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NUCLEIC ACID CONSTRUCTS
FIELD OF THE INVENTION

The invention relates to the fields of molecular biology and
immunology and generally to reagents useful in nucleic acid immunisation
techniques. More specifically, the invention relates to nucleic acid .
constructs for the expression of antigenic polypeptides, and to nucleic

acid immunisation strategies using such reagents.
BACKGROUND OF THE INVENTION

Gene therapy and nucleic acid immunisation are promising
approaches for the treatment and prevention of both abquired and
inherited diseases. These techniques pr'ovide for the transfer of a desired
nucleic acid into a subject with subsequent in vivo expression. Transfer
can be accomplished by transfecting the subject’s cells or tissues ex vivo -
and reintroducing the transformed material into the host. Alternatively,

the nucleic acid can be administered /n vivo directly to the recipient.

Each of these techniques requires efficient expression of the
nucleic acid in the transfected cell, to provide a sufficient amount of the
therapeutic or antigenic gene product. Several factors are known to
affect the levels of expression obtained, including transfection efficiency,
and the efficiency with which the gene or sequence of interest is

transcribed and the mRNA translated.

A number of expression systems have been described in the art,
each of which typically consists of a vector containing a gene or
nucleotide sequence of interest operably linked to expression control
sequences. These control sequences includé transcriptional promoter
sequences and transcriptional start and termination sequences.
Commonly used promoters for mammalian cell expression systems

include the SV40 early promoter, a cytomegalovirus (CMV) promoter
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such as the CMV immediate early promoter (Chapman et a/ (1991) Nucl. '
Acids Res, 19:3979-3986), the mouse mammary tumour virus long
terminal repeat (LTR) promoter, the adenovirus major late promoter (Ad
MLP) and the herpes simplex virus (HSV) promoter, among others,
Nonviral prjomoters, such as a promoter derived from the murine

metallothionein gene are also commonly used.

Expression systems often include transcriptional modulator
elements, referred to as “enhancers”. Enhancers are broadly defined as a
cis-acting agent, which when operably linked to a promoter/gene
sequence, will increase transcription of tﬁat gene sequence. Enhancers
can function from positions that are much further away from a sequence
of interest than other expression control elements {e.g. promoters), and
can operate when positidned in either orientation relative to the sequence
of interest (Banerji er a/, (1981) Celf 27:299-308, deViIIéirs et al. (1981)
Nucl. Acids Res 9: 6251—(6’264). Enhancers have been identified from a
number of viral sourcés, inéluding polyoma virus, Bk virus,
cytomegalovirus (CMV), adenovirus, simian virus 40 {SV40), Moloney
sarcoma virus, bovine papilloma virus and Rous sarcoma virus-(deVilleirs
et al supra, Rosenthal et al. (1983) Science 222:749-755, Hearing ef &,
(1983) Cell 33:695-703, Weeks et al, (1983} Mol. Cell. Biol. ‘_(:::122‘2-
1234, Levinson et al. {1982) Nature 295: 568-572, and Luciw ef al.
(1983) Cell 33: 705-716). .

A number of expression systems for nucleic acid immunisation and
gene therapy make use of the hCMV immediate early promoter. ’ See eg
us Pa‘_cent Nos. 5168062 and 5385839 to Stinski, and EP Patent
Specification 0323997 B1. Expression vectors using the hCMV
immediate early promoter include for example, pWRG7128 (Roy et al,
Vaccine 19, 764-778, 2001), and pBC12/CMV and pJW4303 which are
mentioned in WO 95/20660. Chépman et al {1991) report reduced
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3
levels of expression from the hCMV immediate early promoter in the absence of hkCMV

Intron A.

SUMMARY OF THE INVENTION

A nucleic acid construct has been developed using manipulated viral
promoter/expression sequences, that provides enhanced expression of heterologous
coding sequences in host cells. The construct is suitable for efficient expression of
antigen-encoding genes, and can therefore be used in nucleic acid immunisation. In
particular, the construct can be provided on carrier particles, for use in particle-mediated

nucleic acid immunisation.

Herein disclosed is a nucleic acid construct comprising a chimeric promoter
sequence and a cloning site for insertion of a coding sequence in operable linkage with
the chimeric promoter, wherein the chimeric promoter sequence comprises:

(a) a hCMV immediate early promoter sequence;

(b) exon 1 and at least a part of exon 2 of the h(CMV major immediate early
gene; and

(c) a heterologous intron provided in place of the intron A region of the

hCMV major immediate early gene.
Also herein disclosed is:

- a nucleic acid construct comprising:
(i) a chimeric promoter sequence which comprises:

(a) a hCMV immediate early promoter sequence;

(b)  exon 1 and at least a part of exon 2 of the hCMV major immediate
early gene; and

(©) a heterologous intron provided in place of the intron A region of
the hCMV major immediate early gene; and
(ii) a cloning site for insertion of a coding sequence in operable linkage with

the chimeric promoter; and
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(iii) (a)  anon-translated leader sequence which is derived from HBV preS2
antigen sequence, HBV e-antigen sequence or HSV type 2gD antigen sequence and
which is in operable linkage with the chimeric promoter; and/or

(b)  an enhancer sequence which is derived from a 3'untranslated region
(UTR) of a HBsAg sequence, or a 3'UTR of a simian CMV immediate early gene
sequence and which is in operable linkage with the chimeric promoter, wherein the

enhancer sequence is downstream of the cloning site;

- a nucleic acid construct comprising:

@) a promoter sequence;

(i) a non-translated leader sequence derived from HBV preS2 antigen
sequence, HBV e-antigen sequence or HSV type 2gD antigen sequence; and

(iti) a coding sequence operably linked to (i) and (ii)

wherein the coding sequence is heterologous to the non-translated leader sequence;

- a nucleic acid construct comprising:

®» a promoter sequence;

(ii) a coding sequence operably linked to the promoter sequence (i); and

(iii) an enhancer sequence 3' of and operably linked to the coding sequence (3i);

wherein the enhancer sequence (iii) is derived from a 3'UTR of an HBsAg sequence
or a 3'UTR of a simian CMV immediate early gene sequence, and the coding sequence

(i) is heterologous to the 3' enhancer sequence.

According to an embodiment of the invention, there is provided a nucleic acid
construct comprising:
) a chimeric promoter sequence which comprises:
(a) ahCMYV immediate early promoter sequence;
(b)  exon 1 and at least a part of exon 2 of the hCMV major immediate
early gene; and
(c) a heterologous intron provided in place of the intron A region of
the hCMV major immediate early gene;

(i)  a coding sequence operably linked to the promoter sequence (i); and
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5
(ili)  an enhancer sequence 3’ of and operably linked to the coding sequence
(ii); wherein the enhancer sequence is derived from a 3' UTR of an HBsAg sequence, and

the coding sequence (ii) is heterologous to the enhancer sequence.

According to another embodiment of the invention, there is provided a nucleic acid
construct comprising:

) a chimeric promoter sequence which comprises:

(a) ahCMYV immediate early promoter sequence;

(b)  exon 1 and at least a part of exon 2 of the h\CMV major immediate
carly gene; and

()  a heterologous intron provided in place of the intron A region of
the hCMV major immediate early gene;

(i)  acoding sequence in operable linkage with the chimeric promoter;

(ili)  a non-translated leader sequence which is selected from the HBVpreS2
antigen sequence, HBV e-antigen sequence and HSV type 2gD antigen
sequence and which is in operable linkage with the chimeric promoter; and

(iv)  an enhancer sequence which is derived from a 3' untranslated region
(UTR) of a HBsAg sequence, which is in operable linkage with the

chimeric promoter and which is downstream of the coding sequence.
The invention also provides:

- amethod of obtaining expression in mammalian cells of a polypeptide of interest,
which method comprises transferring into said cells a nucleic acid construct of the

invention, the construct including a coding sequence encoding the polypeptide;

- coated particles, suitable for delivery from a particle-mediated delivery device,
which particles comprise carrier particles coated with a nucleic acid construct of the

invention, the construct including a coding sequence encoding the polypeptide;

- a dosage receptacle for a particle mediated delivery device comprising the coated

particles;

- a particle mediated delivery device loaded with the coated particles;
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- amethod of nucleic acid immunisation comprising administering to a subject an
effective amount of the coated particles in which particles the coding sequence encodes

an antigen;

- a purified isolated chimeric promoter sequence which comprises:

(a) a hCMYV immediate early promoter sequence;

(b) exon | and at least a part of exon 2 of the hCMV major immediate early
gene; and

(©) a heterologous intron provided in place of the intron A region of the

hCMYV major immediate early gene.

These and other objects, aspects, embodiments and advantages of the present
invention will readily occur to those of ordinary skill in the art in view of the disclosure

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the levels of expression of hepatitis B virus surface antigen

(HBsAg) obtained using various plasmid expression vectors.

Figure 2 shows the effect of intron inclusion on expression of HBsAg in SCC15

cells and of beta-gal in B16 cells (average of three expts).

Figure 3 shows the effect of rat insulin intron A and HBV3'UTR on expression of

beta-gal in SCC15 cells (average of three expts).

Figure 4 shows the effect of rat insulin intron A and HBV3'UTR on expression of
HSVgD in SCC15 cells (average'of three expts).

Figure 5 shows the effect of rat insulin intron A and HBV3'UTR on expression of

SEAP in SCC15 and B16 cells (three repetitions per cell line).

Figure 6 shows the ability of heterologous signal peptides to direct secretion of

SEAP or hFc fragment in B16 cells.
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Figure 7 illustrates levels of antibodies detected in the sera of mice -
immunised with antigen-encoding nucleic acids contained in a variety of

plasmid expression vectors.

Figure 8 is a diagrammatic representation of pJV expression

5 vector.
Figure 9 is a diagrammatic representation of pJV7389,
Figure 10 is a diagrammatic representatién of pJV7400.
Figure 11 is a diagramm>atic representation of pJV7468.
Fig_ure 12is a‘diagrammatic representation of\ pJV7563.
10 Figure 13 sets out the base composition for pJ\/7563.

Brief Description of the Sequences

SEQ ID NO:1 is hCMV immediate early promoter sequence
(GenBank #M60321, X17403)

SEQ ID NO:2 is sequence from exbns 1 and 2 of the hCMV major
15 immediate early gene (GenBank #M60321, X17403) )

SEQ ID NO:3 is rat insulin intron A seqguence {GenBank #J00748)

SEQ ID NO:4 is the sequence of a chimeric promoter according to

the preseht invention

‘ SEd ID NO:5 is a leader sequence from HBV preS2 antigen 5' UTR
20  sequence (GenBank #M54923)

SEQ ID NO:6 is a leader sequerice from HSV type 2 gD 5'UTR
sequence (GenBank #Z86099)

-10-
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SEQ ID NO:7 is a leader sequence from HBV e antigen 5'UTR
sequence (GenBank #M54§23)

SEQ ID NO:8 is HBVenh 3'UTR sequence (GenBank #AF143308)

SEQ ID NO:9 is simian immediate early gene 3'UTR sequence
{GenBank #M16019) o

SEQ ID NO:10 is rabbit B globin poly A sequence (GenBank
#K03256) '

SEQ ID NO:11 is simian sCMV immediate early gene poly
sequence (GenBank #M16019)

SEQ ID NO:12 is HSV2 gB gene poly A sequence (GenBank
#286099) :

SEQ ID NO:13 is HPV186 early gene poly A éequence {GenBank
#K02718) :

SEQ ID NO:14 is the sequence of the pJV expresgion vector
SEQ ID NO:15 is PCR primer JF93

SEQ ID NO:16 is PCR primer F110

/SEQ ID NO:17 is PCR primer GW1

SEQ ID N0:18 is PCR primer JF254

SEQ ID NO:19 is PCR primer GW150

SEQ ID NO:20 is PCR primer JF255

SEQ ID NO:21 is PCR primer DS1

SEQ ID NO:22 is PCR primer DA1

11-




WO 2005/035771

20

SEQ ID NO:23 is PCR primer JF301
SEQ ID NO:24 is PCR prirr}er JF302
SEQ ID NO:25 is PCR primer JF84

SEQ ID NO:26 is PCR primer JF225

"'SEQ ID NO:27 is PCR primer JF335

. SEQ ID NO:28 is PCR primer JF336

SEQ ID N0:29 is PCR primer JF357
SEQ.ID NO:30 is PCR primer JF365
SEQ ID'I\.IO:31 is PCR primer JE393
SEQ ID NO:32 is PCR primer JF406
SEQ ID NO:33 is PCR primer JF256
SEQ ID NO:34 is PCR primer JF257

SEQ ID NO:35 is PCR primer JF320

' SEQ ID NO:36 is PCR primer JF321

-SEQ ID NO:37 is PCR primer JF386

SEQ ID NO:38 is PCR primer FcAS
SEQ ID NO:39 i; oligonucleotide JF354
SEQ ID NO:40 is PCR primer JF355
SEQ ID NO:41 is PCR primer JF356

SEQ ID N0O:42 is oligonucleotide JF348

-12-
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SEQ ID NO:43 is PCR pﬁmer JF349
SEQ ID NO:44 is PCR primer JF350
SEQ ID NO:45 is oligonucleoiide JF351
SEQ ID NO:46 is PCR primer JF352
SEQ ID NO:47 is PCR primer JF353
SEQ ID NO:48 is PCR érimer JF430
‘ SEdlD NO:49 is PCR primer JF442
SEQ ID NO:50 is PCR primer JF4‘21
SEQ ID NO:51 is PCR prir;xeerF444 ' ‘
SEQ ID NO?52 is Pseﬁdorabies virus (PRV) promoter sequénce.
SEQ ID NO:b3 is Rous sarcoma. virus {RSV) promoter sequénce.
DETAILED DESCRIPTION

Before describing the present invention in detail, it is to be
understood that this invention is not limited to particularly exemplified
molecules or process parameters as such may, of coﬂrse’, vary. Itis also
to be understood that the terminology used herein is for the purpose of
describing paﬁicular embédiments of the invention only, and is not ‘
intended to be limiting. In addition, the practice of the presen‘.c invention
will erﬁploy, unless otherwise indicated, con4véntional methods of
virology, microbiology, molecular biclogy, recombinant DNA techniques
and immunology all of which are within the ordinary skill of the art.
Such techniques are explained fully in the literaturé. See, e.g.,
Sambrook, et al., Molecular Cloning: A Laboratory Manual {2nd Edition,
1989); ONA Cloning: A Practical Approach, vol. | & ll {D. Glover, ed.); .

13-
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Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to
Molecular Cloning (1984); and Fundamental Virology, 2nd Edition, vol. |
& Il (B.N. Fields and D.M. Knipe, eds.).

All publications, patents and patent applications cited herein,
whether supra or infra, are hereby incorporated by reference in their

entirety.

It must be noted that, as used in this specification and the

" ou

appended claims, the singular forms “a,” “an” and “the” include plural

referents unless the content clearly dictates otherwise.

A. Definitions

Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which the invention pertains(. Although a
number of methods and materials similar or equivalent to those described
herein can be used in the practice of the present invention, the preferred‘

materials and methods are described Herein.

In describing the present invention, the following terms will be

employed, ahcl are intended to be defined as indicated below.

The term “nucleic acid immunization™ is used herein to refer to the

iintroduction of a nucleic acid molecule encoding one or more selected

antigens into a host cell for the in vivo expression of the aﬁtigen or
antigens. The nucleic acid molecule can be introduced directly into the
recipient subject, such as by standard intramuscular or intradermal
injection; transdermallparticle delivery; inhalation; topically, or by oral,
intranasal or mucosal modes of administration. The molecule
alternatively can be introduced ex vivo into cells. which have been
removed from a subject. In this latter case, cells containing the nucleic

acid molecule of interest are re-introduced into the subject such that an

-14-
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immune response can be mounted against the antigen encoded by the
nucleic acid molecule. The nucleic acid molecules used in such

immunization are generally referred to herein as “nucleic acid vaccines.”

The term “adjuvant intends an material or compaosition capable of
specifically or non-specifically altering, enhancing, directing, redirecting,
potentiating or initiating an antigen specific immune response. Thus,
coadminisration of an adjuvant with an antigen may result in a lower
dose or fewer dose of antigen being necessary to achive a desired
immune response in the subject to which the antigén is administered, or

coadministration may result in a qualitatively and/or guantitavely different

immune response in the subject. In particular, the administration of the

adjuvant may result in an enhanced immune response such as one of
greater magnitude and/or duration. The effectiveness of an adjuvant can ‘
be determined by administering the adjuvant with a vaccine composition
in parallel with a vaccine composition alone to animals and comparing
antibody and/or cellular mediated immunity in the two groups using

standard assays such as radioimmunoassay, ELISAs, and CTL assays.

By “core carrier” is meant a carrier on which a guest nucleic acid
(e.g.,' DNA, RNA) is coated in order to impart a defined particle size as
well as a sufficiently high density to achieve the momentum required for
cell membrane penetration, such that the guest molecule can be
delivered using particle-mediated techniques (see, e.g., U.S. Patent No.
5,100,792). Core carriers typically include materials such as tungsten,
gold, platinum, ferrite, polystyrene and latex. See e.g., Particle
Bombardment Technology for Gene Transfer, {1994) Yang, N. ed.,
Oxford University Press, New York, NY pages 10-11. g

By “needleless syringe” is meant an instrument which delivers a

particulate composition transdermally without the aid of a conventional

-15-
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needle to pierce the skin. Needleless syringes for use with the present

invention are discussed herein.

The term “transdermal” delivery intends intradermal (e.g., into the
dermis or epidermis), transdermal (e.g., “percutaneous”) and
transmucosal administration, i.e., delivery by passage of an agent into or
through skin or mucosal tissue. See, e.g., Transdermal Drug Delivery:
Developmental Issues and Research Initiatives, Hadgraft and Guy (eds.),
Marcel Dekker, Inc., (1989); Controlled Drug De/ivéry: Fundamentals and
Applications, Robinson and Lee (eds.}, Marcel Dekker Inc., (198'7); and
Transdermal Delivery ofDrugs, Vols. 1-3, Kydonieus and Berner (eds.),
CRC Press, (1987). 'Thus, the term encompassés delivery from a
needleless syringe as déscribed |n U.S. Patent No. 5,630,796, as well as
particle-mediated delivery as descﬁbed in U.S, Patent No, 5,865,796.

A “polypeptide” is used in it broadest sense to refer to a
compound of two or more subunit amino acids, amino acid analogs, or -
other peptidomimetics. The subunits may be linked by peptide bonds or
by othér bonds, for example ester, ether, etc: As used herein, the term
“amino acid” refers to either natural and/or unnatural or synthetic amino
acids, including glycine and both the D 6( L optical isomers, and amino
acid analogs and peptidomimetics. A peptidé of three or more émino
aciﬂs is commonly called an oligopeptide if the peptide chain is short. If
the peptide chain is Ibng, the peptide is typically called a polypeptide or a

protein,

An “antigen” refers to any agent, generally a macromolecuile,
which can elicit an immunological response in an individual. The term

may be used to refer to an individual macromolecule or to a

‘homogeneous or heterogeneous population of antigenic macromolecules.

As used herein, “antigen” is generally used to refer to a protein molecule

or portion thereof which contains one or more epitopes. For the

-16-
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purposes of the present invention, antigens can be obtained or derived
from any appropriate source. Furthermore, for the purposes of the
present invention, an “antigen” includes a protein having modifications,
such as deletions, additions and sﬂbstitutions {generally conservative in
nature) to the native séquencé, so long as the protein maintains
sufficient immunogenicity. These madifications may be deliberate, for
example through site-directed mutage‘nesis, or may be accidental, such

as through mutations of hosts which produce the antigens.

An “immune response’ against‘ an antigen of interest is the
development in an individual of a humoral and/or a cellular immune
response to that antigen. For purposes of the present invention, a
“humoral immune response” refers to an immune response mediated by
antibody molecules, while a “cellular immune response” is one mediated

by T-Iymphopytes and/or other white blood cells.

The terms “nucleic acid molecule” and “polynucleotide” are used
interchangeably herein and refer to a polymeric form of nucleotides of
any length, either deoxyribonucleotides or ribonucleotides, or an}alogs'
thereof. Polynucleotides may have any three-dimensional structure, and
mayr perform any function, known or unknown. Non-limiting examples of
polynucleotides include a gene, a gene fragment, exons, introns,
messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes,
cDNA, recombinant polynucleotides, branched polynucleotides, plasmids,
vectors, isolated DNA of any sequence, isolated RNA of any sequence,

nucleic acid probes, and primers.

A polynucleotide is typically composed of a specific sequence of
four nucleotide bases: adenine (A); cytosine (C); guanine (G); and
thymine (T) {uracil (U} for thymine {T) when the polynucleotide is RNA).

Thus, the term nucleic acid sequence is the alphabetical representation of

‘a polynucleotide molecule. This alphabetical representation can be input -

17-
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into databases in a computer having a ce}ntral processing unit and used
for bioinformatics applications such as functional genomics and

homology searching.

A “vector” is capable of transferring nucleic acid sequences to
target cells {e.g., viral vectors, non-viral vectors, particulate carriers, and

"o

Iiposbmes). Typically, “vector construct, expfession vector,” and
“gene transfer vector,” mean any nucleic acid construct capable of
directing the expression of a gene of interest and which can transfer
gene segquences to target cells. Thus, the ferm includes cloning and
expression vehicles, as well as viral vectors. A “plasmid” is a vector in

the form of an extrachromosomal genetic element.

A nucleic acid sequence which “encodes” a selected antigen is a _
nucleic acid molecule which is transcribed (in the case of DNA) and
translated (in the case of MRNA) into a polypeptide in vivo when placed
under the control of appropriate regulatory sequences. The boundaries of
the coding sequence are determined by a start codon at the 5' (amino)
terminus and a translation stop codon at the 3' (carboxy) terminus. For
the purposes of the invention, such nucleic acid sequences can include,
but are not limited to, cDNA from viral, procaryotic or eucaryotic mRNA,
genomic sequences from viral or procaryotic DNA or RNA, and even
synthetic DNA sequences. A transcription termination sequence may be

located 3' to the coding sequence.

A “promoter” is a nucleotide sequence which‘initiates and
regulates transcription of a polvpeptide‘-éncoding polynucleotide.
Promoters can include inducible promoters (where expression of a
polynuclectide sequence operably linked to the promoter is induced by an
analyte, cofactor, regulatory protein, etc.), repressible promoters {where
expression of a ponchIeotide sequence operably linked to the promoter

is repressed by an analyte, cofactor, regulatory protein, etc.), and
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constitutive promoters. It is intended that the term “promoter” or
“control element” includes full-length promoter regions and functional

(e.g., controls transcription or translation} segments of these regions.

“Operably linked” refers to an arrangement of elements wherein
the components so described are configured so as to perform their usual
function. Thus, a given promoter operably linked to a nucleic acid
sequence is capable of effecting the expression of that sequence when

the proper enzymes are present. The promoter need not be contiguous

with the sequence, so long as it functions to direct the expression

thereof. Thus, for example, intervening untranslated yet transcribed
sequences can be present between the promoter sequence and the
nucleic acid sequence and the promoter sequence can still be considered

“aperably linked” to the coding sequence.

“Recombinant” is used herein to describe a nucleic acid molecule
{polynucleotide) of genomic, cDNA, semisynthetic, or synthetic origin
which, by virtue of its origin or manipulation is not associated with all or
a portion of the polynucleotide with which it is associated in n‘afure
and/or is linked to a polynucleotide other than that to which it is linked in -
nature. Two nucleic acid sequences which are contained within a single

recombinant nucleic acid molecule are “heterologous” relative to-each

" other when they are not normally associated with each other in nature.

Homologues of p&lynucleotides’ are referred to Herein.' Typically a
polynucleotide which is homologou_s to another polynucleotide is at least
70% homologous to the polynucleotidve, preferably at least 80 6r 90%.
and more preferably at least 95%, 97% or 99% homologous thereto.
Methods of measuring homology are well known in the art and it will be
understood by those of skill in the art that in the present context,

homology is calculated on the basis of nucleic acid identity. Such-
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homology may exist over a region of at least 15, preferably at least 30,

for instance at least 40, 60 or 100 or more contiguous nucleotides.

Methods of measuring polynucledtide homology or identity are
known in the art. For example the UWGCG Package provides the
BESTFIT program which can be used to calculate homology (e.g. used on
its default settings) (Devereux et a/ (1984) Nucleic Acids Résearbh 12,
p387-395). '

The PILEUP and BLAST algdrithms can also be used to calculate
homology or line (Jp sequences (typically on their default settings), for
example as described in Altschul S.F. (1998} J Mol Evol 36:290-300;

Altschul, S, F et a/ (1990) J Mol Biol 215:403-10.

Software for performing BLAST énalysis is publicly available
through the National Centre for Biotechnology Information
(http://www.ncbi.nIm.nih.gov/).  This algorithm involves first identifying
high scoring sequenbe pair (HSPs) by identifying short words of length W

in the query sequence that either match or satisfy some positive-valued

» threshold score T when aligned with a word of the same length in a

database sequem':e. T is referred to as the neighbourhood word score
threshold (Altschul et af, supra). These initial neighbourhood word hits
act as seeds for initiating searches to find HSPs containing them. The
word hits ‘are extended in both directions along eaéh sequence for as far
as the cumulative alignment score can be increased. Extensions for the
word hits in each direction are halted when: the cumulative alignrﬁent
score 'goes to zero or below, due to the accumulation of one or more
negativé-scoring residue alignments; or the end of either sequetice is
reached. The BLAST algorithm parameters W, T and X determing the
sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length (W) of 11, the BLOSUMB2 scoring matrix (see
Henikoff and Henikdff (1992) Proc. Natl. Acad. Sci. USA 89:10915-
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10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a

comparison of both strands.

The BLAST algorithm performs a statistical analysis of the
similarity between two sequences; see e.g., Karlin and Altschul (1993)
Proc. Natl, Acad. Sci. USA 90:5873-5787. 'One measure of similarity
provided by the BLAST al'gorithm is the smallest sum probability (P(N)},
which provides an indication of the probability, by which a match
between two nucleotide or amino acid sequences would occur by
chance. For example, a sequence is considered similar to another
sequenﬁe if the smallest sum probability in comparison of the first

sequence to the second sequence is less than about 1, preferably less )

-than about 0.1, more preferably less than about 0.01, and most

preférably less than about 0.001.

The homologues typically hybridize wfth the relevant
polynucleotide at a level significantly above background. The signal level
generated by the interaction between the homologue and the '
polynucleotide is typically at least 10 fold, preferably at least 100 fold,
as injtense as "background hybridisation”. The intensity of interaction
may be measured, for example, by radiolabelling the probe, e.g. with 2P,
Selective hybridisation is typically achieved using conditions of medium
to high stringency, (for example, Ov.OSM sodium chloride a‘nd 0.003M

sodium citrate at from aboqt 50 °C to about 60 °C.

‘Stringent hybridization conditions can include 50% formamide, 5x

' Denhardt’s Solution, 5x SSC, 0.1% SDS and 100 upg/ml denatured

salmon sperm DNA and the Wéshing conditions can include 2x SSC,
0.1% SDS at 37°C followed by 1x SSC, 0.1% SDS at 68°C. Defining
appropriate hybridization conditions is within the skill of the art. See,

e.g., Sambrook et al., supra.
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The homologue i'nay differ from a sequence in the relevant

poiynucleotide by less than 3, 5, 10, 15, 20 or more mutations (each of

which may be a substitution, deletion or insertion)., These mutations

may be measured over a region of at least 30, for instance at least 40,

5 60 or 100 or more contiguous nucleotides of the homologue. Where a

polynucleotide encodes a polypeptide, substitutions preferably create

“conservative” changes in the amino acid encoded. These are defined

according to the following table. Amino acids in the. same block in the

second column and preferably in the same line in the third column may

10 be substituted for each other in conservative changes. ‘

ALIPHATIC

Non-Polar

GAP

ILV

Polar-uncharged

CSTM

NQ

Polar-charged

DE

KR

AROMATIC

HFWY

The terms “individual” and “subject” are used interchangeably

herein to refer to any member of the subphylum cordata, including,

15 without limitation, humans and other primates, including non-human

primates such as chimpanzees and other apes and ‘monke'y» species; farm

animals such as cattle, sheep, pigs, goats and horses; domestic

mammals such as dogs and cats; laboratory animals including rodents

- such as mice, rats and guinea pigs; birds, ihcludi,ng domestic, wild and

20 game birds such as chickens, turkeys and other gallinaceous bi_rds,

ducks, geese,' and the like. The terms do not denote a particular age.

Thus, both adult and newborn individuals are intended to be covered.

The methods described herein are intended for use in any of the above
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vertebrate species, since the immune systems of all of these vertebrates

operate similarly.
B. General Overview

The invention is concerned with nucleic acid constructs which
5 allow‘ efficient expression of heterologqus coding seguences, and in
pafticular antigen-encoding genes, in host cells. More specifioélly, the
inventioh provides nucleic acid constructs comprising, or in some‘
embodiments, consisting essentially of a chimeric promoter sequence and
a cloning site, such that when a coding sequence is inserted in the
10 cloning site, the coding sequence is in operable linkage with the chimeric
promoter. ' J
The chimeric promroter comprises, or in some embodiments

consists essentially of:
(@) ahCMV immediate early promoter sequence;

.15 (b} " exon 1 and at least a part of exon 2 of the hCMV major

immediate early gene; and.

(c)  aheterologous intron provided in place of the intron A

regipn of’the hCMV major immediate early gene.
The hCMV immediate early promoter sequence (a) may compriseﬁ:
20 ° ) (i) a ﬁativé hCMV in’i'mediat‘é early promoter sequence;
(i) a functional homologous variant ‘ther_eof; or

(iiiy  a functional fragment of (i} or (ii).

In general sequenc_:le (a) comprises about 100 to 600, preferably
200 to 600, for instance 400 to 600 nucleotides. Typically sequence (a)

25 comprises the sequences present in (i} which bind transcription factors or
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the RNA polymerase, or instead of any of these sequences, homologues
of these sequences able to bind the same transcription factors and RNA
polymerase. Typically such sequences or their homologues are present in
promoter sequence (a) in the same order and/or substantially the same

relative spacing as in (i).

Generally, (i) comprises at least from nucleo;cides -100 to -1,
typically -150 to -1, for example -500 to -1 or -600 to -1 of the hCMV
méjor immediate early gene. Sequence (i} typically comprises the hCMV
core promoter sequence and may also include one or fnore enhancer
elements present in hCMV immediate early promote}. For example, (i)
may comprise from nucleotides -118 to -1, or -524 to -1 as in US
6218140, or from ‘nucleotides‘-BZ to 1 or -465 to -1 as in US 538 5839.

Generally (i) includes a TATA box or CAAT box commonly found in
promoter sequences. Preferably the sequence includes one or more of

the repeat sequences in the hCMV immediate early promoter.
In a preferred smbodiment, (i} comprises SEQ ID NO: 1.

A hCMV immediate early promoter sequence can be obtained
using known methods. A native hCMV immediate early promoter can be.
isolated directly from a sample of the virus, using standard fechniqmes.
US 5385839, for example, describes the cloning of a hCMV promoter
region. The seqpence of a hCMV immediate early promuter is available
at Genbank #M60321 (hCMV Towne sfrain) and X17403 (hCMV Ad169
strain). A native sequence could therefore be isolated by PCR using PCR
primers based on the known sequence. See e.g Sambrook et af, supra,”
for a description of techniques used to obtain and isolate DNA. A
suitable hCMV promoter sequence could also be isolated from an existing

plasmid vector. Promoter sequences can also be produced synthetically.
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A functional variant (i) or fragment (iii) is generally one which
retains and/or complements the activity of the native promoter (i).
Typically this activity is the ability to cause {including initiating and
regulating) transcription of an operably linked polynucleotide, in particular
the hCMV major immediate early gene. In one embodiment, the variant
or fragment would be ableto complement the activity of the nati\)e
promoter in a hCMV virus, for example allowing the virus to retain the

ability to infect and/or replicate in cells.

A homologous variant {ii) or fragment (iii) can be assayed for the

ability to_ retain and/or complement the activity of (i). For example, a

_ variant or fragment may be assayed for ability to restore functionality

(such as infection and/or replication ability) té mutant hCMV in which the

. native hCMV immediate early promoter is defective.

A homoloéous variant (i} or fragmentt (i'ii) 'marly be tested for utility
using the Comparative Expression Assay Below. The test promoter
sequence is swapped into the base vector in place of the native hCMV
immediate early promoter. Typically, a functidnal variant or fragment
.allows at least 50%, for instance, 60, 70, 80, 90% or more of the
expression provided using the base vector. Ge;nerally expression is
provided in at least one but preferably two. reference cell types.
Typically, the reference cells are ma-mmalian HEK 293T, CHO, Hela,
BHK, 3T3 or COS cells. ' “

Additionally or alternatively, promoter sequence may be tested in
the Comparative Immunogenicity Assay below. Test prorﬁoter sequence
is swapped into the base vector in place of the native hCMV immediaté
early promoter. A functional promoter sequence provides antibody titres
that are at |least as high as or higher than those achieved by the base

vector with at least one, preferably two antigens. Preferably antibody

titres are at least 5%, 10%, 20%, 30% or 40% higher than with the
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base vector. Preferred antigens are HBsAg, HSV 2gD and flu-M2
antigens. According to this assay, a functional homologous variant {(ii) or
functional fragment (jii) of native promoter sequence {i) is one which

allows the highest antibody titres achieved by the native sequence.

As mentioned 'above, the construct may comprise exon sequence
{b) which comprises sequence derived from exon 1 and exon 2 of the
hCMV major immediate early gene. Exons are coding sequences, which

in nature are generally separated by introns. In the native hCMV major

" immediate early gene, exons 1 and 2 are usually separated by the native

intron A. In the present chimeric construct exon 2 sequence is generally
positioned 3' of exon 1 sequence, without intervening intron sequence,

so that the-exon 1 and exon 2 sequences are contiguous.
Exon sequence (b} may comprise:

(i) native exon sequence, typically exon 1 and {whole or

partial) exon 2;

(ii) a homologous variant of (i) which is functional; or
(i}  a functional fragment of (i) or (ii).

Seduence i) may comprise from about 50 to 100% of the native
hCMV major immediate early gene exon 1 sequence, for example, 60 to
90% or 70 to 80%. Typically at least 50% of the natural exon 1
sequence is present, such as 60%, 70%, 80%, 90% or more. Exon
sequence (b) also comprises at least a part of exon 2 sequence. In
sequence’ (i), typically 2 or more bases of native exon 2, for example 2 to -
9, V2 to 7 or 3 to 5 bases are present. Up to and including 100% of
natural exon 2 sequence, for example 5 to 95%, 20 to 80% or 40 to
60% of natural exon 2 sequence may be present. Typically the -
homologous variant has any of the above lengths mentioned for the

native sequence.
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Preferably (i) co‘mprises SEQ ID No. 2.

Suitable exon sequence (b) can be obtained using known methods,
See e.g Sambrook et a/., supré, for a description of techniques used to
obtain and isolate DNA. Native hCMV major immediate early gene
sequence can be isolated directly from a sample of the virus, using
standard techniques (see for exampie, MacLean, A (1998) “Preparation
of HSV-D’NA and Production of Infectious Virus” in Herpes Simplex Virus
Protocols S. Brown, A Maclean, éditors, Humana Press, Totowa, NJ,
pp.19-26). The sequence of a hCMV major immediate early gene,
including the location of exoni and éxon 2, is available at Genbank
#M60321, X17403. Native exon 1 and 2 sequences c‘ould therefore be

isolated by cutting the native major gene sequence at appropriate

‘restrictibn sites or by PCR using PCR-primers based on the known -

sequence. Suitable exon sequences could alternatively be isolated from
an éxisting plasmid vector, such as pWRé71 28. Exon sequences can
also be produced synthetically, rather than cloned. Variant sequences
can readily be constructed by routine methodologies such as site-directed

mutagenesis.

Generally the exon sequence will, when present in the construct of
the invention, enhance expression, typically causing comparable

enhancement to the native exon 1 and exon 2 s_equence_(i) mentioned

( above.

'

Exon sequence may be assayed for functionality using the
Comparative Expression.Assay below. Test exon sequence is swapped
into the base vector in place of the exon sequence already present.
Generally exon sequence is functional if the sequence does not abrogaté
expression but preferably increases expression in at least one but
preferably two reference cell types when compared to the base vector.

Typically the reference cells are mammalian HEK293T, CHO, HeLa', BHK,
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3T3 or COS cells. Preferably expression increases by at |east 5%, 10%,
20%, 30% or 40%. According to this asséy, a functional homologous
variant (ii} or functional fragment (iii) of natural exon squuence (i) is one
which allows at least 50% of the expression improvement provided by

5 the natural sequence.

Additionally or alternatively, exon sequence may bhe tested in the
Comparative Immunogenicity Assay below. Test exon sequence is
swapped into the base vector in place of the exon sequence already
present. Functional exon sequence provides antibody titres that are at

10 least as high as or higher than those achieved by the base vector with at
least oﬁe, preferably two antigens. Preferably antibody titres are at least
5%, 10%, 20%, 30% or 40% higher than with the base vector.
Preferred antigens are HBsAg, HSV 2gD and flu-M2 antigens. According
to this assay, a functional homologous variant (i) or functional fragment

15 {iii) of’ natural exon sequence-{i) isv one which allows the'h’ighest antibody

titres achieved by the natural seguence. -

The chimeric prdmoter construct comprises heterologous intron (c)
in place of the native intron A region of the hCMV major immediate early
gene. An intronis a non-'codi'ng séquence which is spliced from the

20 hnRNA transcribed from a géne: A heterologous intron is one which is

not present in the coding sequence in nature.

The heterologous intron (¢} replaces wholly or partially, native
intron A of the hCMV major immediate early gene. Typically the native

intron A is absent.
25 In general the heterologous intron (c) is 3' of exon sequence (b}.

Typically the heterologous intron (c} comprises:

{

) a natural intron;
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(i) a functional homologous variant of {i}; or
(i}  a functional fragment of (i) or (ii}.

Heterologous intron (c) is in general a viral or eukaryotic intron.

Preferably the intron is a mammalian intron, in particular a non-human

“intron, for example a rat or chicken intron. Preferably the intron is an

intron A, for example, rat insulin intron A, chicken keratin intron A or

chicken cardiac action intron A.

Typically intron {c) has a length of from about 50 nucleotides to
about 1000 nucleotides, for instance from about 100 to about 500
nucleotides. The intron {¢) may for example, comprise 50 to 500
nucleotides, such as up to 100, 200, 300 or 400 nucleotides. Preferably
the intron comprises sequehce found at about nucleotides 50 to 133 of

native rat insulin intron A, or a homologue of this sequence.

Preferably heterologous intron (c) is capable of being spliced from
an RNA transcript in a eukaryotic host cell. In general the intrpn .
éomprises one or more of a donor sequence (such as GT), an acceptor
sequence (such as AG), a 3' pyr’ifnidine rich region and a branch boint
sequence. ~vl’he pyrimidine rich region, if present, may ihclude, for
example ét least 5, 8, 10 or more pyrimidines. Preferably the intron

comprises at least a donor sequence, acceptor sequence and a branch

’ point sequence. Typically in the chimeric construct, intron (c) comprises

novn-ir!tron flanking sequences which are derived from exon sequences
found on the intron/exon boundaries of the natural intron (i). The
flanking exon sequence may be native exon sequence or a homologue of
this sequences which retains substantially the same activity as the native

sequence, for example retains splicing function. Typically from 5 to 10,

. preferably from 7 to 10 bases of exon'sequence are included at each end

of the intron.

-29-




WO 2005/035771 - PCT/GB2004/00427Y

20

25

27

Intron (¢} may be an artificial intron, provided that the intron is
functional. For example, a recombinant or chimeric intron may be used,
Such an intron may comprise sequence from more than one natural

intron,

Typically intron (c) comprises sequences present in hCMV intron A
which bind transc'ription factors or regulatory proteins or instead of any
of these sequences, homologues of these sequences able to bind the
same factors or proteins. Typically such sequences or their homologues
are preéent in the intron (c) in the same order and/or substantially the

same relative spacing as in hCMV intron A,

Intron (¢) may comprise an homologous variant {ii) in which the
sequence of the natural intron (i) has been modified to remove an intemnal
restricﬁon site. For example, an homologous variant of rat insulin intron

A may be used in which an iptérnalthel site has been destrbyed.
Pfeferably, intron (c) comprises:
i) SEQ ID No. 3;
: (i) a functional homologous variant of {i); or
(i)  a functional fragment of ‘(i) or {ii).

Intron sequence (c) may be obtained using standard cloning
techniques. For example, rat insulin intron A sequence is available at
GenBank JO0748, chicken keratin intron A sequence at GenBank J00847

.a.nd chicken cardiac intron A sequence at GenBank X02212. Intron

sequence can be isolated from natural sources using primers based on
known sequence. Seguence may be prepared synthetically, Variant

sequencér may be obtained by mutagenesis.

Typically a functional intron sequence, for example a functional

variant (i) or a functional fragment (iii} is one which has substantially the
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same activity as, and/or complements the activity of a natural intron {i).

In one embodiment the acti\}ity is splicing activity.

Intron (c) sequences may be tested for splicing activity using a
routine splicing-assay. In general a functional Homologue (i) or
functional fragment (iii} will show at least 50%, for example 60%, 70%,
80%, 90% and up to 100% or more of the splicing efficiency of the

natural intron (i) in the assay.

In general the heterologous intron sequence will, when present in
the construct of the invention, enhance eXpression. Typically, a variant
{ii} or fragment (iii) intron will cause comparable enhancement to a

natural intron {i}.

Functionality of potential intron sequence (c¢) can be te;ied using
the Comparative Expression Assay below. The heterologous intron is

swapped into the base vector. Generally heterologous intron sequence is

- functional if the addition of the sequence increases expression in at least .

one, but preferably two reference cell types by 25% or more, compared
to the base Qector. Typically the reference cells are mammalian
HEK293T, CHO, Hela, BHK, 3T3 or COS cells. The increa_se in
expression may be at least 35%, 45%, 55% or more. According to this
assay, a functional variant (i) or functional fragment (i) of a natural intron
sequence (i) is one which allows greater than 50% of the expression

improvement achieved by the natural sequence.

A heterologous intron {c) sequence may, additionally or
alternatively be tested for functionality using the Comparative
Immunogenicity Assay below. Intron (c) sequence is added to the base
vector. A functional intron {c} sequence provides antibody titres that are
higher than 'those- achieved by the base vector with at least one,
preferably two antigens. Preferably, the antibody titres are at least 5 or
10%, for instance 20%, 30% or 40% higher than with the base vector.
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Preferred antigens are HBsAg, HSV2gD and Flu-M2 antigens. According

to this assay, a functional variant (i) or functional fragment (iii) of a.
natural intron sequence (i) is one which allows the highest antibody titres

achieved by the natural sequence.

Suitable heterologous intron sequence can be obtained using ‘
standard cloning techniques. For example, rat insulin intron A sequence
is available at GenBank JO0748, chicken keratin intron A at GenBank
J00847, and chicken cardiac actin intron A at X02212. Intron
sequence can be isolated from native sources using_primérs based on the
known séquence data. Suitable éequence may also be prepared

synthetically.

The component sequences (a), (b) and {c) may be provided
suitably linked together to form a chimeric promoter using standard
cloning or molecular biology techniques. Preferably intron sequence (c} is
brovided 3' of exon seqUence (b). The chimeric promoter construct is

linked to a cloning site, in such a way that the promoter will effect the

_expression of a coding sequence inserted in the site, when the proper‘

enzymes are presént._ Suitable cloning sites, including multi-cloning sites
are known in the art, e.g the puUC19, pBC SK, pBluescript il KS,
cDNA3.1, pSP72, pGEM 7Z multicloning site.

Typicaily, a nucleic acid for insertion (or inserted) in the cloning

" site encodes a therapeutically relevant polypeptide. It is preferred that

the coding sequence is suitable for use in nucleic acid immunisation or
gene therapy. The nucleic acid insert may thus comprise a sequence
capable of providing immunity, for example an immunogenic sequence
that elicits a humoral and/or cellular immune response when delivered to
a -subject. Alternatively, the nucleic acid may comprise one or more
genes encoding a therapeutic polypeptide e.g a protein defective or

missing from a target cell genome or a non-native protein having a
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desired biological or therapeutic effect (e.g., an antiviral function). For
the treatment of genetic disorders, functional genes E:orresponding"to
genes known to be deficient in the particular disorder can be

administered to a subject. Preferably the nucleic acid is DNA.

Suitable nucleic acids for insertion include those used for the
treatment of inflammatory diseases, autoihﬁmune, chronic and infectious
diseases, including such disorders as AlDS, cancer, neurological
diseases, cardivascular disease, hypercholestemi_é; various blood
disorders including various anemias, thalassemia and hemophilia; genetic
defects such as. cystic fibrosis, Gaucher’'s Disease, adenosine deaminase

(ADA) deficiency, emphyse‘rﬁa, etc.

For example, in methods for the treatment of solid tumors, genes
encoding toxic peptides (i.e., chemofherapeutic agents such as ricin,
diptheria toxin and cobra vénom factor), tumor suppressor genes such as
p53, genes coding for mRNA sequences which are antisense to
transforming oncogenes, antineoplastic pepticies such as fu'mor necrosis
factor (TNF) and ofher cytokines, or t}ansdominant negative mutants of
transforming oncogenes, can be inserted for expression at or near the

‘tumor site. -

Similarly, nucleic acids coding for polypeptides known to display
antiviral and/or antibacterial activity, or stimulate the host’s immune

sySterh, can also be included. The nucleic acid may encode one of the

" . various cytokines (or functional ffagments thereof), such as the

interleukins, interferons and colony stimulating factors. The nucleic acid
may encode an antigen for the treatment or prevention of a number of
conditions including but not limited to cancer, allergies, toxicity and
infection by a pathogen such as, but not limited to, fungus, viruses
including Human Papilloma Viruses (HPV}, HIV,' HSV2/HSV1, influenza

virus (types A, B and C)}, Polio virus, RSV virus, Rhinoviruses,
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Rotaviruses, Hepatitis A virus, Norwalk Virus Group, Enteroviruses,
Astroviruses, Measles virus, Par Influenza virus, Mumps virus, Varicella-
Zoster virus, Cytomegalovirus, Epstein-Barr virus, Adenoviruses, Rubella
virus, Human T-cell Lymphoma type | virus (HTLV-I), Hepatitis B virus
(HBV), Hepatitis C virus (HCV], Hepaﬁtié D virus, Pox virus, Marburg and
Ebola; bacteria including M. tuberculosis, Chlamydia, N. gonorrhoéae, '
Shigella, Salmonella, Vibrio Cholera, Trep‘bnema‘ pallidua, Pseudomonas,
Bordetella perfussis, Brucella, Franciscella tulorensis; Helicobacter pylori,
Leptospria interrogaus, Legionella pnumophifa, Yersinia pestis,
Streptococeus (types A and B), Pneumococeus, Meningococcus,
Hemophilus influenza (type b), Toxopléma gondic, Cémp/ybacteriosis,
Moraxella catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens
inqluding Candidiasis and Aspergillosis; parasitic pathogens including
Taenia, Flukes, Roundworms, Amebiasis, Giardiasis, Cryptosporidium,
Schitosoma, Pneumocystis c_arinii, Trichomoniasis and Trichinosis. The
nucleic acid my also be used to provide a suitable immune respbnse
against numerous veterinary diseases, such as Foot and Mouth diéeasesi
Coronavirus, Pasteurella multocida, Helicobacter, Strongylus vulgaris,
Actinobacillus pleuropneumonia, Bovine viral diarrhea virus (BVDV}),
k/ebsiella pneilmaniae, E. Coli, Bordetella pertussis, Bordetella »
parapertussis and Bordetella brochiseptica. Thus in one aspect, the

nucleic acid constructs of the present invention may find use in a

* vaccine.

In some embodiments, the nucleic acid construct will encode an
adjuvant. Thus, the sequences inserted into thé cloning site for insertion -
of a coding sequence may encode a pov[ypeptide that can act as an
adjuvant. In a preferred instance, the encoded adjuvant may be an ADP-
ribosylating bacterial toxin. These include diphtheria toxin (DT), pertussis
toxin (PT), cholera toxin (CT), the £.cofi heat labile toxins (LT1 and LT.2),I

Pseudomonas endotoxin A, Pseudomonas exotoxin S, B cereus
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exoenzyme, B. sphaericus toxin, C botulinum C2 and C3 toxins, C.
fimosum exoenzyme, as well as toxins frbm C. perfringens, C spiriforma
and C. difficile and Staphylococcus aureus EDIN. Most ADP-ribosylating
bacterial toxins contain A and B subunits. The construct may express

the A subunit, the B subunit and/for both subunits.

‘In a preferred instance, the nucleic acid construct may encode the
E.coli heat labile toxin and/or cholera toxin and.in particular may express
E.coli heat labile toxin. A GenBank entry for the complete sequences of
the CT subunit A and B genes can be found at Locus VIBCTXABB
{Accession No. D30053), while a GenBank entry for the completé
sequences of the LT subunit A and B genes can be found at locus
ABQ116677' {Accession No. ABO11677).

The construct may express an active variants or fragment of a
particulrar adjuvant. The variant or fragmeﬁt will be said to be active if it
retains at least some of the adjuvant activity of the polypeptide it is
derived from. Thus, the variant and/or fragment will still be able to
enhance én immune response against a particular antigen in comparison
to the immune response seen when no adjuvant is administered with the
antigen. The encoded sequence may be active fragments or variants of
CT A and/or B subunits and in particular may be active fragments of LT

A and/or B subunits.

The toxin subunit may have had its naturally 6ccurring signal
sequence deleted. A naturally occurring exotoxin subunit may have been
modified to detoxify the toxin. The A subunit may have been modified to

disrupt or inactivate ADP-ribosyl transferase activity.

Thus, the adjuvant constructs of the invention may be used to
enhance an immune response against a particular antigen. The enhanced
immune response may involve an immune response of greater magnitude

or duration. In may mean that when the antigen is re-encountered the
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immune response then is greater than if no édjuvant,was administered. -

The enhance immune respdnse may resu[t in higher antibody titres. In the
case of some constructs, and in particular those expressing exotoxin ’
subunits the adjuvant may result in an augmented cellular response and a

T helper 1-like immune response against the antigen in question.

The nucleic acid for insertion int6 the cloning site may comprise a
polyadenylation (polyA) sequence. Such a polyA sequence is generally
native to the coding sequence. Altematively, a heterologgus ponA‘
sequence may be.provided in the nucleic acid construct of the invention.
Typically the polyA sequencé will be provided downstream of the cloning

site, such that it is operatively linked to a coding sequence inserted in the

cloning site. Any suitable polyA sequence may be included in the

construct using standard cloning techniques. Such ponA‘sequence‘s are

known in the art.
The poly A sequence may be:
(i) a hatural poly A sequence;
(ii) | a functional homologous variant of {i); or
| (i} a fungtional fragment of (i} or {ii).

. The natural poly A sequence (i} may be, for example a rabbit p
globin gene poly A, Human Papilloma Virus; (HPV) early or late gene poly -
A, HSV-2gB gene poly A, a simian CMV immediate early gene poly A or
HSV gD late gene poly A. - , ‘

Preferably the natural poly A sequence (i} is selected from the

, g'roup consisting of SEQ ID No. 10 {GenBank K03256), SEQ ID No. 11

(GenBank M16019), SEQ ID'No. 12 (GenBank 280699} and SEQ ID No.
13 (GenBank K02718). '
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In general, a functional polyA sequence is one which retains

polyadenylation activity.

A poly A sequence may be tested for the ability to bring about
polyadenylation of an RNA transcript using a routine expression assay. A

functional homologous variant (ii) or functional fragment (iii) typically

- shows at least 50%, for example 60%, 70% 80% or more of the poly A

activity of the natural poly A sequence in the assay.

Generally the poly A sequence will, when present in the construct
of the invention, enhance expression, typically causing comparable

enhancement to the natural poly A sequence (i) mentioned above.

A poly A sequence may also be assayed for functionality using the

- Comparative Expression Assay below. A test poly A region is swapped

into the base vector in place of the RBGpA. A test poly A is considered
functional if the poly A dqes not abrogate exﬁrgssion but preferably
increases expression in at least one but preferably two reference cell
types, compared to the base vedtor. Preferably there is an increase in
'expression of at least 5%, 10%, 20%, 30%, 40% or 50% or more.
Preferred cell types are mammalian HEK293T, CHO, HéLa_, BHKV, 3T3 or
COS cells. According to the assay, an homologous variant (iii or
fragment (iii) is functional if it allows greater than 50% of the expression

improvement achieved by the natural poly A sequence (i}.

Alternatively, or additionally, poly A sequences may be tested for
activity in the Comparative Immunogenicity Assay below. Poly A

sequence is swapped into the base vector in place of RBGpA. A

" functional poly A sequence provides antibody titres that are at least as

high as or higher than those achieved by the base vector with at least
one, preferably two antigens. ‘Preferably the antibody titres are at least
5%, 10%, for instance 20%, 30% or 40% higher than those achieved
with the base vector. Preferred antigens are HBsAg, HSV2gD and Flu-
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M2 antigens. An homologous variant (i) or fragment {iii) is ﬁmctional if
it allows the highest antibody titres achieved by the natural poly A

sequence (i).

The nucleic acid construct may combrise additional control
sequences which influence expression of a coding sequence inserted in
the cloning site. The construct may include a non-translated leader
sequénce. The sequence is provided in the construct in operable Iinkagé
with the chimeric promoter, and therefore also with a coding sequence
inserted at the cloning site. The leader provides a translational start site
for expression of an inserted coding sequence and typically includes a

Kozak sequence.
Typically the untranslated leader sequence comprises:
{i) a natural untranslétéd leader sequeﬁce;
(ii) a functional homologous variant of {i}; or
{ii) " a functional fragment of {i) or {ii).

In ge_neral the natural sequenc'el (i) is a eukaryotic sequence or a’
viral sequence, in particular, of a virus which infects a eukaryote.
Freferably the natural sequence (i) is. HBV or HSV sequence, for example
HBV preS2 antigen sequence, HBV e-antigen sequence, or HSV type 29D
antigen sequence. Particularly prefe;ably, (i) is selected from the group
cansisting of SEQ ID No. 5, SEQ ID No. 6 and SEQ ID No. 7.

Typica[ly‘ thg leader sequence comprises sequences present in (i)
which _Eind transcription components or regulatory proteins, or
homologues of these sequences which are able to bind the same
components or proteins. Typically such sequences or their homologues
are present in the leader sequence in the same order and/or substantially

the same relative spacing as in (i}, In general the leader sequence
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comprises a translational start site for expression of an inserted coding

sequence. - Typically the leader sequence includes a Kozak sequence.

In general the untranslated leader sequence has a length of from
about 10 to about 200 nucleotides, for example from about 15 to 150
nucleotides, preferably 15 to about 130 nucleotides. Leader sequences

comprising, for example, 15, 50, 75 or 100 nucleotides may be used.

Generally a functional untranslated leader sequence is one which is
able to provide a translational start site for expression of a coding
sequence in operable linkage with the leader séquence. Typically a
functional variantv(ii) or fragment ({iii} has substantially the same activity
as and/or complements the activity of the natural sequence (i), usually in
facilitating or enhancing expression of a coding slequen‘ce in operable

linkage with the sequence.

' A variant (i) or fragment (iii) may be tested for activity as an
untranslated leader sequence relative to natural leader sequence 'using
standard protocols. For example, expression vectors may be prepared

comprising a natural leader sequence (i} operably linked to its native

. coding sequence, and expression monitored in suitable host cells e.g.
. mammalian HEK 293T, CHO, Hela, BHK, 3T3 or COS cells. Test

constructs may be prepared in which the natuiaf leader sequence is
replaced by an homologous variant or fragment and exbreséion is
monitored again in the same host cells. In general, a variant (ii) of
fragment (iii) provides at least 50%, such as 60%, 70%, YSO%, 90% or

100% or more of the expression provided by the natural sequence.

A potential leader sequence can éllso be tested for utility in the
Comparative Expression Assay below. A test leader sequence is
swapped into the base vector in place of the HBV preS2 5"UTR." A
functional leader sequence does not abrogate expression but preferably

increases expression in at least one but preferably two reference cell
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types, compared to the base vector. In general expressiqn is increased
by at least 5%, 10%, 20%, 30%, 40% or 50%. Preferred cell types are
mammalian HEK293T, CHO, HeLa, BHK, 3T3 or COS cells. According to
the assay, an homologous variant (i) or fragment (iii) is functional if it

allows greater than 50% of the expression improvement achieved by the

- natural leader sequence.

Alternatively, or additionally, a leader seq'uenc'e may be tested for
activity in the Comparative lmmﬁnogenicity Assay below. A leader
sequence is swapped into the base vector in place of HBV preS2 5'UTR.
A functional leader sequende provides antibody titres that are at least as
high as or higher than those achieved by the base vector, yvith at least

one preferably two antigens. Preferably the antibody titres are at least

5%, 10%, 20%, 30% or 40% higher than with the base vector.-

Preferred éntigens are HBsAg, HSV 29D and Flu-M2 antigens. An
homologous variant (ii) or fragment (i) is functional if it allows the

highest antibody titres allowed by the natural leader sequénce {i).

Suitable Iéader sequence can be obtained using standard protocols.
For example, HBV preS2 antigen sequence, HBV e-antigen sequence and
HSV type 2gD antigen sequence is available at GenBank M5_4923,
M54923 and Z86099 respectively. Primers can be designed _baséd on
this‘knov'vn sequence and used to isolate homologous s*equ”ences. Leader

sequences may be synthesised based on known sequences.

" The nucleic acid construct may comprise an enhancer sequence.
An enhancer sequence is typically provided 3' of the cloning site, in
operable linkage with both the chimeric promoter and an inserted coding

sequence, and acts to increase transcription of the inserted sequence.
In general the enhancer comprises:

(i) a natural enhancer;
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(ii) a functional homologous variant of (i); or
(i)  a functional fragment of (i) or {ii).

The enhancer sequence generally comprises from about 50 to
about 850 nucieotides, for example from about 75 to about 500
nucleotides. Enhancers of about 100, 200, 300 or 400 nucleotides may

be used.

Typically (i) is a eukaryotic or viral enhancer, in particular, of a
virus which infects eukaryotes. Usually such enhancers occur in the 3'
untranslated region (3'UTR} of a gene. Preferably (i) is an HBV or a cMV
enhancer, for example én HBs Ag 3' UTR or a simian CMV immediate
early ge'néKB' UTR. Preferably (i) comprises SEQ ID No. 8 or SEQ ID No.
9.

In general, the enhancer in the construct Comprises sequences
found in (i) which bind transcribtion components or regulatory proteins,
for example transcription factors, or homologues of these sequences
which bind the same components or proteins. Preferably these

sequences are present in the enhancer in the same order and/or

" substantially the same relative spacing as in ().

Generally a functional enhancer is one which enhances or
increases expressioh of a polynucleotide, for example, a coding
sequence, which is operably linked to tHe enhancer sequence. Typically
a functional homologous variant {ii} or fragment (i) has substantially'the
same activity (for example, enhéncement of expression) as and/or

complements the activity of the natural enhancer (i).

Enhancer activity may be assayed using ‘an enhancer trap assay.
Protocols are known in the art. A functional homologous variant (i) or

fragment (iii) preferably provides at least 50% of the enhancer activity
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shown by the natural enhancer in such as assay. TYpicaIly the activity is
at least 60%, 70%, 80%, 90, 100% or more of the activity of the
natural enhancer. In general, a functional variant (ii) or fragment (jii) is

able to complement the activity of the natural enhancer (i) in the assay.

Enhancer utility may also be tested using the Com;;arative
Expression Assay set out below, A test 3'UTR sequence is swapped into
the basé vector. A 3'UTR has utility if it does not abrogate expression
but preferably increases expression in at least one but preferably two
reference cell types compared to the base vectors in the assay.
Preferably expression is increased by at least 5%, 10%, 20%, 30%,
40% or 50%. Preferred cell types are mammalian HEK293T, CHO,
HéLa, BHK, 3T3 or COS cells. According to this assay, an homologous
variant (ii} or fragment (iii} is functional if it.allows greater fhan 50% of

the expression improvement achieved by the natural enhancer sequence

).

Additionally o_r' alternatively, enhancer sequences may be tested for
activity in the Comparative Immunogenicity Assay below. A 3UTRis
swapped into the base: vector. A functional enhancer sequence provides
antibody titres that are at least as high as or higher than those achieVed
by the base vector with at least one, preferably two antigené. Preferably

the antibody titres are at least 5%, 10%, 20%, 30% or 40% higher than

‘with the base vector. Preferred antigens are HBs Ag, HSV2gD and Flu-

M2 antigené. An homologous variant (i} or fragment {iii) is functional if
it allows the highest antibody titre allowed by the natural enhancer

sequence (i},

Suitable enhancer sequence can be obtained using standard
cloning methods. For example, HBsAg 3'UTR sequence, or simian CMV

immediate early gene 3'UTR sequence can be accessed at GenBank
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sequence and used to isolate homologous sequences.

In a preferred embodiment, the nucleic acid construct comprises a
heterologous polyA sequence, a heterologous leader sequence and a
heterologous enhancer, all in operable linkage with the chimeric

promoter, for efficient expression of an inserted coding sequence.

In a further aspect, the present invention also provides a nucleic

acid construct comprising, or sometimes consisting essentially of:
(i) . apromoter sequence

(il anon-translated leader sequence derived from HBY
preS2 antigen sequence, HBV e-antigen sequence or HSV type 2

gD antigen sequence; and
(iii) . a coding sequence operably linked to (i} and (ii)

Whereln the coding sequence is hetero[ogous to the non-translated

Ieader sequence.

Typically the promoter sequence (i) is derived from a viral or
eukaryotic promoter sequence. The promoter sequence ma‘y be a natural
promotef sequence, a functional homologue of the natural sequence or a-

functional fragment of either. Suitable natural promoters inciude, for

exémple, the hCMV immediate early promoter, Pseudorabies virus {PRV)

promoter or Rous sarcoma virus (RSV] promoter. Preferably the natural
promoter comprises SEQ ID NO: 52 or SEQ ID NO: 53.

An artificial promoter construct, such as the chimeric promoter

described above, may be used, provided that the promoter is functional.
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A functional promoter sequence is generally one which is able to
cause (including initiate and regulate) transcription of an operably linked

coding sequence in a suitable host cell.

A promoter sequence may be tested for promoter activity using a
routine expression assay. A functional komologue or fragment of a
natural promoter sequence typically brovides atyleast 50%, for example,
or least 60, 70, 80 -or 90% of the expression provided by the natural

sequence in such an assay.

The non- translated leader sequence (i) is as descnbed above
Suitable coding sequences {iii) include those already described in relation
to the chlmernc promater construct. However, in the present aspect of
the invention, the coding sequence is heterologous to the non-translated
leader sequence. The present construct typically includes a poly A

sequence, which as already described, may be native to the coding

sequencs, or proVided as a heterologous poly A sequence in the

¢onstruct. Suitable poly A sequences have already been described. The
construct may additionally include an enhancer sequence 3' of the coding

sequence. Suitable enhancer sequences are described above in relation to

" the chimeric promoter construct

In another aspsct, the invention provides a nucleic acid construct

comprising, or in some embodiments consisting essentially of:
(i) a promoter sequence;

{it  acoding sequence operably linked to the promoter

sequence (i) and;

(i) an enhancer sequence 3' of and operably linked to

the coding sequence {ii):
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wherein the enhancer sequence (iii) is derived from a 3'UTR of an .
HBsAg sequence or a 3'UTR of a simian CMV immediate early gene
sequence, and the coding sequence (i) is heterologous to the enhancer

sequence.

The construct may include a non-translated leader sequence such
as the ones already described in relation to the chimeric promoter

construct.

" Typically the promoter sequence (i} is derived from a viral or
eukaryotic promoter sequence. The promoter sequence may be a natural

promoter sequence, a functional homologue of the natural sequence or a

functional fragment of either. Suitable natural promoters include, for

example, the hCMV immediéte early promoter, Pseudorabies virus (PRV)
promoter or Rous sarcoma virus (RSV) promoter. Preferably the natural
promoter comprises SEQ ID NO: 52 or SEQ ID NO: 53.

An artificial promoter construct; such as the chimeric promoter

described above, may be used, provided that the promoter is functional.

A functional promoter sequence is generally one which is able to’
cause (including initiate and regulate) transcription of .an opefably linked .

coding sequence in a suitable host cell.

A promoter sequence may be tested for promoter activity using a
routine expression assay. Functional homologues or fragments of a
natural promoter sequence typically provide at least 50%, for example,
or least 60, 70, 80 or 20% or the expression provided by the natural

sequence in such an assay.

Suitable coding sequences (.ii) include those already mentioned in
relation to the chimeric promoter construct. However, in the present
aspect, the coding sequence is heterologous to the 3'enhancer sequence.

The enhancer sequence {iii) of the construct is described above. The
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present construct also typically includes a poly A sequence. As in the
case of the chimeric promoter construct, this poly A region may be
native to the coding sequence (i) or may be provided as a heterologous

poly A component in the construct.

[ ‘ A construct according to any aspect of the present invention may
comprise a sigﬁal peptide sequence. The signal peptide sequence is
inserted in operable linkage with the promoter such that the signal
peptide is expressed and facilitates secretion of a polypeptide encoded by

coding sequence also in operable linkage with the promoter.

10 Typically a signal peptide seqvuence encodes a peptide of 10 to 30
amino acfds for example 15 to 20 amino acids. Often the amino acids
are predominantly hydrophobic. In a typical siﬁJation, a signal peptide
targets a growing polypeptide chain bearing the signal peptide to the
endoplasmic reticulum of the expressing cell. The signal peptide is

15 cleaved off in thg éndoplasmic reticulum, allow for secretion of the

polyp‘eptide via the Golgi apparatus.
A signal peptide for use in the invention may compriss:
{i) a natural signal peptide sequence;

{ii) a homologous variant of (i) which retains signal

20 " peptide activity; or

(i)  a fragment of (i) or (i) which retain.s signal peptide

activity.

Sequence (i) may be for éxample human tissue plasminogen
activator signal peptide (hTPAsp) {(GenBank LO0141), the apro‘cinih signal
25 peptide {GenBank AAD13685), tobacco extensin signal peptide (GenBank
JU04865), or chicken Iysosyrﬁe signal peptide (GenBank AF410481).
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A signal pebtide, suitable for use in the present invention, is one
which will enable the secretion of heterologous proteins. A functional
sighal peptide can be identified in an assay which compares the effect of
a test signal peptide with the effect of a known signal peptide - e.g.
human tissue plasminogen activator signal peptide (hTPAsP} - and vv'ith.
the effect of having no signal peptide. The Comparative Expression
Assay set out below may be used but with the following modification.
Secretion expression vectors are constructed containing the base vector
with either the test signal peptide, hTPAsp or no signal peptide. 'Coding
sequences for polypeptides devoid of their naturally oecurring signal
peptides are inserted into the vectors and the vectors transformed into
reference host cells. Preferably cells are mammalian HEK293T, CHO,
Hela, BHK, 3T3 or COS cells. The cell media is analysed for polypeptide
expression levels. A functional signal peptide enables polypeptide
secretion at a higher level than a vector lacking a signal peptide with at
least one, preferably two polypeptides, Typically, secretion is 5% higher,
or more preferably 10% highef or more, for example 20 or 50% higher or
more. Typically, secretion levels are comparable to those obtained using
hTPAsp.

' Allowing secretion of encoded protein outside of an expressing cell
rhay have a number of advantages, in particular where the protein is an
antigen. For example, increaseﬂ antigen secretion could allow greater
antigen uptake and response by immune cells (macrophages, Langehan’s
cells, iB-ceIIs, T-cells etc), enable the ability of antigen to reach the
bloodstream and signal cells {cytokines), enable an antigen to find cellular
ligands and effect a function (antibodies, toxins such as cholera toxin,
E.coli LT) and participate in normal cellular biochemical processes

(cellular receptors).

A nucleic acid construct of the invention may be in the form of a

plasmid expression vector. The vector may then include additional
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elements, such as an origin of replication, or seleétor genes., Such
elements are known in the art and can be included using standard
techniques. |n one embodiment, the plasmid vector has the sequence in
SEQ ID NO:14. Alternatively, the construct may be included in a viral

vector construct.

In some embodiments, the nucleic acid construct of the invention
rhay comprise two or more of the chimeric promoters defined herein.

Thus, the construct may comprise a plurality of chimeric promoters and

in particular the construct may have two, three, four, five or more

chimeric promoters. The chimeric promoters will preferably be each
separately operably linked to a cloning site for insertion of a coding
sequence. Thus, the construct may express two, three, four, ﬁvé or more
more coding sequences. The coding sequences expressed may be any of -
those specified hgreiﬁ. In a preferred instance, the construct haé two
chimeric promoters with each having a coding sequence operably finked
to them. In particular, the two promoters may be transcribed away from

each other.

~ In particular, the constructs with two promoters may express the
A and B subunits of an ADP-ribosylating bacterial toxin, including any of

those mentioned herein and preferably an LTA and B subunit.

In cases where the construct has multiple chimeric promoters each
may comprise, or be operably linked to, any of the sequences mentioned

herein. In a particularly preferred instance, the heterologous intron of one

-or more of the promoters may be the rat insulin gene intron A sequence.

One or more of the chimeric promoters may also preferably comprise the
5 UTR of HSV-2gB pre-S2. One or more of the promoters may comprise

the poly adenylation sequenée of the rat beta globin gené.

In a preferred case, the nucleic acid construct of the invention may

comprise two chimeric promoter sequences, with each promoter
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séquence being operably linked to a cloning site which has a coding

sequence inserted into it, where each chimeric promoter comprises

(a) a hCMV immediate early promoter sequence;

(b)  exon 1 and at least a part of exon 2 of the hCMV
major immediate early gene; and

{c) a heterologous intron provided in pléce of the intron A

region of the hCMV major immediate early gene. ,

with the coding sequence operably linked to one chimeric promoter

, 'encoding a LTA subunit and the coding sequence linked to the other -

encoding an LTB subunit. The construct can therefore express both

subunits. Preferably:

- the heterologous intron of each promoter is the rat insulin gene intron

A sequence;

- the sequence encoding each LT subunit is operably linked to the 5’ UTR
of HBV pre-S2; and/or

- “each LT encoding sequence is operably linked to the rat beta globin

gene polyadenylation sequence.

A polynucleotide construct of the invention may be substantially
free of or associated with cells or with cellular material. It may be in

substantially isolated form, or it may be in substantially purified fotm, in

‘which case it will generally comprise at least 90% e.g ai least 95%,

98% or 99% of the polynucleotide or dry mass in the preparation.

The present nucleic acid molecules may be delivered to suitable
host cells, for expression of a polynucleotide in operable linkage with the
promoter. Préferably the host cells are mammalian cells, in particular
human cells. Suitable methods for delivery of nucleic acids to such cells

are known in the art and include, for examplé, dextran mediated
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transfection, calcium phosphate precipitation, electroporation and direct

microinjection into nucleii.

_As described above, a nucleic acid coding sequence in a construct
may encode a therapeutically relevant polypeptide. The present l ‘
constructs may therefore be used for nucleic acid immunisation or gene
therapy using standard gene delivery prdtocols. Suitable methods for
gene delivery are known in the art, as discussed below. The nucleic acid '
molecules can be delivered either directly to a subject, or alternatively,
delivered ex vivo. to cells derived from the subject whéreafter the cells

are reimplanted in the subject.

For uée in nucleic acid immunisation or gene therapy, the nucleic
acid constructs may be formulated as conventional pharr‘nac-e.utical
preparations. Thié can be done using standard pharmaceutical
formulation chemistries and methodologies, which are available to those
skilled in the art. For example, compositions containing ene or more
nucleic acid sequencés {e.g., present in a suitable vector form such as a
DNA plasmid) can be combined with one or more pharmaceutically

ac,éeptable excipients or vehicles to provide a liquid preparation.

Auxiliary substahces, such as wetting or emulsifying agents, pH
buffering substances and the like, may be present in the excipient or
vehicle. These excipients, vehicles and auxiliary substances are generaﬂy
pharmaceutical agents which may be adminis’tere_d without undue toxicity
and which, in the case of vaccine compositions will not induce an
immune response in the individual receiving the composifion.
Pharmaceutically acceptable excipients include, but are nét limited td,
quuids such és water, saline, polyethyleneglycol, hyaluronic acid, glycerol
and ethanol. Pharmaceutically acceptable salts can also be included
therein, for example,v mineral acid salts such as hydrochlorides,

hydrobromides, phosphates, sulfates, and the like; and the salts of
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organic acids such as acetates, propiofiates, malonates, benzoates, and
the like. It is also preferred, although not required, that the prebaration
will contain a pharmaceutically acceptable excipient that serves as a
stabilizer, particularly for peptide, prb‘tein or other like molecules if they
are to be included in the composition. Examples of suitable carriers that
also act as stabilizers for peptides include, without limitation,
pharmaceutical grades of dextrose, sucrose, lactose, trehalose, mannitol,
sorbitol, inositol, dextran, and the like. Other suitable carriers include,
again without limitation, starch; cellulose, sodium or calcium phosphates, .

citric acid, tartaric acid, glycine, high molecular weight polyethyléne

glycols (PEGs), and combination thereof. A thorough discussion of

pharmaceutically acceptable excipients, vehicles and auxiliary substances
is available in REMINGTON'S PHARMACEUTICAL SCIENCES {Mack Pub.,

- Co., N.J. 1991), incorporated herein by reference.

Certain facilitators of nucleic acid uptake and/or expression
(”transfection facilitating agents”) can also be included in the
compositions, for example, facilitators such as buﬁivaéaine, cardiotoxin
and sucrose, -and transfection facilitating vehicles sucﬁ as liposomatl or
lipid preparations that are routinely used to deliver nucleic acid
molecules. Anionic and neutral liposomes are widely available and well
known for delivering nucleic acid molecules (see, e.g., Liposomes: A
Practical Approach, (1 SéO) RPC New Ed., IRL Press).» 'Ca,tionic lipid
preparations are also well known vehicles for use in delivery of nucleic
acid molecules. Suitable lipid preparations include DOTMA (N—[1-‘(2,3-
dioleyloxy)propyl]-N,N,N-trimethylammoniﬁm chloride), available under -
the tradename Lipofectin™ , and DOTAP (1 ,2-bis(oleyloxy)'-3-
(trimethylammonio)bropane), see, e.g., Felgner et al. (1987) Proc. Natl,
Acad. Sci, USA B4:7413-7416; Malone et al. {1989) Proc. Natl. Acad.
Sci. USA 86:6077-6081; US Patent Nos 5,283, 1 85va'nd 5,627,928, and
International Publication Nos WO 90/11092, WO 91/15507 and WO
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95/26356. These cationic lipids may preferably be used in association
with a neutral lipid, for example DOPE (dioley|
phosphatidylethanolamine). Still further transfection-facilitating
compositions that can be added to the above lipid or liposome
preparations include spermine derivatives (see, e.g., International
Publication No. WO 93/18759) and membrane-permeabilizing compounds
such as GALA, Gramicidine S and cationic bile salts (see, e.g.,
International Publication No. WO 93/19768).

Alternatively, the nucleic acid molecules of the present invention

may be encapsulated, adsorbed to, or associated with, particulate

carriers. Suitable particulate carriers include those derived from

poIAymethyl methacrylate polymers, as well as PLG micropérticles derived
from poly({lactides) and poly(lactide-co-glycolideﬂ. See, e.g., Jeffery er
al. (1.993) Pharm. Res. 10:362-368. Other particulate syétems and
polymers can also be used, for example, polymeré such as polylysine,
polyarginine, polyornithihe, spermine, spermidine, as wel| as conjugates

of these molecules.

Onge formulated the compositions can be delivered to a subject in

Vivo using a variety of known routes and techmques For example, the

hqu1d preparations can be prowded as an |njectable solution, suspension
or emulsnon and admlnlstered via parenteral, subcutaneous, mtradermal
lntramuscular intravenous injection using a conventlonal needle and
syringe, or using a'liquid jet injection system. Liquid preparations can
also be administered topically to skin or mucosal tissue, or provided as a
finely divided spray suitable for respiratory or pulmonary administration,
Other modes of administration include oral administraﬁon',» suppositories,

and active or passive transdermal delivery techniques. i

Alternatively, the compositions can be administered ex i/ivo, for

example delivery and reimplantation of transformed cells into a subject'
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are known (e.g., dextran-mediated transfection, calcium phosphate

precipitation, electroporation, and direct microinjection of intg nuclei).

The compositions are administered to a subject in an amount that
is compatible with the dosage formulation and that will be
prophylactically and/or therapeutically effective. An éppropriate effective
amount will fall in a relatively broad range but can be readily determined
by one of skill in the art by routine trials. Thé “Physicians Desk ‘
Reference” and “Goodman and Gilman’s The Pharmacological Basis of
Therapeutics” are useful for the purpose of determining the amount '
needed. For examplq, it is generaily expected that an effective dose of
the polynucleotide will fall within a range of about 0.001 to 1000ug,
‘more preferably 0.01 to 10.0ug. ‘

In one instance, a nucleic acid construct of the invention may be
used in.conjunction with another nucleic acid construct. In one case, the
nucleic acid construct may be one of those described herein for the
expression of an adjuvant and the other éonstruct may be a c(onst‘ruct
encoding one or more antigens. In a preferred case, both constructs may

employ the chimeric promoters of the invention.

In the case where one construct expresses an adjuvant and the

other an antigen or antigens, the antigens may in particular be from HSV

. or Hepatitis virus {particularly Hepatitis B virus). The antigens may in

particular be the HSV ICPO, ICP4, ICP 22 and/ICP 27 antigens and
preferably all four. In‘ cases where such antigens are expressed, the
adjuvant construct will in particular express LTA and/or LTB and in

‘particular both.

The two constructs may be administered separately,
simulta‘neously or sequentially. The two may be administered in the same
or different compositions. In particular, where one construct has an

adjuvant effect the two will be delivered so that an adjuvant effect is
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seen, that is the immune response generated will be greater and/or for a
longer period than if the adjuvant had not besn administered with the v
antigen. In a preferred instance, the two constructs may be delivered in

the same composition, preferably on the same carrier particles.

Ina preferréd embodiment, the nucleic acid constructs of the
invention are delivered to target cells using a particle-mediated delivery
technique. Particle mediated methods for delivering nucleic acid

preparations are known in the art.

Particles for particle mediated delivery may be formed by coating
the present nucleic acid molecules onto carrier particles (e.g., core
carriers) using a variéty of techniques known in the art. Carrier paﬁicles
are selected from materials which have a suitable density in the range of
particle sizes ’typ"icallly used for intracellular delivery from a particle-
mediated delivery device. Typically carrier particles have a diameter of
from 0.1 to 5um, for -exampvle 0.5 to 3um, preferably 1 to 2um. The

optimum carrier particle size will, of course, depend on the diameter of

‘the target cells. Alternatively, colloidal gold particles can be used

wherein the coated colloidal gold is administered (e.g., injected) into
tissue (e.g.; skin or muscle} and subsequently taken-up by immune-

competent cells.

Usually carrier particles are selected from inert metals, The metals

* are inert in that they are not physiologically active. For the purposes of

the invention, tungsten, gold, platinum and’ iridium carrier particles can
be used. Tungsten and gold particles are preferred. Tungsten particles
are readily available in average sizes of 0.5 to 2.0 um in diameter.
Although such particles have optimal dénsity for use in particle
acceleration delivery methods, and allow highly efficient coating with
DNA, tungsten may poténtially be toxic to certain cell types. Gold

particles or microcrystalline gold (e.g., gold powder A1570, available
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from Engelhard Corp., East Newark, NJ) will also find use with the
present methods. Gold particl.es provide uniformity in size (available from
Alpha Chemicals in particle sizes of 1-3 um, or available from Degussa,
South Plainfield, NJ in a range of particle sizes including 0.95 xm) and

reduced toxicity. Microcrystalline gold provides a diverse particle size

distribution, typically in the range of 0.1-5 um. However, the irregular

surface area of microcrystalline gold provides for highly efficient coating

with nucleic acids.

A number of methods are known and have been described for
coating or precipitating DNA or RNA onto goid or tungsten. particles.
Most such methods generally combine a predetermined amount of gold

or tungsten with plasmid' DNA, CaCI2 and spermidine. The resulting

solution is vortexed conﬁnually during the coating procedure to ensure

uniformjty of the reaction mixture. After precipitation of the nuéleic acid,
the coated particles can be transferred to suitable membranes and
allowed to dry prior to use, coated onto surfaces of a sample module or
cassette, or loaded into a delivery cassette for use in particular particle-

mediated delivery instruments.

As an alternative, tﬁe‘ pol\)nucleotides of the invention can be
formulated as a particulate composition. Formulation can be carried out
using the above-described standard phérmaéeutical formulation
ch‘emistr'ies. For example, the polynucleotides can be cbmbined with one .
or more pharmaceutically éccep‘[éble ekcipients or vehicles to prO\)ide a

suitable composition. ‘The formulated compositions are then prepared as

particles using standard techniques such as by simple evaporation (air

drying), vacuum drying, spray drying, freeze drying (lyophilisation), spray-

~ freeze drying, spray coating, precipitation, supercritical fluid particle

formulation, and the like. |If desired, the resultant particles can be

densified using the techniques described in commonly owned
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International Publication No. WO 97/48485, incorporated hersin by

reference.

These methods can be used to obtain nucleic acid particles having
a size ranging from about 0.01 to about 250 um, preferably about 10 to
about 150 ym, and most preferably about 20 to about 60 ym; and é
particle density ranging from about 0.1 to about 25 g/cm®, and a bulk

density of about 0.5 to about 3.0 g/cm®, or greater.

Once formed, the particles comprising the nucleic acid molecules
may be packaged in single unit dosages or multidose containers. Such
container's may comprise an ,herrﬁetically sealed container encloéing a
suitable amount of the particles. The particles can be packaged as a
stérile formulation, and the hermetically spaléd container can thus be
designed to preserve the sterility of the formulation until use in delivery
to a subject. The containers are preferably adapted for direct use in a
particle mediated delivery device. Typically such containers take the
form of capsules, foil pouches, sachets, cassettes and the like. The
particle delivery devices can also he provided in a preloaded condition

containing a suitable dosage of the particles. The preloaded device may

" then also be prepackaged in a hermetically sealed container.

The container in whin:;h the particles are packaged can further be
labelled to identify the composition and provide relevant dosage
information. In addition, the container can be labelled with a notice in
the form prescribed by a governmental agency, for example, the Food
and Drug Administration, wherein the notice indicates approval by the
agency under Federal Law of the manufacture, use or sale of the nucleic

acid preparation contained therein for human administration.

Particle acceleration devices, suitable for particle-mediated delivery
are known in the art. For examble, current gene gun devices employ an

explosive, electric or gaseous discharge to propel coated carrier particles

-56-




WO 2005/035771 L PCT/GB2004/00427Y

20

25

54

towards iarget cells. The coated carrier par;ticles can be reléééably
attached to a fnovable carrier sheet, or re‘nﬁovably'attached to a surface’
along which a gas stream passes, lifting the particles from the surface
and accelerating them toward the target. An example of a gaseous
discharge device is described in U.S.Patent No. 5,204,253, An .
explosive-type dévice is described in U.S.Patent No. 4,945,050, One
example of an electric discharge apparatus suitable for use herein is
described in U.S.Patent No. 5,120,657. Another electric discharge
apparatus is described iﬁ US Patent No 5,149,655, The disclosure of all

of these patents is incorporated herein by reference in their entireties.

Particles may also be administered using a needleless syringe
device, such as those described in U.S.Patent No. 5,630,796 to
Bellhouse et a/ ( “the PowderJect® ﬁeedl eless syringe device”) and in
International Publicaﬁon Nos. WO 94/242863, WO 96/04947, WO
96/1 251‘3 and WO 86/20022, all of which are incorporated herein by

reference.

Devices such as the one described in US Patent No.5,'630,796
may be provided as a pen-shaped instfument containing, in linear order
moving from top to bottom, a gas cylinder, a particle cassette or '
package, and a supersonic nozzle with an assoéiated silencer medium.
The particles are provided within a suitable container, e.g. a cassette
formed by two rupturable polymer membranes that are heat-sealed to a
washer-shaped spacer to form a self-contained sealed unit. VMembrane
materialé can be selected to achieve a specific mode of opening and
burst pressure that dictate the conditions at which the supersonic flow is

initiated.

In operation, the device is actuated to release the compressed gas
from the cylinder into an expansion chamber within the device. The .

released gas contacts the particle cassette and, when sufficient pressure
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is built up, suddenly breaches the cassette membranes sweeping the
particles into the supersonic nozzle for subéequent delivery. The nozzle
is designed to achieve a specific gas velocity and flow pattern to deliver
a quantity of particles to a target surface of predefined area. The
silencer is used to attenuate the noise produced by the supersonic gas

flow.

The delivery system described in International Publication No. WO

96/20022 also uses the energy of a compressed gas source to‘

‘accelerate and deliver powdered compositions. However, it is

distinguished from the system of US Patent No. 5,630,796 in its use of
a shoi:k wave instead of gas flow to accelerate the particles. More
particularly, an instantaneous pressuré rise provided by a shock wave
generated behind a flexible dome strikes the back of the‘dome, causing a

sudden eversion of the flexible dome in the direction of a target surface.

“This sudden eversion catapults a powdered composition (which is located

on the outside of the dome) at a sufficient velocity, thus momentum, to
penetrate target tissue, e.g., oral mucosal tissue. The powdered
composition is released at the point of full dome eversion. The dome -

also serves to completely contain the high-pressure gas flow which

‘therefore does not come into contact with the tissue. Because the gas is

not released during this delivery operation, the system is inherently quiet.

This design can be used in other enclosed or other wise sensitive

applications for example, to deliver particles to minimally invasive

surgical sites.

Particles may be delivered /n vivo directly to a subject, or ex vivo

to cells taken from a subject, the transformed cells then being

breimplanted in the subject. For in vivo delivery, particle injection is

typically subcutaneously, epidermally, intradermally, intramucosally (e.g.
nasally, rectally and/or vaginally), intraperitoneally, intravenously, orally

or intramuscularly. Preferably, délivery is to terminally differentiated
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cells; however, the particles can also bé delivered to non-differentiated,
or partially differentiated cells such as stem cells of blood and skin

fibroblasts. Most preferably, delivery is to skin epidermal cells.

The particles are administered to a subject in a manner compatible
with the dosage formulation and in an amount that will be
prophylactically and/or therapeutically effective. A “therapeutically

effective amount” of the present particulate compositions will be

“sufficient to bring about treatment or prevention of disease or condition

symptoms, and will fall in a relatively broad range that can be determined
by routine trials. Generally the particles are delivered in an amount of
from 0.001 to 1000ug, more preférably 0.01 to 10.0pg of nucleic acid
per dose. However, the exact amount necessary Will vary depending on -
the age and general condition of the individual being tre‘éted and the
particular nucleotide sequence selected, as well as other factors. An
appropriate effective ‘amount can be readily determined through clinical
testing. The “Physicians Desk Reference” and “Goodman and Gilman's
The Pharmacological Basis of Therapeutics” are useful for the purpose of

determining the amount needed.
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Assays

Comparative Expression Assay

A suitable test for element utility determines the effect the
element has on expression of a polypeptide. Th‘e basis of comparison for
testing utility of the elements is a ’basé'vector', generally {unless
otherwise noted) a plasmid with a hCMV promoter, hCMV exon 1, 9
bases of hCMV exon 2, the 5'UTR from HBV preS2 and the rabbit-B‘
globin_polyadenylation region, positioned to drive expression of a coding
sequence. Typically, the base vector is pJV7384, pJV 7401, pJV 7450
or pJV 7533, Heterologous introns and 3'UFTH5 are added, or promoter
sequences, exons, 5'UTRs and polyA sites are swapped into the base
veétors to create test expression vectors. Thus fuhctional variants or

fragments can be tested.

The base vectors and test vectors are transformed into suitéble
host cells and the ceils analyéed for polypeptide expression levels.
Preferably mammalian host cells are used. Suitable cells include
mammélian HEK 293T, CHO, Hela, BHK, 3T3 or COS cells.

Typically, a functional element causes expression which is

- comparable to the base vector, for example at least the same as or

greater. Preferably expression is tested in more than one cell type and

with more than one coding séquence.

Suitable experimental protocols are prbvided, for example, in

Examples 1 to 13 below.
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Comparative Immunogenicity Assay

Where the polypéptide to be expressed is an antigen, a further t/est
may be carried out to identify functional or particularly preferred
construct elements. In the assay, the effect of an element on immune
response is determined after delivery of an expression vector to a test
organism. Antibody levels against the antigen are the easiest way to
judge immune response. Groups of mice are vaccinated with the base
vectors or test vectors constructed as above. Sera is collected after an

appropriate amount of time and analyzed for antibody levels.

This experiment is performed twice‘, aﬁd the antibody levels from
all the groups in both experiments are plotted. Functional elements will
give rise to at least as high as or higher antibddy titres in both ‘
experiments for a particular antigen than the base vector. Preferably, the
result will be seen with more than one antigen to demonstrate the

breadth of utility of the element(s) in that expression panel.

Suitable experimental protocols are provided for example, in

Example 14 below.

C..  Experimental

Below are examples of specific embodiments for carrying
out the present invention. The examples are offered for illustrative
purposes only, and are not intended to limit the scope of the present

invention in any way.

Efforts have been made to ensure accuracy with respect to
numbers used (e.g., amounts, temperatures, etc.), but some

experimental error and deviation should, of course, be allowed for.
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‘ Methbds

Standard PCR Conditions

The standard PCR conditions used for the construction of vedtors
were as follows: 1x PCR core buffer w/ 1.5mM MgCI2 (Promega
Corporation, Madison, WI), 0.400uM each of each primer, 200uM of
each dNTP {USB, Inc, Cleveland,‘ OH') . 2.5 Taq polymerase (Promega
Corporation, Madison, W1}, 1.0 ng template DNA, watér to 10041, and a
mineral oil (Aldrich Chemical, Inc, Milwaukee, WI) overlay. The PTC-200

thermocycler (MJ Research, Inc, Waltham, MA) was programmed 1o run

. the following routine: 4'@95°C, 30 cycles of (1'@95°C/ 1'15"@55°C/

1'@72°C), 10'@72°C, 4°C hold). The amplification products were

'removed from the PCR reaction by uéi'ng‘ the QIAquickaPCR Purification

Kit {Qiagen Inc, Valencia, CA) prior to cutting with restriction enzymes

{New England Biolabs, Beverly, MA}.

All PCR products were sequenced after cloning to ensure fidelity of

the amplification.

Examnple 1. Construction of hepatitis B virus surface antigen

(HBsAg) vector panels

A number of plasmid expression vectors were constructed for

expression of HBsAg.

Starting materials

{i) pPWRG7128 (Roy, M, et.al. Vaccine (2001) 19: 764-778), ’

which contains the hCMV immediate early promoter sequence, the first

‘ exon, first intron, and a partial second exon of the hCMV major

immediate early gene, the HBsAg coding sequence with flanking régions (

HBV preS2 5'UTR derived sequence and 3’ posttranscriptional response
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element) and the bovine growth hormone polyadenylation region
(BGHpA)

(i) pJV7284, a derivative of pWRG7128 that exchanges the rabbit
B globin polyadenylation region {RBGpA) for BGHpA.

(a) pJV7384 (CMV(no intron), HBV preS2 5'UTR and RBGpA)
pWRG7128 was PCR'd with JF93 (SEQ ID NO:15) and F110 (SEQ

ID NO:16) using standard conditions and cut with Sa/1 and BamH1 to
isolate an insert fragment containing the CMV promoter, exon 1 and ‘part
of the exon 2 sequence. pAM6 (ATCC, Mannassas, VA) was cut with
BamH1 and BstX1 to isolé;te an insert fragment that contained the 5'-
UTR of HBsAg, and roughly 70% of the HBsAg coding region. pJV7284
was cut with Sa/1 and BstX1 to generate a vector fragment into which

the two insert fragments were ligated, resulting in pJV7293.

pWRG71 28 was PCR’d with primeré GW1 (SEQ ID NO:17) and.
JF254 (SEQ ID NO:18) and cut with BstX‘T and Bgl2 to isolate an inse}t
fragrﬁent that contained the 3'-§nd of the HBsAg coding region.
pJV7293 was cut with BstX1 and Bg/2 to generate a ve"ctqr fragment

intcj which the insert fragment was ligated, resulting in vector pJV7384.

' {b) pJV7382 (CMVino intron), HBsAg 3'UTR, HBV preS2 5'UTR
and REGpA) '

k pJV7293 was cut with Xho1, and Xbat to generate an insert
fragment containing the cMV promoter/exons and the 5"-UTR with 5'-
end of the HBsAg coding sequence. pWRG7128 was cut with Xbal and
Bel1 to generate an insert fragment containing the majority of the HBsAg
coding sequence and the 3'-UTR. pJV7284 was cut with Xho1 and Bg/2
to generate a vector fragment into which the two insert fragments were

ligated, resulting in pJV7382.
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(c) pJV7389 (CMV (RIA); HBsAg 3'UTR, HBV preS2 5'UTR and
RBGpA)

The rat insulin intron A (RIA) was PCR’d out of plasmid p5°rins
(unknown origin) with primers GW150 (SEQ ID NO:19) and JF255 (SEQ
ID NO:20). The PCR product was cut with BamH1 and inserted into
BamH1 linearized pJV7382, resuiting in pJV7389.

(d) pJV7387 (CMV( RIA), HBV preS2 5'UTR and RBGpA) -

pJV7384 was cut with BstX1 and EéoR1 to generate an insert
fragment containing the 3" end of the HBsAg coding region and-RBGpA.
pJV7389 was cut with BstX1 and EcoR1 to gen:arate a vector fragment .
into which the insert fragment was ligated, resulting in pJV7387. ’

Example 2. Construction of herpes simplex virus glycoprotein D antigen -

HSVgD) vector panels

A number of plasmid expression vectors were constructed for

expression of HSVgD.

~ Starting materials

(a) pJV7334, a derivative of pWRG7284 (pJV 7284) that réplécés
the HBsAg coding sequence with an in-frame Nhe1 directly downstream-
of the ATG start codon, followed by a stuffér fragment with a BamH1
immediately 5’ of the HBV Enh ' ‘ -

(b) pWRG7202 , a derivative of pGem3Z (Promega) with a stuffer
fragment that allows the fusion of a coding sequence to the human
tissue plasminogen activator (TPA) signal peptide downstream of a Nhel

site.
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{a) pJV7392(CMV(@tive’ intron}, HBsAg 3'UTR, HBsAg 5"UTR and
RBGpA

The coding region for HSV2 gD was PCR’d out of a viral DNA
stock (Advanced Biotech, Inc, Columbia, MD) using primers DS1 { SEQ
ID NO:21) and DA1 (SEQ ID NO:22) and was cut with Nhe1 and EcoR1
to generate an insert fragment.. pWRG7202 was cut with ANhel and
EcoR1 to generate a vector fragment into which the insert fragment was

ligated, resulting in pJV7391.

pJV7391 was cut with Mhel and Bg/2 to generate an insert
fragment containing the HSV2 gD coding sequence. pJV7334 was cut
with Mhel and BamH1 to generate a vector fragment into which-the
insert fragment was ligated, resulting in pJV7392, This vector consists

of the following expression elements: the hCMV immediate early

promoter sequence, the first exon, first intron, and a partial second exon

of the hCMV major immediate early gene, the 5'-UTR from HBsAg, the
coding sequence for HSV2 gD gene, the 3’-UTR from HBsAg, and
RBGpA.

(b) pJV7399 {CMV(no intron), HBsAg 3'UTR HBsAg 5'UTR and

An intronless version of pJV7392 was constructed as follows.

’pJV7384 was cut with Hind3 and Nde1 to isolate an insert fragment

containing the 5" ends of the kanamycin resistance gene and the CMV
promoter. pJV7384 was cut with Nde1 and Ssp1 to isolate an insert
fragment containing the 3' end of the CMV promoter, the CMV exon1/2
and 5" end of the 5’-UTR from HBsAg. These insert fragments were
inserted into pJV7392 from which the Hind3-Ssp1 fragment was
removed, resulting in pJV7399. )
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{c) pJV7400 (CMV(RIA), HBsAg 3'UTR, HBsAg 5'UTR and
RBGpA) '

A RIA version of pJV7392 was constructed as folllows. pJV7384
was cut with Hind3 and Ndel to isolate an insert fragment containing
the 5’ ends of the kanamycin resistance gene and CMV promoter. ‘
pJV7387 was cut with Nde1 and Ssp1 to.isolate an insert fragment
containing the 3' end of the CMV promoter, the CMV exon1/2(partial},
RIA, and 5' end of the 5’-UTR from HBsAg. These insert}“fragments were

“inserted into pJV7392 from which the Hind3-Ssp1 fragment was

removed, resulting in pJV7400.

(d) pJV7401 (CMV(no intron), HBsAq“5'UTR and RBGpA)

. A 3-UTR-less v_ersioﬁ of pJV7399 was constructed as f'ollows;
pJV7391 was cut with Bsp120l and Bg/2 to isolate an insert fragment
containing the 3' end of the HSV2 gD gene. pJV7284 was cut with Bg/2
and £coR1 to isolate the RBGpA signal. These insert fragments were
inserted info pJV7399 from which the Bsp120l-FcoR1 fragment was
removed, resulting in pJ\_/?401. ‘ v

. (e) pJV7402 (CMV(RIA), HBsAg 5'UTR and RBGpA)

A 3’-UTR-less version of pJV7400 was constructed as follows.
pJV7391 was cut with Bsp120! and Bg/2 to isolate an insert fragment
containing the 3' end of thé HSV2 gD gene. pJV7284 was cut with Bg/2
and EcoR1 to isolate the RBGpA signal. These insert fragments were
ligated into pJV7400 from which the Bsp120l-EcoR1 fragment was
removed, resulting in pJV7402, ‘
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Example 3. Construction of Flu M2 antigen vector panels

{a) pJV7450 {CMV(no intron), HBsAg 5'UTR and RBGpA)

A coding region for Flu M2 was PCR'd out of plasmid pFL-M2
(Joel Haynes, PJV) using primers JF3Q1 {SEQ ID N0O:23) and JF302
(SEQ ID NO:24) and was cut with Mhe1 and Bg/2 to generate an insert
fragment. pJV7401 was cut with Nhe1 and Bg/2 to generate a vector
fragment into which the insert fragment was ligated, resulting in

pJV7450

(b) pJV7452 (CMV(no intron}, HBsAq.S’U.TR, HBsAg 5'UTR and
RBGpA

A 3’UTR fragment was PCR'd out of pJV7389 with primers JF84
(SEQVID NO:25) and JF225 {SEQ ID NO:26) was cut with Bsp120I, filled
with T4 DNA polymerase, and linkered with Bg/2 linkers (cat# 1036,
New England Biolébs). The fragment was then cut with Bgl2 and EcoR1
10 iéolaté an insert fragment containing the 3'UTR of HBéAg and the
RBGpA region. pJV7450 was cut with Bgl2 and EcoR1 to generate a
vector fragment into which the insert fragment was ligated, resu[;[ing in

pJV7452-

(c) pJV7458 (CMV(RIA) HBsAg 5' UTR and RBGpA)

A version of pJV7450 containing the RIA was constructed as
follows: pJV7389 was cut with BamH1 to isolate a RIA containing insert
fragment. pJV7450 was cut with BamH1 to generate‘a vector fragment

into which the insert fragment was ligated, resulting in pJV7458.

67-




WO 2005/035771 ) : PCT/GB2004/00427Y

15

20

25

65

_ (d) pJV7468 (CMV(RIA), HBsAg 3'UTR ,HBsAg 5'UTR and
RBGpA] ‘

A version of pJV7458 containing the 3'UTR of HBsAg was
constructed as follows: pJV7452 was cut with Bg/2 and EcoR1 to
produce an insert fragment containing the HBsAg 3'UTR and RBGpA.
pJV7458 was cut with Bg/2 and EcoR1 to generate a vector fragment
into which the insert fragment was ligated, fésulting in pJV7468.

Example 4. Construction of Beta-gal vector panels

{(a) pJV7488 (CMV(no intron), HBsAg 3’UTR, HBsAg 5'UTR and
RBGpA) ‘ ' ‘

CMV-beta (Clontech) was PCRed with primers JF335 {SEQ ID

- NO:27) and JF336 (SEQ ID NO:ZS) and cut with Mhet and Bg/2 to

isolate an insert fragment coding for beta-galactosidase. pJV7452 was
cut with Nheland Bg/2 to generate’a vector fragmeht into wHich the

insert fragment was ligated, resulting in pJV7488. -

(b} pJV7533 (CMV(no intron), HBsAg 5'UTR and RBGpA)

pJV7450 was cut with Bg/2 and EcoR1 to isolate an insert
fragment containing the RBGpA. pJV7488 was cut with Bg/2 and EcoR’l

to generate a vector fragment into which the insert fragment was ligated,

resulting in pJV7533.

(¢) pJV7551(CMV(RIA/Nhel), HBsAg 3'UTR, HBsAg 5'UTR and
RBGpA)

pJV7530 (see Example 5) was cut with Xho1 and BamH1 to
isolate an insert fragment containing the CMV promoter through RIA.
pJV7488 was cut with Xho1 and BamH1 to generate a vector fragment
into which the insert fragment was ligated, resulting in pJV7551.
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(d) pJV7552(CMV (RIA/Nhel), HBsAg 5'UTR and RBGpA)

pJV7530 was cut with Xho1 and BamH1 to isolate an insert ‘
fragment containing the CMV promoter through RIA. pJV75633 was cut
with Xho1 and BamH1 to generate a vector fragment into which the

insert fragment was ligated, resulting in pJV7552.

Example 5. Construction of pJV Expression (pJVY7563)

a) pJV7496

pJV7389 was PCR'd With primérs JF357 (SEO-ID NQO:29)} and
JF365 (SEQ ID NO: 30), treated with T4 DNA polymerase to biunt the -
ends, and cut with Sa/1 to isolate an insert fragment coding for

kanah’aycin resistance. pJV7389 was cut WitH Aval, treated with T4

" DNA polymerase to blunt the ends, and cut with Sa/1 to isolate a vector

fragment into which the insert fragment was ligated, resulting in

pJV7496.

b) pJV7530

pJV7389 was PCR'd with primers JF393 (SEQ ID NO:31) and '
JF406 (SEQ 1D NO:32) and cut with Bgl2 and BamH1 to isolate an insert

‘ fragment containing the RIA devoid of an internal Nhe1 site. pJV7496

was cut with BamH1 to prepare a vector fragment into which the insert

fragment was ligated, resulting in pJV7530.

(c} pJV7549

pJV7468 was cut with BamH1 and EcoR5 to isolate an insert‘
fragment containing M2 and part of the HBV 3’ENH. pJV7530 was cut
with BamH1 and EcoRb5 to prepare a' vector fragment into which the’

insert fragment was ligated, resulting in pJV7549.
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(d) pJV7563

Primers JF266 (SEQ ID NO:33) and JF257 (SEQ ID NO:34) were l
annealed to prepare an insert fragment consisting of a multiple cloning
site. pJV7549 was cut Nhel and Bgl2 to prepare a vector fragment into
which the insert fragment was ligateq, resulting in pJvV7563. A
pJV7563 plasmid map is provided in Figure 12.. The base composition
for the pJV7563 plasmid is provided in Figure 13. The components and

their position in the plasmid pJV756:§ are as follows:
1<44 Transposon 903 sequences

45-860 Kanamycin resistance coding sequenée from

Transposon 903
861-896 Transposon 903 sequences
897-902 Sal1 site

» 903-% 587 CMV promoter

1588-1718 untranslated leader sequence from the immediate-early
' gene of CMV )

1719-1724 Fusion of BamH1 ghd Bglll restriction enzymes
1725-1857 Rét insulin ir%trori A |
1858-1863 BamH1 site

. 1864-1984 HBV surface antigen 5'- untranslated .Ieader
1985-1993 Synthetic start codon/ Nhe cloning site
1994-201 1‘ Synthetic cloning sites

2012-2544. HBV enhancer ‘
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2545-2555 Old vector sequence. No hits against NCB! databases
2556-2686 Rabbit beta-globin polyadenylation region
2687-3759 pUC19 vector sequence

Example 6. Construction of Signal Peptide Expression Panels using

s Human Secreted Alkaline Phosphatse (SEAP) and Human lgG Fc

Fragment (hFc) as Model Antigens

(i) pJV7507 (hTPAsp and SEAP)} -

pSEAP-Basic (Clontech) was PCR'd with primers JF320 (SEQ ID
NO:35) and JF321 (SEQ ID NO:36) then cut with Nhel and Bg/2 to
10 isolate an insert fragment consistiné of the human SEAP fragment.
pJV7079 (Macklin, et.al.) was cut with Ahe1 and Bgl2 to prepare a
vector fragment into Which the insert fragmeht was ligated, resu[ﬁng in

pJV7507.

(i) pJV7508 (hTPAsp and hFc)

15 Human DNA was PCR'd with primeré JF386 (SEQ ID NO:37) and
FcAS (SEQ ID NO:3S) then cut with Nhe and Bg/2 to isolate an insert
fragment consisting of the human IgG Fc ﬁagment. pJV"7079 was cut
with NVhel and I_S‘gl2 to prepare a vector fragment into which the insert

fragment was ligated, resulting in pJV7508.

20 (iii) Preparation of Aprotinin Signal Peptide Coding Sequence

Synthetic oligo JF354 (SEQ ID NO:39) was PCR’d with pfimérs
JF355 (SEQ ID NO:40) and JF356 (SEQ ID NO:41) to generate the

" coding sequence for the aprotinin signal peptide.

25
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{iv) Preparation of Tobacco Extensin Signal Peptide Coding

Seguence

Synthetic oligo JF348 (SEQ ID NO:42) was PCR’d with primers
JF349 (SEQ ID NQ:43) and JF350 (SEQ ID NO:44) to generatefhe

coding sequence for the tobacco extensin signal peptide.

{v) Preparation of Chicken Lysozyme Signal Peptide Coding

" Sequence

Synthetic oligo JF351 (SEQ ID NO:45) was PCR’d with primers

" JF352 (SEQ ID NO:46) and JF353 (SEQ ID NO:47) to generate the

coding sequence for the chicken lysozyme signal peptide.

{a) Flu M2 antigen signal peptide panels

pJV7499 (CMV(no intron), HBsAg5'UTR, RBGpA. aprotinin s.b.)

pJV74897 (CMV(no in_fron), HBsAg5'UTR, RBGpA, ’(obacco

extensin s.p.)

PJV7500 (CMV(no intron), HBsAg5'UTR, RBGpA, chicken

) lyéosyme s.p.)

Coding sequences for the signal peptides were cut with Spel and

Nhe1 to isolate insert fragments. pJV7450 was cut with' Nhel to prepare

. a vector fragment into which the insert fragments were ligated, resulting'

in pJV7499 (aprotihin), pJV7497 (tobacco extensin}, and pJV7500

(chicken lysozyme).

{b) SEAP signal peptide panels

pJdV7513 (CMV({no intron), HBsAg5'UTR, RBGpA, aprotinin s.p.)

pJV7512 (CMV(no intron), HBsAgS'UTR, RBGpA, tobacco

extensin sp.)
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pJV7510 (CMV(no intron), HBsAg5'UTR, RBGpA, chicken

lysosyme s.p.)

pJV7499; 7497, and 7500 were cut with Xho1 and Nhel to
isolate an insert fragment consisfing of the CMV promoter through the
signal peptide cdding sequence of the plasmids. PJV7507 was cut with
Xho1 and Nhel to prepare a vector fragment into which the insert
fragments were ligated, resulting in pJV7513 (aprotinin), pJV7512
{tobaceo extensin), and pJV7510 (chicken lysozyme).

(¢} hFc signal peptide panels ‘

~ pJV7524 [CMVino intron), HBsAg5'UTR, RBGpA, aprotinin s.p.)

pJV7525 {CMV(no intron), HBsAg5'UTR, RBGpA, tobacco

extensin s.p.)

pJV7526 {CMV(no intron), HBsAg5'UTR, RBGpA, chicken

lysosyme signal peptide)

pJV7499, 7497, and 7500 were cut with Xhot and Nhel to
isolate an insert fragment consisting of the CMV promoter through the
signal peptide codivng sequence of the plasmids. pJV7508 was cut with
Xho1 and Nhel to prepare a vector fragment into which the insert
fragmenté were ligated, resulting in pJV7524 (aprotinin), pJV7525
{tobacco extensin), and pJV7528 {chicken lysozyme).

Example 7. Construction of Human Secreted Alkaline Phosphatase

SEAP) panels

(a) pJV7531 (CMV(no intron}, HBsAg5'UTR, RBGpA, chicken
lysosyme s.p.)

pJV7510 was cut with Sa/1 and Bg/2 to isolate an insert fragment
containing the CMV promoter through lysozyme signal peptide. pJV7450
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was cut with Sa/1 and Bg/2 to generate a vector fragment into which the

insert fragment was ligated, resulting in pJV7531.

{b) pJV7554 (CMV(RIA/Nhel), HBsAgE'UTR, RBGpA, chicken
lysosyme s.p.)

pJV7530 was cut with Xho1 and BamH1 to isolate an insert
fragment containing the CMV promoter through RIA. pJV7531 was cut
with Xho1 and .BamH1 to generate a vector fragment into which the

insert fragment was ligated, resulting in pJV7554.,

{c) pJV7568 (CMV(no intron), HBsAg 3"UTR, HBsAg5'UTR,

RBGpA, chicken lysosyme s.p.)

pJV7563 was cut with Bg/2 and EcoR1 to isolate an insert ,
fragment containing the HBV 3'-UTR and RBGpA. pJV7531 was cut with
Bgl2 and EcoR1 to generate a vector fragment intfo which the insert

fragment was ligated, resulting in pJV7568,

(d) pJV7572 (CMV(RIA/Nhel), HBsAg 3'UTR, HBsAg5'UTR,
RBGpA, chicken lysosyme §.p.} ' k

pJvV7563bwas cut with Bg/2 and EcoR1 to isola;ce an insert
fragment containing the HBV 3’UTR and RBGpA. pJV7554 was cut with
BgIZ and £coR1 to generate a vector fragment into Wthh the insert

fragment was ligated, resulting in pJV7572.

Example 8. Construction of Beta-gal and HBsAg Vectors Usinq the

Chicken Keratin and Chicken Cardiac Actin Introns

{a) pJV7557 (Beta-gal, CMV({cA intron), HBsAg3'UTR,
HBsAg5'UTR and RBGpA)

Chicken DNA was PCR’d with primers JF430 (SEQ ID NO:48) and
JF442 (SEQ ID NO:49} and cut with Bg/2 and BamH1 to isolate an
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insert fragment consisting of the intron and flanking exon sequences
from chicken cardiac actin. pJV7488 was cut with BamH1 to prepare a
vector fragment into which the insert fragment was ligated, resulting in

pJV7557.

{b) pJV7558 (Beta-gal, CMV(cK intron), HBsAg3'UTR,
HBsAg5'UTR and RBGpA)

Chicken DNA was PCR’d with primers JF421 (SEQ ID NO:50)and
JF444. (SEQ ID NO:51)and cut with Bg/2 and BamH1 to isdlate an insert
fragment consisting of the intron and flanking exon sequences from the
chicken keratin gene. pJV7488 was cut with BamH1 to prepare a vector
fragment into which the insert fragment was ligated, resulting in

pJV7558.

{c) pJV7578 (HBsAg, CMV(cA intron), HBsAg3'UTR, HBsAg5'UTR

‘and RBGpA)

pJV7557 was cut with Sa/1 and BamH1 ta isolate an insert

- fragment consisting of the CMV promoter through intron regions.

~ pJV7496 was cut with Sa/1 and BamH1 to prepare a vector fragment

into which the insert frégment was ligated, resulting in pJV7558.

{d} pJV7579 (HBsAg, CMV(cK intron), HBsAg3'UTR, HBsAg5'UTR

and RBGpA

pJV7558 was cut with Saft and BamH1 to isolate an insert
fragment consisting of the CMV promoter through intron regions.
pJV7496 was cut with Sa/1 and BamH1 to prepare a vector fragment

into which the insert fragment was ligated, resulting in pJVY7579.
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.Example 9. In-Vitro Analysis of Antigen Expression by: HBsAg

Vector Panels

On day‘ one, SCC15 (ATCC) or B1.6 {origin unknown, versidns 7
available at ATCC) cells were plated on 6 well tissue culture plates at 20-
40% confluency, and allowed to grow overnight in an incubator.. The

host cells were propagated in media recommended by ATCC.

On day two, the transfection reaction was performed. For each
vector to be tested, 20ul of Lipofectin® re agent (Life Technologies Inc,
Grand Island, NY) was added to 180ul of Optimem® media (Lif e

Technologies, Grand Island, NY]J, and allowed to incubate at room

'temperatur_e for 46 minutes. For each vector to be tested, 2ug of vector-

was mixed into 2004l of Optimem?® at 40 minutes. At 45 minut es, the
vector and Lipofectin® solutions were mix ed together and allowed to sit
at room temperature for an additional 10 minutes. During this final

incubation, the plated host cells were removed from the incubator and

- washed twice with Optimem® media. At 10 minutes, 1.6ml of

Optimem® was added to the Lipofectin®/ vector mix, and Tmi of the
resultant mix was added to each of two cell wells. The host cells were
returned‘ to the incubator and allowed to sit undisturbed for 5 hours, af
whiéh point the Lipofectin® / v ector mix was removed and replaced by

standard cell maintenance media.

At 18 to 24 hours after the média change, frorﬁ 50 to 100ul of
cell maintenance media was removed from the tissue culture plates and
analyzed for antigen expression by placing the samples into reaction
vessels provided in the AUSZYME® Monoc lonal Diagnostic Kit (Abbott
Laboratories, Abbott Park, IL). The volume of the test samples was
brought to a volume of 200ul with PBS, then 50ul of conjugate and a
reaction bead weres added to each sample. The \}essel is incubated for 80

mindtqs at 40°C, after which the wells were washed clean of all liquid
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reaction components. The beads were transferred to new tubes after

“which 300p of color development buffer was added. At 30 minutes, the

color development reaction was stopped by the addition of 1M sulfuric
acid, and the absorbance of the reaction was measured at 490nm. The
data shown in Figure 1 is the average absorbance readingé of the

duplicate wells from two experiments.

As shown in Figure 1, the addition of RIA, the HBV 3'UTR or both
elements to a base vector (CMV promoter,’exon and polyadenylation
region) increésed the expression of HBsAg in SCC15 cells. As.shown in
Figure 2, the addition of either the chicken keratin or the chicken cardiac
actin intron to a base vector {CMV promoter, exon, HBV 3'UTR and ‘

polyadenylation region) increased expression of HBsAg in SCC15 cells.

Example 10. /n-Vitro Analysis of Antigen Expréssion by Beta-gal

Vector Panels

SSC-15 or B16 host cells were transfected as described in

Example 9.

At eighteen to fourty hours after the media change, the média
supernatants were removed and the cells were washed with PBS. After
removal of the wash, the cells were lysed-by incubatiﬁg the cells in
500}1[ lysis buffer (60mM NaPO,, 0.1 %Triton X-100, pH 7) for 5 »

k minutes, followed by "physically scraping the cells off the plastic dish.

The lysates were microfuged for two minutes to remove cell debris, and
10 to 25l of the cleared lysate were added 16 50041 of reaction buffer
{80ug/ml o-nitrophenyl galactopyranoside, 50mM NaPO,, pH 7) and
incubated at 37°C for 10 to 20 minutes. The reaction was stopped by
the addition of 500yl of 1M Na,CO, and read at 405 nm. Data is v
presented as the ratio of the expression of enhanced (containing an

intron, HBVenh, or bath) vector to a base vector.

)
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The addition of RIA, the HBV 3'UTR or both elements to a base
vector (CMV promoter, exon and polyadenylation region) increased the
expression of beta-gal in both cell lines. The results for SCC15 cells are
shown in Figure 3. Addition of either the chicken keratin or the chicken
cardiac actin intron to a base vector (CMV promoter, exon, the HBV
3'UTR and polyadenylation region) increased the expression of beta-gal in

both cell lines. Results for B16 cells are shown in Figure 2.

Example 11. In-Vitro Analysis of Antiqen Expression by HSV gD

Vector Panel

SCC15 or B16 host cells were transfected as described in Example
9. Eighteen hours pbst transfection, plates were placed on ice for 15
minutes. Each-well was then washed Wit_h 2 mi of PBS (B‘iowhittaker,
Walkerville, MD). Célls’were fixed with 0.05% gluteraldehyde - ‘
(Polysciences Inc, Warrington, PA) diluted in PBS and incubatéd for 30

- .minutes at room temperature. All subsequent incubations lasted 1 hour

at room temperéture and washes between each incubation(were as
stated above. The plates were blocked with 2 ml of 5% dry milk (Bio Rad
Laboratories, Melville, NY) in PBS. Incubations with 1 ml of a 1:1000 *

“dilution of anti-gD monoclonal (ABI, Columbia, MD) in 2% dry milk / PBS
/ 0.05% Tween-20 (Sigma, St. Louis, MO) and 1 ml of a 1:2500 dilution

of goat anti-mouse HRP {KPL, Gaithersburg, MD) in PBS / 0.1% Tween-
20 follbw‘ed. Color was developed usihg 1 ml of TMB microwell
substrate (BioFX, Owings Mills, MD). The reactions were stopped with
1M H,S0,, the liquid was transferred to plastic cuvettes and the optical
density read at 450nm. Data is presented as the ratio of the expression
of enhanced (containing an intron, HBVenh, or both) vector to a base

vector.

Addition of' RIA with or without the HBV 3'UTR to a base vector

(CMV promoter, exon and polyadenylation region) increased the
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expression of HSV gD in both cell lines. Results for SC15 cells are

shown in Figure 4.

Example 12. /n-Vitro Analysis of Antigen Expression by SEAP

VYector Panels

SCC15 or B16 host cells were transfected as des‘cribed in Example
9. At eighteen to fourty hours after the media change, the media
supernatants were removed and heated at 70°C for 30 minutes. 10 to
25 ul of the heat-inactivated supernatants wvere incuba;ced for 5 minutes
with 1/10" volume of 100mM I[-homoarginine. 500 ul of alkalin(é
phosphatase reaction buffer (cat # 172-1063, Bio-Rad, prepared
according to instrucfions) were added fo the lysates and incubated at
37°C for 10 to 20 minutes. The reaction was stopped by the addition of
500ul of 1M NaOH and iead at 405 nm. Data is presented as the ratio of
the expression of enhanced (containing an intron, HBVenh; or both) l
vector to a base vector; or the ratio of the expression of the experimental

sig'nal peptides to the human TPA signal peptide vector.

As shown in Figure 5, the addition of RIA, the HBV 3'UTR or both
elements to a base vector {CMV promoter, exon and polyadenylation
région) increased the expression of SEAP in B16 cells. Unexpectedly,
only the addition of the HBV 3'UTR to a base vector (CMV promoter,
exon land polyadenylation regior}) increased the expression of SEAP in

SCC15 cells.

Addition of signal peptides from either bovine aprotinin, chicken
lysozyme, or tobacco extensin to the N-terminus of mature SEAP allowed

for efficient secretion of SEAP into cell media supernatants of both cell

.lines. Results for B16 cells are shawn in Figure 6.
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Example 13. /n-Vitro Anvalysis of Antigen Expression by Human IgG

Fc Fragment Signal Peptide Panel

SCC15 or B16 host cells were transfected as described in Example
9. The media supernatants were removed from eighteen to fourty hours

after the media change.

ELISA plates (Costar) were incubated overnight at 4°C with 100 u
of goat anti-human IgG (Sigma #13382, 1/1000 dilution in cérbona‘te
coating buffer) per well. All subsequent incubations lasted 1 hour at
room temperéture with washes (10mM Tris, 150mM NaCl, 0.1% Brij-35,
pH8.0} between each inéubation. The wells were then blocked with
1004 of 5% dry in PBS, followed by incubation with serially diluted
media supernatants in dilution buffer (2%‘ dry milk, PBS, 0.05% Tween-
20). This was followed by incubation with with 100 zl of goat anti-
human IgG/HRP (Sigma #AGOZ_Q, 1/5000 dilution in dilution buffer) per

well, followed by color development using 100ul of TMB microwell

substrate. The reactions were stopped with 100ul of TM H,S0,, and

read at 450 nm. Data is presented as the ratio of the expression of the’

experimental signal peptides to the human TPA signal peptide vector.

Addition of signal peptides from either bovine aprotinin, chicken
lysozyme, or tobacco exteﬁsin to the‘N-terminus of the human Fc
fragment allowed for efficient secretion of hFc into cell média
supernatants of both cell lines. Results for B16 cells are shown in Figure

6.
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Example 14. Use of the HBsAg, HSVgD and Flu-M2 plasmid

expression vectors for immunisation of mice

a. Preparation of cartridges of immunisation

For each plasmid to be tested, 25mg of 2 micron gold powder was
weighed into a microfuge tube. After the addition of a 250ul aliquot of
50 mM spermidine (Aldrich Chemical, Inc, Milwaukee, WI), the tube was
vortexed and briefly sonicated. The gold was microfuged out, and the
spermidine replaced by a fresh 1004l aliquot. The gold was resuspended
by vorte*ing, after which 25ug of DNA was added to the tube and
mixed. While the tube was lightly vortexed, 100! of 10% CaCl
(Fujisawa USA, Inc, Deerfield, IL) was added to precipitate the DNA onto
the gold beads. The precipitation reaction was allowed to prdceed for 10
minutes on the benchtop, after which the gold was collected by a brief
microfuge spin and washed three times with absolute ethanol (Spectrurﬁ
Quality Products, Inc, Gardena, CA) to remove exceés precipitation
reagents. The washed gold/DNA complex was then resuspended in 3.6
ml of 0.05 mg/ml polyvinylpyrrolidone (360KD, Spectrum Quality
Products, Inc, Gardena, CA) in absolute ethanol. This slurry was then
injected into a Tefzelé tube (McMaster-Carr, Chicago, IL) located in a
tube turner (PowderJect Vaccines) which coats the inside of the Tefzela
tube with the gold/DNA complex. After the tube turning procedure was
completed, the tﬁbe was cut into 0.5” “shots” of vaceine whi’ch‘ were
loaded into the XR1 device (PowderJect Vaccines) for delivery to the

mice.
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b. Vaccination Procedure

Four to six week old mice were anesthetized with a mixture of
Ketaseta (Fort Dodge) and Rompuna {Bayer). The bellies were shaved
with a pair of electric clippers to remove hair, and two non-overlapping
“shots” of vaccine were delivered via the XR1 device (450psi) to the
shaved area. The animals were returned to their cages and bled at six

weeks post vaccination. Balb/c mice were used to evaluate the HBsAg

_expression vectors, and Swiss Webster mice were used to evaluate the

HSV-gD and Flu M2 expression vectors.

Analysis of Sera for Anti-HBsAg ‘Antibodies

_At six weeks, blood samplesl were harvested from vaccinated
animals. A volume of sérgm isolated from these samples was placed into
wells of a reaction vessel supplied with the AUSAB® EIA Diagnostic Kit
(Abbott Laboratories, Abbott Park, IL). The volume of sera added ’
depénded upon the ahtibody titer of the sample, and the sample was
diluted with sample dilution buffer to fall within values obtainable with a
quantification panel panel. 200yl from each vial of the AUSAB®
Quantification Panel (Abbott Laboratories, Abbott Park; IL) was added to
wells of the reaction vessel. To each well a bead was added, after whibh
the vessel was sealed and incubated for two hours at 40°C, The wells

were then washed of all ﬁquid{ reaction compohents. To each washed

. well was added 200yl of conjugate mix, after which the vessel was

sealed and incubated for two hours at 40°C. The we;‘lls were then
washed of all liquid reaction components. The beads werg transferred to
new tubes after which 300ul of color development buffer was added. At
30 minutes, the color development reaction was stopped by the addition
of 1M sulfuric acid, and the absorbance of the reactions was measured
at 490nm in a Quantum [1® spectrophotometer (Abbott L aboratories,

Abbott Park, IL} . This spectrophotometer calculates the antibody levels .
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of a sampie'by comparing the absorbance of the sample with a standard
curve generated with the quantification panel. These antibody levels
were then corrected for dilution factors. The data shown in Figure 7 are
the geometric mean titers of all animals vaccinated with a particular

vector.

Analysis of Sera for Anti-Flu M2 Antigen Antibodies

96-well Costar medium-binding ELISA plates (Fisher Scientific,
Pittsburgh, PA) were coated with a synthetic Flu M2 peptide {(QCB /
Biosource, Hopkinton, MA) at a concentration of Tug/ml in PBS
(Biowhittaker, Walkerville, MD) and incubated‘o‘vernight at 4°C. The
plates were washed three times with 10mM Tris (Sigma, St. Louis, MO) /
150mM NaCl (Fisher Scientific) / 0.1% Brij—35 {Sigma)}, then hlocked
with 5% dry mitk (Bio Rad Laboratories, Melville, NY) in‘ PBS for 1 hour
at room temperaﬁlre. All subsequent incubations were at room
temperature for one hour and washes between each incubation were as
stated above. Sample mouse sera, a standard (high titer, anti-M2 mouse
sera) and a negative control (anti-HBsAg mouse sera) were diluted in 2%
dry milk / PBS / 0.05% Tween-20 (Sigma} and incubated. in the ELISA
plates. Goat anti-mouse IgG (H+L) biotin oonjuga’;ed énfibody (Southern
Biotechnology Associate, Birmingham, AL) diluted 1:8000 in 2% dry milk
/PBS / 0.05% Twaen-20 and streptavidin-horseradish peroxidase
conjugate (Southern Biotechholdgy) diluted 1:8000 in PBS / 0.1%

‘Tween-20 followed. Color was developed using TMB substrate (BioFX,

Owilngs Mills, MD). The reactions were stopped with 1M H,S0, and the
plates read at 450nm with an Emax precision microplate reader
{Molecular Devices, Sunhyvale, CA). SoftMax Pro 4.1 software

{Molecular Devices) was used to calculate endpoint titers using a four-

:parameter analysis. Titers were normalized to the standard serum, which

had a pre-determined titer, to minimize assay-to-éssay and plate-to-plate

variation. Resulis are shown in Figure 7.
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. Analysis of Sera for Anti-HSV gD Antigen Antibodies

98-well Costar medium-binding ELISA plates (Fisher Scientific,
Pittsburgh, PA) were coated with HSV gD (Viral Therapeutics, lthaca,
NY) protein at a concentration of Tug/mlin PBS (Biowhittaker, '
Walkerville, MD) and incubated overnightvat 4°C. The plates were
washed three times with 10mM Tris (Sigma, St. Louis, MO) / 150mM
NaCl (Fisher Scientific) / 0.1% Brij-35 (Sigma), then blocked with 5% dry
milk {Bio Rad Laboratories, Melville, NY) in PBS for 1 hour at room
temperature. All subsequent incubations were at room temperature for
one hour and washes between each incubation were as stated above.
Sample mouse sera, a standard (high titer, anti-gD mouse sera) and a
negative control (anti' HBsAg mouse sera) were diluted in 2% dry milk /
PBS / 0.05% Tween-20 (Sigma)‘and incubatéd in the ELISA plates. Goat
anti-mouse IgG (H-+L) biotin conjugafed antibody (Southern
Biotechnology Associate, Birmingham, AL} diloted 1:8000 in 2% dfy milk
/ PBS /'0.05% Tween-20 and streptavidin-horseradish peroxidase
conjugate (Southern Biotechnology) diluted 1:8000 in PBS / 0.1% -

Tween-20 followed. Color was developed using TMB substrate (BioFX,

' Owings Mills, MD}. The reactions were stopped with 1VM H,S0, and the

plates read at 450nm with an Emax precision micropla’ée reader

(Molecular Devices, Sunnyvale, CA). SoftMax Pro 4.1 software

 (Molecular Devices) was used to calculate endpoint titers using a four-

parameter analysis. Titers were normalizeﬂ to the standard serum, which
had a pre-determined titer, to minimize assay-to-assay and plate-to-plate

variation. Results are shown in Figure 7.

Accordingly, novel nucleic acid constructs, compositions
comprising these constructs, and nucleic acid immunization techniques
using these constructs have been described. Although preferred
embodiments of the subject invention have been described in some

detail, it is understood that obvious variations can be made without
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departing from the spirit and the scope of the invention as defined by the

-appended claims.
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The claims defining the invention are as follows:

1.
)

(ii)
(iii)

2.

A nucleic acid construct comprising:

a chimeric promoter sequence which comprises:

(a) ahCMYV immediate early promoter sequence;

(b)  exon 1 and at least a part of exon 2 of the hCMV major immediate
early gene; and

(¢)  a heterologous intron provided in place of the intron A region of
the hCMV major immediate early gene;

a coding sequence operably linked to the promoter sequence (i); and

an enhancer sequence 3’ of and operably linked to the coding sequence (ii);

wherein the enhancer sequence is derived from a 3' UTR of an HBsAg

sequence, and the coding sequence (ii) is heterologous to the enhancer

sequence.

A nucleic acid construct according to claim 1 further comprising a non-

translated leader sequence derived from the HBVpreS2 antigen sequence, HBV e-
antigen sequence and HSV type 2gD antigen sequence, wherein the leader sequence
is operably linked to the promoter and coding sequence and the coding sequence is

heterologous to the non-translated leader sequence.

3.
®

@i1)
(iii)

(v)

4.
®

(i)

A nucleic acid construct comprising:

a chimeric promoter sequence which comprises:

(a) ahCMV immediate early promoter sequence;

() exon 1 and at least a part of exon 2 of the hCMV major immediate
early gene; and

(c) a heterologous intron provided in place of the intron A region of
the hCMV major immediate early gene;

a coding sequence in operable linkage with the chimeric promoter,

a non-translated leader sequence which is selected from the HBVpreS2

antigen sequence, HBV e-antigen sequence and HSV type 2gD antigen

sequence and which is in operable linkage with the chimeric promoter; and

an enhancer sequence which is derived from a 3' untranslated region

(UTR) of a HBsAg sequence, which is in operable linkage with the

chimeric promoter and which is downstream of the coding sequence.

A nucleic acid construct according to any one of claims 1 to 3 wherein:

the hCMV immediate early promoter sequence (a) comprises SEQ ID
NO:1, a functional variant thereof with at least 80% homology or a
functional fragment of either; or

exon sequence (b) comprises SEQ ID NO:2, a functional variant thereof
with at least 80% homology or a functional fragment of either; or
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(iii) the hCMV immediate early promoter sequence (a) comprises SEQ ID
NO:1, a functional variant thereof with at least 80% homology or a
functional fragment of either and exon sequence (b) comprises SEQ ID
NO:2, a functional variant thereof with at least 80% homology or a
functional fragment of either.

5. A nucleic acid construct according to any one of claims 1 to 4 wherein the
heterologous intron (c) comprises a sequence selected from rat insulin gene intron A
sequence, chicken keratin gene intron A sequence, chicken cardiac actin gene intron A
sequence, a functional variant with at least 80% homology to a said intron A sequence
and a functional fragment of a said intron A sequence or of a said functional variant
thereof.

6. A nucleic acid construct according to claim 5 wherein the rat insulin gene
intron A sequence comprises SEQ ID NO: 3, a functional variant thereof with at least
80% homology, or a functional fragment of either.

7. A nucleic acid construct according to any one of the preceding claims
wherein:

0] the non-transiated leader sequence is selected from SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO.7, a functional variant with at least 80% homology to
any one of SEQ ID NOS: 5 to 7 or a functional fragment of any one of
SEQ ID NOS: 5 to 7 or of a said variant thereof; or

(ii) the enhancer sequence is selected from SEQ ID NO: 8, a functional variant
with at least 80% homology to SEQ ID NO: 8 or a functional fragment of
SEQ ID NO: 8 or of a said variant thereof; or

(iii)  the non-translated leader sequence is selected from SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO:7, a functional variant with at least 80% homology
to any one of SEQ ID NOS: § to 7 or a functional fragment of any one of
SEQ ID NOS: 5 to 7 or of a said variant thereof and the enhancer sequence
is selected from SEQ ID NO: 8, a functional vanant with at least 80%
homology to SEQ ID NO: 8 or a functional fragment of SEQ ID NO: 8 or
of a said variant thereof.

8. A nucleic acid construct according to any one of the preceding claims which
comprises:
(i) apolyadenylation sequence; or
(i) asequence encoding a signal peptide; or
(iii) a polyadenylation sequence and a sequence encoding a signal peptide.

9. A nucleic acid construct according to claim 8 wherein:
@) the polyadenylation sequence is a polyadenylation sequence of a gene
selected from the rabbit B-globin gene, human papilloma virus (HPV) early
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or late gene, the HSV-2gB gene, a simian CMV immediate early gene and
HSVgD late gene, a functional variant with at least 80% homology to any
one of said sequences or a functional fragment of any one of said
polyadenylation sequences or said function variants thereof; or

(ii)  the signal peptide is selected from human tissue plasminogen activator
signal peptide (hTPAsp), aprotinin signal peptide, tobacco extensin signal
peptide, chicken lysozyme signal peptide, a functional variant with at least
80% homology to any one of said sequences or a functional fragment of
any of said sequence encoding the signal peptide or said functional variant
thereof; or

(iii)  the polyadenylation sequence is a polyadenylation sequence of a gene
selected from the rabbit B-globin gene, human papilloma virus (HPV) early
or late gene, the HSV-2gB gene, a simian CMV immediate early gene and
HSVgD late gene, a functional variant with at least 80% homology to any
one of said sequences or a functional fragment of any one of said
polyadenylation sequences or said function variants thereof and the signal
peptide is selected from human tissue plasminogen activator signal peptide
(hTPAsp), aprotinin signal peptide, tobacco extensin signal peptide,
chicken lysozyme signal peptide, a functional variant with at least 80%
homology to any one of said sequences or a functional fragment of any of
said sequence encoding the signal peptide or said functional variant
thereof.

10. A nucleic acid construct according to claim 9 wherein the polyadenylation
sequence is selected from SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, a functional variant with at least 80% homology to any one of SEQ ID NOS: 10
to 13 or a functional fragment of any one of SEQ ID NOS: 10 to 13 or of a said variant
thereof.

11. A nucleic acid construct according to any one of the preceding claims wherein
the coding sequence encodes an antigen.

12. A nucleic acid construct according to claim 11 wherein the antigen is an
antigen of a viral, bacterial, parasitic or fungal pathogen, an allergy antigen or a cancer
antigen.

13. A nucleic acid construct according to claim 12 wherein the viral antigen is a
HPV, HIV, HSV1, HSV2, influenza virus, Hepatitis A virus or Hepatitis B virus antigen.

14. A nucleic acid construct according to claim 13 wherein the antigen is HBsAg.
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15. A nucleic acid construct according to any one of claims 1 to 10, wherein the
coding sequence encodes an ADP ribosylating bacterial subunit A and/or B subunit, or an
active fragment of a said subunit.

16. A nucleic acid construct according to clam 15 wherein the bacterial subunit is
selected from Cholera toxin subunit A, Cholera toxin subunit B, E.coli heat liable toxin
subunit A, E.coli heat labile toxin subunit B, or an active fragment of any one of said
subunits.

17. A nucleic acid construct according to any one of the preceding claims which
is a DNA plasmid.

18. Coated particles, suitable for delivery from a particle-mediated delivery
device, which particles comprise carrier particles coated with a nucleic acid construct
according to any one of the preceding claims.

19. Coated particles according to claim 18 wherein the carrier particles are gold
or tungsten.

20. A dosage receptacle for a particle mediated delivery device comprising coated
particles according to claim 18 or 19.

21. A particle mediated delivery device loaded with coated particles according to
claim 18 or 19.

22. A particle mediated delivery device according to claim 21 which is a
needleless syringe.

23. A pharmaceutical preparation comprising a nucleic acid construct according
to any one of claims 1 to 17 and a pharmaceutically acceptable excipient.

24. A vaccine comprising a nucleic acid construct according to any one of claims
11to 14.

25. A vaccine according to claim 24, further comprising an adjuvant construct
according to claim 15 or 16.

26. An in vitro method of obtaining expression in mammalian cells of a
polypeptide of interest, which method comprises transferring into said cells a nucleic acid
construct according to any one of claims 1 to 17 or coated particles according to claim 18
or19.

27. Use of a nucleic acid construct according to any one of claims 11 to 14 for the
manufacture of a medicament for immunization.

28. Use according to claim 27, wherein the medicament is for immunization
against infection by a pathogen, allergy or cancer.

29. Use according to claim 27 or 28 wherein the medicament is to be delivered by
injection, transdermal particle delivery, inhalation, topically, orally, intranasally or
transmucosally.

30. A nucleic acid construct according to claim 1, substantially as hereinbefore
described in any one of Examples 1 to 8.
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31.  Coated particles according to claim 18 substantially as hereinbefore
described in Example 14.

32. A dosage receptacle according to claim 20 substantially as hereinbefore
described in Example 14.

33. A particle mediated delivery device according to claim 21 substantially as
hereinbefore described in Example 14.

34. A pharmaceutical preparation according to claim 23 substantially as
hereinbefore described in any one of Examples 1 to 14.

35. A vaccine according to claim 24 substantially as hereinbefore described in
any one of Examples 1 to 14,

36. An in vitro method according to claim 26 substantially as hereinbefore
described in any one of Examples 9 to 13.

37.  Use according to claim 27 substantially as hereinbefore described in any one
of Examples 1 to 14.

Dated 27 October, 2010
POWDERJECT VACCINES, INC.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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Figure 13

ggegtaatgetctgecagtgtiacaaccaatiaaccaatictgatiagaaaaacicatcgageatcaaatgaaactgeaattiaticatat

caggattatcaataccatattitigaaaaagecgttictgtaatgaaggaganaactcacegaggeagticcataggatggcaagatee
tggtaicgglclgcgaitccgactcgtccaacatcaatacaac’:ctattaautcccctcgtcaaaaataaggttatcaagtgagaaatca

ceatgagtgacgactgaatcoggtgagaatggeaaaagetiatgeattictitccagacttgticaacaggecagecattacgetegte
afcaaaatcactcgeatcaaccaaaccgitatteaticgtgattgo geotgagegagacgaaatacgegategetatiaaaaggacaa
ttacaaacaggaatcgaatgcaaccggegeaggaacactgecagegceatcaacaatatiticacetgaatcaggatatictictaata
cetggaatgetgttttcecggggatogeagtggtgagtaaccatgeatcatcaggagtacggataaaatgettgatggteggaagag
geataaaticogtcagecagtitagtctgaccatoteatetgtaacatcattggeaacgetaccttigecatgtitcagaaacaactotgg
cgeategggetteccatacaategatagattgtegeacetgattgecegacatiategegageocatttatacccatataaatcageat
ccatgttggaatitaatcgeggectcgageaagacgtttceegttgaatatggeteataacaceectigtattactgtttatgtaageaga
caggtegacaatattggetattggecattgeatacgitgtatctatatcataatatgtacatitatatiggeteatgtecaatatgaccgoca

" tgtigacattgattatigactagttattaatagtaateaattacggggteattagttcatageccatatatggagticcgegtiacataactta
cggtaaatggeccgeetggetgaccgeccaacgaceeccgeccattgacgtcaataatgacgtatgttcecatagtaacgecaata
gggactticcatigacgtcaatggptggagtatitacgptaaactgeccactiggeagtacatcaagtgtatcatatgecaagtecgee
cectattgacgtcaatgacggtaaatggeccgectggeattatgoccagtacatgaccttacgggactitoctactiggeagtacatet
acgtattagtcatcgetattaccatggtgatgeggttitggcagtacaccaatgggegtggatageggtttzactcacggggatitcca
agtctecaccecattgacgicaatgggagtitgittiggeaccaaaatcaacgggactticcaaaatgtegtaataaccecgeceegtt
gacgcaaatgggeggtapgogtgtacggtgggaggtctatataagecagagetegittagtgaacegtcagatcgectggagacge
catccacgetgtttigacctecatagaagacacegggaccegatecagectcegeggecgggaacggtgcatiggaacgeggattc
pccgtgccaagagtgactcacégtccggatctcagcaagcaggtatgtactctccagggtgggcctggc’rtcpocagtcaagac‘tc
cagggatttgagggacgctgtgggctcticicttacatgtacctittgetigectcaaccetgactatettccaggtcaggatcecagag
tcaggggtetgtatiticetgetggtggetecagttcaggaacagtaaaccotgoteogaatattgectcteacatctegtcaatcteeg
cgaggactggggaccetgtgacgaacatggetagegggcecagatetggocectaacaaaacaaaaagalggggttaticectaa
acttcatgggttacgtaatiggaaptiggooacattgecacaagateatatigtacaaaagatcaaacactgtittagaaaacttectg
taaacaggcctattgattggaaagtatgtcanaggatigtgeotctittggactitoctgctecatttacacaatgtggatatectgectta
atgectitgtatgceatgtatacaagetaaacaggetticactiictcgecaacitacaaggecittctaagtaaacagtacatgaaccttta
ccccgttgctcggcaacggcctggtctgtgcéaagtgtttgctgacgcaacccccactggctggggot‘tggcoataggccatcagc
goatgegtggaacctttgtggctectetgeegatecatactgoggaactectageogetigtitigetcgeagecggtctggagcaaa
getcataggaactgacaattetgtegtecteicgeggaaatatacategtitegatetacgtatgatcetitticectetgecaaaaattatg

- gggacatcatgaageccctigageatetgactictggetaatanaggaaatitatiticattgeaatagtgtgttggaattttttgtotetot
cactcggaaggaattctgeattaatgaatcggecaacgegeggggagaggegatitgegtatigggegcteticeacttectegete
actgactcgctgcgctcggtcgttcggctgcggcgagcggtatceigctéactcaaaggcggtaatacggttatccacagaatcagg
geataacgcaggaaagaacatgtgagoaaaaggecageaaaaggcecaggaaccgtaaaaaggeegegtigetggegtititcca
taggctecgececectgacgageatcacaaaaatcgacgetcaagicagaggtggcgaaaccegacaggactataaagatacea
ggegtitecccetggaagetecetegtgegetetectgticegaceetgocgettacoggatacctgteegecttteteecticgggaa
gegtggegetiteleatageicacgetgtagglalcicagttcggtgtaggtegticgetccaagetgggetetatacacgaaceeee
cgticageccgacegetgegecttatceggtaactategtetigagteccaacceggtaagacacgacttategecactggeageage
cactggtaacaggattagcagagcgaggtatgtaggCggtgctacagagttcttgaagtggtggcctaactacggctacactagaa
gaacagtatttggtatctgegetetgetgaagecagttaccticggaaaaagagttggtagcetctigatceggeaaacaaaccacege
tggtageggtastttititatitgecaagcageagattacgegeagaaaaaaaggatetcaagaagatecttigatetitictacggggtet
gacgotcagtggaacgaaaacicacgitaaggpalitiggicatgagatiaticaaanaggatcticacctagatectittaaattanaaa
tgaagttttaaatcaatctasagtatatatgagtasactiggtotgacagttaccaatgettaatcagtgaggcacctatoteagegatet
gictatttcgticatccatagtigectgacte
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SEQUENCE LISTING

<110> JAMES FULLER
<120> NUCLEIC ACID CONSTRUCTS
<130> APF 33 (X.13149 GCW)

<160> 53
<170> Patentln version 3.1

<210> 1

<211> 685

<212> DNA

<213> Human cytomegalovirus

<400>. 1

aatattgget attggocatt geatacgttg tatctatate ataatatgta catttatatt 60
ggctoatgte caatatgace gecatgttga cattgattat tgactagﬁtg ttaatagtaa 120
toaattacgg ggtcattagt teatagecca taitatggagt tocgegttac ataacttacg | 180
gtaaatggee cgoctggetg acegoocaac gacccccgee cattgacgtc aataatgacg 240
tatgttecca taétaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta 300
eggtaaacty ccoacttgge agtacatcaa gtgtatecata tgcééagtcc geecectatt 360
gacgtcaatg acggtaaatg gcécgcctgg cattatgcoce agtacatgac cttacgggac 420
tttoctactt ggcagtacat ctacgtatta gtcatcgeta ttaccatggt gatgeggttt 480

tggcagtaca geg tggatagegg tttgactecac ggggatttce aagtetceac 540
cccattgacg tcaatgggag tttgttttgy caccaaaate aécgggactt tcocaaaatgt 600
cgtaataace cegeccegtt gaegeaaatg ggeggtagge gtgtacggtg ggﬁggtctat 660
ataagcaga’g ctogtttagt gaace 685

<210> 2

<211> 131

<212> DNA

<213> Human cytomegalovirus

<400> 2

gtcagatecge ctggagacge catccacget gttttgacct ccatagaaga cacecgggace 60
gatcéagcc:l: ccgeggeegy gaacggtgea ttggaacgeg gattoccegt gecaagagtg 120
actcacagte ¢ 131
<210> 3

<211> 135
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<212> DNA
<213> Rattus rattus

<400> 3

atcagcaage aggtatgtac tetccagggt gggectgget teecccagtea agactccagg 60
gatttgaggg acgctgtggg ctetitetett acatgtacot tittgetagee tcaacectga 120
ctatettoca ggtea 135

<210> 4

<211> 0955

<212> DNA

<213> Artificial seguence

<220>

<223> Chimeric promoter sequence

<400> 4 o

aatattgget attggocatt geataegttg tatcotatate ataatatgta catttatatt - 60
ggoteatgte caatatgace gecatgttga cattgattat t;‘gactagtta ttaatagtaa 120
teaattacgy ggtca_.ttagt tecatagececa tatatégagt tecgegttac ataacttacg 180
gtaaatggce cgcctggctg‘accgcccaac.gacccccgcc cattgacgte aataatgacg ‘240
tatgttccca tagtaacgec aatagggact ttocattgac gtoaatgggt ggagtattta 300

ogy actyg < gge ag teaa gtgt ta tgccaagtee geccectatt 360

gacgteaatg acggtazatg geccgectgg cattatgece agtacatgac cttacgggac 420
tttectactt ggeagtacat ctacgtattg gteategeta ttaccatggt gatgeggttt 480
tggcagtaca ccaatgggeg tggatagegg tttgactoac ggggatttoc aagtotoccac | 540
cecattgacyg tcaatgggag tttgttttgy caccasaate aacgggactt tcecaaaatgt 600
cgtaataace ;:cgccccgtt gacgcaaatg ggeggtagge gtgtacggtg ggaggtctat 660
ataagocagag ctogtttagt gaacegtcag atcgoctgga gacgccatcc acgctgtttt 720
gaccteeata gaagacaccg ggaccgatcc agcctccgey gecgggaacg gtgcattgga 780
acgeggatte ccegtgecaa gagtgactea cegtecggat cteageaage aggEatgtac 840
tetccagggt gggcetgget tecccagtea agactccagg gatttgaggg acgetgtggg 900
atettetott acatgtacct tttgettgec tcaaccctga ctatcttcca ggtca 955

<210> 5

<211> 121

<212> DNA

<213> Hepatitis B virus

<400> 5

cagagtcagg ggtctgtatt ttoctgcotgg tggetccagt teaggaacag taaacccotge &0
tocgaatatt gcc_tctcaca tetegteoaat cteegegagg actggggace ctgtgacgaa 120

-1056-




WO 2005/035771 PCT/GB2004/00427Y
3/19

e : 121

<210> 6

<211> 57

<212> DNA

<213> Herpes simplex virus

<400> 6

ataagetgea ttgogaacea ctagtegeeg tttttcgtgt‘ geatcgegta tcacgge 57

<210> 7

<211> 48

<212> DNA

<213> Hepatitis B virus

<400> 7
ctttgtacta ggaggctgta ggcataaatt ggtetgttea ceageace 48

<210> ' 8

<211> 533

<212> DNA

<213> Hepatitis B virus

<400> 8

taacaaaaca aaaagatggg gttattocct aasacttcatg ggttacgtaa ttggaagtig 60
ggggacattg ccacaagatc atattgtaca aaagatecaaa cactgtttta gaaaacttcc‘ 120
tgtaaacagyg cctattgatt ggaasagtatg tcaaaggatt gtgggtcttt tgggetttge 180
tgctdcattt acacaatgtg gatateotge cttaatgeet ttgtatgeat gtatacaage 240
taaacaggcet ttcactttct cgccaactta caaggecttt ctaagtaaac agtacatgaa 300
cotttaccee gttgctegge aacggeatgg tetgtgecaa gtgtittgetg acgeaaccee 360
cactggetgg ggottggeca taggecatca gegeatgegt gglaaz:r_;tttg'tggctcctct 420
gocgatecat actgeggaac toctagecge ttgttttget cgeagecggt ctggagcaaa 480
gcteatagga actgacaatt ctgtegteet ctegeggaaa £atacatcgt tte 533

<210> 9
<211> 158
<2iz> D¥A

<213> Simian cytomegalovirus

<400> 9
gtcagacaga cagacagtta tatgggetgg tccctataac totgecatty taacccocata 60
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419

tagocagaca gttageattg catctattga tgatgtacta atgtattgta acccceccta

tgccattgte taactgtact aatgtatgat attatacc

<210>
<211>
<212>
<213>

<400>

10
131
DNA

Oryctolagus cuniculus

10

gatctttttc cctotgecaa aaattatggyg gacatcatga agacecttga geatctgact

toctggotaat aaaggaaatt tattttoatt geaatagtgt gttggaattt tttgtgteto

teacteggaa g

<210>
<211>
C<212>
<213>

<400>

11

204

DNA

Simian cytomegalovirus

11

atatatactc tatgttatac tctatgatat acaatatata ctcatgaaca ctat§tactt

ggtgtatgac tcattattgt ctgggacttg gttgggactt ggttgottgg gaagaatgtt
gtgoctgtac ttgtgctgtg ctgtggatot caataaatgt gactatgttc aaaacactaa

gtgccccegt gtottottta acta

<210>,

<211>
<212>
<213>

<400>

gaagacgage tctaagggag gggaggggag ctgggetigt gtataaataa aaagacaccg‘

12
163
DNA

Herpes simplex virus 2

12

atgttcaaaa atacacatga'cttctggtat tgttttgoct tggtttitat ttggggggog

gggggegtgt gactagaama acazatgcag acatgtgeta acg

<210>
<211>
<212>
<213>

<400>

13
191
DNA

Human papillomavirus type 16

i3
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aattgttaca tataattgtt gtataccata acttactatt ttttotbttt tattttoata 60
tataattttt ttttttgttt gtttgtttgt tttttaataa actgtratta cttaacaatg 12
cgacacaaac gttctgeaaa acgcacaaaa cgtgeatcgy ctacccaact ttatzaaaca 180
tgcaaacagg ¢ ) 191
<210> 14

<211> 3759

<212> DNA

<213> Artificial sequence

<220>

<223> pdV expression vector

<220>

<221> Intron

<222>  (1725).. (1857)
<223> 'Rat Ins Inth

<229>

<221> misc feature

<@22> (1)..(40)

1<223> T:‘1903, pUC4K Ren\ﬁants

<2205
<221>° misc_feature
<222>  (861).. (896)
<223> Tn903, PUCAK Remnants

<220>
<221> misc feature :
<222> - (897)..(202)
<223> pUC1Y MCS

<220>

<221> polyA signal
<222> (2556) .. (2686)
<223> rGLOB pA

<220> )

<221> polyA site
<222> (2647)..(2647)
<223> PolyA Site_1
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<220>
<221>
<222>
‘<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

promoter
(903) .. (1587)
CMV Pro

3'UTR
(2012) .. (2544)
HBVenh '

5'UTR
(1864) .. (1984)
5!'~UTR of HBV pre-S52

misc_feature
(1719) .. (1724)
Bam/Bgl fusion

misc _feature
(1985) .. {1987)
ATG-Nhe

misc_feature
(1988) .. (2011)

CDS insertion site .

misc feature
(2545) .. (2555)

unknown

exon
(1588) ..(1718)
CMV Exon 1/2

nisc_featurae

(2693) .. (3759)

6/19
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<223> pUCLY

<220>

<221> misc feature

<222> (45)..(860)

<223> KanR (TnS03) complement

<400> 14
ggegtaatge totgocagtg ttacaaccaa ttaaccaatt ctgattagaa aaactcateg 60

ageatdaaat gaaactgeaa tttattcata to tat caataccata tttttgaaaa 120

agecgtttet gtaatgaagg agaaaactca cogaggeagt tecataggat ggeaagatee 180
tggtatcggt ctgegattce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcamaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaaget tatgeatttc tttecagact tgttcaacag gcecagecatt acgetegtea 380
tocaaaatcac tcgoatcaac casaccgtta ttcattegtg attgegectg agegagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tegaatgeaa ceggegeagg 480 |
aacactgcoca gogeatcaac aatattttea cctgaatcag Qatattcttc taatacctgg 540
_aatgetgttt teceggggat egeagtggty agtaaccatg catcatcagg agtacggata 600
aaatgettga tggteggaag aggcataaat tcegtcagee. agtttagtet gaccatctcoa 660
totgtaacat cattggcgac gotacctttg ccatgtttca gaaacaactc tggcgcatcg 720
ggcttccoat acaatcgata gattgtegea cctgattgee cgacattatc geogagecccat | 780
ttatacccat ataaatcage atccatgttg gaatttaatec geggectega geaagacgtt 840"
teéegttgaa tatggotcat aac&cccctt gtattactgt ttatgtaage agacaggteg 900
acaatattgg ctattggeca ttgeatacgt tgtatctata teataatatg tacatttata 260
ttggcfcatg tccaatatga cogocatgtt gacattgatt attgactagt tattzatagt 1020
aatcaattac ggggtcatta gttcatagee catatatgga gttecgegtt aqataactta 1080
cggtaaatgg ccegectgge tgaccegecca acgacccccé ceccattgacg teaataatga . 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgteaatgg gtggagtatt 1200
tacggfaaac tgcccactty goagtacatc aagtgtatca tatgecaagt cegececcta 1260
ttgacgtoaa tgacggpéaa Eggcccgcct ggeattatge ccagtacaty accttacggy 1320
actttcci:ac ttggeagtac atctacgtat tagtcatcge tattaccatg gtgatgoggt 1380 -
tttggeagta caccaatggg cgtggatage ggtttgacte acggggattt  ccaagtcotec 1440 ‘

accccattga cgtcaatggg agtttgtitt aaa tcaa ¢ ttteccaaaat 1500

gtegtaataa cccegeoeceg ttgacgeaaa tgggeggtag écgtgtacgg tgggaggtct 1560

atataageag agotcegttta gtgaacc gtc aga teg cct gga gac gee ate cac 1614
Val Arg Ser Pro Gly 'Asp Ala Ile }i:i.s

1 5
gct gtt ttg ace tee ata gaa gac acc ggg acc gat cea geo tec gog 1662
Ala Val Leu Thr Ser Ile Glu Asp Thr Gly Thr Asp Pro Ala Ser Ala
10 15 20 25
gee ggg aac ggt gea tty gaa cge gga tte ccc gtg cca aga gtg act 1710

Ala Gly &sn Gly Ala Leu Glu Arg Gly Phe Pro Val Pro Arg Val Thr
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30 35 . 40

cac cgt ce ggatctcage amgeaggtat gtactetcca gggtgggect ggettcecea 1768
His Arg

gtcaagactc cagggattty agggacgety tgggetotte tottacatgt accttttget 1828
tgcctcaace ctgactatet tceaggteag gatcccagag tcaggggtet gtattttect 1888
getggtggot ccagttoagg aaecagtasac cetgetcega atattgecte teacatcteg . 1948
tcaatctoog cgaggactgg ggaccctgty acgaacatgg ctagegggee cagatctggg 2008
. ccctaacaaa acaaaaagat ggggttattc cctaaactte atgggttacg taattggaag 2068
ttgggggaca ttgecacaag atcatattgt acaaaagaté aaacactgtt ttagzaaact 2128
tectgtaaze aggoctattg attggaaagt atéﬁcaéagg attgtgogte ttttgggett 2188
tgctgeoteca tttacacaat gtggatatce tgocttaatg cctttgtatg catgtataca 2248
agetaaacag gettteactt tetegecaac ttacaaggee tttctaagta aacagtacat 2308
gaacctttac ccogttgote ggeaacggoc tggtetgtge caagtgtttg ctgacgoaas 2368
_ecccactgge tgg;ggcttgg ccataggeca tcagcegeatg cgtggaacc‘t ttgtggctec 2428
tetgecgate catactgegy aactectage cgettgtttt getegeagec ggtctggage 2488
aaageteata ggaactgaca attctgtegt cetctegegg aaatatacat cgtttegatc 2548
tacgtatgat ctttttcect ctgeocaaaaa ttatggggac atcatgaage cecttgagea 2608
tctgacttet ggotaataaa ggaaatttat ttteattgea ataqtgtgttbggaatttt‘tt 2668
gtgtotetca ctoggaagga attoctgeatt aatgaategg ccaacgegeg gggagagged 2728
gtttgegtat tgggegetet tcegettect égctcactga ttegetgege teggtegtte 2788
ggctgoggeg agaggtatca getcactcaa aggeggtaat acggttatce acagaatcag 2848
gggataacge aggaaagaac atgtgagcaa aéggccagca aaaggccagg aaccgtazaaa 2908
aggcogogtt gotggegttt ttccétaggc tccgoccoce tgacgageat cacaaaaatc 2968
gacgetcaag tcagaggtyyg cgasaccega caggactata aagataccag gegtttecoces 3028
ctggaagete ccotegtgege tctcctétt: cga:;cctgéc gettacegga tacctgtecg 3088
cctttetece ttagggaag? gtggegettt cteatagete acgetgtagg tatctcagktt 3148
cggtgtaggt ogttegetec aagetggget gtgtgeacga accccpcgtt cageccgace 3208
gotgegocett atceggtaac tatcgtettg agtecaaccce ggtaagacac gacttatcge 3268
cactggeage agcocactggt aacaggatta gcagagegag gtatgtagge gg‘tgctacé.g 338
agttottgaa gtagtggect aactacgget acactagaag aacagtattt ggtatctgey 3388
ctctgcltgaa gcﬁagttacc ttcggaaéaa gagttggtag ;:tcttgatcc ggcaaacaaa 3448
ccaccgetgg tageggtggt ttttttgttt goaageagea gattacgege agazaazaag 3508
gatctcaaga agatcetittg atcttttota cggggtetga cgetocagtgy aacgaaaact | 3568
cacgttaagg gattttggte atgagattat caaaaaggat cttoacctag atccttttaa 3628
attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tcégacagtt 3688
accaatgott aatcagtgag geacctatct cagegatctg totatttegt tecatccatag 3748
ttgectgact ¢ 3759

<210> 15
<211> 42
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<212>
<213>

<220>
<223>

<400>

ggaggateeg gacggtgagt cactottgge acggggaate cg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9/19

DNA
Artificial sequence
Primex

15

16
21
DNA

Artificial sequence

Primer

16

ggtgaatatg getcataaca ¢,

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17
23
DNA

Artificial sequence

Primer

17

ccgocgaaca tggagaacat. cge

<210>
<2i1>
<212>
<213>

<220>
<223>

<400>

18
33
DNA

Artificial sequence

Primer

18

. cacagatectt ttgttagggt ttaaatgtat ace
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggaggateat gacctggaag atagtoacc

<210>

<211>
<212>
<213>

<220>
<223>

<400>-

19
29
DNA

Artificial sequence

Primer

i9

20

26

DNA .
Artificial sequence

Primer

20

toca t

goa ggtatg

<210>
<211>
<212>
<2133

<220>
<223>

<400>

21

33

DNA

Artificial sequenca

Primex

21

10/19

ggagetageg ggegtttgac cteeggegte ggg

<210>
<211>
<212>
<213>

<220>

22

37

DA

Artificial sequence
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<223>

<400>

11/19

Primer

22

ggagaattoa gatctectet agtaaaacaa tggetgg

<210>
©<211>
<212>
<213>

<220>
<223>

<400>

23
25
DNA

Artificial sequence

Primer

23

ggagctagee ttetaaccga ggteg

<210>
<211>
<212>
<213>

<220>
- <223>

<400>

24

30

DNA

Artificial sequence

Priner

24

ggaagatcta cttactccag‘ctutatgctg

<210>
<211>
<212>
<213>

.<220>
<223>

<400>

25

27

RS ,
Aitificial sequence

Primer

25

ggcgaattec ttocgagtga gagacac

<210>
<211>

26

43
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<212> DNA
<213> Artificial sequence

<220>
<223> Primex

<400> 26
ggagtataca tttamaggge cctaacaaaa caaaaagatg ggg

<210> 27

<211> 31

<212> DNA

<213> Artificial sequence

<220>
<223> Prﬁner

<400> 27
ggégctag'ct cgtttacttt gaccaaéaac g

<210> 28

<211> 36

<212> DNA

<213> Artificiéi sequence

<220>
<223> Primer

<400> 28
ggaagatete cttatttityg acaccagace aactgg

<210> 29

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 29
ggagtegace tgtetgetta cataaacag
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<210> 30
<211> 26
<212> DNA
<2135 Artificial sequence

<220>

<223> Primer

<400> 30
cgtaatgete tgeocagtgtt acaace 26

<210>- 31

<211> 20

<212> DNA

<213> Artificial segquence

<220>
<223> Primer

<400> 31
gaaagatete agcaagbagg ' 20

<210> 32
<211> 47
<212> DNA
.‘ <213> A:tj.ficial sequence

<220>
<223> Primer

<400> 32

ggaggatcct gacctggaag atagtocaggy ttgaggcaag caaamagg 47

<210> 33

<211> 12

<212> DNA

<213> Artificial sequence

<220>
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<223>

<400>

Primer

33

ctagegogae ca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34

12

DNA

Artificial sequence

Primer

34

gatotgggece cg

<210>
<211>
<212>
<213>

<220>
<223>

35

28

DNA

Artificial sequence

Primer

35

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gea tcat gt gga

36
28
DNA

Artificial sequence

Primexr

36

ggtagatcte cteatgtotg ctegaage

<210>
<211>

37
29

PCT/GB2004/00427Y
14/19

12

12

28

28
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<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 37

ccaagctage gacaaaactc acacatgec . 29

<210> 38

<211> 45

<212> DNA

<213> Artificial segquence

<220>
<223> Primer

<400> 38 )
ggaagatete gtttacceet gteatttace cggagacagg gagag 45

<210> 39

<211> 57

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide

<400> 3¢9
aagatgtceca gactctgtet cteocgtggee ctectegtge teetegggae actegee 57

<210> 40

<2113 24 .

<212> DNA

<213> BArtificial sequence
<220>

<223> Primer

<400> 40 .
ggaactagta agatgtccag acte 24
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<210> 41

<211> 25

<212> DNA ‘

<213> Artificial sequence

<220>
<223> Primer

<400> 41
ggaagctage ggegagtgte ccgag

<210> 42

<211> 75

<212> DNA

<213> Artificial sequence,

<220>
<223> Qligonucleotide

<400> 42

16/19

PCT/GB2004/00427Y

25

ggaaagatgg ccagcetett tgecacattt ctegtggtge tegtgagect dagcctcgcc | 66

agcgaaagca gegec

<210> f13
. <211> 24
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 43
ggaactagtyg gaaagatgge cage

<210> 44

<211> 26

<212> DNA

<213> Artificial seqience
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<220>
<223> Primer

<400> 44
ggaagctage ggegetgett tegetg ' 26

. <210> 45
<211> 51

<212> DNA _
<213> Artificial séqﬁence

<220>
<223> Oligonucleotide

<400> 45
aggtetttge taatettggt getttgette ctgecectgg ctgetetggg g, 51

<210>. 46
<211> 24
<212> DA
<213> Artificial sequence

<220>
<223> Primer

<400> 46

ggaactagta ggtctttget aate - o 24

<210>. 47

<211> 25

<212> DRA

<213> Artificial sequence

<220>
<223> Primer

<400> 47

ggaagctage coccagagea gacag : ' 25

<210>. 48
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<211> 31
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 48
ggagctaget cgtttacttt gaccaagaac g .

<210> 49

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> » 49
ggaagatéte cgotgagtgg tgotg

<210> '50
©o<211> 32
<212> ' DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 50

gca-ggatcca gtagacctgg agagaggaca ag

<210> 51
<211> 29
<212> DNA ]
. <213> Artificial sequence

<220>
<223> Primer

<400> 51
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ggaagatcta caaggtgage tgetgtgge 29

<210> 52
<211> 490
<212> DNA

<213> Pseudo rabies virus

<400> 1 )

tggeegeaga gegggcegay catgcaaai:c agaggegege gggagacgec tecgegegee 60
cattggeccyg ggegagecga gatggeegec gogggggccy gacatgcaaa gtagacgega 120
gaggaagtag ggagagaaat cccattggce gtcgagggge caagatggeg cecctegggge 180
cggacatgoa aagtagacge gagaggaagt gggcegagaga aatcocattg gecgtegatg 240-
gggeaagatg geegecgegy gggeegggea tgcaaatgagt cctegegagg aagttecteg 300
cgaaatcceca ttggecggeg geegeocatat tgggcc.éggc atgcaaagca gacggcagag 360
gaagegggey agaaaaatcc cattggecgg cegtcgggga agthgcgqc gaaaatcgge 420
cattggtoeg cttacctggy ggegggetet ccteggggeg ettataageg cggteteeat 480
cgtagcactt ' 490

<210> 53
<211> 485
<212> DNA ’ ,

<213> Rous sarcoma vizrus

<400> 2 o
, ctgct;cétg cttgtgtgtt ggaggtcget gagtagtgeg cgagcaaaat ttaagctaca 60
acaaggcaag gottgaccga caattgecatg aagaatctge ttagggttag gegttttgeg 120
étgcttcgcg atgtacggge cagatatacg cgtatectgag gggactaggg tgtgtttagg 180
cgaaaagégg ggetteggtt gtacgeggtt aggagttesce tcaggatata gtagtttege 240
ttttgecatag ggagggagaa atgtagtcott atgcaataca cttgtagtet tgeaacatgy 300
taacgatgag ttagcaacat gccttacaag gagagaaaaa geaccgtgca ltgecgattag - 360
tgé‘aagtaag gtggtacgat cgtgecttat ﬁaggaﬁggca acagacaggt ctgacatgga 420
ttggacg‘ahac cactgaatte cgeattgoag agataattgt atttaagtge ctagetegat ‘ 480

acaataaacg ceatt . 495

-122-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

