated into the BamHl site of pAcYM1l, then digested with BamH1,

and the resulting 725 base-pair DNA fragment containing the S gene
inserted into the BamHl site of the pAcYM1 vector to construct the
recombinant transfer vector pAcYM1KTs (Fig. 10).
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Construction of Recombinant Transfer Vectors For Dual Gene

Expression
Plasmid pAcYM1KTs was digested with Acell and the fragment
containing the S gene, its associated polyhedrin promoter and

transcription termination sequences was ligated into the
dephosphuesylated EcoRV digestion product of plasmid pAcYM1KTc to
give the dual expression, recombinant transfer vector pAcVCKTsc,
(Fig. 11), or into the EcoRV digestion product of pAcYM1KTpc to
give the dual expression vector pAcVCKTspc, (Fig. 11). Insertion of
the same HB S gene fragment into the 7.3 kb EcoRI 'I' fragment of
AcNPV (in a modified pUC8 plasmid, Possee, 1986) yielded the
recombinant transfer vector pAcVCKTs (Fig. 12).

Transfections and Selection of Recombinant Viruses

To obtain recombinant viruses that would express the foreign
gene(s), S.frugiperda cells were transfected with mixtures of
infectious AcNPV DNA and plasmid DNA representing the individual
recombinant transfer vectors essentially as described by Overton and
associates {1987). From cotransfection with pAcYM1KTc plasmid DNA

recombinant virus YM1KTc was obtained, likewise from pAcYM1KTpc

recombinant YM1KTpc, from pAcYM1KTs recombinant YM1KTs, from

PAcVCKTspc recombinant VCKTspc, and from pAcVCKTsc recombinant
VCKTsc. To derive an occluded recombinant virus that expressed both
the HB S antigen and AcNPV polyhedrin protein, S.frugiperda cells
were transfected with a mixture of plasmid pAcVCKTs DNA and DNA
representing a polyhedrin negative virus derived from pAcSI.10.2
that contained the bluetongus virus serotype 10 segment DNA2
(Immumaru & Roy, 1987). Plaques of recombinant viruses (VCKTs) that
contained visible occlusion bodies were recoverzd.

Extraction and Characterisation of Viral DNA

Viral DNA was prepared as described previously (Overton et
al., 1987). DNA samples were digested to completion with Acell
and the products subjecteéd to Southern analyses as described by
Matsuura and associates (1986).
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E. Labelling and Analyses of Infected Cell Polypeptides

S.frugiperda cells were infected with virus at a
multiplicity of 10 p.f.u./cell in 35 mm tissue culture dishes and
incubated at 28°C for 48 h. At the indicated times the cells were
treated for 1 h with methionine-free medium, then labelled for 3 h
with 15 puCi of [358]methionine (Amersham International, 1131
Ci/mmol) in the same medium. On occasion, the cells were not
labelled. The cells were rinsed three times with phosphate buffered
saline (PBS) and lysed in 150 pl of RIPA buffer (1% Triton X-100, 1%
sodium deoxycholate, 0.5 M-NaCl, 0.5 M-Tris-HC1l, 0.01 M-EDTA, 0.1%
SDS, pH 7.4). Portions of the protein samples were boiled for 5 min
in dissociation buffer (2.3% SDS, 10% glycerol, 5/% B-mercapto-
ethanol, 62.5 mM-Tris-HC1, 0.01% bromophenol blue, pH 6.8) and
subjected to electrophoresis (SDS~PAGE) in a discontinuous gel of
10-20% polyacrylamide containing SDS as described by Laemmli (1970).
After electrophoresis the gel was fixed in acetic acid (10% v/v) and
stained with Kenacid Blue, then exposed at -70°C to X-ray film.

. Immunoblotting Analysis

After SDS-PAGE, proteins were transferred electro-
phoretically to nitrocellulose membranes for 4 h at 150 mA. The
membranes were soaked at 4°C overnight in TBS {20 mM-Tris-HC1,
pH7.4, 0.15 M-NaCl containing 10% foetal calf serum). After another
wash with TBS, the membranes were treated for 1 h at 20°C with
rabbit anti-HBcAg serum in TBS containing 5% foetal calf serum and
0.05% Tween 20 (TTBS). Following further washes with TTBS, bound
antibodies were detected with goat antirabbit immunoglobulins
conjugated to alkaline phosphatase (Sigma)fand Fast Blue BB salt and
B-naphthylphosphate (Sigma) as substrate.
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G. Purification of HBcAg and HBsAg by Gradient Centrifugation

Cells were infected with recombinant baculoviruses
containing the HBsAg gene (YM1KTs) and the supernatant fluids
recovered 4 or 5 days post-infection. The cell culture supernatant
fluids containing HBsAg were concentrated by precipitation with 60%
ammonium sulphate. The pelleted material was resuspended in TNE (10
mM-Tris-HC1, 50 mM-NaCl, 0.1 mM-EDTA, pH 7.4) and loaded on a 20% to
60% (wt/wt) sucrose gradient in TNE buffer and centrifuged at
150,000 x g for 15 h at 4°C using an SW 41 Ti rotor (Beckman). After
centrifugation, the gradients were fractionated and peak fractions

containing HBsAg identified by RIA (see above), pooled and pelleted
by centrifugation (Ti 50 rotor, 100,000 x g for 15 h at 4°C). The
products were resuspended in HZO' and samples assayed by electron
microscopy. Cells infected with recombinant viruses containing HBcAg
were extracted 4 days post-infection by sonication, or freezethawing
three times, the products subjected to centrifugation to remove cell
debris and the derived supernatant fluids centrifuged through a 307 N .
sucrose cushion using a 42.1 rotor (Beckman) at 106,000 x g for

16 h, then resuspended in TNE and purified by CsCl isopycnic centri-
fugation using an SWY1 rotor at 160,000xg for 36 h. The gradient was
fractionated and the peak fractions containing HBcAg were identified
by SDS-PAGE, pooled, pelleted by centrifugation and resuspended in
HZO'

H. Infection of Trichoplusia ni with Recombinant Viruses that Express

HBsAg

Groups of 10-20 fourth instar T.ni caterpillars grown on
semi-synthetic media (Hoffman et al., 1966) were infected per os
with non-occluded recombinant virus YM1KTs (5 x 105 p.f.a./lava)
or by bolyhedral inclusion bodies (PIBS) representing the
recombinant VCKTs virus (4 x 10"l PIBS/caterpillar). After 4-5 days
of extrinsic incubation the visibly infected and moribund
caterpillars were harvested, homogenized in 200 ul of 10
mM-Tris-HC1l, pH 7.4 containing 0.02% sodium diethyldithiocarbamate.
Portions (5 pl) of the homogenates were prepared for SDS-PAGE.
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RIA for Detection and Quantitation of HBsAG

Recombinant virus derived HBsAg was measured by solid-phase
radioimmune assay (AUSTRIA II; Abbott Laboratories) using the HBsAg
supplied by the manufacturer (20 mg/ml) as a standard.

Serology

Immunofluorescence was used to detect recombinant virus-
derived HBsAg and HBcAg in infected cells.

Antibodies to HBsAg (anti-HBs) in human sera were measured
using a commercially available RIA (AUSAB; Abbott Laboratories) and
by two solid-phase "sandwich" ELISA procedures. ELISA No. 1 used
human plasma-derived HBsAg for antibody capture and detection. ELISA
No. 2 used recombinant virus-derived HBsAg for antibody capture and
human plasma-derived HBsAg for antibody detection. Antibodies to
HBcAg (anti-HBc) were measured using two solid-phase competitive
RIA. RIA No. 1 used human liver-derived HBsAg; RIA No. 2 used
recombinant virus-derived HBcAg. .

3

Immunofluorescence Analyses

S.frugiperda cells were infected with virus at a
multiplicity of 1 p.fu./c¢ell in 35 mm tissue culture dishes. At 72 h
post-infection portions of 5 pl were spotted onto PTFE-coated
multispot microscope slides and fixed with cold acetone for 10 min.
Uninfected (control) cells were treated similarly. Sera and ascitic
fluids were diluted 10-fold with PBS. 10 ul volumes of each
preparation were pipetted on to one area of infected cells and one
area of control cells. Slides were incubated for 30 min at 37°C in a
sealed box at high humidity. Excess antibody was rinsed from the
slides with PBS, the slides were drained and any remaining liquid
was removed. Appropriate conjugates were diluted in PBS containing
0.005% Evans Blue to mask non-specific (background) fluorescence.
Sheep anti-human immunoglobulin-fluorescein isothiocyanate (FITC)
(Wellcome Diagnostics, Dartford, UK) and goat anti-mouse IgG and
IgM-FITC (TAGO, Inc., Burlingame, California, USA) were diluted to

<
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provide bright fluorescence with positive sera and low background
staining with negative sera and on control cells. 10 pl volumes of
diluted conjugate were pipetted on to each area of cells and the
slides incubated at 37°C for 30 min in a sealed box that provided a
humid environment. The stained slides were rinsed and washed as
before and finally rinsed for 1 min in distilled water. After drying

in air the slides were examined using a fluorescence microscope.

RIA to Measure Anti-HBs

Antibodies to HBsAg were measured in a commercially
available RIA (AUSAB) by comparison with the WHO reference anti-HBs
preparation which was diluted in negative human serum to contain
100,50 and 10 International Units (IU)/L.

ELISA to Measure Anti-HBs

The solid-phase "sandwich" ELISA used to measure anti-HBs
included a novel enhancement system developed in the Division of
Microbiological Reagents and Quality Centrol (CPHL, Colindale).
FITC-conjugated antigens or antibodies are detected by a peroxidase
conjugate of the monoclonal anti~FITC antibody described by Samuel
and associates (1988). In this anti-HBs assay, test antibody was
sandwiched between HBsAg-coated microwells and an HBsAg-FITC
conjugate. Human plasma-derived HBsAg was conjugated to FITC as
described by Samuel and associates (1988) using 1 mg HBsAg and 37.5
pg FITC in 0.5 ml of 0.1 M-sodium carbonate buffer, pH 9.3,
containing 0.1 M-NaCl. An anti-FITC peroxidase conjugate prepared by
the periodate method of Wilson and Nasane (1978) was used to detect
bound antigen~-FITC.

Human plasma-derived HBsAg was purified from human serum and ‘
recombinant virus derived HBsAg was purified from cell culture
supernatant fluids by affinity chromatography using a column of
Protein-A Sepharose CL4B (Pharmacia, Uppsala, Sweden) to which
monoclonal anti-HBs had been cross-linked using dimethylsuberimidate
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(Davies & Stark, 1970; Parkhcuse, 1984). The antigen was recovered
and diluted in 0.1-M-glycine-HC1 buffer, pH 7.5, containing 0.1%
sodiun azide, to give a concentration of 1 pg/ml and used to coat
polystyrene microtiter plates (Nunc-Immuno plate Maxisorp F96, A/S
Nunc, Kampstrup, Denmark). 100 pyl of antigen suspension were
pipetted into each well and the plates incubated at room temperature
for three days. They were then washed and unused binding sites
blocked with 1% BSA in 0.02-M-Tris-HC1 buffer pH 7.6, containing
0.1% sodium azide. Plates were stored at 4°C until required. 100 pl
of patient serum, either from HBsAg vaccinees, or from patients with
a history of hepatitis B infection, as well as appropriate positi&e
and negative controls, were added to the HBsAg coated wells and
incubated at 37°C for 1 h. The wells were washed to remove unbound
material and 100 pl of human plasma-derived HBsAg-FITC conjugated
buffer (PBS containing 0.05% Tween 20,5% negative human serum and 17
BSA) were added. Following incubation for 1 h at 37°C and washing of
the wells, 100 ul of monoclonal anti-FITC-peroxidase conjugate,
diluted-in conjugate buffer, was allowed to react with the bound
HBsAg-FITC. After incubation for 1 h at 37°C and a final washing
step, a substrate solution containing hydrogen peroxide and the
chromogen tetramethylbenzidine (TMB) was added (0.001 g TMB
[dissolved in 100 pl dimethylsulphoxide] and 7.5 pl of 6% w/v
hydrogen perioxide in 10 ml 0.1-M-citrate-acetate buffer, pH 6.0).
The enzyme reaction was stopped after 30 min by the addition of 100
pl of Z-M-stoq. The absorbances of the controls and the test
samples were measured at 450 nm.

. RIA to Measure Anti-HBc

The solid-phase competitive RIA used were modifications of
the method described by Cohen and associates (1981). Human liver-
derived HBcAg was diluted 1.4 x 103-fold and recombinant virus-
derived HBcAg was diluted 2 x los-fold in 0.02-M-Tris-HC1 buffer,
pH 7.6, containing 0.1% sodium azide. Two hundred and ten etched
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palystyrene beads (Northumbria Biologicals, Cramlington, UK) were
added to 35 ml of each diluted antigen in small flasks which were
shaken at rcom temperature for 2 h, then incubated at room
temperature in the dark for a further 2-3 days. The HBcAg-beads were
washed. three times in PBS and stored until required at 4°C in PBS
containing 0.5X BSA and 0.1% sodium azide. 20 pl of the test sera
were added to each well of an assay plate followed by 180 pl of
1251 1abelled anti-HBc diluted in PBS containing 10% FCS. A
negative serum, a strong positive and a weak positive serum served
as controls and were similarly processed. Excess buffer was removed
from the HBcAg-beads by blotting and one bead was added to each
well. The wells were sealed and the plates incubated overnight in a
humid atmosphere at room temperature. The wells were washed with
distilled water using a Qwikwash (Abbot Laboratories) and then the
beads were transferred to counting tubes and counted for
radioactivity in a 16-~well gamma-counter (NE 1600, Nuclear
Enterprises, Edinburgh, Scotland, UK). Background (Bkgd) radiation
was also measured. The % inhibition of the 1251-antiHBc binding

" was expressed as:

100-[ {count-bkgd}x100+{mean negative count-bkgd}]

In these assays, "strong" positive control sera gave 94%
inhibition and "weak" positive control sera gave 76% inhibition.
Similar values were obtained for both the recombinant virus-derived
and the liver-derived antigen. The positive cut-off value was 67%
inhibition and the negative cut-off value was 50% inhibition.
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{1i) RESULTS

A. Sequence Analyses of HB Virus C and PreC Genes
DNA subclones encompassing the C and preC antigens of an adw

serotype of HB virus were obtained as described above. The sequences
of the HBcAg and HBpcAg gene products were deduced from DNA analyses
of these clones (Fig. 13). Indicated in the Figure are the
methionine codons (boxed) that initiate the preC and C gene
prodcuts, as well as nucleotide (open triangles) and amino acid
differences (filled triangles) by comparison with the HB virus adw
sequence published by Ono and associates (1983). The sequences of
the indicated gene products were comparable to those published for
other isolates of HB virus (see Galibert et al., 1979; Pasek et

al., 1979; Valenzuela et al., 1980; Fujiyama et al., 1983; Ono

et al., 1983; Bichko et al., 1985).

B. Recombinant Baculoviruses That Express HBcAg, or HBpcAg, or HBsAg
The coding sequences of the preC and C antigens of HB virus

were inserted into the AcNPV transfer vector pAcYM1 (Matsuura et .

at., 1987) as described above (Fig. 9). The derived recombinant
transfer vectors (pAcYM1KTpc, pAcYM1KTc) were analysed by
restriction endonuclease digestion and the junction sequences
determined as shown in Fig. 9. Following cotransfection with
infectious AcNPV DNA, recombinant baculoviruses were obtained
(YM1KTpc, YM1KTc), plaque purified and high titred virus stocks
obtained. The levels and identities of the 24.6 kilodalton HBpcAg
and 21.4 kilodalton HBcAg were determined by the incorporated of
labelled methionine (Fig. 14, left-hand panel) and by Western
analyses (Fig. 14 right-hand panel). Essentially all the HBcAg and
HBpcAg antigen was cell associated. Electron micrographs of HBcAg
extracted from infected cells and purified by CsCl gradient
centrifugation are shown in Fig. 15A. From analyses of stained
protein gels of the gradient purified HBcAg, by comparison with
known amounts of bovine serum albumin, the yield of purified HBcAg
was determined to be of the order of 5 mg per liter of

1 x 10 infected cells.
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Using small volume cell cultures (e.g. 35 mm dishes), the
level of HBsAg synthesis by the recombinant baculovirus HBsYK14
(Kang et al., 1987) has been reported to be equivalent to 1.5 mg
per 109 infected cells. In large culture volumes (100-1000 ml),
expression levels of the order of 0.3-0.5 mg per 109 infected
cells are obtained with the same virus. The reason for this
difference in expression level is not known. In order to improve
this the HBS gene was transferred from the pAcRP6 vector to the
PAcYM1 vector since higher expression has been observed with the
latter for a variety of gene products (see Matsuura et al., 1987).
In an initial study, the HBsAg gene was recovered from the transfer
vector pAcRP6-HBsYK1Y4 (Kang et al., 1987) by BamHI digestion and
inserted directly into the BamHI site of transfer vector pAcYMI.

The derived transfer vector was used to prepare a recombinant virus

and the level of HBsAg synthesis was measured. The data obtained

(not shown) indicated that'the level of expression was equivalent to

0.3 mg per 109 ;nfected cells and similar to that of the

recombinant HBsYK14 run in parallel.‘ -

One reason for the low expression level could have been the
presence of some 100 nucleotides of the HB genome upstream of the
HBsAg coding region (i.e., between the HB BamHI site and the HBsAg
translation initiation ATG). In view of this, the transfer vector
PACYM1KTs was prepared (Fig. 10). This vector was used to produce a
recombinant virus (YM1KTs). The presence of HBsAg in the supernatant
fluids (containing the séecreted 22 nm HBsAg particles) and residual
HBsAg in cell lysates was measured. The yield of HBsAg (cell
associated and in the supernatant fluids) was estimated from the RIA
assays to be of the order of 0.3 mg per liter of 1 x 109 infected
cells by 5 days post-infection (Fig. 16). This level of HBsAg N
expression was no different to that obtained with the other
recombinants (e.g. HBsYK14). The incorporation of labelled
methionine into the cell-associated HBsAg was also measured (Fig.
14, see Kang et al., 1987). Electron micrographs of HBsAg purified
from the supernatant fluids by sucrose gradient centrifugation are
shown in Fig. 15B.
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€. Recombinant Baculoviruses That Coexpress HBcAg and HBsAg
A sequence containing the polyhedrin promoter, the HBsAg

gene and the polyhedrin transcription termination signal was
recovered from the HBsAg transfer vector pAcYMiKTs by Accll
digestion (Fig. 11). It was inserted into the EcoRV sites of the
transfer vectors pAcYMiKTpc and pAcYM1KTc in order to make dual
recombinant vectors (Fig. 3). The recombinant vectors were
characterised and the vector with the HBsAg gene in the opposite
orientation to the C gene (pAcVCKTspc see Fig. 11) were used to
derive recombinani viruses by cotransfection of S.frugiperda cells
in the presence of infectious AcNPV DNA. The recombinant virus
VCKTsc were recovered, plaque purified and grown into high titred
virus stock. The antigens made by the VCKTsc recombinant were
analysed. The synthesis of HBcAg by the VCKTsc recombinant was
demonstrated by the incorporation of labelled methionine and by
Western analyses (Fig. 14). The level of synthesis of HBcAg was
essentially similar to that obtained with the recombinant YM1KTc.
The synthesis énd secretion of HBsAg by cells infected with
the dual recombinant VCKTsc and the residual cell-associated HBsAg
were determined by ELISA assays (Fig. 14). Based on the RIA assays,
the total yield of HBsAg was estimated to be of the order of 0.4 mg
per liter of 1 x 109 infected cells by 5 days post-infection (Fig.
16), slightly higher than that obtained with the single expression
recombinant virus, YM1KTs, analysed in parallel:. The level of
secreted HBsAg (Fig. 16) was almost twice that obtained with the
recombinant YM1KTs, although the cell associated HBsAg was
essentidally the same. Overall, though, the level of HBsAg synthesis
represented only a small fraction of the amount of HBcAg synthesis.

D. Recombinant Baculoviruses That Coexpress HBsAg and
AcNPV Polyhedrin Protein

The sequence containing the polyhedrin promoter, the HBsAg
gene and the polyhedrin transcription termination signal was
recgvered from the HBgAg transfer veéctor pAcYM1KTs by decIl
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digestion (Fig. 12). It was inserted into the EcoRV site of the
EcoRI"I" fragment in order to make a dual recombinant vector that
contained the HBsAg gene in addition to the AcNPV polyhedrin gene.
The recombinant vectors were characterised and those with the HBsAg
gene in the opposite orientation to the polyhedrin gene (pAcVCKTs
Fig, 12) were used to derive recombinant viruses by cotransfection
of S.frugiperda cells in the presence of infectious AcNPV DNA.

The proteins made in infected S.frugiperda cells by recombinant
VCKTs are shown in Fig. 14 by comparison with an AcNPV infection so
that the AcNPV polyhedrin protein could be identified. Although for
the latter only small amounts of polyhedrin were made (m.o.i. that
was used was <1 p.f.u./cell), the data served to identify the
polyhedrin protein in the VCKTs infected cells. As in the other
recombinants that contained the HB S gene, the symthesis of HBsAg
was a minor component of the labelled proteins. From RIA it was
estimated to represent some 0.4 mg per liter of 1 x 109 infected

cells by 5 days post infection.

Levels of Synthesis of HB Proteins in Recombinant Virus Infected

S.frugiperda cells

In Fig. 17 are shown the profiles of stained proteins
recovered from cells infected with the single expression recombinant
viruses YM1KTc, YM1KTpe, and YM1KTs, or the dual expression
recombinants, VCKTsc and VCKTs, by comparison with an AcNPV
infection and mock virus infected cells. The AcNPV and VCKTs
infections were initiated at multiplicities of eca 1 p.f.u./cell
(accounting for the low levels of polyhedrin protein), the other
viruses at 10 p.f.u./cell, and the proteins recovered 2 days post-
infection. It was evident that for viruses containing the HB C gene,
the HBcAg was present in the cell extracts in substantial quantities
(estimated visually to be ca 40% of the total protein in the cell
extracts). The preC antigen was observed in lower amount (estimated
ca 5-10% of the stained proteins). Between multiplicities of 1-10
p.f.u./cell essentially similar results to those shown in Fig. 17
were obtained for recombinants containing either the HB C, or the
HBpC gene.
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Despite the fact that the HBsAg was located in a position in
the gel where a cellular protein migrated (see Fig. 17, Mock track),
it could be visualized as an enhanced band in the stained gels,
although in an amount considerably lower than the amount of HBcAg.
Between multiplicities of 1-10 p.f.u./cell essentially similar
levels of cell-associated HBsAg were observed by 2 days post-
infection, although for the VCKTs virus there were enhanced levels
of polyhedrin protein at the higher multiplicities (estimated to be
ca 40% of the cellular protein, see Fig. 14). Even at the higher
multiplicities, it was estimated that the cell-associated HBsAg

represented no more than ca 2% of the stained proteins.

F. Immunoflucrescence Using Recombinant Virus Infected Cells Expressing

HBcAg and HBsAg to Identify Human Antibodies to Those Antigens

Human sera were provided by the Virus Reference Laboratory
of the CPHL, Colindale. Eight human sera that were strongly positive
for antibody to HBcAg and negative for antibody to HBsAg in radio-
immunoassays were used to stain the slides. Every Seruﬁ gave good
fluorescence on the recombinant VCKTecs virus infected insect cells
- (Fig. 18, left-hand panel), but not reaction to control, uninfected

cells (Fig. 18, right-hand panel), indicating that by this procedure
the antigens in the infected cells were suitable substrates for the
detection of human antibodies to HBcAg.

Human vaccinee sera with high levels of antibody to HBsAg
(up to 500 International Units [IU] per liter), but which contained
no anti-HBcAg as judged by the appropriate RIA, gave no fluorescence
on the same recombinant virus infected cells. The presence of HBsAg

in these virus infected cells was confirmed, however, using a mouse

J | monoclonal anti~HBsAg, giving good fluorescence (Fig. 18, center
panel). It was concluded that the cell-associated HBsAg in the virus
infected cells was not adequate for identifying such levels of human
antibodies to HBsAg.
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ELISA Assays Using Purified Recombinant Virus Derived HBsAg to
Identify Human Antibodies to HBsAg
Eighty-eight sera sent to the Virus Reference Laboratory for

anti~HBsAg determination and ninety-one sera from HBsAg-negative
blood donations (North London Blood Transfusion Center, Edgware, UK)
were tested by RIA and ELISA. The RIA used a non-recombinant HBsAg
from Abbott Laboratories. The ELISA No. 1 assay used the human
plasma derived HBsAg for both antibody capture and detection. The
ELISA No. 2 assay used the recombinant HBsAg purified as described
in Methods for antibody capture and a human plasma derived HBsAg for
detection. The results were compared to positive control sera
prepared by dilution in normal human serum of World Health
Organisation (WHO) anti-HBsAg reference serum (RIA), or Blood
Products Laboratory (BPL, Elstree, UK) anti-HBsAg reference serum
(ELISA). The control sera contained 10,50 and 100 IU/liter of anti-
HBsAg antibody. There was good agreement between the tests using the

two different antigen sources for antibody capture as shown in Table
1.

Competitive RIA Using Purified Recombinant Virus Derived HBcAg to
Identify Human Antibodies to HBcAg

One hundred and fifty sara sent to the Virus Reference
Laboratory (Colindale) for anti-HBcAg determination were tested by
competitive RIA using either the recombinant virus derived HBcAg, or
human liver derived HBcAg.

8ix of the sera tested gave "weak positive" reactions with
one test but "negative" reactions with the other (see above and
Table 2). Two sera gave positive reaction in the RIA using liver
derived material and a negative reaction using the recombinant
antigen. The competitive RIA with human liver~derived HBcAg is known
to give some false positive results - possibly due to the serum
reacting against liver proteins. In view of this the agreement
between the two tests was considered excellent, however, many more
sera will have to be tested in the RIA (or by ELISA) with the
recombinant virus derived HBcAg to determine the suitability and
specificity of such tests.
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I. Expression of HBsAg in T.ni larvae

When the single expression vector for HBsAg (recombinant
YM1KTs) was used to infect fourth instar larvae of T.ni (1-2 x
105 p.f.u./larva) it was found that the quantity of HBsAg in
moribund larvae was of the order of 1-2 pg per larva. However at
this late larval development stage only 30% of the larvae became
infected. Reproducible infection was obtained using earlier instar
larvae, however the yields of antigen were correspondingly lower
(<0.1 pg per larva). The use of higher titers of virus to circumvent
the problem with fourth instar larvae was not considered practicable
without concentrating the virus. Stock virus titers were usually of
the order of 107-7'7 p.f.u./ml tissue culture fluids.

It has been demonstrated that occluded AcNPV are more
effective and reproducible at establishing infections in T.ni
larvae than non-occluded AcNPV (See Example 1). Individual fourth
instar T.ni larvae were therefore infected with 4 x 104 PIBS
representing the occluded recombinant VCKTs (see above). All the
larvae became infected. The levels of HBsAg obtained in chese larvae

were of the order of 2.-4 ug per larva.

that Express the HRcAg
In view of the amounts of HBcAg 'synthesized in

8. frugiperda cells infected with the recombinant virus YM1KTc, an

examination of electron micrographs of cells infected with the virus
was undertaken (Fig. 19). Numerous spherical particles were evidernt
in the cells, primarily in the vicinity of theé cell nucleus. The
sizes of the particles were comparable to thosé of gradient purified
HBcAg (See Fig. 15).
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SUMMARY

In order to demonstrate the feasibility of constructing
multiple expression vectors that can make large quantities of
different foreign proteins in the same cell, we have prepared a
baculovirus plasmid replicon, pAcVC2, that contains the complete
coding regions of both the AcNPV polyhedrin gene and the LCMV-N
gene. Each gene was constructed so that it had its own copy of the
AcNPV polyhedrin promoter and transcription termination sequences,
although the LCMV-N gene was positioned in an opposite orientation
to that o* the polyhedrin. The derived plasmid was co-transfected
with a polyhedrin-negative viral DNA into S.jfrugiperda cells and
recombinant wiruses with a polyhedrin-positive phenotype were
isolated. Upon analysis by a variety of biochemical procedures it
was shown that recombinant viruses, such as VC2, produced both the
LCMV-N protein and polyhedrin protein simultaneously and in a
regulated fashion (i.e., as major laté proteins). The two gene
products represented & substantial proportion of the total cellular
protein. Such results are significant since they éemonstrate that a
recombinant baculovirus derived from a plasmid replicon containing a
duplicated polyhedrin promoter as illustrated in Figure 1 (e.g.,
PACVC2) is capable of making two gene products in large quantities.
By constructing a new vector in which the pAcVC2 polyhedrin gene is
replaced by an alternative foreign gene and gotransfecting eells
with the derived plasmid in thé presence of VC2 DNA it should be

possible to obtain recombinant peolyhedrin-hegative viruses that

express both foreign proteins simultaneocusly. Since the level of
expression by the polyhedrin trahscriptional machinery is related to
the representation of the sequences upstream of the polyhedrin ATG
(Matsuura et al., 1987), it will be possible te regulate the level
of the different foreign gemes that are expressed by manipulation of
those sequences.

As far as could be ascertained by the experiments that were
undertaken, (Northeri analyses of the LCMV-N and polyhedrin gene

mRNA levels in VC2 vicus infected cells) there was not a significant
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difference between the mRNA levels or expression in molar terms of
the two genes nor, as far as could be ascertained from parallel
analyses, was there g significant difference in the level of
polyhedrin mRNA between cells infected with the VC2 virus by
comparison with AcNPV.

Electron micrographs of VC2 virus infected S.Jfrugiperda
cells have shown that intracellularly polyhedrin assembles to form
nuclear inclusion bodies indistinguishable from those found in wild-
type AcNPV infections and that the LCMV-N protein aggregates to form
cytoplasmic inclusion bodies. Furthermore, VC2 virions are occluded
within the polyhedral inclusion bodies. The use of insects
(specifically the caterpillar T.ni) that are susceptible to
baculovirus infection to produce recombinant viral proteins has been
demonstrated by various investigators (Maeda et al., 1985; Overton
et al., 1987). In natura, infection of susceptible caterpillars
proceeds by dissolution of the polyhedral inclusion body in the
alkaline pH of the insect midgut to liberate virions which then
infect the susceptiéie midgut cells. In the subsequent stages of a
caterpillar infection, non-occluded virions are budded through the
plasma membrane of the midgut cells into the haemolymph and hence
propagate the infection to other cells and tissues of the ingect.
This systemic infection subsequently yields large quantities of
occluded viruses that are important for the persistence of the
baculovirus in the environment (hence subsequent '~fection g¢ycles in
other insect generations). Thus, the polyhedral inclusion body plays
an important role in the natural infection of caterpillars by
baculoviruses. This role is not emulated to the same efficiency by
polyhedrin-negative viruses, as indicated by the reduced larval
infections obtained using the non-occluded VC2 virus. Infection of
T.ni caterpillars with the VC2 derived polyhedra produced a potent
infection with the concomitment production of substantial amounts of
LCMV-N protein.
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The preparation of recombinant baculoviruses that produce
polyhedrin and one (or more) foreign gene product simultaneously
should circumvent some of the low infectivity problems associated
with the use of polyhedrin-negative recombinant baculoviruses in the
exploitation of caterpillars to produce large quantities of a
protein product efficiently and cost effectively. Similarly the
availability of genetically engineered baculoviruses with the
capacity to express polyhedrin and a gene product toxic to
caterpillars (or a gene that will produce other deleterious effects
to the animal) may lead to the production of more efficacious
baculovirus insecticides with a level of infectivity and persistence
in the environment akin to that of the natural wild~type virus,
allowing long-term pest protection (see Bishop, 1986). Based on the
results described here the possibility of preparing and exploiting
other multiple expression systems based on baculoviruses (or other
vectors) is manifest, either by taking the route followed herein, or
by placing the requisite regulatory gene machinery of the same or a
genetically compatible organism (or virus) into other regions of a'?
genome..

The plasmid replicon pAcVCZ2 has been modified by replacing
the LCMV-N gene and polyhedrin gene with unique restriction enzyme
sites that will allow any two foreign genes to be inserted and
ultimately expressed simultaneously at the recombinant virus level.
The derived general purpose replicon pAcVC3 with two PESs organised
in non-overlapping sequences on opposite strands of DNA will allow
foreign genes to be inserted into the plasmid by virtue of the
unique BglII amd BamHI restriction sequences. (See Fig. 8 and
Example 1 (ii) MATERIALS AND METHODS (j) Construction of pAcVC3).

The hepatitis B (HB) virus sequences coding for the preC, or
Cc anﬁigens (HBpcAg, HBcAg) have been inserted into the baculovirus
plasmid transfer vector, pAcYM1l, such that the HB viral sequences

are under the control of the polyhedrin promoter of Autographa
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californica nuclear polyhedrosis virus (AcNPV). Spodoptera
Jrugiperda cells infected with either of the derived recombinant
. plasmids in the presence of infectious AcNPV DNA yielded

recombinant, polyhedrin-negative, viruses that expressed high levels
of the respective HBpcAg, or HBcAG (representing ca 5-10% [HBpcAg]
and ca 40% [HBpcAgl of the stained cellular proteins respectively).
The particulate 27 nm HBcAg have been purified to homogeneity from
infected cell extracts by density gradient centrifugation. Dual
expression transfer vectors containing the HBcAg gene sequences and
the coding sequences of the HB viral S antigen (HBsAg), (each gene
under its own copy of the polyhedrin promoter) have also been
constructed and used to derive recombinant viruses. The recomﬁinant
with the HBVC and S genes expressed high levels of the HBcAg (ca.
40% of the ceilular proteins) at the same time as low levels of the
HBsAg (ca. 2% of the stained cellular proteins). Dual expression,
occluded, recombinant baculoviruses that make HBsAg as well as AcNPV
polyhedrin protein have been prepared that are highly infectious for
Trichoplusia ni caterpillars, alldwiﬁg reproducible preparation of
the antigen in a cost-effective manner.

- Using radioimmunoassays (RIA) and ELISA, the recombinant
HBcAg (RIA) and HBsAg (ELISA) have been used to identify human
antibodies to HB wvirus with results that compare favourably with the

data obtained with non-recombinant antigens.
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Depasits

A sample of plasmid pAcVC3 in E.col?f MC1061 has been
deposited on 7th August 1987 under accession number NCIB12516 with
the National Collection of Industrial and Marine Bacteria, 135 Abbey
Road, P 0 Box 31, Aberdeen AB9 8DG.

A sample of recombinant virus VCY4 has been deposited on 10th
August 1987 under accession number 87081001 with the National
Collection of Animal Cell Cultures PHLS, Centre for Applied
Microbiology & Research, Porton Down, Salisbury, Wiltshire SP4 09G.

A sample of plasmid pAcYM1KTs in E. coli JM105 has been
deposited on 25th July 1988 under accession number NCIB40033 with
the National Collection of Industrial and Marine Bacteria, 135 Abbey
Road, P 0 Box 31, Aberdeen AB9 8DG.

A sample of plasmid pAcVCKTs in E. coli JM105 has been
deposited on 21st July 1988 under accession number NCIB40028 with
the National Collection of Industrial and Marine Bacteria, 135 Abbey
Road, P 0 Box 31, Aberdeen AB9 8DG.

A sample of plasmid pACVCKTsc in E. coli JM105 has been
deposited on 21st July 1988 under accession number NCIB40029 with
the National Collection of Industrial and Marine Bacteria, 135 Abbey
Road, P O Box 31, Aberdeen AB9 8DG. )

A sample of plasmid PAcVCKTspe, in E. coli JM105 has been
deposited on 215£ July 1988 under accession number NCIB40030 with
the National Collection of Industrial and Marine Bacteria, 135 Abbey
Road, P O Box 31, Aberdeen AR9 8DG.

A sample of plasmid pAcYM1KTc in E. coli JM105 has been
deposited on 21st July 1988 under accession number NCIB40O31 with '
the National Collection of Industrial and Marine Bacteria, 135 Abbey -
Road, P 0 Box 31, Aberdeen AB9 8DG.

A sample of plasmid pAcYM1KTpc in E. coli JM105 has been
deposited on 21st July 1988 under accession number NCIB40032 with
the National collection of Industrial and Marine Bacteria, 135 Abbey
Road, P 0 Box 31, Aberdeen AB9 8DG.
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TABLE 1. Anti-HBs levels in human sera tested by RIA and ELISA

RIA [ELISA #1]

-
negative <10 1U/L 10-50 1U/L | 50-1001U/L | >1001UNL |
negative 5(90] ; | i
5 ; |
o | <1010 (1) ; 1 i ,
3 ; T :

< | 10. ! ! ’. : ;
S| 10-501UL | ; 5 !
= r T f !
- i i !
= |50-100 1AL | § g ' 3 ;
T T ]

> 100 1U/L f ! | 1 T2

Human antibody titers to HBsAg were determined using human plasma

derived HBsAg for antibody capture (and detection) and reference anti-}Bs rom
WHO in RIA assays, or from BPL (Elstree, UK) in [ELISA #1] assays. The data

were compared to the human antibody titers determined using the recombinant

HBsAg for antibody capture (and human plasma derived HBsAg for detection) and

reference antibody from BPL in ELISA #2 assays.
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TABLE 2. Anti-HBc analyses of human sera using RIA and liver or recombinant

derived antigen

RIA #2

RIA #1
: .
i negative weak positive E strong positive
negative g 76 4 ! 2
weak positive 2 f
] I
66

strong positive

{

Human antibody titers to HBcAg were determined using liver (RIA

recombinant derived HBcAg (RIA #2).

#1) or




"~ WO 89/01518
3 / PCT/GB88/00663

- 45 -

Figure legends

Fig.1. Schematic of the construction of the plasmid replicon pacvcz.

Fig.2. Immunofluorescence of recombinant baculovirus-infected S.frugiperda
cells. Cells were infected 36 h previously with AcNPV (a, b), or
recombinant YM1.YN1 (Matsuura et al., 1987; ¢, d), or the recombinant
virus VC. derived from recombinant replicon pAcVC2 (e.g.). In'panels a,c
and e the cells were fixed with acetone and examined for
immunofluorescence using an LCMV-N specific monoclonal antibody
(M. Buchmeier, Scripps Institute, La Jolla CA, USA). To observe
polyhedral occlusion bodies, the same cells were examined by light
microscopy (b, d, g). Cells infected with AcNPV contained polyhedral
inciusicn bodies (b). Cells infected with recombinant YM1.YN1 virus
did not (d). Cells infected with recombinant VC2 showed both positive
immunofluorescence (¢) and polyhedral inclusion bodies (g). The
hybrid uitravioledlight micrograph of recombinant VC2 virus infected

cells (f) clearly showed both immunoflucrescence and polyhedra.

Fig.3. Southern blot analyses of the recombinant baculovirus VC2 DNA. Acc
IT digests of VC2 viral DNA were recovered from AcNPV, the
recombinant virus VC2 and from the recombinant replicon. pAcVC2. The
DNA products were resolved by agarose gel electrophcresis and probed

with either nick-translated coding regions of polyhedrin DNA (upper
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panel), or LCMV-N DNA (lower panel). A 5082 nucleotide fragment in
the Acc II digest of VC2 DNA was identified by both DNA probes
corresponding ta the Acc II fragment present in the recombinant replicon
pAcVC2. As expected, tha polyhedrin probe identified a 2028 nucleotide
Acc O fragment in wild-type AcNPV, whilst the LCMV-N probe did not
hybridise to any AcNPV DNA sequence.

Fig.4. Northern blot analyses of total cellular RNA ‘extracted from
S.frugiperda cells infected with the recombinant virus VC2. The
poly(A+) RNA species were recovered and processed as described in
Methods. The blotted RNA was hybridised to nick-translated probes
representing either the coding regions of the polyhedrin gene (left-hand
panel), or the LCMV-N gene (right-hand panel). S.frugipe;-da cells
%nfected with wild-type AcNPV, or the recombinant virus YM1.YN1
that expresses LCMV-N protein were processed similarly and utilised
as positive hybridisation controls. The polyhedrin probe hybridised to a
1.2 kb mRNA species in cellular RNA obtained from VC2 infected cells
which corresponded to ;;he pol}hedrin mRNA species present in AcNPV
infected cells. The LCMV-N probe hybridised to a 2.25 kb mRNA
species in cellular RNA obtained from VC2 infected cells which
corresponded to the LCMV-N mRNA species present in the

recombinant YM1.YN1 virusinfected cells.

Fig.5. Metabolic labelling of proteins produced during infection with .the‘
recombinant baculovirus VC2. S.frugiperda cells were infected with
virus VC2, or with wild-type AcNPV, or recombinant virus YM1.YN1
(containing only the LCMV-N gene). Proteins were labelled at 24 h and
48 h post-infection for 1 hr wi_th [35S]methionine, and the [35S])-1abelled

proteins recovered, resolved by gel electrophoresis and fluorographed.




" WO 89/01518

Fig. 6.

Fig.7.

Fig. 8.

PCT/GB88/00663
- 47 -
Uninfected cells were treated similarly (U). The positions of the LCMV-
N and AcNPV polyhedrin proteins are indicated.

Expression of the LCMV-N and polyhedrin protein by the recombinant
baculovirus VC2. Details of infection are equivalent to those described
in the legend to the Fig. 5 except that the protein gel was stained with
Kenacid Blue. The positions of the LCMV-N and polyhedrin proteins

are indicated.

Electron micrographs of uninfected or virus infected S.frugiperda cells.
The panels show (a) uninfected S.frugiperda; (b) AcNPV infected
S.frugiperda, illustrating polyhedral inclusion bodies in the nucleus; (c)
S.frugiperda infected with recombinaﬁt virus YM1.YN1, note the dense
cyténplasmic LCMV-N protein inclusion bodies; (d) and (e) S.frugiperda
cells infected with recombinant virus VC2 exhibiting both intranuclear
polybhedral inclusion bodies and cytoplasmic LCMV-N protein inclusion
bodies.

Schematic of the construction of the plasmid replicon pAcVC3.

Fig.9.

Fig.10.

Schematic diagram of the construction of the transfer vectors
PAecYMIKTpe and pAcYM1KTc as described in Methods. In the sequences
shown at the sites of insertion the BamHI site and the initiation codons of

the HBpcAgand HBcAg are underlined.

Schematic diagram of the construction of the transfer vector pAcYM1KTs
as described in Methods. In the sequence shown the BamHI site and the

initiation codon of the HBsAg are underlined.
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Fig.11.  Schematic diagram of the construction of the transfer vectors pAcVCKTspe
and pAcVCKTsc as described in Methods.

Fig.12.  Schematic diagram of the construction of the transfer vector pAcVCKTs as

described in Methods.

Fig.13.  The sequences of the HBcAg and HBpcAg genes and amino acids. The
methionine codons are boxed that initiate the preC and C gene products.
Open and filled triangles show nucleotide and amino acid differences,
respectively, by comparison with sequences published by Ono and

associates (1983).

Fig . 14. Metabolic labelling (left) and Western blot analysis (right) of proteins
expressed by recombinant baculoviruses. S. frugiperda cells were infected
with recombinant viruses or wild-type AcNPV. Proteins were labelled at
48 h post-infection for 3 h with [35S]methionine and the 35S-labelled
proteins recovered, resolved by gel electrophoresis, blotted to nitrocellulose
membranes and fluorographed (left), or detected immunologically with
anti-HBcAg serum (right). Uninfected cells were treated similarly (Mock).
The positions of HBcAg (C), HBpeAg (pC), HBsAg (8), and AcNPV
polyhedrin protein (P) are indicated. The positions of molecular weight

marker proteins (12.5 - 92 kiloDaltons) are indicated on the left,

Fig1s. Electron microg‘raph‘s of HBcAg and HBsAg particles produced by S.
frugiperda cells infected with recombinant viruses. (A) HBcAg was
extracted by sonication from YM1KTec virus infected cells (alternatively,
on occasion, by freeze-thawing the cells) and purified by CsC! isopicnic

centrifugation as described in Methods, then stained with 1% uranyl

acetate., (B) HBsAg was collected from the supernatant fluids of YM1KTs.-
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Fig, 16.

- Fi.g 17.

Fig. 18.

virus infected cells, clarified by centrifugation (2,000xg) after treatment
with 7% PEG, the antigen pelleted after adjusting the supernatant fluids

with 9% PEG and stained with 1% uranyl acetate.

Kinetics of HBsAg synthesis from S. frugiper”~ cells infected with the
recombinant YM1KTs (A) or VCKTsc (B). . ! cells (5x10" were
cultured in 500 ml media with stirring. £ 7 m}) were collected
every day and the media and cells separatec Jeed centrifugation.
Cells were lysed by sonicaticn after gently rinsing with PBS. Viral HBsAg
in the cell lysates, or in the clarified culture medium were measured by
solid-phase RIA (AUSTRIA II, Abbott Laboratories) with the human |
derived HBsAg as a positive control and to quantitate the yvields (see
Methods). The data are expressed as the antigen per ml of original

medium.

* 3

Expression of HBcAg, HBpcAg, HBsAg .and polyhedrin protein by
recombinant baculoviruses. Cell extracts from recombinant or AcNPV
infected cells were obtained at 2 days post-infection. After resolution by
SDS-PAGE, the gel was stained with Kenacid Blue. The positions of the

HBpcAg, HBcAg, HBsAg and polyhedrin protein are indicated.

Immunofluorescence of recombinant baculovirus-infected S. frugiperda
cells. S. frugiperda cells infected 72 h previously with a recombinant
baculovirus named VCKTsc were fixed with acetone and examined by
indirect immunofluorescent assay as described in Methods, using‘ (A)
human anti-HB¢ serum, or (B) mouse mondclonal anti-HBs ascitice fluids.
Uninfected S. frugiperda cells were treated similarly and examined using

mouse monoclonal anti-HBs (C).
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Electron micrographs of virus infected S. frugiperda cells. In (A) a thin
section of a cell infected with recombinant VCKTsc is shown, in (B) another
cell at higher magnification. The filled triangles point to the massed

positions of HBeAg.
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The claims defining the invention are as follows:
1. A plasmid replicon for introducing a plurality of genes into
an expresston vector, said plasmid replicon comprising double-stranded

DNA containing sequences (a), (bl1), (b2) and (c) defined as follows:

5 (a) a sequence allowing the replicon to be reproduced in a
bacterial host,

(bY and b2) first and second sequences which are adapted to permit an
intervening sequence located between said first and second
sequences to be introduced into an expression vector, and

10 (¢) an intervening sequence located between said first and
second sequences (bl1) and (b2),

characterized in that the intervening sequence (c) comprises first and

':".E second polypeptide expression sequences (PESs) designated (c1) and (c2),

E'.‘:. wherein said first PES (c1) includes (i) a first transcriptional

T ., 15 promoter, (ii) a first unique restriction site for first

°:: ‘* introduction of a first gene which is native or foreign to the

.:Q.‘f expression vector, said first gene being under the control of said

‘e %ot first transcriptional promoter, and (iii) a first transcriptional

termination site, and said second PES (c2) includes (iv) a second

20 transcriptional promoter, (v) a second unigue restriction site for

e introduction of a second gene which is native or foreign to the

Yo el expression vector, said second gene being under the control of said

’:::.: second transcriptional promoter, and (vi) a second transcriptional

termination site.

seel 25 2. A plasmid replicon according to Claim 1 wherein the first and
second PESs are arranged in the opposite sense to one another on separate
strands of the DNA.

3. A plasmid replicon according to Claim 1 wherein the first and
second PESs are arranged in the same sense on the same $trand of DNA.

30 4. A p]asmid replticon according to Claim 3 wherein a selectable
gene or an essential functional gene for the expression vector is located
between the two PESs.

5. A plasmid replicon according to any one of claims 1 to 4
wherein each PES includes a different unique restriction site for

35 introduction of a gene whick is native or foreign to the expression
vector.
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6. A plasmid replicon according to any one of claims 1 to 5
including a plurality of pairs of said first and second PESs.

7. A plasmid replicon for introducing a plurality of genes into
an expression vector, said plasmid replicon comprising double-stranded
DNA containing sequence (a), (b1), (b2) and (c) defined as follows:

() a sequence allowing the replicon to be reproduced in a

bacterial host,

(bl and b2) first and second sequences which are adapted to permit an
intervening sequence located between said first and second
sequences to be introduced into an expression vector, and

€3] an intervening sequence located between said first and

second sequences (bT1) and (b2),

characterized in that the intervening sequence (c) comprises first and

second polypeptide expression sequences (PESs) designated (cl1? and (c2),

wherein sald first PES (c1) includes (i) a first transcriptional
promoter, (i1) a first gene which is native or foreign to the
expression vector, said first gene being under the control of said
first transcriptional promoter, and (iii) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter, (v) a second gene which is native or
foreign to the expression vector said second gene being under the
control of said second transcriptional promoter, and (vi) a second
transcriptional termination site.

8. A plasmid replicon according to Claim 7 wherein the first and
second PESs are arranged in the opposite sense to one another on separate
strands of the DNA.

9. A plasmid replicon according to Claim 7 wherein the first and
second PESs are arranged in the same sense on the same strand of DNA.

10. A plasmid replicon according to any one of Claims 7 to 9
wherein a selectable gene or an essential functional gene for the
expression vector is located between the two PESs.

11. A plasmid repiicon according to any oné of Claims 7 to 10
wherein one of said PESs includes a structural gene which codes for AcNPV
polyhedrin protein.
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12. A plasmid replicon according to any one of Claims 7 to 11
wherein one of said PESs includes at least an antigenic portion of
hepatitis B surface antigen.

13. A plasmid replicon according to any one of Claims 7 to 12
wherein one of said PESs includes at least an antigenic portion of
hepatitis B core antigen.

14. A plasmid replicon according to any one of Claims 7 to 10
wherein one of said PESs includes a structural gene which codes for at
Teast an antigenic portion of hepatitis B surface antigen and another of
said PESs codes for at least an antigenic portion of hepatitis B core
antigen.

15. A sequence cassette for constructing a plasmid replicon as
claimed in any one of Claims 1 to 14, said sequence cassette comprising
double-stranded DNA containing first and second polypeptide expression
sequences (PESs) designated (c1) and (c2),

wherein said first PES (c1) includes (i) a first transcriptional

promoter,. (1) a first unique restriction site for introduction of

a first gene which is native or foreign to the expression vector,

said first gene being under the control of said first

transcriptional promoter, and (iii) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter, (v) a second unique restriction site for
introduction of a second gene which is native or foreign to the
expression vector, said second gene being under the control of said
second transcriptional promoter and (vi) a second transcriptional
termination site,
and wherein said PESs are flanked by flanking sequences which are
homologous with sequences of an expression vector, such that when
inserted in the vector, no essential functional genes of the expression
vector are lost.

16. A Sequence cassette according to Claim 15 wherein the flanking
sequences are homologous to sequences of the vector genome, which
sequences are arranged so as to allow the intervening sequences to be
introduced without loss of vector DNA sequences.

17. A sequence cassette according to Claim 15 wherein the flanking
sequences are homologous to sequences of the vector genome, which
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sequences are arranged so as to allow the intervening sequences to be
introduced with replacement of inessential vector DNA sequences.

18. A sequence cassette according to Claim 15 wherein the flanking
sequences are homologous to sequences of the vector genome, which
sequences are arranged so as to allow the intervening sequences to be
introduced so as to replace intergenic or non-regulatory regions of the
vector genome.

19. A set of sequence cassettes, each according to any one of
Claims 15 to 18, wherein the homologous regions of each cassette of the
set are homologous to different regions of the vector genome, allowing a
plurality of pairs of PESs to be introduced into the vector genome, with
each pair being located at a separate location.

20. A viral expression vector, for transfecting an insect cell and
having an insert adapted to direct synthesis in the cell of at least one
polypeptide not normally encoded by nuclear DNA of the cell, said insert
comprising double stranded DNA containing a sequence which comprises
first and second polypeptide expression sequences (PESs) designated (cl)
and (c2),

wherein said first PES (c1) includes (i) a first transcriptional

promoter, (i) a first gene which is native or foreigh to the

expression vector said first gene being under the control of said
first transcriptional promoter, and (iii) a first transcriptional
termination site, and said second PES (c2) inciudes (iv) a second
transcriptional promoter, (v) a seccnd gene which is native or
foreign to the expression vector, said second gene being under the
control of said second transcriptional promoter and (vi) a second
transcriptional termination site.

21. A viral expression vector according to Claim 20 wherein one of
said structural genes codes for a viral protein normally expressed during
infection of the insect cells by wild type virus.

22. A viral expression vector according to Claim 20 or Claim 21
wherein at least one of said promoters is a promoter for a viral protein
normally expressed during infection of the insect cells by wild type
virus.

23. A viral expression vector according to Claim 22 wherein the
insect virus is a baculovirus.
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24. A viral expression vector

according to any one of Claims 20 to

23 wheretn at least one of said promoters is the promoter of the
polyhedrin gene of Autographa californica nuclear polyhedrosis virus.

25. A viral expression vector
24 wherein one of said PESs includes
AcNPV polyhedrin protetn.

26. A viral expression vector
25 wherein one of said PESs includes
hepatitis B surface antigen.

27.
26 wherein one of said PESs includes
hepatitis B core antigen.

28. A viral expression vector
24 wherein one of said PESs includes

A viral expression vector

according to any one of Claims 20 to
a structural gene which codes for

according to any one of Claims 20 to
at least an antigenic portion of

according to any one of Claims 20 to
at least an antigenic portion of

according to any one of Claims 20 to
a structural gene which codes for at

Teast an antigenic portion of hepatitis B surface antigen and another of
said PESs codes for at least an antigenic portion of hepatitis B core

antigen.

29. An expression vector according to any one of Claims 20 to 28
produced by introducing into a suitable recipient vector a sequence
cassette as claimed in any one of Claims 15 to 18 or a set of sequence

cassettes as claimed in Claim 19.
30.

A method of constructing a viral expression vector for

transfecting an insect cell and having an insert adapted to direct
synthests in the cell of at least one polypeptide not normally encoded by

nuclear DNA of the cell, said insert

comprising double-stranded DNA

having an intervening sequence located between first and second

sequences, said intervening sequence

comprising first and second

polypeptide expression sequences (PESs), wherein each PES includes (i) a
transcriptional promoter, (i1) a gene which is native or foreign to the
expression vector, and (iii) a transcriptional termination site, which
method comprises the step of utilizing a plasmid replicon as.claimed in
any one of Claims 7 to 14 to transform a vector lacking said insert.

31. A process for producing one or more desiréd polypeptides,
which process comprises the step of infecting susceptible insects or
insect cells with a viral expression vector suitable for transfecting an
insect cell and having an insert adapted to direct synthesis in the cell

é};j/:{? - S
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of at least one polypeptide not normally encoded by nuclear DNA of the
cell, said insert comprising double-stranded DNA containing a sequence
which comprises first and second polypeptide expression sequences (PESs)
designated (c1) and (c2),

wherein said first PES (c1) includes (i) a first transcriptional

promoter, (ii) a first gene which is native or foreign to the

expression vector said first gene being under the control of said
first transcriptional promoter, and (iii) a first transcriptional
termination site, and said second PES (c2) includes (iv) a second
transcriptional promoter, (v) a second gene which is native or
foreign to the expression vector, said second gene being under the
control of said second transcriptional promoter and (vi) a second
transcriptional termination site.

32. A process according to Claim 31 wherein said process involves
infecting individuals of an insect species capable of being infected by
the said viral expression vector,

33. A process according to Claim 32 wherein the said individuals
are in the form of caterpillars.

34. A plasmid replicon for introducing a plurality. of genes into
an expression vector, which replicon is substantially as hereinbefore
described with reference to Example 1 or Example 2.

35. A sequence cassette for constructing a plasmid replicon as
claimed in claim 34, which cassette is substantially as hereinbefore
described with reference to Example 1 or Example 2.

36. A viral expression vector for transfecting an insect cell,
which expression vector. is substantially as hereinbefore described with
reference to Example 1 or Example 2.

37. A method of constructing a viral expression vector suitable
for transfecting an insect cell, which method is substantially as
hereinbefore described with referesce to Example 1 or Example 2,

38. A process for producing one or more desired polypeptides which
comprises the step of infecting susceptible insects or insect cells with:

a viral expression vector according to claim 36, which process is

substantially as hereinbefore described with reference to Example 1 or
Example 2.
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39. A ptasmid replicon for introducing a plurality of genes into
an expression vector, which replicon is substantially as hereinbefore
described with reference to any one of Figures 1 or 9 to 12.
DATED this THIRTIETH day of MARCH 1992
Natural Environment Research Council

Patent Attorneys for the Applicant
SPRUSON & FERGUSON

[ ]
Jessee
-~ L

%Liusw .




" WO 89/01518

e gy L

PCT/GB88/00663

7/75

Accll

EcoRV Po]yhedrin

‘4 AATAAA
Accll
I]II

EcoR1 EcoR1
puC8
Accll digest EcoRV digest
EcoRY Accll
“AATAAA
Accll
AATAAA

ligation

pliCs8

LCM-N protein ECORY

AATAAA {

Accll

FiG.1

¥ e “e o N Y = S —

B R

B




' WO S§9/01518
2/75

14
¥

#

Y
HA

(XN
1

e

X

Pt

”’r’?
- R

o

N

WS,




Al || W

" WO 89/015138

3/15

Polyhedrin probe

\ ¥
& s
LR

<« 5.080kb
2.028kb »
Fi16.3
Poly(A*)mRNA
RS
g A
U RN
REOFCIN
1.2kb P

Polyhedrin Probe

Fi6.4

PCT/GB88/00663

LCM-N probe

) N
o 8
S
(1 € 2.25kb

LCM=N Probe

“E,;‘F




O L O {11 I TR AT !IHIIl||IlIII‘IIIIHIIiIIl\lIMW
. £ L4
- L4

»

" WO 89/01518

4/75

u AcNPV VG2 YM1YN1
24h 48h 24h 48h 24h 48h

=3 —_ -
— =

Polyhedrin}»

miH

it
i

AcNPV VC2  YM1YN1
24h 48h 24h 48h 24h 48h

ﬁ =S R e = =
g g % % g E 4 LCM=N protein
> - = 3 |
S 23S owe i
Polyhedrin p E = ;:'; = = E
N O gy = a»
>~ - 2 T = =
I &7 = = — g L_
o - - [ /G ,

PCT/GB88/00663

<QLCM-N protein

F16.5




s

W
b

9
¢ g

P

h 1§ O

oy MY
. $

y}’
%3,

i n}\h’ ‘o,

~

s,
et
A,

LAY,
S
oo
o

F16./

5L/S

<

<

L)

81510/68 OM

£9900/8845/10d




TSy

»

. WO 89/01518

+

Accll

EcoR1

pucs

Accll digest

EcoRvV

Bgl II
EZZZ£ézé>AATAAA

Xho 1

b e L

E¢coR}

ligation

(i)Bam H1 digest

(ii)Bgl II
linker
addition

BamH1
AATAAA

HEGE b

o

PCT/GB88/00663

Xho 1

pAcYMI

EcoR] EcoR1

puUcC8

EcoRV digest

Accll BamHi
AATAAA
Accll

EcoR1

puC8

Fi1G.8

~EcoR1



o ot s v ¢

P
Tt st o mneedh Sl SebRIRTR v

gy sow o}

T FE

b

.

‘ £
HinP1 Styl o)
g, HBCAQ g
o Styl 00
pSCK102 HinP1
BamH1 cut BamH]1 cut
/' pBR322 \
HinP] digestion Styl\gi?estion
pACYM] pACYM]
. Klenow fill in ' L }
5UCs Klenow fill in puC8 G\
Klenow fill in Klenow fill in
dephosphorylation dephosphorylation
| Tigation
EcoRV BiglI
£coRV-Bgl 11l PACYMIKTpc EcoRV-Bgl 11
fragment fragment. Ei
sequencing sequencing =
Q
/ / g
o0
pUC8 puC8 §
.. .AAAT/\CGGATCCGC/\‘CCAGCACC&T_@CAA. .. .. .AAATACGGATCCTTGGGTG,GCTTTGGGGC{\l@GAC eee gx

R P A —

construction of expression vectors to produce HBCAG




-

., WO 8901518 PCT/GB88/00663

+

pACRP6-HBSYK14

BamHl cut

puUCs8
l AcclIl digestion
pAcYMI

K]enoﬂ pucs
fill in
dephosphorylation

BamH1 | Tigation

BamH1
BamH1 cut
BamH1
Ldigestion
pACYMT
..,AAATACGGATCCGAGGACTGGGGACCCTGTGACGAACEIﬁGAG... //’ pucs

« dephasphorylation

ECoRV-Xbal fragment
sequencing ECoRY

ligation
Xbal

pACYMIKTs

F16.10

~50C8

Construction of an expréssion vector to produce HBsAg

B et e s e ad T S, a8 E B T @0 E A ek el SRR PO e et

£

Blmye & %



" WO 8901518 PCT/GBS8/00663

i e

Accll  EcoRV cut

224

9/15

Accll EcoRV cut
“\¢HBcAg {ACC I digest \ HBcAg

EcoRV
PACYMIKTpc pAcYMIKTc Accll
Accll
dephosphorylatjon dephOSphorylatwon
ligation 1wgat10n

HBsA g EcoRV HBsAg EcoRV  HBcAg

HBcAg

Accll

Construction of multiple expression vectors to produce HBsAg and HBcAg.

Fio.17

yu cdnmer Pod o ¥ P T SRAN AR WG Tk Vs B ARl R T Tt R M T IR TR 1 Mgl W e rz) ,

el



»

" WO 89/01518 PCT/GB88/00663

70/15
EcoRV HBsAg EcoRV 5
Accll Accll .ﬁ.~P01yhedr.n
Q Accll
Accll

pAcEcoRT"1"

pucs puCa
LACCII digestion _ lEcoRV digestion

EcoRV Accll

Construction of a multiple expression vector to produce
HBsAg and Poelyhedrin

Fi16.12

[E RN S S M I RN 2 ERE X A SN

L ™
4_—\\?‘



™

e R A

Tt

B DM wmnegags

[

o .

- et HE Wy

£—preCure !’— Core

HinP? Sty

Mo L FHLCLIISCTCPTVQASKLG CYLG WL WGEMMDTIDEPY K
GCECACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCTTGTACATGTCCCAC TGTTCAAGCCTCCAAGCTGTGCCTTGEGTGGCTTTGGGGCATGGACATTGACCCTTATAA
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920

EFGATVETLTLSTFTLPSDT FsF P S VR DLLDTAS ALY REALTETSTEPEH
AGAATTTPGﬂGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTTTTTCCTTCCGTCAGAGATCTCCTAGACACCGCCTCAGCTCTGTATCGGGAAGCCTTAGAGTCTCCTGAGCA
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

v

C S PHHTALRO QAI L CWG6ELMTLATWVGNNIL D PASRDLV VN 2
TTGCTCACCTCACCATACTGCACTCAGGCAAGCAATTCTCTGCTGGGGGGAATTGATGACTCTAGCTACCTGGGTGGGTAATAATTTGGAAGATCCAGCATCCAGGGATCTAGTAGTC A\£E
0

2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 216

¥ VNTNMGLIKTIROQLTLWTFHISCLTTFGRETVLEYULVSTFGVY WTIR
TTATGTTAATACTAACATGGGTTTAAAGATCAGGCAACTATTGIGGTTTCATATATCTTGCCTTACTTTTGGAAGAGAGACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCG
21170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280

T PPAYRPPNAPTILSTLPETTVVRRRDRGRSPRRRTTPSZPRHR
CACTCCTCCAGCCTATAGACCACCAAATGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACGACGGGACCGAGGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAG

2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400
RRSQSPRRRRSQSRESSQ QEC«
ACGCAGATCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATGTTAGTA F 16 73
2410 2420 2430 2440 2450 2460 -

gisto/lesom . °

£9900/88495/10d

-

E




——

PCT/GB88/00663

- Nl%é .ﬁm@.&

\x..u&v«~\?tu 7 .....\%.M:\_L.v..ut‘a-vn~ wv % _.w)-\._\»i.:\.\ - .xw \4..\~.|
fgw&%&%ﬁmﬁﬁaﬂ& R )
O A SR R s

3 Yeradddl (435 AU Fr Tl XN Gty

Ik Ly 4 (opg h\ 2 ol 2
449 et 2, \&5.4.» W iays
Y A NITLIIS \&.\

VoAt Tagxtariise
.m. JIAN Ay

o) .
T\ ] ¢ TR

‘. tsy

B) HBsAg

RS, Jv
; YR

14

FI16.15

P

ot ._u ol B

g

FIG

Pt

-
P
w
':IP\“
3 Mo
-~ 3
I 0 f

.t
-
AL
——
g
3
. 'Qg’g:\
~3 '5-;‘!
et o
- coms peoe
e HEEARR
P
Gl i

o
g
-weun NI
A~
.
=
\4
~‘-§
bl -
Al 3
o

-
A) HBcAg

A A A A AA
X X X X XX
% % %] T <0
<t o o

-

W e

il

A

-

\ ]

Al

WO 89/01518

*



gy ek

o HmIOL BRSNS YEY YRy

WA g s B SRS, SR T B e icm et et b 25

%

%;g?a% ety

HBsAg (ng/m1)

500

250

A) YMIKTs B) VCKTsc
&4 cell culturé medium [
a4 cell lysate
——e total
~N
" W
N
Q
] 1 1 | ] | 1 1l |
2 3 4 5 1 2 3 4 5

Days postinfection

Fi16 10

Days postinfection

>

)
*

81510/68 OM

£9900/8845/10d

A




-

WO 89/01518

.

A}

PCT/GB88/00663

-~

*

74/75

Polyhedrin
HBsAg

:5_ Wit il
" ._._ L ik

__ I x 2.

" _é:_g.ggg é
| ja 0\

HBpcAg
HBcAg p

Fic.17

o e

1o g

e =W N7 Ak ke Gals

LR SR T APV




»

PCT/GB88/00663

1

v WO 89/01518

»

75/75

Fi618

w

=



»
N R
~
' -
”J‘
v e INTERNATIONAL SEARCH REPORT
P Intarnational Application No PCT/GB 88/00663
I CLASSIFICATION OF SUBJECT MATTER (it several classification symoois apply, indicate ai) *
Acmvcmq to internatianal Patent Clagsifi (IPC) or 1o bath National Claasification and IPC
IPC’= C 12 N 15/00; ¢ 12 N 7/00; Cc 12 P 21/02
) il. FIELES SEARCHED
Minimum Documentation Searched 7
Clasasfication System | Classificstion Symbols
. 4
IeC C 12 N; Cc 12 P
Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included In the Fields Searched ¢
il. DOCUMENTS CONSIDERED TO BE RELEVANT*
Category * ! Citation of Document, ' with Indication, where appropriate, of the relevant passages 2 | Relevant to Claim No. 13
X,0 Vaceines 86, New Approaches Immun., > 1,2,5-10,
i 1986, Cold Spring Harbor Laboratory, . 12,15-19
: (New York, US),
! S. Chakrabartl et al.: "New vaccinia !
| virus expression vector", pages 289-
see the whole article, especially
i flgure 2 !
“cited in the application
-. X t Chemical Abstracts, volume 105, no. 25, - 1,5-10,12,
Decemker 1986, (Columbus, Ohio, US), i 15-19
_ A.D. Al'tshtein et al.: "Vaccinia :
- ! virus double recombinant, expressing
- i the hepatitis B virus surface antigen
= l and herpes simplex virus thymidine
: kinase", see page 177, abstract
- | 219836x, & Dokl. Adad. Nauk SSSSR
1 ' 1986, 289(6), 1493-6
'_; | : --
= X,P WO, A, 88/00971 (COMMONWEALTH SCIENTIFIC | 1,3-10,15-
E AND INDUSTRIAL RESEARCH ORGANISATION) 19
| 11 February 1988 J
. Speciat categories of Ciﬂ; documontn |° b id I:tar d“tuma.:" pughnh:d aﬂarﬂth: lm:mahonal filing date
waAn r priori ate and not in conflic hy licat but
AT LD S L S R e o e e
“E" ﬁ“"’ it but published on or after the international "X dewmant of particular relavance: the claimed invention
iling date cannot be considered. novel of cannot be considered to
“L" dzcu;'mlntc I\:’rgcg may ml'owt :‘aubu snrp'r‘xodnat:f.col:im:zhg: involve an inventive step )
ich i g e "
. Citation o other special feason (a3 specified) ¥ Cannot e Canmdered 16 invelve an invante. sies when ioe
“©" document referring to an oral disclosure, usé, exhibition of document is combined with one or mare other such docu-
other means ments, such combination being cbvious to & person sk «ed
“P* document published prior to the international filing date-but in the art,
, later then: tna prionty dato claimed “&" document member of the same patent family
v cznrmcrnon ] o . ] J
Oate of the A el ,‘ tion of the nterAdtionsl Seafen Date of Malling of.this Interriational Search Report
9th November 1988 29 1188
N = A
N International Searching Authority 'Slgnl(pr o
. EURQPEAN PATENT OFFICE \LJ DER PUTTEN

Zorm PCTASAMI0 (second sheet) (Janugry 1985)

@ Al EEE I

i&v‘\’ e b



Intarnationst Application No.  PCT/GB 88/00663

‘ itt. DOCUMENTS CONSIDERED TO BE RELEVANT  (CONTINUED FROM THE SECOND SHEET)
Category *; Gitation of Document, with indication. where sooropriate. of the reievant passages Relsvant to Clam No

i

see figures
1,2,5~-11,
15-25,29~
33

i

X,p! Protein Engineering, volume 1, no. 4,

g ? 15 September 1987, IRL Press Ltd,

i (oxford, GB),

! V.C. Emery et al.: "The development

' of multiple expression vectors for
high level synthesis of eukaryotic
proteins: expression of LCMV-N and i
ACNPV polyhedrin protein by a re-
combinant baculovirus', pages 359-366
see the whole article

-

A The Journal of General Virology, volume | 1-33
68, no. 5, May 1987, SGM, (GB),
i Y. Matsuura et al.: "Baculovirus i
expression vectors: the requirements .
for high level expression of proteins;
including glycoproteins", pages 1233-;
1250

i see the whole article

cited in the application l

~

TR

Vaccines 87, 1987, Cold Spring Harbor @ 1-33
i Laboratory, (New Yeork, US),

M.A. Cochran et al.: "Use of baculo-
virus recombinants as a general
method for the production of sub-
unit vaccines", pages 384-388

see page 384 and figure 1

=

§
i
1
'
t

H
{
v
i
b
v
H

Form RCT ISA NG (extri sheet) (Janudry 1985)




ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO. g 8800663

SA 23699
This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.

The members are as contained in the European Patent Office EDP file on 23/11/88
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent decument Publication Patent family Publication
cited in search report date member(s) date
Wo-A- 8800971 11-02-88 AU-A~ 7789987 24-02-88

EP-A- 0275300 27-07-88

EPO:EORM P49

For more details about this annex : se¢ Official Journal of the Europeaii Patéfit Office, No. 12/82

N -



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

