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Description
FIELD OF THE INVENTION

[0001] 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

[0002] Gene therapy and nucleic acid immunisation are promising approaches for the treatment and prevention of
both acquired and inherited disease. These techniques provide 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 in vivo
directly to the recipient.

[0003] 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.

[0004] 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 include 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 such as the CMV immediate early promoter (Chapman etal (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 promoters, such as a promoter derived from the murine
metallothionein gene are also commonly used.

[0005] 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 that 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 positioned in either orientation
relative to the sequence of interest (Banerji et al. (1981) Cell 27:299-308, deVilleirs et al. (1981) Nucl. Acids Res 9:
6251-6264). Enhancers have been identified from a number of viral sources, including polyoma virus, BK virus, cytome-
galovirus (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 et al. (1983) Cell 33:695-703, Weeks
et al. (1983) Mol. Cell. Biol. 3:1222-1234, Levinson et al. (1982) Nature 295: 568-572, and Luciw et al. (1983) Cell 33:
705-716).

[0006] A number of expression systems for nucleic acid immunisation and gene therapy make use of the hCMV
immediate early promoter. See eg US Patent Nos. 5168062 and 5385839 to Stinski, and EP Patent Specification 0323997
B1. Expression vectors using the hCMV immediate early promoter include for example, p?WRG7128 (Roy et al, Vaccine
19,764-778,2001), and pBC12/CMV and pJW4303 which are mentioned in WO 95/20660. Chapman et a/ (1991) report
reduced levels of expression from the hCMV immediate early promoter in the absence of hCMV Intron A. The documents
WO 0231137 and WO 03011334 describe nucleic acid constructs suitable for use in nucleic-acid immunization.

SUMMARY OF THE INVENTION
[0007] 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.
[0008] Accordingly, the present invention provides :

1. 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, said exon 1 and at least
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a part of exon 2 being contiguous; and
(c) a heterologous intron which replace wholly or partly the native intron A of the hCMV major immediate
early gene;

(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 (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.

2. A nucleic acid construct according to item 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. 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, said exon 1 and at least
a part of exon 2 being contiguous; and

(c) a heterologous intron which replace wholly or partly the native intron A of the hCMV major immediate
early gene;

(ii) a coding sequence in operable linkage with the chimeric promoter;

(i) 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.

4. A nucleic acid construct according to any one of the preceding items wherein:

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

(ii) exon sequence (b) comprises SEQ ID NO:2, a functional variant thereof with at least 80% identity or a
functional fragment of either.

5. A nucleic acid construct according to any one of the preceding items 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% identity 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 item 5 wherein the rat insulin gene intron A sequence comprises SEQ ID
NO: 3, a functional variant thereof with at least 80% identity, or a functional fragment of either.

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

(i) the non-translated leader sequence is selected from SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, afunctional
variant with at least 80% identity 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; and /or

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

8. A nucleic acid construct according to any one of the preceding items which comprises:

(i) a polyadenylation sequence; and/or
(i) a sequence encoding a signal peptide.
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9. A nucleic acid construct according to item 8 wherein:

(i) the polyadenylation sequence is a polyadenylation sequence of a gene selected from the rabbit 3-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% identity to any one of said sequences or a functional
fragment of any one of said polyadenylation sequences or said functional variants thereof; and/or

(i) 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% identity 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 item 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% identity 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 items wherein the coding sequence encodes an
antigen.

12. A nucleic acid construct according to item 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 item 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 item 13 wherein the antigen is HBsAg.

15. A nucleic acid construct according to any one of items 1 to 10, wherein the coding sequence encodes an ADP
ribosylating bacterial subunit A and/or B subunit, an active homolog of one or both said subunits wherein each
homolog has at least 80% identity to the respective said subunit or an active fragment of a said subunit or of a said
active homolog thereof.

16. A nucleic acid construct according to item 15 wherein the bacterial subunit is selected from Cholera toxin subunit
A, Cholera toxin subunit B, E.coli heat labile toxin subunit A, E.coli heat labile toxin subunit B, an active homolog
having at least 80% homology to any one of said subunits or an active fragment of any one of said subunits or said
active homologs.

17. A nucleic acid construct according to any one of the preceding items 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 items.

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

20. Adosage receptacle for a particle mediated delivery device comprising coated particles according to item 18 or 19.
21. A particle mediated delivery device loaded with coated particles according to item 18 or 19.

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

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

24. A vaccine comprising a nucleic acid construct according to any one of items 11 to 14.
25. A vaccine according to claim 24, further comprising an adjuvant construct according to item 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 item 1 to 17 or coated particles
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according to item 18 or 19.
27. A nucleic acid construct according to any one of items 11 to 14 for use in immunization.
28. A nucleic acid according to item 27, where the immunization is against infection by a pathogen, allergy or cancer.

29. A nucleic acid construct according to item 27 or 28 where delivery is to be by injection, transdermal particle
delivery, inhalation, topically, orally, intranasally or transmucosally.

[0009] 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
[0010]

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.

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 vector.
Figure 9 is a diagrammatic representation of pJV7389.

Figure 10 is a diagrammatic representation of pJV7400.

Figure 11 is a diagrammatic representation of pJV7468.

Figure 12 is a diagrammatic representation of pJV7563.

Figure 13 sets out the base composition for pJV7563.

Brief Description of the Sequences

[0011]
SEQ ID NO:1 is hCMV immediate early promoter sequence (GenBank #M60321, X17403)
SEQIDNO:2is sequence from exons 1 and 2 of the hCMV majorimmediate early gene (GenBank. #M60321, X17403)

SEQ ID NO:3 is rat insulin intron A sequence (GenBank #J00748)
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SEQ ID NO:4 is the sequence of a chimeric promoter according to the present invention
SEQ ID NO:5 is a leader sequence from HBV preS2 antigen 5’ UTR sequence (GenBank #M54923)
SEQ ID NO:6 is a leader sequence from HSV type 2 gD 5’UTR sequence (GenBank #Z86099)
SEQ ID NO:7 is a leader sequence from HBV e antigen 5’UTR sequence (GenBank #M54923)
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)
SEQ ID NO:10 is rabbit 3 globin poly A sequence (GenBank #K03256)
SEQ ID NO:11 is simian sCMV immediate early gene poly A sequence (GenBank #M16019)
SEQ ID NO:12 is HSV2 gB gene poly A sequence (GenBank #286099)
SEQ ID NO:13 is HPV16 early gene poly A sequence (GenBank #K02718)
SEQ ID NO:14 is the sequence of the pJV expression 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 NO: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
SEQ ID NO:23 is PCR primer JF301
SEQ ID NO:24 is PCR primer 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 NO:29 is PCR primer JF357
SEQ ID NO:30 is PCR primers JF365
SEQ ID NO:31 is PCR primer JF393

SEQ ID NO:32 is PCR primer JF406



10

15

20

25

30

35

40

45

50

55

DK/EP 1685251 T3

EP 1 685 251 B1

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 is oligonucleotide JF354

SEQ ID NO:40 is PCR primer JF355

SEQ ID NO:41 is PCR primer JF356

SEQ ID NO:42 is oligonucleotide JF348

SEQ ID NO:43 is PCR primer JF349

SEQ ID NO:44 is PCR primer JF350

SEQ ID NO:45 is oligonucleotide JF351

SEQ ID NO:46 is PCR primer JF352

SEQ ID NO:47 is PCR primer JF353

SEQ ID NO:48 is PCR primer JF430

SEQ ID NO:49 is PCR primer JF442

SEQ ID NO:50 is PCR primer JF421

SEQ ID NO:51 is PCR primer JF444

SEQ ID NO:52 is Pseudorabies virus (PRV) promoter sequence.

SEQ ID NO:53 is Rous sarcoma virus (RSV) promoter sequence.
DETAILED DESCRIPTION
[0012] 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 course, vary. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments of the invention only, and is not
intended to be limiting. In addition, the practice of the present invention will employ, unless otherwise indicated, con-
ventional methods of virology, microbiology, molecular biology, recombinant DNA techniques and immunology all of
which are within the ordinary skill of the art. Such techniques are explained fully in the literature. See, e.g., Sambrook,
et al., Molecular Cloning: A Laboratory Manual (2nd Edition, 1989); DNA Cloning: A Practical Approach, vol. |, & 1 (D.
Glover, end.); Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to Molecular Cloning (1984); and Fun-
damental Virology, 2nd Edition, vol. | & Il (B.N. Fields and D.M. Knipe, eds.).

[0013] It must be noted that, as used in this specification and the appended claims, the singular forms "a,
"the" include plural referents unless the content clearly dictates otherwise.

an" and
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A. Definitions

[0014] 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.

[0015] In describing the present invention, the following terms will be employed, and are intended to be defined as
indicated below.

[0016] The term "nucleic acid immunization" is used herein to refer to the introduction of a nucleic acid molecule
encoding one or more selected antigens into a host cell for the in vivo expression of the antigen or antigens. The nucleic
acid molecule can be introduced directly into the recipient subject, such as by standard intramuscular or intradermal
injection; transdermal particle 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 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."

[0017] The term "adjuvant intends an material or composition capable of specifically or non-specifically altering, en-
hancing, 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 antigen is administered, or coadministration may result in a qualitatively
and/or quantitavely 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.

[0018] 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.

[0019] By "needleless syringe" is meant an instrument which delivers a particulate composition transdermally without
the aid of a conventional needle to pierce the skin. Needleless syringes for use with the present invention are discussed
herein.

[0020] 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 Delivery: Fundamentals and Applications, Robinson and Lee (eds.), Marcel
Dekker Inc., (1987); and Transdermal Delivery of Drugs, Vols. 1-3, Kydonieus and Berner (eds.), CRC Press, (1987).
Thus, the term encompasses delivery from a needleless syringe as described in U.S. Patent No. 5,630,796, as well as
particle-mediated delivery as described in U.S. Patent No. 5,865,796.

[0021] 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 subunit may be linked by peptide bonds or by other 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 or L optical isomers, and amino acid analogs and peptidomimetics. A peptide of three
or more amino acids is commonly called an oligopeptide if the peptide chain is short. If the peptide chain is long, the
peptide is typically called a polypeptide or a protein.

[0022] An "antigen" refers to any agent, generally a macromolecule, 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 purpose 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 substitutions (generally conservative in nature) to the
native sequence, so long as the protein maintains sufficient immunogenicity. These modifications may be deliberate,
for example through site-directed mutagenesis, or may be accidental, such as through mutations of hosts which produce
the antigens.

[0023] 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
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to an immune response mediated by antibody molecules, while a "cellular immune response" is one mediated by T-
lymphocytes and/or other white blood cells.

[0024] Theterms "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 analogs thereof. Polynucleotides
may have any three-dimensional structure, and may 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.

[0025] A polynuclectide 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 into databases in a computer having a central processing unit and used for bicinformatics applications such as
functional genomics and homology searching.

[0026] A "vector"is capable of transferring nucleic acid sequences to target cells (e.g., viral vectors, non-viral vectors,
particulate carriers, and liposomes). Typically, "vector construct,” "expression vector," and "gene transfer vector," mean
any nucleic acid construct capable of directing the expression of a gene of interest and which can transfergene sequences
to target cells. Thus, the term includes cloning and expression vehicles, as well as viral vectors. A "plasmid" is a vector
in the form of an extrachromosomal genetic element.

[0027] 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 mMRNA) 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.

[0028] A "promoter" is a nucleotide sequence which initiates and regulates transcription of a polypeptide-encoding
polynucleotide. Promoters can include inducible promoters (where expression of a polynucleotide sequence operably
linked to the promoter is induced by an analyte, cofactor, regulatory protein, etc.), repressible promoters (where expres-
sion of a polynucleotide sequence operably linked to the promoter is repressed by an analyte, cofactor, regulatory protein,
etc.), and constitutive promoters. Itis 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.

[0029] "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 "operably linked" to the coding sequence.

[0030] "Recombinant” is used herein to describe a nucleic acid molecule (polynucleotide) of genomic, cDNA, semi-
synthetic, or synthetic origin which, by virtue of its origin or manipulation is not associated with all ore a portion of the
polynucleotide with which it is associated in nature 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
"heterotogous" relative to each other when they are not normally associated with each other in nature.

[0031] Homologues of polynucleotides are referred to herein. Typically a polynucleotide which is homologous to another
polynucleotide is at least 70% homologous to the polynucleotide, preferably at least 80 or 90% and more preferably at
least 95%), 97% our 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 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.

[0032] Methods of measuring polynucleotide 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 al (1984) Nucleic Acids Research 12, p387-395).

[0033] The PILEUP and BLAST algorithms can also be used to calculate homology or line up sequences (typically on
their default settings), for example as described in Altschul S.F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al (1990)
J Mol Biol 215:403-10.

[0034] Software for performing BLAST analysis is publicly available through the National Centre for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring sequence 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 sequence. T is referred to as the neighbourhood
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word score threshold (Altschul et al, 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 each 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 alignment score goes to zero or below, due to the accumulation of one or more negative-scoring residue
alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T and X determine the
sensitivity and speed of the alignment. The BLAST program uses as defaults a word length (W) of 11, the BLOSUM62
scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89:10915-10919) alignments (B) of 50,
expectation (E) of 10, M =5, N=4, and a comparison of both strands.

[0035] 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 algorithm
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
sequence 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 preferably less than about 0.001.
[0036] The homologues typically hybridize with 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 intense as "background hybridisation". The intensity of interaction may be measured, for
example, by radiolabelling the probe, e.g. with 32P. Selective hybridisation is typically achieved using conditions of
medium to high stringency, (for example, 0.03M sodium chloride and 0.003M sodium citrate at from about 50 °C to about
60 °C.

[0037] Stringent hybridization conditions can include 50% formamide, 5x Denhardt’s Solution, 5x SSC, 0.1 % SDS
and 100 pg/ml denatured salmon sperm DNA and the washing 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 ef al., supra.

[0038] The homologue may differ from a sequence in the relevant polynucleotide 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 atleast 30, for instance at least 40, 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 be substituted for each other in conservative changes.

ALIPHATIC | Non-Polar GAP

ILV

Polar-uncharged [ CSTM
NQ
Polar-charged DE
KR

AROMATIC HFWY

[0039] The terms "individual" and "subject" are used interchangeably herein to refer to any member of the subphylum
cordata, including, without limitation, humans and other primates, including non-human primates such as chimpanzees
and other apes and monkey 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, including domestic,
wild and game birds such as chickens, turkeys and other gallinaceous birds, ducks, geese, and the like. The terms do
notdenote 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 vertebrate species, since the immune systems of all of these vertebrates
operate similarly.

B. General Overview
[0040] The invention in its broadest sense is as defined in the independent claims.
[0041] Theinvention is concerned with nucleic acid constructs which allow efficient expression of heterologous coding

sequences, and in particular antigen-encoding genes, in host cells. The disclosure provides nucleic acid constructs
comprising, or in some embodiments, consisting essentially of a chimeric promoter sequence and a cloning site, such
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that when a coding sequence is inserted in the cloning site, the coding sequence is in operable linkage with the chimeric
promoter.
[0042] The chimeric promoter comprises, or consists essentially of:

(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 place of the intron A region of the hCMV major immediate early gene.
[0043] The hCMV immediate early promoter sequence (a) may comprise:

(i) a native hCMV immediate early promoter sequence;

(i) a functional homologous variant thereof; or

(iii) a functional fragment of (i) or (ii).

[0044] Ingeneral sequence (a) comprises about 100 to 600, preferably 200 to 600, for instance 400 to 600 nucleotides.
Typically sequence (a) comprises the sequences present in (i) which bind transcription factors or 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).

[0045] Generally, (i) comprises at least from nucleotides -100 to -1, typically -150 to -1, for example -500 to -1 or -600
to -1, of the hCMV major immediate early gene. Sequence (i) typically comprises the hCMV core promoter sequence
and may also include one or more enhancer elements present in hCMV immediate early promoter. For example, (i) may
comprise from nucleotides -118 to -1, or -524 to -1 as in US 6218140, or from nucleotides -62 to 1 or -465 to -1 as in
US 538 5839.

[0046] Generally (i) includes a TATA box or CAAT box commonly found in promoter sequences. Preferably the se-
quence includes one or more of the repeat sequences in the hCMV immediate early promoter.

[0047] In a preferred embodiment, the native hCMV immediate early promoter sequence comprises SEQ ID NO: 1.
[0048] 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 techniques. US 5385839, for example,
describe the cloning of a hCMV promoter region. The sequence of a hCMV immediate early promoter is available at
Genbank #M60321 (hCMV Towne strain) 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 al, 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.

[0049] A functional variant (ii) 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 able to complement the activity of the native promoter in a hCMV virus, for example allowing the
virus to retain the ability to infect and/or replicate in cells.

[0050] 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) to mutant hCMV in which the native hCMV immediate early promoter is defective.

[0051] A homologous variant (ii) or fragment (iii) may 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 functional variant or fragment allows at least 50%, for instance, 60, 70, 80, 90% or more of the
expression provided using the base vector. Generally expression is provided in at least one but preferably two reference
cell types. Typically, the reference cells are mammalian HEK 293T, CHO, HelLa, BHK, 3T3 or COS cells.

[0052] Additionally or alternatively, promoter sequence may be tested in the Comparative Immunogenicity Assay
below. Test promoter sequence is swapped into the base vector in place of the native hCMV immediate 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 base vector. Preferred antigens are HBsAg, HSV 2gD and flu-M2 antigens. According to
this assay, a functional homologous variant (ii) or functional fragment (iii) of native promoter sequence (i) is one which
allows the highest antibody titres achieved by the native sequence.
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[0053] As mentioned above, the construct comprises 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 positioned 3’ of exon 1 sequence, without intervening
intron sequence, so that the exon 1 and exon 2 sequences are contiguous.

[0054] Exon sequence (b) may comprise:

(i) native exon sequence, typically exon 1 and (whole or partial) exon 2;
(i) a homologous variant of (i) which is functional; or
(iii) a functional fragment of (i) or (ii).

[0055] Sequence (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, 2 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.

[0056] Preferably (b) comprises SEQ ID No. 2.

[0057] Suitable exon sequence (b) can be obtained using known methods. See e.g Sambrook et al., supra, 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 example, MacLean, A (1998) "Preparation
of HSV-DNA and Production of Infectious Virus" in Herpes Simplex Virus Protocols S. Brown, A Maclean, editors,
Humana Press, Totowa, NJ, pp.19-26). The sequence of a hCMV major immediate early gene, including the location of
exon1 and exon 2, is available at Genbank #M60321, X17403. Native exon 1 and 2 sequences could therefore be
isolated by cutting the native major gene sequence at appropriate restriction sites or by PCR musing PCR primers based
on the know sequence. Suitable exon sequences could alternatively be isolated from an existing plasmid vector, such
as pWRG7128. Exon sequences can also be produced synthetically, rather than cloned. Variant sequences can readily
be constructed by routine methodologies such as site-directed mutagenesis.

[0058] 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 sequence (i) mentioned above.

[0059] 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 abrogate expression but preferably increases expression in atleast one but preferably
two reference cell types when compared to the base vector. Typically the reference cells are mammalian HEK293T,
CHO, Hela, BHK, 3T3 or COS cells. Preferably expression increases by at least 5%, 10%, 20%, 30% or 40%. According
to this assay, a functional homologous variant (ii) or functional fragment (iii) of natural exon sequence (i) is one which
allows at least 50% of the expression improvement provided by the natural sequence.

[0060] Additionally or alternatively, exon sequence may be 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 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 base vector. Preferred antigens are HBsAg, HSV 2gD and flu-M2 antigens. According to this assay, a functional
homologous variant (ii) or functional fragment (iii) of natural exon sequence (i) is one which allows the highest antibody
titres achieved by the natural sequence.

[0061] The chimeric promoter construct comprises heterologous intron (c) in place of the native intron A region of the
hCMV major immediate early gene. An intron is a non-coding sequence which is spliced from the hnRNA transcribed
from a gene. A heterologous intron is one which is not present in the coding sequence in nature.

[0062] The heterologous intron (c) replaces wholly or partially, native intron A of the hCMV major immediate early
gene. Typically the native intron A is absent.

[0063] In general the heterologous intron (c) is 3’ of exon sequence (b).

[0064] Typically the heterologous intron (c) comprises:

(i) a natural intron;

(i) a functional homologous variant of (i); or
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(iii) a functional fragment of (i) or (ii).

[0065] 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.

[0066] 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 (c) may for example, comprise 50 to 500 nucleotides, such as up to 100, 200,
300 or 400 nucleotides. Preferably the intron comprises sequence found at about nucleotides 50 to 133 of native rat
insulin intron A, or a homologue of this sequence.

[0067] Preferably heterologous intron (c) is capable of being spliced from an RNA transcript in a eukaryotic host cell.
In general the intron comprises one or more of a donor sequence (such as GT), an acceptor sequence (such as AG),
a 3’ pyrimidine rich region and a branch point sequence. The pyrimidine rich region, if present, may include, for example
at 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 (¢) comprises non-intron 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.

[0068] Intron (c) may be an artificial intron, provided that the intron is functional. For example, arecombinant or chimeric
intron may be used. Such an intron may comprise sequence from more than one natural intron.

[0069] Typically intron (c) comprises sequences presentin hCMV intron A which bind transcription 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 present in the intron (c), in the same order and/or substantially the
same relative spacing as in hCMV intron A.

[0070] Intron (c) may comprise an homologous variant (ii) in which the sequence of the natural intron (i) has been
modified to remove an internal restriction site. For example,” an homologous variant of rat insulin intron A may be used
in which an internal Nhel site has been destroyed.

[0071] Preferably, intron (c) comprises:

(i) SEQID No. 3;
(i) a functional homologous variant of (i); or
(iii) a functional fragment of (i) or (ii).

[0072] Intron sequence (c) may be obtained using standard cloning techniques. For example, rat insulin intron A
sequence is available at GenBank J00748, chicken keratin intron A sequence at GenBank J00847 and chicken cardiac
intron A sequence at GenBank X02212. Intron sequence can be isolated from natural sources using primers based on
known sequence. Sequence may be prepared synthetically. Variant sequencer may be obtained by mutagenesis.
[0073] Typically a functional intron sequence, for example a functional variant (ii) or a functional fragment (iii) is one
which has substantially the same activity as, and/or complements the activity of a natural intron (i). In one embodiment
the activity is splicing activity.

[0074] Intron (c) sequences may be tested for splicing activity using a routine splicing assay. In general a functional
homologue (ii) 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.

[0075] 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).
[0076] Functionality of potential intron sequence (c) can be tested 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 vector. Typically the reference cells are mammalian HEK293T, CHO, HelLa, BHK, 3T3 or COS
cells. The increase in expression may be at least 35%, 45%, 55% or more. According to this assay, a functional variant
(i) or functional fragment (ii) of a natural intron sequence (i) is one which allows greater than 50% of the expression
improvement achieved by the natural sequence.

[0077] A heterologous intron (c) sequence may, additionally or alternatively be tested for functionality using the Com-
parative 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, afunctional variant (ii) or functional
fragment (iii) of a natural intron sequence (i) is one which allows the highest antibody titres achieved by the natural
sequence.

[0078] Suitable heterologous intron sequence can be obtained using standard cloning techniques. For example, rat
insulin intron A sequence is available at GenBank J00748, chicken keratin intron A at GenBank J00847, and chicken
cardiac actin intron A at X02212. Intron sequence can be isolated from native sources using primers based on the known
sequence data. Suitable sequence may also be prepared synthetically.

[0079] The componentsequences (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 provided 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 present. Suitable cloning sites, including multi-
cloning sites are known in the art, e.gthe pUC19; pBC SK, pBluescript Il KS, cDNA3.1, pSP72, pGEM 7Z multicloning site.
[0080] Typically, a nucleic acid for insertion (or inserted) in the cloning site encodes a therapeutically relevant polypep-
tide. 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 desired biological or therapeutic effect (e.g., an antiviral function). For the
treatment of genetic disorders, functional genes corresponding to genes known to be deficient in the particular disorder
can be administered to a subject. Preferably the nucleic acid is DNA.

[0081] Suitable nucleic acids for insertion include those used for the treatment of inflammatory diseases, autoimmune,
chronic and infectious diseases, including such disorders as AIDS, cancer, neurological diseases, cardivascular disease,
hypercholestemia; various blood disorders including various anemias, thalassemia and hemophilia; genetic defects such
as cystic fibrosis, Gaucher’s Disease, adenosine deaminase (ADA) deficiency, emphysema, etc.

[0082] Forexample, in methods for the treatment of solid tumors, genes encoding toxic peptides (i.e., chemotherapeutic
agents such as ricin, diphtheria toxin and cobra venom factor), tumor suppressor genes such as p53, genes coding for
mRNA sequences which are antisense to transforming oncogenes, antineoplastic peptides such as tumor necrosis factor
(TNF) and other cytokines, or transdominant negative mutants of transforming oncogenes, can be inserted for expression
at or near the tumor site.

[0083] Similarly, nucleicacids coding for polypeptides known to display antiviral and/or antibacterial activity, or stimulate
the host’s immune system, can also be included. The nucleic acid may encode one of the various cytokines (or functional
fragments 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, 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-
1), Hepatitis B virus (HBV), Hepatitis C virus (HCV), Hepatitis D virus, Pox virus, Marburg and Ebola; bacteria including
M.tuberculosis, Chlamydia, N.gonorrhoeae, Shigella, Salmonella, Vibrio Cholera, Treponema pallidua, Pseudomonas,
Bordetella pertussis, Brucella, Franciscella tulorensis, Helicobacter pylori, Leptospria interrogaus, Legionella pnumophi-
la, Yersinia pestis, Streptococcus (types A and B), Pneumococcus, Meningococcus, Hemophilus influenza (type b),
Toxoplama gondic, Complybacteriosis, Moraxella catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens in-
cluding Candidiasis and Aspergillosis; parasitic pathogens including Taenia, Flukes, Roundworms, Amebiasis, Giardia-
sis, Cryptosporidium, Schitosoma, Pneumocystis carinii, Trichomoniasis and Trichinosis. The nucleic acid my also be
used to provide a suitable immune response against numerous veterinary diseases, such as Foot and Mouth diseases,
Coronavirus, Pasteurella multocida, Helicobacter, Strongylus vulgaris, Actinobacillus pleuropneumonia, Bovine viral
diarrhea virus (BVDV), Klebsiella pneumoniae, 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.
[0084] In some embodiments, the nucleic acid construct will encode an adjuvant. Thus, the sequences inserted into
the cloning site for insertion of a coding sequence may encode a polypeptide 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 E. coli heat labile toxins (LT1 and LT2), Pseudomonas endotoxin A, Pseudomonas
exotoxin S, B cereus exoenzyme, B. sphaericus toxin, C botulinum C2 and C3 foxins, C. limosum exoenzyme, as well
as toxins from 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/or both subunits.
[0085] 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 complete
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sequences of the LT subunit A and B genes can be found at locus AB0116677 (Accession No. AB011677).

[0086] The construct may express an active variants or fragment of a particular adjuvant. The variant or fragment 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 an 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.
[0087] The toxin subunit may have had its naturally occurring 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.

[0088] Thus, the adjuvant constructs of the invention may be used to enhance animmune 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 immune response then is greater than if no adjuvant was administered.
The enhance immune response may result 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.

[0089] The nucleic acid for insertion into the cloning site may comprise a polyadenylation (polyA) sequence. Such a
polyA sequence is generally native to the coding sequence. Alternatively, a heterologous polyA sequence may be
provided in the nucleic acid construct of the invention. Typically the polyA sequence 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 polyA sequences are known inthe art.
[0090] The poly A sequence may be:

(i) a natural poly A sequence;
(i) a functional homologous variant of (i); or
(iii) a functional fragment of (i) or (ii).

[0091] The natural poly A sequence (i) may be, for example a rabbit § 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.

[0092] Preferably the natural poly A sequence (i) is selected from the group consisting of SEQ ID No. 10 (GenBank
K03256), SEQID No. 11 (GenBank M16019), SEQ ID No. 12 (GenBank Z80699) and SEQ ID No. 13 (GenBank K02718).
[0093] In general, a functional polyA sequence is one which retains polyadenylation activity.

[0094] 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.

[0095] 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:

[0096] 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 does not abrogate expression but preferably increases expression in at least one but preferably two reference
cell types, compared to the base vector. 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, HelLa, BHK, 3T3 or COS cells. According
to the assay, an homologous variant (ii) or fragment (iii) is functional if it allows greater than 50% of the expression
improvement achieved by the natural poly A sequence (i).

[0097] 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-M2 antigens. An homologous variant
(i) or fragment (iii) is functional if it allows the highest antibody titres achieved by the natural poly A sequence (i).
[0098] The nucleic acid construct may comprise additional control sequences which influence expression of a coding
sequence inserted in the cloning site. The construct may include a non-translated leader sequence. The sequence is
provided in the construct in operable linkage 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.

[0099] Typically the untranslated leader sequence comprises:
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(i) a natural untranslated leader sequence;
(i) a functional homologous variant of (i); or
(iii) a functional fragment of (i) or (ii).

[0100] In general the natural sequence (i) is a eukaryotic sequence or a viral sequence, in particular, of a virus which
infects a eukaryote. Preferably the natural sequence (i) is. HBV or HSV sequence, for example HBV preS2 antigen
sequence, HBV e-antigen sequence, or HSV type 2gD antigen sequence. Particularly preferably, (i) is selected from the
group consisting of SEQ ID No. 5, SEQ ID No. 6 and SEQ ID No. 7.

[0101] Typically the leader sequence comprises sequences present in (i) which bind 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 comprises a translational start site for expression of an
inserted coding sequence. Typically the leader sequence includes a Kozak sequence.

[0102] Ingeneralthe 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.

[0103] 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 sequence. Typically a functional variant (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 sequence in operable linkage with the sequence.

[0104] A variant (ii) 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 natural
leader sequence is replaced by an homologous variant or fragment and expression is monitored again in the same host
cells. In general, a variant (ii) or fragment (iii) provides at least 50%, such as 60%, 70%, 80%, 90% or 100% or more of
the expression provided by the natural sequence.

[0105] A potential leader sequence can also 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 types,
compared to the base vector. In general expression 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 (ii) or fragment (iii) is functional if it allows greater than 50% of the expression improvement achieved by the
natural leader sequence.

[0106] Alternatively, or additionally, a leader sequence may be tested for activity in the Comparative Immunogenicity
Assay below. A leader sequence is swapped into the base vector in place of HBV preS2 5’UTR. A functional leader
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 antigen. Preferably the 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. An homologous variant (ii) or fragment
(iii) is functional if it allows the highest antibody titres allowed by the natural leader sequence (i).

[0107] Suitableleader sequence canbe obtained using standard protocols. Forexample, HBV preS2 antigen sequence,
HBV e-antigen sequence and HSV type 2gD antigen sequence is available at GenBank M54923, M54923 and Z86099
respectively. Primers can be designed based on this known sequence and used to isolate homologous sequences.
Leader sequences may be synthesised based on known sequences.

[0108] The nucleic acid construct comprises an enhancer sequence as recited in the claims. 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.

[0109] In general the enhancer comprises:

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

[0110] The enhancer sequence generally comprises from about 50 to about 850 nucleotides, for example from about
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75 to about 500 nucleotides. Enhancers of about 100, 200, 300 or 400 nucleotides may be used.

[0111] The enhancer is from a 3'UTR of an HBs Ag sequence.

[0112] Preferably (i) comprises SEQ ID No. 8.

[0113] Ingeneral, the enhancer in the construct comprises sequences found in (i) which bind transcription components
or regulatory proteins, for example transcription factors, or homologues of these sequences which bind the same com-
ponents or proteins. Preferably these sequences are present in the enhancer in the same order and/or substantially the
same relative spacing as in (i).

[0114] Generally afunctional enhanceris one which enhances orincreases expression of a polynucleotide, for example,
a coding sequence, which is operably linked to the enhancer sequence. Typically a functional homologous variant (i)
or fragment (iii) has substantial the same activity (for example, enhancement of expression) as and/or complements the
activity of the natural enhancer (i).

[0115] Enhancer activity may be assayed using an enhancer trap assay. Protocols are known in the art. A functional
homologous variant (ii) or fragment (iii) preferably provides at least 50% of the enhancer activity shown by the natural
enhancer in such as assay. Topically 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 (iii) is able to complement the activity of the natural
enhancer (i) in the assay.

[0116] Enhancer utility may also be tested using the Comparative Expression Assay set out below. A test 3UTR
sequence is swapped into the base 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, HelLa, BHK, 3T3 or COS cells. According to this assay, an homologous variant (ii) or fragment (iii) is functional if
it allows greater than 50% of the expression improvement achieved by the natural enhancer sequence (i).

[0117] Additionally or alternatively, enhancer sequences may be tested for activity in the Comparative Immunogenicity
Assay below. A 3'UTR is 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 antigens.
Preferably the antibody titres are at least 5%, 10%, 20%, 30% or 40% higher than witch the base vector. Preferred
antigens are HBs Ag, HSV2gD and Flu-M2 antigens. An homologous variant (ii) or fragment (iii) is functional if it allows
the highest antibody titre allowed by the natural enhancer sequence (i).

[0118] 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 AF143308 and M16019.
Primers can be designed based on this known sequence and used to isolate homologous sequences.

[0119] Inapreferred 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.

[0120] In a further aspect, the present disclosure also provides a nucleic acid construct comprising, or sometimes
consisting essentially of:

(i) a promoter sequence

(ii) a non-translated leader sequence derived from HBV 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)

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

[0121] 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 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.

[0122] An artificial promoter construct, such as the chimeric promoter described above, may be used, provided that
the promoter is functional.

[0123] A functional promoter sequence is generally one which is able to cause (including initiate and regulate) tran-
scription of an operably linked coding sequence in a suitable host cell.

[0124] A promoter sequence may be tested for promoter activity using a routine expression assay. A functional homo-
logue or fragment of a natural promoter sequence typically provides at least 50%, for example, or least 60, 70, 80 or
90% of the expression provided by the natural sequence in such an assay.

[0125] The non-translated leader sequence (ii) is as described above. Suitable coding sequences (iii) include those
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already described in relation to the chimeric promoter 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 sequence, or provided as a heterologous poly A
sequence in the construct. 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.

[0126] In another aspect, the disclosure provides a nucleic acid construct comprising, or in some embodiments con-
sisting essentially of:

(i) 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 (ii);

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 (ii) is heterologous to the enhancer sequence.

[0127] The construct may include a non-translated leader sequence such as the ones already described in relation to
the chimeric promoter construct.

[0128] 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 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.

[0129] An artificial promoter construct, such as the chimeric promoter described above, may be used, provided that
the promoter is functional.

[0130] A functional promoter sequence is generally one which is able to cause (including initiate and regulate) tran-
scription of an operably linked coding sequence in a suitable host cell.

[0131] A promoter sequence may be tested for promoter activity using a routine expression assay. Functional homo-
logues or fragments of a natural promoter sequence typically provide at least 50%, for example, or least 60, 70, 80 or
90% or the expression provided by the natural sequence in such an assay.

[0132] 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 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 (ii) or may be
provided as a heterologous poly A component in the construct.

[0133] A construct according to any aspect of the present invention may comprise a signal 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.

[0134] Typically a signal peptide sequence encodes a peptide of 10 to 30 amino acids for example 15 to 20 amino
acids. Often the amino acids are predominantly hydrophobic. In a typical situation, a signal peptide targets a growing
polypeptide chain bearing the signal peptide to the endoplasmic reticulum of the expressing cell. The signal peptide is
cleaved off in the endoplasmic reticulum, allow for secretion of the polypeptide via the Golgi apparatus.

[0135] A signal-peptide for use in the invention may comprise:

(i) a natural signal peptide sequence;
(ii) a homologous variant of (i) which retains signal peptide activity; or
(iii) a fragment of (i) or (ii) which retains signal peptide activity.

[0136] Sequence (i) may be for example human tissue plasminogen activator signal peptide (hTPAsp) (GenBank
L00141), the aprotinin signal peptide (GenBank AAD13685), tobacco extensin signal peptide (GenBank JU0465), or
chicken lysosyme signal peptide (GenBank AF410481).

[0137] A signal peptide, suitable for use in the present invention, is one which will enable the secretion of heterologous
proteins. A functional signal 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 (NnTPAsP) - and with the
effect of having no signal peptide. The Comparative Expression Assay set out below may be used but with the following
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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 occurring 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% higher or more, for example 20 or 50%
higher or more. Typically, secretion levels are comparable to those obtained using hTPAsp.

[0138] Allowing secretion of encoded protein outside of an expressing cell may have a number of advantages, in
particular where the protein is an antigen. For example, increased antigen secretion could allow greater antigen uptake
and response by immune cells (macrophages, Langehan’s cells, B-cells, 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).

[0139] A nucleic acid construct of the invention may be in the form of a plasmid expression vector. The vector may
then include additional elements, such as an origin of replication, or selector genes. Such elements are known in the
art and can be included using standard techniques. In one embodiment, the plasmid vector has the sequence in SEQ
ID NO:14. Alternatively, the construct may be included in a viral vector construct.

[0140] In some embodiments, the nucleic acid, construct of the invention may 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, five or more more coding sequences. The coding sequences expressed may be any of those specified herein.
In a preferred instance, the construct has two chimeric promoters with each having a coding sequence operably linked
to them. In particular, the two promoters may be transcribed away from each other.

[0141] 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.

[0142] 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
comprises the 5 UTR of HSV-2gB pre-S2. One or more of the promoters may comprise the poly adenylation sequence
of the rat beta globin gene.

[0143] In apreferred case, the nucleic acid construct of the invention may comprise two chimeric promoter sequences,
with each promoter sequence 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 place 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.

[0144] A polynuclectide 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 forum, in which case it will generally
comprise at least 90% e.g at least 95%, 98% or 99% of the polynucleotide or dry mass in the preparation.

[0145] The present nucleic acid molecules may be delivered to suitable host cells, for expression of a polynucleotide
in operable linkage with the promoter. Preferably 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 example, dextran mediated
transfection, calcium phosphate precipitation, electroporation and direct microinjection into nucleii.

[0146] As described above, a nucleic acid coding sequence in a construct may encode a therapeutically relevant
polypeptide. The present constructs may therefore be used for nucleic acid immunisation or gene therapy using standard
gene delivery protocols. Suitable methods for gene delivery are known in the art, as discussed below. The nucleic acid
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molecules can be delivered either directly to a subject, or alternatively, delivered ex vivo to cells derived from the subject
whereafter the cells are reimplanted in the subject.

[0147] For use in nucleic acid immunisation or gene therapy, the nucleic acid constructs may be formulated as con-
ventional pharmaceutical preparations. This can be done using standard pharmaceutical formulation chemistries and
methodologies, which are available to those skilled in the art. For example, compositions containing one or more nucleic
acid sequences (e.g., present in a suitable vector form such as a DNA plasmid) can be combined with one or more
pharmaceutically acceptable excipients or vehicles to provide a liquid preparation.

[0148] Auxiliary substances, 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 generally pharmaceutical
agents which may be administered without undue toxicity and which, in the case of vaccine compositions will not induce
an immune response in the individual receiving the composition. Pharmaceutically acceptable excipients include, but
are notlimited to, liquids such as water, saline, polyethyleneglycol, hyaluronic acid, glycerol and ethanol. Pharmaceutically
acceptable salts can also be included therein, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of organic acids such as acetates, propiohates, malonates, benzoates,
and the like. It is also preferred, although not required, that the preparation will contain a pharmaceutically acceptable
excipient that serves as a stabilizer, particularly for peptide, protein 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, phar-
maceutical 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 polyethylene glycols (PEGs), and combination thereof. A thorough discussion of
pharmaceutically acceptable excipients, vehicles and auxiliary substances is available in REMINGTON’S PHARMA-
CEUTICAL SCIENCES (Mack Pub. Co., N.J. 1991), incorporated herein by reference.

[0149] Certain facilitators of nucleic acid uptake and/or expression (“"transfection facilitating agents") can also be
included in the compositions, for example, facilitators such as bupivacaine, cardiotoxin and sucrose, and transfection
facilitating vehicles such as liposomal 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, (1990) RPC New Ed., IRL Press). Cationic 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-trimethylammonium chloride), available under the tradename Lipofectin™, and DOTAP (1,2-bis(oleyloxy)-
3-(trimethylammonio)propane), see, e.g., Felgner et al. (1987) Proc. Natl. Acad. Sci. USA 84:7413-7416; Malone et al.
(1989) Proc. Natl. Acad. Sci. USA 86:6077-6081; US Patent Nos 5,283,185 and 5,527,928, and International Publication
Nos WO 90/11092, WO 91/15501 and WO 95/26356. These cationic lipids may preferably be used in association with
a neutral lipid, for example DOPE (dioleyl 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).

[0150] Alternatively, the nucleic acid molecules of the present invention may be encapsulated, adsorbed to, or asso-
ciated with, particulate carriers. Suitable particulate carriers include those derived from polymethyl methacrylate poly-
mers, as well as PLG microparticles derived from poly(lactides) and poly(lactide-co-glycolides). See, e.g., Jeffery et a/.
(1993) Pharm. Res. 10:362-368. Other particulate systems and polymers can also be used, for example, polymers such
as polylysine, polyarginine, polyornithine, spermine, spermidine, as well as conjugates of these molecules.

[0151] Once formulated the compositions can be delivered to a subject in vivo using a variety of known routes and
techniques. For example, the liquid preparations can be provided as an injectable solution, suspension or emulsion and
administered via parenteral, subcutaneous, intradermal, intramuscular, intravenous injection using a conventional 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 administration, suppositories, and active or passive transdermal delivery techniques.
[0152] Alternatively, the compositions can be administered ex vivo, for example delivery and reimplantation of trans-
formed cells into a subject are known (e.g., dextran-mediated transfection, calcium phosphate precipitation, electropo-
ration, and direct microinjection of into nuclei).

[0153] 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 appropriate effective amount will fall in a relatively
broad range but can be readily determined by one of skill in the art by routine trials. The "Physicians Desk Reference"
and "Goodman and Gilman’s The Pharmacological Basis of Therapeutics" are useful for the purpose of determining the
amount needed. For example, it is generally expected that an effective dose of the polynucleotide will fall within a range
of about 0.001 to 1000p.g, more preferably 0.01 to 10.0p.g.

[0154] 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
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and the other construct may be a construct encoding one or more antigens. In a preferred case, both constructs may
employ the chimeric promoters of the invention.

[0155] 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.

[0156] The two constructs may be administered separately, simultaneously or sequentially. The two may be admin-
istered 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 seen, that is the immune response generated will be greater and/or for a longer
period than if the adjuvant had not been administered with the antigen. In a preferred instance, the two constructs may
be delivered in the same composition, preferably on the same carrier particles.

[0157] In a preferred 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.

[0158] Particles for particle mediated delivery may be formed by coating the present nucleic acid molecules onto carrier
particles (e.g., core carriers) using a variety of techniques known in the art. Carrier particles are selected from materials
which have a suitable density in the range of particle sizes typically used for intracellular delivery from a particle-mediated
delivery device. Typically carrier particles have a diameter of from 0.1 to 5um, for example 0.5 to 3um, preferably 1 to
2p.m. 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.

[0159] 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 density for use in particle acceleration delivery methods, and allow highly efficient
coating with DNA, tungsten may potentially be toxic to certain cell types. Gold particles or microcrystalline gold (e.g.,
gold powder A1570, available from Engelhard Corp., East Newark, NJ) will also find use with the present methods. Gold
particles provide uniformity in size (available from Alpha Chemicals in particle sizes of 1-3 wm, or available from Degussa,
South Plainfield, NJ in a range of particle sizes including 0.95 wm) and reduced toxicity. Microcrystalline gold provides
adiverse 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.

[0160] A number of methods are known and have been described for coating or precipitating DNA or RNA onto gold
or tungsten particles. Most such methods generally combine a predetermined amount of gold or tungsten with plasmid
DNA, CaCl, and spermidine. The resulting solution is vortexed continually during the coating procedure to ensure
uniformity of the reaction mixture. After precipitation of the nucleic 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.

[0161] As an alternative, the polynucleotides of the invention can be formulated as a particulate composition. Formu-
lation can be carried out using the above-described standard pharmaceutical formulation chemistries. For example, the
polynucleotides can be combined with one or more pharmaceutically acceptable excipients or vehicles to provide 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 International Publication No. WO 97/48485, incorporated herein by
reference.

[0162] These methods can be used to obtain nucleic acid particles having a size ranging from about 0.01 to about
250um, preferably about 10 to about 150um, and most preferably about 20 to about 60 um; and a particle density
ranging from about 0.1 to about 25 g/cm3, and a bulk density of about 0.5 to about 3.0 g/cm3, or greater.

[0163] Once formed, the particles comprising the nucleic acid molecules may be packaged in single unit dosages or
multidose containers. Such containers may comprise an hermetically sealed container enclosing a suitable amount of
the particles. The particles can be packaged as a sterile formulation, and the hermetically sealed 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 be 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.

[0164] The container in which 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 govern-
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mental 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 admin-
istration.

[0165] Particle acceleration devices, suitable for particle-mediated delivery are known in the art. For example, current
gene gun devices employ an explosive, electric or gaseous discharge to propel coated carrier particles towards target
cells. The coated carrier particles can be releasably attached to a movable carrier sheet, or removably 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 device 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 in US Patent No 5,149,655.
[0166] 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 al ( "the PowderJect® needl eless syringe device") and in International Publication Nos.
WO 94/24263, WO 96/04947, WO 96/12513 and WO 96/20022.

[0167] Devices such as the one described in US Patent No.5,630,796 may be provided as a pen-shaped instrument
containing, in linear order moving from top to bottom, a gas cylinder, a particle cassette or package, and a supersonic
nozzle with an associated 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. Membrane materials can be selected to achieve a specific mode of opening and burst pressure that dictate the
conditions at which the supersonic flow is initiated.

[0168] Inoperation, 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 is built up, suddenly
breaches the cassette membranes sweeping the particles into the supersonic nozzle for subsequent 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.

[0169] The delivery system described in International Publication No. WO 96/20022 also uses the energy of a com-
pressed 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 shock wave instead of gas flow to accelerate the particles. More particularly, an
instantaneous pressure 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.

[0170] Particles may be delivered in vivo directly to a subject, or ex vivo to cells taken from a subject, the transformed
cells then being reimplanted 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 intramus-
cularly. Preferably, delivery is to terminally differentiated cells; however, the particles can also be 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.

[0171] 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 1000.g, more preferably 0.01 to 10.0p.g of nucleic acid per dose. However, the exact amount
necessary will vary depending on the age and general condition of the individual being treated 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.

Assays

Comparative Expression Assay

[0172] A suitable test for element utility determines the effect the element has on expression of a polypeptide. The
basis of comparison for testing utility of the elements is a ’base 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-f§ globin_
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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’UTRs are added, or promoter sequences, exons, 5’UTRs and
polyA sites are swapped into the base vectors to create test expression vectors. Thus functional variants or fragments
can be tested.

[0173] The base vectors and test vectors are transformed into suitable host cells and the cells analysed for polypeptide
expression levels. Preferably mammalian host cells are used. Suitable cells include mammalian HEK 293T, CHO, Hela,
BHK, 3T3 or COS cells.

[0174] Typically, a functional element causes expression which is comparable to the base vector, for example at least
the same as orgreater. Preferably expression is tested in more than one cell type and with more than one coding sequence.
[0175] Suitable experimental protocols are provided, for example, in Examples 1 to 13 below.

Comparative Immunogenicity Assay

[0176] Where the polypeptide to be expressed is an antigen, a further test 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.

[0177] This experimentis performed twice, and 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 antibody 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.

[0178] Suitable experimental protocols are provided for example in Example 14 below.

C. Experimental
[0179] 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.

[0180] 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.

Methods

Standard PCR Conditions

[0181] The standard PCR conditions used for the construction of vectors were as follows: 1 x 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, WI), 1.0 ng template DNA, water to 100ul, and
a mineral oil (Aldrich Chemical, Inc, Milwaukee, WI) overlay. The PTC-200 thermocycler (MJ Research, Inc, Waltham,
MA) was programmed to 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 using the QlAquickaPCR Purification Kit
(Qiagen Inc, Valencia, CA) prior to cutting with restriction enzymes (new England Biolabs, Beverly, MA).

[0182] All PCR products were sequenced after cloning to ensure fidelity of the amplification

Example 1. Construction of hepatitis B virus surface antigen. (HBsAg) vector panels

[0183] A number of plasmid expression vectors were constructed for expression of HBsAg.

Starting materials

[0184]
(i) pWRG7128 (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 regions ( HBV preS2 5’'UTR derived sequence and 3’ posttranscriptional response

element) and the bovine growth hormone polyadenylation region (BGHpA)

(i) pJV7284, a derivative of pWRG7128 that exchanges the rabbit 3 globin polyadenylation region RBGpA) for
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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 Sal1 and BamH?1 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 BamH 1 and BstX1 to isolate 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.

pWRG7128 was PCR’d with primers GW1 (SEQ ID NO:17) and, JF254 (SEQ ID NO:18) and cut with BstX1 and
Bgl2 to isolate an insert fragment that contained the 3’-end of the HBsAg coding region. pJV7293 was cut with BstX1
and Bg/2 to generate a vector fragment into which the insert fragment was ligated, resulting in vector pJV7384.
(b) pJV7382 (CMV(no intron), HBsAg 3’'UTR, HBV preS2 5°UTR and RBGpA)

pJV7293 was cut with Xho1 and Xba1 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 Xba1 and Bc/71 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.

(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,
resulting in pJV73809.

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

pJV7384 was cut with BstX1 and EcoR1 to generate an insert fragment containing the 3’ end of the HBsAg coding
region and RBGpA. pJV7389 was cut with BstX1 and EcoR1 to generate 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

[0185] A number of plasmid expression vectors were constructed for expression of HSVgD.

Starting materials
[0186]
(a) pJV7334, a derivative of p?WRG7284 (pJV 7284) that replaces the HBsAg coding sequence with an in-frame

Nhe1 directly downstream of the ATG start codon, followed by a stuffer 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 Nhe1 site.

(a) pJV7392(CMV(native intron), HBsAg 3’ UTR, HBsAg 5’UTR and RBGpA)

[0187] 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 Nhe1 and EcoR1 to generate a vector fragment into which the insert fragment was
ligated, resulting in pJV7391.

[0188] pJV7391 was cut with Nhe1 and Bgl2 to generate an insert fragment containing the HSV2 gD coding sequence.
pJV7334 was cut with Nhe1 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 RBGpA)

[0189] Anintronless 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 pJV 7392 from which the Hind3-Ssp1 fragment
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was removed, resulting in pJV7399.

() pJV7400 (CMV(RIA), HBsAg S'UTR, HBsAg 5’UTR and RBGpA)

[0190] A RIA 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 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), HBsAg 5’"UTR and RBGpA)

[0191] A 3-UTR-less version of pJV7399 was constructed as follows. pJV7391 was cut with Bsp120Il and Bg/2 to
isolate an insert fragment containing the 3’ end of the HSV2 gD gene. pJV7284 was cut with Bg/2 and EcoR1 to isolate
the RBGpA signal. These insert fragments were inserted into pJV7399 from which the Bsp1201-EcoR1 fragment was
removed, resulting in pJV7401.

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

[0192] A 3-UTR-less version of pJV7400 was constructed as follows. pJV7391 was cut with Bsp120Il and Bg/2 to
isolate an insert fragment containing the 3’ end of the 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.

Example 3. Construction of Flu M2 antigen vector panels

(a) pJV7450 (CMV/no intron), HBsAg 5’UTR and RBGpA)

[0193] A coding region for Flu M2 was PCR’d out of plasmid pFL-M2 (Joel Haynes, PJV) using primers JF301 (SEQ
ID NO:23) and JF302 (SEQ ID NO:24) and was cut with Nhe1 and Bg/l2 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), HBsAg 3’'UTR, HBsAg 5’UTR and RBGpA)

[0194] A 3'UTR fragment was PCR’d out of pJV7389 with primers JF84 (SEQ ID NO:25) and JF225 (SEQ ID NO:26)
was cut with Bsp120lI, filled with T4 DNA polymerase, and linkered with Bg/2 linkers (cat# 1036, New England Biolabs).
The fragment was then cut with Bg/2 and EcoR1 to isolate an insert fragment containing the 3’UTR of HBsAg and the
RBGpA region. pJV7450 was cut with Bg/l2 and EcoR1 to generate a vector fragment into which the insert fragment was
ligated, resulting in pJV7452

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

[0195] 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.

(d) PJV7468 (CMV(RIA), HBsAg 3'UTR, HBsAg 5’UTR and RBGpA)

[0196] A version of pJV7458 containing the 3’UTR of HBsAg was constructed as follows: pJV7452 was cut with Bgl2
and EcoR1 to produce an insert fragment containing the HBsAg 3'UTR and RBGpA. pJV7458 was cut with Bgl2 and
EcoR1 to generate a vector fragment into which the insert fragment was ligated, resulting in pJV7468.

Example 4. Construction of Beta-gal vector panels

[0197]

(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:28) and cut with
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Nhe1 and Bgl2 to isolate an insert fragment coding for beta-galactosidase. pJV7452 was cut with Nhe1 and Bg/2
to generate a vector fragment into which the insert fragment was ligated, resulting in pJV7488.

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

pJV7450 was cut with Bgl2 and EcoR1 to isolate an insert fragment containing the RBGpA. pJV7488 was cut with
Bgl2 and EcoR1 to generate a vector fragment into which the insert fragment was ligated, resulting in pJV7533.
(c) pJV7551 (CMV(RIA/Nhel), HBsAg 3'UT4, 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.

(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.
pJV7533 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 (pJV7563)

(a) pJV7496
[0198] pJV7389 was PCR’d with primers JF357 (SEQ ID NO:29) and JF365 (SEQ ID NO: 30), treated with T4 DNA
polymerase to blunt the ends, and cut with Sa/1 to isolate an insert fragment coding for kanamycin resistance. pJV7389

was cut with Ava1, 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

[0199] pJV7389 was PCR’d with primers JF393 (SEQ ID NO:31) and JF406 (SEQ ID NO:32) and cut with Bg/2 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

[0200] 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 EcoR5 to prepare a vector fragment into which the insert fragment was ligated,
resulting in pJV7549.
d) pJV7563
[0201] Primers JF256 (SEQ ID NO:33) and JF257 (SEQ ID NO:34) were annealed to prepare an insert fragment
consisting of a multiple cloning site. pJV7549 was cut Nhe1 and Bgl2 to prepare a vector fragment into which the insert
fragment was ligated, resulting in pJV7563. 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 pJV7563 are as follows:

1-44 Transposon 903 sequences

45-860 Kanamycin resistance coding sequence from Transposon 903

861-896 Transposon 903 sequences

897-902 Sal1 site

903-1587 CMV promoter

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

1719-1724 Fusion of BamH1 and Bglll restriction enzymes

1725-1857 Rat insulin intron A
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1858-1863 BamH1 site
1864-1984 HBV surface antigen 5’- untranslated leader
5 1985-1993 Synthetic start codon/ Nhe1 cloning site
1994-2011 Synthetic cloning sites

2012-2544 HBV enhancer

10
2545-2555 Old vector sequence. No hits against NCBI databases
2556-2686 Rabbit beta-globin polyadenylation region

15 2687-3759 pUC19 vector sequence

Example 6. Construction of Signal Peptide Expression Panels using Human Secreted Alkaline Phosphatse (SEAP) and
Human IgG Fc Fragment (hFc) as Model Antigens

20 (i) pJV7507 (hTPAsp and SEAP)

[0202] pSEAP-Basic (Clontech) was PCR’d with primers JF320 (SEQ ID NO:35) and JF321 (SEQ ID NO:36) then cut

with Nhe1 and Bg/2 to isolate an insert fragment consisting of the human SEAP fragment. pJV7079 (Macklin, et.al.) was

cut with Nhe1 and Bgl2 to prepare a vector fragment into which the insert fragment was ligated, resulting in pJV7507.
25

(ii) pdV7508 (hTPAsp and hFc)

[0203] Human DNA was PCR’d with primers JF386 (SEQ ID NO:37) and FcAS (SEQ ID NO:38) then cut with Nhe1
and Bg/2 to isolate an insert fragment consisting of the human IgG Fc fragment. pJV7079 was cut with Nhe1 and Bg/2
30 to prepare a vector fragment into which the insert fragment was ligated, resulting in pJV7508.

(iii) Preparation of Aprotinin Signal Peptide Coding Sequence

[0204] Synthetic oligo JF354 (SEQ ID NO:39) was PCR’d with primers JF355 (SEQ ID NO:40) and JF356 (SEQ ID
35 NO:41) to generate the coding sequence for the aprotinin signal peptide.

(iv) Preparation of Tobacco Extensin Signal Peptide Coding Sequence

[0205] Synthetic oligo JF348 (SEQ ID NO:42) was PCR’d with primers JF349 (SEQ ID NO:43) and JF350 (SEQ ID
40 NO:44) to generate the coding sequence for the tobacco extensin signal peptide.

(v) Preparation of Chicken Lysozyme Signal Peptide Coding Sequence.

[0206] Synthetic oligo JF351 (SEQ ID NO:45) was PCR’d with primers JF352 (SEQ ID NO:46) and JF353 (SEQ ID
45 NO:47) to generate the coding sequence for the chicken lysozyme signal peptide.

(a) Flu M2 antigen signal peptide panels

[0207] pJV7499 (CMV(no intron), HBsAg5’'UTR, RBGpA. aprotinin s.p.)
50 [0208] pJV7497 (CMV(no intron), HBsAg5’'UTR, RBGpA, tobacco extensin s.p.)
[0209] PJV7500 (CMV(no intron), HBsAg5’UTR, RBGpA, chicken lysozyme s.p.)
[0210] Coding sequences for the signal peptides were cut with Spe1 and Nhe1 to isolate insert fragments. pJV7450
was cut with Nhe1 to prepare a vector fragment into which the insert fragments were ligated, resulting in pJV7499
(aprotinin), pJV7497 (tobacco extensin), and pJV7500 (chicken lysozyme).
55 [0211] (b) SEAP signal peptide panels
[0212] pJV7513 (CMV(no intron), HBsAg5’UTR, RBGpA, aprotinin s.p.)
[0213] pJV7512 (CMV(no intron), HBsAg5'UTR, RBGpA, tobacco extensin sp.)
[0214] pJV7510 (CMV(no intron), HBsAg5’UTR, RBGpA, chicken lysosyme s.p.)
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[0215] pJV7499; 7497, and 7500 were cut with Xho1 and Nhe1 to isolate an insert fragment consisting of the CMV
promoter through the signal peptide coding sequence of the plasmids. PJV7507 was cut with Xho1 and Nhe1 to prepare
a vector fragment into which the insert fragments were ligated, resulting in pJV7513 (aprotinin), pJV7512 (tobacco
extensin), and pJV7510 (chicken lysozyme).

(c) hFc signal peptide panels

[0216] pJV7524 (CMV(no intron), HBsAg5’UTR, RBGpA, aprotinin s.p.)

[0217] pJV7525 (CMV(no intron), HBsAg5’'UTR, RBGpA, tobacco extension s.p.)

[0218] pJV7526 (CMV(no intron), HBsAg5'UTR, RBGpA, chicken lysosyme signal peptide)

[0219] pJV7499, 7497, and 7500, were cut with Xho1 and Nhe1 to isolate an insert fragment consisting of the CMV
promoter through the signal peptide coding sequence of the plasmids. pJV7508 was cut with Xho1 and Nhe1 to prepare
a vector fragment into which the insert fragments were ligated, resulting in pJV7524 (aprotinin), pJV7525 (tobacco
extensin), and pJV7526 (chicken lysozyme).

Example 7. Construction of Human Secreted Alkaline Phosphatase (SEAP) panels

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

[0220] pJV7510was cutwith Sal1 and Bg/2 to isolate an insert fragment containing the CMV promoter through lysozyme
signal peptide. pJV7450 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), HBsAg5’UTR, RBGpA, chicken lysosyme s.p.)

[0221] 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) pdV7568 (CMV(no intron), HBsAg 3UTR, HBsAg5’'UTR, RBGpA, chicken lysosyme s.p.)

[0222] pJV7563 was cut with Bgl2 and EcoR1 to isolate an insert fragment containing the HBV 3’-UTR and RBGpA.
pJV7531 was cutwith Bgl2 and EcoR1 to generate a vector fragment into which the insert fragment was ligated, resulting
in pJV7568.

(d) pJV7572 (CMV(RIA/Nhel), HBsAg 3’ UTR, HBsAg5’'UTR, RBGpA, chicken lysosyme s.p.)

[0223] pJV7563 was cut with Bgl2 and EcoR1 to isolate an insert fragment containing the HBV 3’UTR and RBGpA.
pJV7554 was cut with Bgl2 and EcoR1 to generate a vector fragment into which the insert fragment was ligated, resulting
in pdV7572.

Example 8. Construction of Beta-gal and HBsAg Vectors Using the Chicken Keratin and Chicken Cardiac Actin Introns

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

[0224] Chicken DNA was PCR’d with primers JF430 (SEQ ID NO:48) and JF442 (SEQ ID NO:49) and cut with Bgl2
and BamH1 to isolate an 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)

[0225] Chicken DNA was PCR’d with primers JF421 (SEQ ID NO:50) and JF444 (SEQ ID NO:51) and cut with Bgl2
and BamH1 to isolate 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.
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(c) pJV7578 (HBsAg, CMV(cA intron), HBsAg3’'UTR, HBsAg5’'UTR and RBGpA)

[0226] pJV7557 was cut with Sal1 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 pJV7558.

(d) pJV7579 (HBsAg, CMV(cK intron), HBsAg3'UTR, HBsAg5’'UTR and RBGpA)

[0227] pJV7558 was cut with Sa/1 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 pJV7579.

Example 9. in-Vitro Analysis of Antigen Expression by HBsAg Vector Panels

[0228] On day one, SCC15 (ATCC) or B16 (origin unknown, versions available at ATCC) cells were plated on 6 well
tissue culture plates at 20-40% confluency, and allowed to grow overnightin an incubator. The host cells were propagated
in media recommended by ATCC.

[0229] On day two, the transfection reaction was performed. For each vector to be tested, 20l of Lipofectin® re agent
(Life Technologies Inc, Grand Island, NY) was added to 180l of Optimem® media (Lif e Technologies, Grand Island,
NY), and allowed to incubate at room temperature for 45 minutes. For each vector to be tested, 21.g of vector was mixed
into 200l 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 1ml 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, at which point the Lipofectin® / vector mix was removed and
replaced by standard cell maintenance media.

[0230] At 18 to 24 hours after the media change, from 50 to 100l 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 200u.l with PBS, then 50l of conjugate and a reaction bead were added to each sample. The
vessel is incubated for 80 minutes at 40°C, after which the wells were washed clean of all liquid reaction components.
The beads were transferred to new tubes after which 300l of color development buffer was added. At 30 minutes, the
color development reaction was stopped by the addition of 1 M sulfuric acid, and the absorbance of the reaction was
measured at 490nm. The data shown in Figure 1 is the average absorbance readings of the duplicate wells from two
experiments.

[0231] 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) increased 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. In-Vitro Analysis of Antigen Expression by Beta-gal Vector Panels

[0232] SSC-1 5 or B16 host cells were transfected as described in Example 9.

[0233] At eighteen to fourty hours after the media change, the media supernatants were removed and the cells were
washed with PBS. After removal of the wash, the cells were lysed by incubating the cells in 500l lysis buffer (50mM
NaPOy, 0.1 %Triton X-100, pH 7) for 5 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 25ul of the clea red lysate were added to 500l 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 500l of 1 M Na,CO3 and read at 405 nm. Data is presented as
the ratio of the expression of enhanced (containing an intron, HBVenh, or both) vector to a base vector.

[0234] TheadditionofRIA,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.
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Example 11. In-Vitro Analysis of Antigen Expression by HSV gD Vector Panel

[0235] SCC15 or B16 host cells were transfected as described in Example 9. Eighteen hours post transfection, plates
were placed on ice for 15 minutes. Each well was then washed with 2 ml of PBS (Biowhittaker, Walkerville, MD). Cells
were fixed with 0.05% gluteraldehyde (Polysciences Inc, Warrington, PA) diluted in PBS and incubated for 30 minutes
atroom temperature. Allsubsequent incubations lasted 1 hour at room temperature 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 followed. Color was developed using 1 ml of TMB microwell substrate (BioFX, Owings Mills,
MD). The reactions were stopped with 1 M H,SO,, 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.

[0236] Addition of RIA with or without the HBV 3'UTR to a base vector (CMV promoter, exon and polyadenylation
region) increased the expression of HSV gD in both cell lines. Results for SC15 cells are shown in Figure 4.

Example 12. In-Vitro Analysis of Antigen Expression by SEAP Vector Panels

[0237] SCC15 or B16 host cells were transfected as described 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 pl of the heat-in
activated supernatants were incubated for 5 minutes with 1/10t volume of 100mM 1-homoarginine. 500! of alkaline
phosphatase reaction buffer (cat # 172-1063, Bio-Rad, prepared according to instructions) were added to the lysates
and incubated at 37°C for 10 to 20 minutes. The reaction was stopped by the addition of 500l of 1 M NaOH and read
at 405 nm. Data is presented as the ratio of the expression of enhanced (containing an intron, HBVenh, or both) vector
to abase vector, or the ratio of the expression of the experimental signal peptides to the human TPA signal peptide vector.
[0238] As shown in Figure 5, the addition of RIA, the HBV 3’'UTR or both elements to a base vector (hnCMV promoter,
exon and polyadenylation region) increased the expression of SEAP in B16 cells. Unexpectedly, only the addition of the
HBV 3'UTR to a base vector (CMV promoter, exon and polyadenylation region) increased the expression of SEAP in
SCC15 cells.

[0239] 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 shown in Figure 6.

Example 13. In-Vitro Analysis of Antigen Expression by Human IgG Fc Fragment Signal Peptide Panel

[0240] 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.

[0241] ELISA plates (Costar) were incubated overnight at 4°C with 100wl of goat anti-human IgG (Sigma #13382,
1/1000 dilution in carbonate coating buffer) per well. All subsequent incubations lasted 1 hour at room temperature with
washes (10mM Tris, 150mM NaCl, 0.1% Brij-35, pH8.0) between each incubation. The wells were then blocked with
100pl 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 100l of goat anti-human IgG/HRP (Sigma #A6029,
1 /5000 dilution in dilution buffer) per well, followed by color development using 1001 of TMB microwell substrate. The
reactions were stopped with 100ul of 1 M H,SO,, 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.

[0242] Addition of signal peptides from either bovine aprotinin, chicken lysozyme, or tobacco extensin to the N-terminus
of the human Fc fragment allowed for efficient secretion of hFc into cell media supernatants of both cell lines. Results
for B16 cells are shown in Figure 6.

Example 14. Use of the HBsAg, HSVgD and Flu-M2 plasmid expression vectors for immunisation of mice

a. Preparation of cartridges of immunisation

[0243] For each plasmid to be tested, 25mg of 2 micron gold powder was weighed into a microfuge tube. After the
addition of a 250p.l 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 100l aliquot. The gold was
resuspended by vortexing, after which 25.g of DNA was added to the tube and mixed. While the tube was lightly vortexed,
100ul of 10% CaCl (Fujisawa USA, Inc, Deerfield, IL) was added to precipitate the DNA onto the gold beads. The
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precipitation reaction was allowed to proceed for 10 minutes on the benchtop, after which the gold was collected by a
brief microfuge spin and washed three times with absolute ethanol (Spectrum Quality Products, Inc, Gardena, CA) to
remove excess 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 Tefzela 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 tube was
cut into 0.5" "shots" of vaccine which were loaded into the XR1 device (PowderJect Vaccines) for delivery to the mice.

b. Vaccination Procedure

[0244] 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

[0245] At six weeks, blood samples were harvested from vaccinated animals. A volume of serum 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 depended upon the antibody titer of the sample, and the sample was diluted
with sample dilution buffer to fall within values obtainable with a quantification panel panel. 200l 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 which the vessel was sealed and incubated for two hours at 40°C. The wells were then
washed of all liquid reaction components. To each washed well was added 200p.l of conjug ate mix, after which the
vessel was sealed and incubated for two hours at 40°C. The wells were then washed of all liquid reaction components.
The beads were transferred to new tubes after which 300wl of color development buffer was added. At 30 minutes, the
color development reaction was stopped by the addition of 1 M sulfuric acid, and the absorbance of the reactions was
measured at490nm in a Quantum II1® spectrophotometer (Abbott Laboratories, Abbott Park, IL) . This spectrophotometer
calculates the antibody levels of a sample 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

[0246] 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 1 ug/ml in PBS (Biowhittaker, Walkerville, MD)
and incubated overnight 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 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-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 conjugated antibody (Southern Biotechnology Associate, Bir-
mingham, AL) diluted 1:8000in 2% dry 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 1M H,SO, and the plates read at 450nm with an Emax
precision microplate 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 normalized 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.

Analysis of Sera for Anti-HSV gD Antigen Antibodies

[0247] 96-well Costar medium-binding ELISA plates (Fisher Scientific Pittsburgh, PA) were coated with HSV gD (Viral
Therapeutics, Ithaca, NY) protein at a concentration of 1ug/ml in PBS (Biowhittaker, Walkerville, MD) and incubated
overnight 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 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
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(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 conjugated antibody (Southern Biotechnology Associate, Birmingham, AL)
diluted 1:8000 in 2% dry 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 1M H,SO, and the plates read at 450nm with an Emax precision
microplate 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 normalized 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.

[0248] Accordingly, novel nucleic acid constructs, compositions comprising these constructs, and nucleic acid immu-
nization techniques using these constructs have beendescribed. Although preferred embodiments of the subjectinvention
have been described in some detail, it is understood that obvious variations can be made without departing from the
spirit and the scope of the invention as defined by the appended claims.

SEQUENCE LISTING
[0249]
<110> JAMES FULLER
<120> NUCLEIC ACID CONSTRUCTS
<130> APF 33 (X.13149 GCW)
<160> 53
<170> PatentIn version 3.1
<210> 1
<211> 685

<212> DNA
<213> Human cytomegalovirus

<400> 1
aatattgget attggccatt geatacgttg tatctatatc ataatatgta catttatatt 60
ggétcatétc c‘laatatgacc gccatgttga cattgaftat tgac'ta'gﬁta' ttaatagta§ ;1.20
tcaaﬁtﬁcgg ggtcat@agﬁ(tbatagccca tétatggagt tecegegttac ataacttacg :180
gtaaatggcc cgectggetg accgeccaac gacccecgee éattgacgté aataatgacg 240
tatgttececa taétaacgcc aatagggact ttccattgac étcagtgégt ggagtattta 300
lcggta_aactg cccacttgge agtacatcaa gtgtatcata tgcéaégtcc gccecectatt 360
gaégtcaatg acggtaaatg gcdcgcctgg catfatgccc' agtacatéac cttacgggac - 420
tttectactt ggcagtacat ctacgtatta gtcatcgeta ttéccatggt gatgcggﬁtt 480
tggcagtaca ccaatgggeg tggata_g¢gg tttgactcac ggggétﬁ:tcc aagt:ctccac 540
cccatt:gacg tcaatgggag {:ttgttttgg' car::caaaatc, aécggéactt tccaaaatgt 600
cgtéafaaéc ccgcéccgtt gacgcaaatg ggcggtagge gtgtacggtg gga;ggtctat 660
ataa'gclaga'g ctegtttagt gaace ' ’ ' V 685

<210> 2

<211> 131

<212> DNA

<213> Human cytomegalovirus

<400> 2
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<211>
<212>
<213>

<400>

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

<220>
<223>

<400>
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gtcagatcge ctggagacge catccacget gttttgacet ccatagaaga

gatccagect ccgeggeegg gaacggtgea ttggaacgeg gatteccegt

actcaccgte

3

135

DNA

Rattus rattus

[

atcagcaagc aggtatgtac tctccagggt gggcetgget tceccagtea

gatttgaggg acgectgtggg ctettetcett acatgtacct tttgctagee

ctatcttececa ggtea

4
955
DNA

Artificial sequence

Chimeric promoter sequence

4

aatattgget
ggctcatgtc
tcaattacgg
gtééatggcc
tétgttccca
cggtaaactg
gacgtcaatg
tttectactt
tggcagtaca

cccattgacyg

cgtaataace’

ataagcagag
gacctbcata
acgcggatte
tc;ccagggt
ctcttetett

<210> 5
<211> 121
<212> DNA
<213> Hepatitis B virus

<400> 5

attggccatt

caatatgacc

ggtcgttagt

cgeetggetg
tagtaacgec
cccacttggé
acggtaaatg
ggcagtacat
ccaatgggeg
tcaatgggag
écgccccgtt
ctcgtttagt
gaagacaccg
cchtgccaa
gggectgget
acatgtacct

gcatacgttg
gccatgttga
tcatagccéa
acégcccaac.
aatagggact
agtadatca#
geeccgectgg
ctacgtatta
tggatagcgg
tttgttttgg
gacgcaaatg
gaaccgtcgg
ggaccgatce,
gagtgacteca
tececcagtea

tttgettgee

tatctatate
cattgattat
tatatégagt
gaccccegec
ttcecattgac
gtgtatcata
cattatgeece
gtcategeta
tttgacfcgc
caégaaaatc
ggcggtagge
ategectgga
agcctccgcg
cegtecggat
agactccagg

tcaaccctga

34

ataatatgta
ﬁgactagtta
tecegegttac
cattgacgte
gtcaatgggt

tgeccaagtee

agtacatgac’

ttaccatggt
ggggatttcc
agcgggactt
gtgiacggtg
gacgeccatce
gccgégaacg
ctecagcaage
gatttgaggg
ctatéttcca

DK/EP 1685251 T3

caccgggace

gccaagagtg

agactccagg

tcaaccctga

catttatatt

ttaétagtaa
ataacttacg
aataatgacg
ggagtattta
gecccectatt

cttacgggac

gatgeggttt

aagtcteccac
fécaaaatgt
ggaggtctat
acgctgtttt

gtgcattgga’
aggtatgtac

acgctgtggg
ggtcé

60

120
131

60

120
135

60

120

180

1240

300
360
420
480
540

600

660
720
780
840
900
955
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tccgaatatt gectctcaca tetcecgtcaat ctecegegagg actggggace ctgtgacgaa

<210> 6,
<211> 57
<212> DNA

<213> Herpes simplex virus

<400> 6

ataagctgca ttgcgaacca ctagtcgeceg tttttcgtgt gcatcgegta tcacgge

<210>7
<211> 48
<212> DNA

<213> Hepatitis B virus

<400> 7

ctttgtacta ggaggctgta ggcataaatt ggtctgttca ccagcacce

<210> 8
<211> 533
<212> DNA

<213> Hepatitis B virus

<400> 8

taacaaaaca
ggggacattg
tgtaaacagg
tgotocattt
taaacaggct
cétﬁtacccc
cactggctgg
geccgatecat

gctecatagga

<210>9
<211> 158
<212> DNA

aaaagatggg

ccacaagatce-

cctattgatt
acacaatgtg
ttcactttct
gttgetegge
ggcttggqca
actgeggaac

actgacaatt

<213> Simian cytomegalovirus

<400> 9

gttattecect
atattgtaca
ggaaagtatg
gatatcectge
cgccaactta
aacggcctgg
faggccatca
tccfagccgc

ctgtegteet

48

aaacttcatg
aaagatcaaa
tcaaaggatt
cttaatgcet
caaggccttt
fctgtgcdaa
gcgcatgegt
ttgttttget

ctegeggaaa

57

ggttacgtaa
cactgtttta
gtgggtettt
ttgtatgcat
ctéagtaaac
gtgtttgetg
ggéacétttg
cgcagecggt
éatacatcgt

ttggaagttg

gaaaacttcc

'tgggctttgc :

gtatacaagc

aétacatgaa

acgcaacccece -

‘tggctectet

ctggagcaaa
tte

gtcagacaga cagacagtta tatgggcetgg tccctataac tctgecattg taacceccata

tagccagaca gttagecattg catctattga tgatgtacta atgtattgta acceccccta

tgccattgte taactgtact aatgtatgat attatace

35

60
120

121

60
120
180
240

- 300
360

420
480

533

' 60

120
158
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<210> 10

<211> 131

<212> DNA

<213> oryctolagus cuniculus

<400> 10

gatcttttte cctetgecaa aaattatggg gacatcatga agceccttga
tctggctaa£ aaaggaaatt tattttcatt gecaatagtgt gttggaattt.
tcaétcggaa g '

<210> 11

<211> 204

<212> DNA

<213> Simian cytomegalovirus

<400> 11

atatatactc tatgttatac tctatgatat acaatatata ctcatgaaca
ggtgtatgac tca_\tta'ttgt ctéggacttg gttgggactt ggttggttgg
gtécctgtac ttgtgetgtg ctgtggatcet caataaatgt gactatgttce
gtgcccecegt gtcettottta acta '

<210> 12

<211> 163

<212> DNA

<213> Herpes simplex virus 2

<400> 12

gaagacgagc tctaagggag gggaggggag ctgggecttgt gtataaataa
atgttcaaaé atacacatga.cttctggtat tgttttgect tggtttttat
gggggcgtgt gactagaaaa acaaatgcag acatgtgcta acg

<210> 13

<211> 191

<212> DNA

<213> Human papillomavirus type 16

<400> 13

aattgttaca tataattgtt gtataccata acttactatt ttttettttt
tataattttt ttttttgttt gtttgtttgt tttttaataa actgttatta
cgacacaaac gttctgcaaa acgcacaaaa cgtgcatcgg ctaccecaact

tgcaaacagg ¢

<210> 14

<211> 3759

<212> DNA

<213> Artificial sequence

<220>
<223> pJV expression vector

36
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gcatctgact
tttgtgtete

ctatgtactt
gaagaatgtt

aaaacactaa

aaagacaccg

ttgggggggg

tattttcata
cttaacaatg

ttataaaaca

60
120
131

60
120
180

‘204

60
120
163

60
12
180

191
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<220>

<221> Intron

<222> (1725)..(1857)
<223> Rat Ins IntA

<220>

<221> misc_feature

<222> (1) .. (44)

<223> Tn903, pUC4K Remnants

<220>

<221>" misc_feature

<222> (861) .. (896)

<223> Tn903, pUC4K Remnants

<220>

<221> misc_feature
<222> (897) .. (902)
<223> pUC19 MCS

<220>

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

<220>

<221> polyA_site
<222> (2647)..(2647)
<223> PolyA_Site_1

<220>

<221> promoter
<222> (903)..(1587)
<223> CMV Pro

<220>

<221> 3JUTR

<222> (2012)..(2544)
<223> HBVenh

<220>

<221> 5UTR

<222> (1864)..(1984)

<223> 5-UTR of HBV pre-S2

<220>

<221> misc_feature
<222> (1719)..(1724)
<223> Bam/Bgl fusion
<220>

<221> misc_feature
<222> (1985)..(1987)
<223> ATG-Nhe

<220>

<221> misc_feature
<222> (1988)..(2011)
<223> CDS insertion site

37
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<220>

<221> misc_feature
<222> (2545)..(2555)
<223> unknown

<220>

<221> exon

<222> (1588) .. (1718)
<223> CMV Exon 1/2

<220>

<221> misc_feature
<222> (2693)..(3759)
<223> pUC19

<220>

<221> misc_feature

<222> (45)..(860)

<223> KanR (Tn903) complement

<400> 14

38
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ggegtaatge
agcatcaaat
ééccgtttct
tggtateggt
tcaaaaataa
ggcaaaagct
tcaaaatcac
aatacgcgat

aacactgcca

~aatgctgttt

aaatgcttga
tctgtaaéat
ggcticccat
ttatacccat
tcecegttgaa
acaat;ttgg
ttggatcatg
aatcaat?ac

cggtaaatgg

«cgtatgttcc

tacggtaaac
ttgacgtcaa
actttccfac

tttggcagta

.accccattga

gtcgtaataa

atataagcag

tctgececagtg
gaaactgcaa
gtaatgaagg
ctgcgattcc
ggttatcaag
tatgecattte
tecgeatcaac
cgctgttaaa
gcgcaicaac

tecececggggat

tggtcggaag-

cattggcgac
acaatcgata
ataaatéagc
tatggcteat
ctattggceca
tccaatatga
ggggtcatta
cccgectgge
catagtaacg

tgcccacttg

fgacggtéaé

ttggcagtac

caccaatggg

cgtcaatggyg

ceceecgececg

agctegttta

EP 1 685 251 B1

ttacaaccaa

tttattcata

agaaaactca

gactcgtecca
tgagaaatca
tttecagact
caaaccgtta
aggacaatta
aatattttea
°gqagt95tg
aggcataaat
gctacctttg
gattgtegea
atccatgttg
aaéaéccctt
ttgcatacgt
ccgecatgtt
gttcatagec
tgaccgcceca
ccaataggga
gcagtacatc
éggcccgcct
atctacgtaﬁ
cgtggatage
agtttgtttt

ttgacgcaaa

ttaaccaatt
tcaggﬁftat
ccgaggcagt
acatcaatac
ccétgagtga
tgttcaacag
ttecattcgtg
caaacaggaa
cctgaatcag

agtaaccatg

tecgtecagee

ccatgttteca
qctgattgcc
gaatttaatc
g£attactgt
tgtatctaﬁa
gacattgatt
catatatgga
acgacccccé
ctttceattg
aggtgtafca
ggcattatge
tagtecatcge
ggtttgacte
ggcaccaéaa

tgggeggtag

ctgattagaa
caataccata
tccataggat
aacctattéa_
cgactgaatc.
gccagecatt
attgcgectg
tcgaatgcaa
gatattctte
cétcétcagg
agtttagtet
gaaacaactc
cgacattatc
gcggectcga
ttatgtaage
tcataatatg
attgactagt
éttccgcgtt
cccattgacd

acgtcaatgg

‘tatgccaagt

ccagtacgtg'
tattaccatg
aéggggattt
fcaacgggac

gegtgtacgg

DK/EP 1685251 T3

aaaétcatcg
tttttgaaaa
ggcaagatce
tttececteg
cggtgagaat

acgctcgtca

agcgagacga.

ceggegeagg

taatacctgg.
agtacggata ’

gaccatctca

thcgcatcg
gcgagecccat
gcéagaégtt
agacaggteg
tacatttata
tattaatagt

acataactta

tcaataatga: .

gtggagtatt

apcttacggg
gtgatgeggt
ccaagtctce
ttteccaaaat

tgggaggtet

gtgaacc gtc aga tcg cect gga gac gec atc cac

Val Arg Ser Pro Gly'Asp Ala Ile His

1 .

5

gct gtt ttg acc tecec ata gaa gac acc ggg ace-gat cca gee tece geg

Ala Val ieu Thr Ser Ile Glu Asp Thr Gly Thr Asp Pro Ala Ser Ala
15 ’

10

20

25

gece ggg aac ggt geca ttg gaa cge gga tte cec gtg cca aga gtg act
Ala Gly Asn Gly Ala Leu Glu Arg Gly Phe Pro Val Pro Arg Val Thr

39

60
120
180

240

300
360
420
480
540
600
660
720
780
840"
200
960
1020

1080

1140

11200

cegeceecta f.1266

1320

1380

1440
1500
1560

1614

1662

1710
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30 40

cac cgt cc ggatctcage aagcagg?at.gtactctccé gggtgggect ggettcecca 1768
His Arg ’
gtcaagactc cagggatttg agggacgétg tgggctctte tcttacatgt accttttget 1828
tgcctcaace ctgactatcet tccaggtcag gatcccagag tcaggggtet gtattttect 1888
gectggtgget ccagttcagg aacagtaaac cctgetcecga atattgectc tcacatcteg . 1948
tcaateteeg cgaggactgg ggaccctgtg acgaacatgg ctagegggee cagatctggg 2008
ccctaacaaa acaaaaagat égggttattc cctaaactte atgggttacg taattggaag 2068
ttgggggaca ttgccacaag atcatattgt acaaaagaté aaacactgtt ttagaaaact 2128
tecctgtaaac aggectattg attggaaagt atéécaéégg attgtgggte tfttgggctt 2188
tgctgctcececa tttacacaat gtggatatce tgccttaaté cctttgtatg cétgtataca 2248
agctaaacag gettteactt tctegecaac ttacaaggec tttctaagta aacagtacat 2308
gaacctttac ccqgttgctc ggcaacggec tggtctgtge caagtgtttg ctgacgeaac 2368
ccccactgge tgéggcttgg ccataggcca tcagegecatg cgtggaaccf ttgtggctcc ' 2428
tctgecgate catactgegg aactectage cgettgtttt getegeagee ggtctggagcA 2488
aaagdtcaﬁa.ggaactgaca attctgtegt cctctégcgg aaatatacat cgtttcgatc 2548
‘tacgtatgat ctttttcect ctgccaaéaa ttatgéggac,atcatgaagc cccttgagea 2608
tctg#cttct ggctaataaa ggaaatttat tttcattgca atagtgtgtt.ggaatttttt 2668
gtgtctetea ctéggaagga attctgcatt aatgaatcgg ccaacgcgeg gggagaégcg 2728
gtttgegtat tgggegetct tccgcttcct:égctcactga;ctcgctgcgc tcggtcgtté 2788
ggctgcggcg.agcggtatca gctcactcaa'aggcggtaét acggttatcc acagaatcag = 2848
.gggataacgc aggaaagaac atgtgagcaé aaggccagca aaaggccagg aaccgtaaaa 2908
aggccgegtt éétggcgttt ttccétaggc tccgcécccc tgacgagcat cacaaaaatc 2968
gacgctbaég tcagaggtgg cgaaaccega caggactata aagataccag gegttteecc 3028
ctggaagctce ccﬁcgtgcgc tctcctéttc cgaécctgéc gcttaccgga tacectgtceg = 3088
cctttetecee ttcgggaag? gtggcgettt ctcatagete acgetgtagg éatctcagtt I3148
cggtgtaggt'cgttcgctcc aagctgggét gtgtgcécga accccchtt cagcccgaéc 3208 -
gctgegectt atceggtaac tategtettg agtecaacec ggtaééacac gacttatcge 3268
cactggcégc agccactégt aacaggatta gcagagcgag gtatgtagge ggtgctacég 3328
agttcttgaa gtggtggcct aactacgget acactagaag aacagtattt ggtatctgeg 3388
ctctgc£gaa gcéagﬁtacc ttcggaaéaa gagttggtag ;tcttéaﬁcc ggcaaacaaa 3448
ccgccgctgg tageggtggt ttttttgtﬁt gcaagcagca gattacgege agaaaaaaag 3508
gatctcaaga agatcctttg atctttteta cggggtetga cgctcagtég aacgaaaact | 3568
cacgttaagg gattttaggtc atgagattat caaaaaggat cttcacctag atccttttaa ‘3628
attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tcégacagtt 3688
accaatgctt aatcagtgag gcacctatct cagegatctg tctatttegt tcatcecatag 3748
ttgectgact ¢ 3759

<210> 15

<211> 42

<212> DNA

<213> Artificial sequence
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<220>
<223> Primer

<400> 15

EP 1 685 251 B1

ggaggatccg gacggtgagt cactcttgge acggggaate cg 42

<210> 16

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 16
ggtgaatatg gctcataaca ¢ 21

<210> 17

<211> 23

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 17
ccgecgaaca tggagaacat cge

<210> 18

<211> 33

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 18
cacagatctt ttgttagggt ttaaatgtat acc

<210> 19

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 19
ggaggatcct gacctggaag atagtcacc

<210> 20

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

23

33

29

1
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<400> 20
ggaggatcca tcagcaagca ggtatg

<210> 21

<211> 33

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 21
ggagctagcg ggcgtttgac ctccggegte ggg

<210> 22

<211> 37

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 22

EP 1 685 251 B1

26

33

ggagaattca gatctcctct agtaaaacaa tggcetgg 37

<210> 23

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 23

ggagctagcc ttctaaccga ggteg 25

<210> 24

<211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 24
ggaagatctc cttactccag ctctatgctg

<210> 25

<211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 25
ggcgaattcc ttccgagtga gagacac

30

27

42
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<210> 26

<211> 43

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 26

EP 1 685 251 B1

ggagtataca tttaaagggc cctaacaaaa caaaaagatg ggg 43

<210> 27

<211> 31

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 27
ggagctagct cgtttacttt gaccaagaac g

<210> 28

<211> 36

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 28
ggaagatctc cttatttttg acaccagacc aactgg

<210> 29

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 29
ggagtcgacc tgtctgctta cataaacag

<210> 30

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 30
cgtaatgctc tgccagtgtt acaacc 26

<210> 31
<211> 20
<212> DNA

31

36

29

43
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<213> Artificial sequence

<220>
<223> Primer

<400> 31
gaaagatctc agcaagcagg 20

<210> 32

<211> 47

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 32

EP 1 685 251 B1

ggaggatcct gacctggaag atagtcaggg ttgaggcaag caaaagg

<210> 33

<211> 12

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 33
ctagcgggcec ca 12

<210> 34

<211> 12

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 34
gatctgggcec cg 12

<210> 35

<211> 28

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 35
ggagctagca tcatcccagt tgaggagg

<210> 36

<211> 28

<212> DNA

<213> Artificial sequence

<220>

28

44

47

DK/EP 1685251 T3
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<223> Primer

<400> 36
ggtagatctc ctecatgtctg ctcgaage 28

<210> 37

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 37
ccaagctagc gacaaaactc acacatgcc 29

<210> 38

<211> 45

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 38
ggaagatctc gtttaccbcet gtcatttacc cggagacagg gagag 45

<210> 39

<211> 57

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide

<400> 39
aagatgtcca gactetgtct ctecegtggece ctectegtge tectcgggac actcgee

<210> 40

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 40
ggaactagta agatgtccag actc 24

<210> 41
<211> 25
<212> DNA

<213> Artificial sequence

<220>
<223>. Primer

<400> 41

45

57
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ggaagctagc ggcgagtgtc ccgag 25

<210> 42

<211> 75

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide

<400> 42

DK/EP 1685251 T3

‘ggaaagatgg ccagccﬁctt tgccacatf:t ctegtggtge tegtgagect cégcctégcc ’ 6b

agcgaaagca gcgcc

<210> 43

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 43
ggaactagtg gaaagatggc cagc 24

<210> 44

<211> 26

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 44
ggaagctagc ggcgctgctt tcgcetg 26

<210> 45

<211> 51

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide

<400> 45
aggtctttge taatcttggt gcetttgcttc ctgcccctgg ctgcetetggg g

<210> 46
<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

46

51

75
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<400> 46
ggaactagta ggtctttgct aatc 24

<210> 47

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 47
ggaagctagc ccccagagca gecag 25

<210> 48

<211> 31

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 48
ggagctagct cgtttacttt gaccaagaac g

<210> 49

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 49
ggaagatctc cggtgagtgg tgctg 25

<210> 50

<211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 50
gcaggatcca gtagacctgg agagaggaca ag

<210> 51

<211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 51
ggaagatcta caaggtgagc tgctgtgge

EP 1 685 251 B1

31

32

29

47
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<210> 52

<211> 490

<212> DNA

<213> Pseudo rabies virus

<400> 1

tggcegcaga gogggeeggg
cattggeceg ggegagecga
gaggaagtag‘ggagagaaat
cggacatgeca aagtagacgce

gggcaagatg gccgecgegg’

cgaaatccca ttggecggeg
gaagcgggeg agaaaaatcc
cattggteeg cttacctggg
cgtéggacft o :

<210> 53

<211> 495

<212> DNA

<213> Rous sarcoma virus

<400> 2

ctgctqcétg cttgtgtgtt.

acaaggcaag gcttgaccga

étgcttcécg atgtacggge

cgaaaagegg ggetteggtt

ttftgcatag ggagggggaa
taacgatgag.ttagcaacat
tgéaagtaag gtggtacgat
ttggacgﬁ?c cactgaatte

acaataaacg ccatt

EP 1 685 251 B1

catgcaaatc
gatggccgcc
cécattggcc
gagaggaagt
gggecgggea
gecegecatet

cattggccgg
ggcgggetet

ggaggtcget
caattgcatg
cagatatacg
gtacgeggtt
atgtagtctt
gccétaéaag

cgtgeccttat

cgcattgcag.

agaggegege
gegggggeeg
gtegagggge
gggcgagaga
tgcaaatggt
tgggecggge
ccgtegggga

ccteggggeg

.gagtagtgcg

aagaatctge

cgtatctgag

aggagttcee
atgcaatéca
gagéga;&aa
faggaéggca
agataattgt

48

gggagacgee
gacatgcaaa
caagatggceg
aaﬁcccattg
cctegegagg
atgcaaagca
agthgcggé
cttataageg

cgagcaagat
.ttagggttag
gggactaggg
tcagéatata
ctﬁétégtct
gcaccgtgca
aéagacaggt

atttaagtge

DK/EP 1685251 T3

tecegegegee
gtagacgcga
ccctegggge
gecegtegatg
aagttccteg

gacgécagag

gaaaatcgge
cggtctececat

ttaagctaca

écgttttgcg "

tgtgtttagg
gtagtttqgc

tgcaacatgg.
tgcegattgg -

ctgacatgga
ctagctcgat

60
120
180
240-
300
360
420
480"
490

60
120
180
240
300
360

- 420

480
495
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PATENTKRAV

1. Nukleinsyrekonstruktion omfattende:
(i)  en kimaer promotorsekvens, som omfatter:

(@) en umiddelbar tidlig promotorsekvens (immediate early promoter
sequence) fra hCMV;

(b) exon 1 og i det mindste en del af exon 2 fra det store umiddelbare tidlige
hCMV-gen, idet exon 1 og i det mindste en del af exon 2 er sammen-
haengende; og

(c) et heterologt intron, som helt eller delvis erstatter det native intron A i det
store umiddelbare tidlige hCMV-gen;

(i) en kodende sekvens, der er funktionelt koblet til promotorsekvensen (i), og;

(iii) en forstaerkersekvens 3’ for og funktionelt koblet til den kodende sekvens (ii);
hvor forsteerkersekvensen er afledt fra en 3’UTR i en HBsAg-sekvens, og den
kodende sekvens (ii) er heterolog til forstaerkersekvensen.

2. Nukleinsyrekonstruktion ifglge krav 1, som endvidere omfatter en ikke-translateret
ledersekvens afledt af HBVpreS2-antigensekvensen, HBV-e-antigensekvensen og
HSV-type-2gD-antigensekvensen, idet ledersekvensen er funktionelt koblet til
promotoren og den kodende sekvens, og den kodende sekvens er heterolog til den

utranslaterede ledersekvens.

3. Nukleinsyrekonstruktion omfattende:
(i)  en kimaer promotorsekvens, som omfatter:

(@) en umiddelbar tidlig promotorsekvens (immediate early promoter
sequence) fra hCMV;

(b) exon 1 og i det mindste en del af exon 2 fra det store umiddelbare tidlige
hCMV-gen, idet exon 1 og i det mindste en del af exon 2 er sammen-
haengende; og

(c) et heterologt intron, som helt eller delvis erstatter det native intron A i det
store umiddelbare tidlige hCMV-gen;

(i)  en kodende sekvens i funktionel kobling med den kimaere promotor;
(iii) en utranslateret ledersekvens, som er valgt blandt HBVpreS2-antigensekvensen,

HBV-e-antigensekvensen og HSV-type-2D-antigensekvensen, og som er i

funktionel kobling med den kimaere promotor; og
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(iv) en forsteerkersekvens, som er afledt af en 3'-utranslateret region (UTR) i en
HBsAg-sekvens, som er i funktionel kobling med den kimaere promotor, og som

findes nedstrams for den kodende sekvens.

4. Nukleinkonstruktion ifglge et hvilket som helst af de foregaende krav, hvori

(i)  den umiddelbare tidlige promotorsekvens (a) fra hCMV omfatter SEQ ID NO: 1,
en funktion variant deraf med mindst 80% identitet eller et funktionelt fragment af
en af disse; og/eller

(i) exonsekvens (b) omfatter SEQ ID NO: 2, en funktionel variant deraf med mindst
80% identitet eller et funktionelt fragment af en af disse.

5. Nukleinsyrekonstruktion ifelge et hvilket som helst af de foregaende krav, hvori det
heterologe intron (c) omfatter en sekvens valgt blandt en rotteinsulingen-intron-A-
sekvens, en kyllingekeratingen-intron-A-sekvens, en kyllingehjerteactingen-intron-A-
sekvens, en funktionel variant med mindst 80% identitet med intron-A-sekvensen og et

funktionelt fragment af intron-A-sekvensen eller af den funktionelle variant deraf.

6. Nukleinsyrekonstruktion ifglge krav 5, hvori rotteinsulingen-intron-A-sekvensen
omfatter SEQ ID NO: 3, en funktionel variant deraf med mindst 80% identitet eller et
funktionelt fragment af en af disse.

7. Nukleinsyrekonstruktion ifglge et hvilket som helst af de foregadende krav, hvori

(i)  den utranslaterede ledersekvens er valgt blandt SEQ ID NO: 5, SEQ ID NO: 6,
SEQ ID NO: 7, en funktionel variant med mindst 80% identitet med en hvilken
som helst af SEQ ID NOS: 5 til 7 eller et funktionelt fragment af en hvilken som
helst af SEQ ID NOS: 5 til 7 eller af varianten deraf; og/eller

(i)  forsteerkersekvensen er valgt blandt SEQ ID NO: 8, en funktionel variant med
mindst 80% identitet med SEQ ID NO: 8 eller et funktionelt fragment af SEQ ID

NO: 8 eller af varianten deraf.

8. Nukleinsyrekonstruktion ifglge et hvilket som helst af de foregadende krav, som
omfatter:
(i)  en polyadenyleringssekvens og/eller

(i)  en sekvens, der koder for et signalpeptid.

9. Nukleinsyrekonstruktion ifglge krav 8, hvori:

50



10

15

20

25

30

35

DK/EP 1685251 T3

(i)  polyadenyleringssekvensen er en polyadenyleringssekvens af et gen valgt
blandt kanin-B-globingenet, det tidlige eller det sene gen fra humant papillom-
virus (HPV), HSV-2gB-genet, et umiddelbart tidligt abe-CMV-gen og et sent
HSVgD-gen, en funktionel variant med mindst 80% identitet med en hvilken som
helst af de neevnte sekvenser eller et funktionelt fragment af en hvilken hvilken
som helst af polyadenyleringssekvenserne eller de funktionelle varianter deraf;
ogl/eller

(i)  signalpeptidet er valgt blandt humant vaevsplasminogenaktivator-signalpeptid
(hTPAsp), aprotinin-signalpeptid, tobak-extensin-signalpeptid, kyllingelysozym-
signalpeptid, en funktionel variant med mindst 80% identitet med en hvilken som
helst af sekvenserne eller et funktionelt fragment af en hvilkken som helst af

sekvenserne, som koder for signalpeptidet eller den funktionelle variant deraf.

10. Nukleinsyrekonstruktion ifglge krav 9, hvori polyadenyleringssekvensen er valgt
blandt SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, en funktionel
variant med mindst 80% identitet med en vilkarlig af SEQ ID NOS: 10 til 13 eller et
funktionelt fragment af en vilkarlig af SEQ ID NOS: 10 til 13 eller af varianten deraf.

11. Nukleinsyrekonstruktion ifglge et hvilket som helst af de foregdende krav, hvori

den kodende sekvens koder for et antigen.

12. Nukleinsyrekonstruktion ifglge krav 11, hvori antigenet er et antigen til et viralt,

bakterielt, parasitisk eller fungalt pathogen, et allergiantigen eller et cancerantigen.

13. Nukleinsyrekonstruktion ifglge krav 12, hvori det virale antigen er et HPV-, HIV-,

HSV1-, HSV2-, influenzavirus-, Hepatitis-A-virus- eller Hepatitis-B-virusantigen.

14. Nukleinsyrekonstruktion ifglge krav 13, hvori antigenet er HBsAg.

15. Nukleinsyrekonstruktion ifglge et hvilket som helst af kravene 1 til 10, hvori den
kodende sekvens koder for en ADP-ribosylerende bakteriel underenhed A og/eller B-
underenhed, en aktiv homolog til én eller begge de underenheder, idet hver homolog
har mindst 80% identitet med den pageeldende underenhed eller et aktivt fragment af

underenheden eller af en aktiv homolog dertil.
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16. Nukleinsyrekonstruktion ifglge krav 15, hvori den bakterielle underenhed er valgt
blandt choleratoxin-underenhed A, choleratoxin-underenhed B, varmelabil toxin-
underenhed A fra E.coli, varmelabil toxin-underenhed B fra E.coli, en aktiv homolog
med mindst 80% identitet med en vilkarlig af de naevnte underenheder eller et aktivt

fragment af en vilkarlig af de naevnte underenheder eller de aktive homologe.

17. Nukleinsyrekonstruktion ifglge et hvilket som helst af de foregdende krav, som er
et DNA-plasmid.

18. Belagte partikler, der er egnede til afgivelse fra en partikelformidlet afgivelses-
indretning, idet partiklerne omfatter baerepartikler, der er belagt med en nukleinsyre-

konstruktion ifglge et hvilket som helst af de foregdende krav.

19. Belagte partikler ifglge krav 18, hvori beerepartiklerne er guld eller wolfram.

20. Doseringsbeholder til en partikelformidlet afgivelsesindretning omfattende belagte

partikler ifglge krav 18 eller 19.

21. Partikelformidlet afgivelsesindretning fyldt med belagte partikler ifglge krav 18 eller
19.

22. Partikelformidlet afgivelsesindretning ifelge krav 21, som er en nalelgs sprgijte.

23. Farmaceutisk praeparat omfattende en nukleinsyrekonstruktion ifglge et hvilket
som helst af kravene 1 til 17 og et farmaceutisk acceptabelt excipiens.

24. Vaccine omfattende en nukleinsyrekonstruktion ifglge et hvilkket som helst af
kravene 11 til 14.

25. Vaccine ifglge krav 24, som endvidere omfatter en adjuvanskonstruktion ifglge
krav 15 eller 16.

26. Fremgangsmade in vitro til opnaelse af ekspression af et polypeptid af interesse i
pattedyrsceller, hvilken fremgangsmade omfatter overfgrsel til cellerne af en nuklein-
syrekonstruktion ifglge et hvilket som helst af kravene 1 til 17 eller belagte partikler

ifglge krav 18 eller 19.
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27. Nukleinsyrekonstruktion ifglge et hvilket som helst af kravene 11 til 14 il

anvendelse ved immunisering.

28. Nukleinsyrekonstruktion ifglge krav 27, hvor immuniseringen er mod infektion med

et pathogen, allergi eller cancer.
29. Nukleinsyrekonstruktion ifglge krav 27 eller 28, hvor afgivelsen skal ske ved

injektion, transdermal partikelafgivelse, inhalation, topisk, oralt, intranasalt eller

transmucosalt.
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Contribution-Of Intron and/or HBV3'-UTR to HBsAg Expression
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Figure 13

ggegtaatgetctgecagtgttacaaccaattaaccaattctgattagaaaaactcatcgageatcaaatgaaactgeaatttattcatat
caggattatcaataccatatitttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggceagttccataggatggcaagatee
tggtatcggtctgcgattccgactegtecaacatcaatacaacetattaatttceectegtcaaaaataaggttatcaagtgagaaatca
ccatgagtgacgactgaatccggtgagaatggcaaaagcttatgeatttctticcagacttgticaacaggecagecattacgetegte
atcaaaatcactcgcatcaaccaaaccgttattcattcgtgattgcgcctgagcgagacgaaatacgcgatcgctgttaaaaggacaa
ttacaaacaggaatcgaatgcaaccggegeaggaacactgecagegeatcaacaatatiticacctgaatcaggatattettctaata
cctggaatgctgttticccggggatcgeagtggtgagtaaccatgcatcatcaggagtacggataaaatgetigatggtcggaagag
geataaattcegtcagecagtitagtetgaccatctcatetgtaacatcattggeaacgcetacetttgecatgtttcagaaacaactetgg
cgcatcgggcttccecatacaatcgatagatigtcgeacctgatigeccegacattatcgegageccatttatacccatataaatcagceat
ccatgttggaatttaatcgeggectcgageaagacgtttccegttgaatatggetecataacaccecttgtattactgtttatgtaageaga
caggtcgacaatattggctattggocattgeatacgttgtatctatatcataatatgtacatitatattggetcatgtccaatatgaccgeca
* tgttgacattgattattgactagttattaatagtaatcaattacggggtcattagticatagcccatatatggagticcgegttacataactta
cggtaaatggoccgeetggetgaccgeecaacgacceccgeocatigacgicaataatgacgtatgticecatagtaacgecaata -
gggactttccattgacgicaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtecgee
ccctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttacgggactttcctactiggeagtacatct
acgtattagtcatcgctattaccatggtgatgeggttttggcagtacaccaatgggegtggatageggtitgacicacggggatttcca
agictccaccccattgacgtcaatgggagttigttttggeaccaaaatcaacgggactttccaaaatgtogtaataaccccgeccegtt
gacgcaaatgggceggtaggegtgtacggtgggaggtctatataagcagagcetegtitagtgaaccgtcagatcgectggagacge
catccacgctgtittgacctccatagaagacaccgggaccgatceagectcegeggecgggaacggtgcattggaacgeggattc
pccgtgccaagagtgactcacégtccggatctcagcaagcaggtatgtactctccagggtgggcctggcttcgcéagtcaagactc
cagggatttgagggacgctgtgggctctictcttacatgtacctttigettgectcaaccctgactatettccaggtcaggatcccagag
tcaggggtctgtattttcctgetggtggctcecagticaggaacagtaaaccetgetecgaatatigectetcacatetegtcaateteeg
cgaggactggggaccctgtgacgaacatggetagegggeccagatctgggecctaacaaaacaaaaagatggggttattccctaa
~ acttcatgggttacgtaattggaagitgggggacattgccacaagatcatattgtacaaaagatcaaacactgttitagaaaacttcctg
. tamacaggcctattgattggaaagtatgtcaaaggattgtggetettttgggctitgctgctecatttacacaatgtggatatcctgectta
atgcctitgtatgcatgtatacaagetaaacaggcettteacttictcgecaacttacaaggectttctaagtaaacagtacatgaaccttta
ceoccgttgeteggcaacggectggtetgtgecaagtgtitgctgacgeaacceccactggetggggcttggecataggecatcage
geatgegtggaaccittgtggetectctgecgatecatactgeggaactectageegettgttttgetcgeageecggtetggageaaa
gotcataggaactgacaattctgtegtectctcgeggaaatatacategtttcgatctacgtatgatctttticectctgecaaaaattatg
. gggacatcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttcattgcaatag’tgtgttggaattttttgtgtétct
cactcggaaggaatictgcattaatgaatcggecaacgegeggggagaggeggitigegtattgggegetceticcgettcctegote
actgactcgctgcgctcggtcgttcggctgcggcgagcggtatcégct(:actcaaaggcggtaatacggttatccacagaatcagg
ggataacgcaggaaagaacatgtgagcaaaaggcecagcaaaaggecaggaaccgtaaaaaggecgegtigetggegtttitcca
taggctccgcccccctgaogagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagatacca
ggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgocgcttacbggatacctgtccgcctttctcccttcgggaa
gegtggegctitcteatagetcacgetgtaggtatetcagticggtgtaggtegticgetccaagetgggetgtgtgeacgaaceece
cgttcagcccgaccgetgegecttatccggtaactategtettgagtccaacceggtaagacacgacttatcgecactggeageage
cactggtaacaggattagcagagcgaggtatgtagg'cggtgctacagagttcttgaagtggtggcctaactacggctacactagaa
gaacagtatttggtatctgegetetgetgaagecagttaccticggaaaaagagttggtagetctigatccggeaaacaaaccaccge
tggtagcggtggtttrtttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcbtttgatcttttctacggggtct
gacgctcagtggaacgaaaactcacg‘ctéagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcettaatcagtgaggceacctatctcagegatet
gictatttcgitcatccatagtigectgacte
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