
1 NUCLEIC ACID CONSTRUCTS FIELD OF THE INVENTION         The
invention relates to the fields of molecular biology and immunology
and generally to reagents useful in nucleic acid immunisation
techniques. More specifically, the invention relates to nucleic acid
constructs for the expression of antigenic polypeptides, and to
nucleic acid immunisation strategies using such reagents. BACKGROUND
OF THE INVENTION Gene therapy and nucleic acid immunisation are
promising 10 approaches for the treatment and preventio'n of both
acquired and inherited diseases'. 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, is the nucleic acid can be
administered in vivo directly to the recipient. Each of these
techniques requires efficient expression of the nucleic acid in the
transfected cell, to provide a sufficient amount of the therapeutic
or antigenic gene product. Several factors we known to affect the
levels of expression obtained, including transfection efficiency, 20
and the efficiency with which the gene or sequence of interest is
transcribed and the mRNA translated.        A number of expression
systems have been described in the art, each of which typically
consists of a vector containing a gene or nucleotide sequence of
interest operably linked to expression control 25 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  2 such as the CMV
immediate early promoter (Chapman eta! (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.        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 



10 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, efeVille. irs etal. (1981) 15 Nucl. Acids Res 9:
6251-6264). Enhancers have been identified from a number of viral
sources, including polyoma virus, BK virus, cytomegalovirus (CMV),
adenovirus, simian virus 40 (SV40), Moloney sarcbma virus, bovine
papilloma virus and Rous sarcoma virus (deVilleirs et al supra,
Rosenthal et at (1983) Science 222:749-755, Hearing et al 20 (1983)
Cell 33:695-703, Weeks et al (1983) Mal Celt, Biol. 3:1222- 1234,
Levinson et al. (1982) Nature 296:568-572, and Luciw et at (1983)
Cell 33: 705-716).        A number of expression systems for nucleic
acid immunisation and gene therapy make use of the hCMV immediate
early promoter. See eg 25 US Patent Nos. 5168062 and.5385839 to
Stinski, and EP Patent Specification 0323997 Bl. Expression vectors
using the hCMV immediate early promoter include for example, pWRG7128
(Roy et al, Vaccine 19, 764-778, 2001), and pBC12/CMV and pJW4303
which are mentioned in WO 95/20660. Chapman eta! (1991) report
reduced  levels of expression from the hCMV immediate early promoter
in the absence of hCMV Intron A. SUMMARY OF THE INVENTION A nucleic
acid construct has been developed using 'manipulated 5 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. io immunisation.       Accordingly,
the present invention provides a nucleic acid construct comprising a
chimeric promoter sequence and a cloning site for insertion of a
coding sequence in operable linkage with the chimeric promoter,
wherein the chimeric promoter sequence comprises: 15 .(a) , a hCMV
immediate early promoter sequence; 



(b) oxen 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. 20The
invention also provides: - 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 25hCMV major immediate early gene; and  (c)a heterologous intron
Provided in place of the intron A region of the liCMV major immediate
early gene; and (ii)a cloning site for insertion of a coding sequence
in operable linkage with the chimeric promoter; and  (iii)(a)a
non-translated leader sequence which is derived from HBV preS2
antigen sequence, HEW e-antigen sequence or HSV type 2gD antigen
sequence and which is in operable linkage with the chimeric
promoterlandior 10(b)an enhancer sequence which is derived from a 3'
untranslated region (UTR) of a HBsAg sequence, ore 3'UTR of a simian
CNN immediate early gene sequence and which is in operable linkage
with the chimeric promoter, wherein the enhancer sequence is
downstream of the 



15cloning site; - a nucleic acid construct comprising: (i)a promoter
sequence; (J)a non-translated leader sequence derived from HBV preS2
antigen sequence, HBV e-antigen sequence or HSV type 2 gD antigen 20
sequence; and iii)a coding sequence operably finked to (i) arid (iii
wherein-the coding sequence is heterologous to the non-translated
leader sequence; - a nucleic acid construct comprising:         (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 (ill) is derived from a
31UTR of an HBsAg sequence or a 3'UTR of a simian civiv immediate
early gene sequence, and the coding sequence (ii) is heterologous to
the 3' enhancer sequence;      ' - a method of obtaining expression
in mammalian cells of a polypeptide of interest, irvhich method
comprises transferring into said . cells a nucleic acid Construct of
the invention, the construct including a coding sequence encoding the
polypeptide;        - coated particles, suitablefor delivery from a
particle-mediated deliVery device, which particles comprise carrier
particles coated with a 15 nucleic acid construct of the invention,
the construct including a coding sequence encoding the'polypeptide;
a *Sage receptacle for a particle mediated delivery device comprising
the coated particles;            a particle mediated delivety device
loaded with the coated 20 particles;         a method of nucleic acid
immunisation comprising administering to a subject an effective
amount of the coated particles in which particles the coding sequence
encodes an antigen; 



a purified isolated chimeric promoter sequence Which comprises:
25(a)a hCIVIV immediate early promoter sequence;  6 (b)exon 1 and at
least a part of exon 2 of the hCMV major immediate early gene; and
(b)a heteroiogous intron provided in place of the intron A region of
the 1.1CMV major immediate early gene. 5These arid other objects,
aspects, embodiments and advantages of the present invention will
readily occur to those of ordinary skill in the art in view of. the
disclosure herein. BRIEF DESCRIPTION OF THE DRAWINGS          Figure
1 illustrates the levels of expression of hepatitis B virus 10
surface antigen (1-lBsAg) 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). 15Figure 3 shows the effect of rat insulin
intron A and HBVTUTR 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 5CC15 cells
(average of three expts).          Figure 5 shows the effect of rat
insulin intron A and HBV3'UTR on 20 expression of SEAP in SCC15 and
B16 cells (three repetitions per cell line).  



Figure 7 illustrates levels of antibodies detected in the sera of
mice  immunised With antigen-encoding nucleic acids contained in a
variety of plasmid expression vectors.           Figure 8 is a
diagrammatic representation of pJV expression 5 vector.  Figure 9 is
a diagrammatic representation of pJV7389. Figure 10 is a diagrammatic
representation of piV740(1). Figure 11 is a diagrammatic
representation of pJV7468. Figure 12 is a.diagrammatic representation
of pj1/7563. 10Figure 13 sets out the base composition for pJV7563, -
Brief Description of the Sequences        SEQ ID NO:1 is hCMV
immediate early promoter sequence (GenBanIt #M60321, X17403)
SEQ ID NO:2 is sequence from exons 1 and 2 of the hCIVIV rnajor 15
immediate early gene (GenBank #M60321, X17403) SEQ. ID NO:3 is rat
insulin intron A sequence iGenBank #J00748).        SEQ ID NO:4 is
the sequence of a chimeric promoter according to the present
invention            SEQ. ID N0:5 is a leader sequence from HBV preS2
antigen 5' UTR 20, sequence (GenBank #M54923)        SEQ ID NO:6 is a
leader sequence from HSV type 2 gD 5'UTR sequence (GenBank #Z86099)
SEQ ID N0:7 is a leader sequence from HBV.e antigen 611../TR sequence
(GenBank #M54923) SEQ ID 140:8 is HBVenh 3rUTFI sequence (GenBank
#AF143308)           SEQ ID N0:9 is simian immediate early gene 3'UTR
seqUence  s (GenBank #M16019)        SEQ ID 140:10 is rabbit 13
globin poly A sequence (GenBank #K03256)        SEQ ID 140:11 is
simian sCMV immediate early gene poly A sequence (GenBank #M16019)
ioSEQ ID 140:12 is HSV2 gB gene poly A sequence (GenBank 



#Z86099)        SEQ ID 140:13 is HPV16 early gene poly A sequence
(GenBank #K02718)  SEQ ID 140:14 is the sequence of the pJV
expression vector 15SEQ ID NO:15 is PCR Primer JF93  SEQ ID NO:16 is
PCR primer Fl 10 ' . SEG ID N0:17 is PCR primer GW1 SEQ. ID 140:18 is
PCR primer JF254 SEQ ID 140:19 is PCR primer GW150 10SEQ ID 140:20 is
PCR primer JF255 SECi ID N0:21 is PCR primer DS1 SEQ ID NO:22 is PCR
primer DA1  9 SEQ ID NO:23 is PCR primer JF301 SEG ID NO:24 is PCR
primer JF302 SEQ ID NO:25 is PCR primer JF84 SEQ ID NO:26 is PCR
primer JF225  5 SEG 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
primer JF365 SEG ID NO:31 is PCR primer JF393  lo SEG ID NO:32 is PCR
primer JF406 SEQ ID NO:33 is PCR primer JF256 SEQ ID NO:34 is PCR
primer JF257 SEQ ID NO:35 is PCR primer JF320 SEG ID NO:36 is PCR
primer JF321  15  SEQ ID NO:37 is PCR primer JF386 SEG ID NO:38 is
PCR primer FcAS SEQ ID NO:39 is ofigonucleotide JF354 SEQ ID NO:40 is
PCR primer JF355 SEQ 1D NO:41 is PCR primer JF356 20SEQ ID NO:42 is
oligonucIeotide JF348  



SEQ ID NO:43 is PCR primer JF349 SEQ ID NO:44 is PCR primer JF350 SEQ
ID NO:45 is oligonucleotide JF351 SEG ID NO:46 is PCR primer JF352
5SEG ID NO:47 is PCR primer JF353 SEG 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. Before describing the
present invention in detail, it is to be understood that this
invention is not limited to particularly exemplified 15 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, conventional
methods of 20 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. I & (D. Glover, ed.);    11 Oligonucleotide Synthesis
(N. Gait, ed., 1984); A Practical Guide to Molecular Cloning {1984);
and Fundamental Virology, 2nd Edition, vol. I & 11 (EI.N, Fields and
D.M. Knipe, eds.).          All publications, patents and patent
applications cited herein, 5 whether supra or infra, are hereby
incorporated by reference in their entirety.        It must be noted
that, as used in this specification and the appended claims, the
singularforms 'a," "an" and "the" include plural referents unless the
content clearly dictates otherwise. lo A.Definitions       Unless
defined otherwise, all technical and scientific terms, used herein
have the same meaning as commonly understood by one of ordinary skill
in the art to which the invention pertains. Although a number of
methods and materials similar or equivalent to those described 15
herein can be used in the practice of the present invention, the
preferred materials and methods are described herein.        in
describing the present invention, the following terms will be
employed, and are intended to be defined as indicated below. 



The term "nucleic acid immunization" is used herein to refer to the
20 .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, 25 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  12 immune response
can be mounted against the antigen encoded by the nucleid acid
molecule. The nucleic acid molecules used in such immunization are
generally referred to herein as "nucleic acid vaccines." The term
"adjuvant intends an m_ateria or composition capable of 5
specifically or non-specifically altering, enhancing, directing,
redirecting, potentiating or initiating an antigen specific immune
response. Thus, coadminisration of an adjuvant with an antigen May
result in a lower dose or fewer dose of antigen being necessary to
achiye a desired immune response in the subject to which the antigen
is administered, or 10 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 as in parallel
with a vaccine composition alone to animals and comparing antibody
and/or cellular mediated immunity in the two groups using standard
assays such as radioimmunoassay, ELISAs, and CTL assays.. By "core
carrier" is meant a carrier on which a guest nucleic acid (e.g., DNA,
RNA) is coated in order to impart a defined particle size as 20 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. 5,100,7921. Core carriers typically include materials such as
tungsten, gold, platinum, ferrite, polystyrene and latex. See e.g.,
Particle 



25 Bombardment Technology for Gene Transfer, (1994) Yang, N. ed.,
Oxford UniVersity Press, New York, NY pages 10-11. -       By
"needleless syringe" is meant an instrument which delivers a
particulate composition transdermally without the aid of a
conventional  13 needle to pierce the skin. Needleless syringes for
use with the, present invention are discussed herein.       The term
"transdermal" delivery intends intradermal (e.g., into the dermis or
epiderrnis), transdermal (e.g., "percutaneous") and transmucosal
administration, i.e., delivery by passage of an agent into or through
skin or mucosa! 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 .10 Transclermal Delivery of Drugs, Vols. 1-3,
Kydonieus and Berner (eds.), CRC Press, (1987). Thus, the term
encompasses delivery from a needleless syringe as described M U.S.
Patent Nlo: 5,630,796, as well as particle-mediated delivery as
described in U.S. Patent No, 5,865,796. A "polypeptide" is used in it
broadest sense to refer to a 15 compound'of two or more subunit amino
acids, amino acid analogs, or other peptidomimetics. The subunits 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 zo 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.          An "antigen" refers to any agent, generally a
macromolecule, 25 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  purposes of the present invention,
antigens can be obtained Or derived from any appropriate source.
Furthermore, for the purposes of the present invention, an "antigen"
includes a protein having modifications, such as deletions, additions
and substitutions (generally conservative in 5 nature) to the native
sequence, so long as the protein maintains sufficient
imrnunogenicity. 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. 



An "immune response" against an antigen of interest is the io
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 toan immune response mediated by
antibody Molecules, while a "cellular, immune response" is one
mediated by T-IYmphocytes and/or other white blood cells. isThe terms
"nucleic acid molecule" and "polynucleotide" are used interchangeably
herein and refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof.
Polynucleotides may have any three-dimensional structure, and may
perform any function, known or unknown. Non-limiting examples of 20
polynucleotideS include a gene, a gene fragment, axons, introns,
messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes, DNA,
recombinant polynucleotides, branched polynucleotides, plasmids,
vectors, isolated DNA of any sequence, isolated RNA of any sequence,
nucleic abid probes, and primers. zsA polynucleotide is typically
composed of a specific sequence of four nucleotide bases: adenine
(A); cytosine (C); guanine (G); and thymine (T) (uracil (U) for
thymine (T) when the polynucleotide is RNA). Thus, the term
nucleic-acid sequence is the alphabetical representation of a
polynucleotide molecule. This alphabetical representation can be
input   into databases in a computer having a central processing unit
and used for bioinformatics applications such as functional genomics
and homology searching. A ."vector" is capable of transferring
nucleic acid sequences to 5 target cells (e.g., viral vectors,
non-viral vectors, particulate carriers, and fiposomes). Typically,
'vector construct," "expression vector," and "gene transfer vector,
T1 mean any nucleic acid construct capable of directing the
expression of a gene of interest and which can transfer gene
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.       A
nucleic a.cid sequence which "encodes" a selected antigen is a
nucleic acid molecule which is transcribed (in the case of DNA) and
translated (in the case of mRNA) into a polypeptide in vivo when
placed 15 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 tranelation 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, 20 genomio sequences from viral or
procaryotic DNA or RNA, and even synthetic DNA sequences. A
transcription termination sequence may be located 3' to the coding
sequence.       A "promoter" is a nucleotide sequence which initiates
and regulates transcription of a polypeptide.encoding polynucleotide.
25 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 expression of a polynucleotide sequence operably
linked to the promoter is repressed by an analyte, cofactor,
regulatory protein, etc.), and  



16 constitutive promoters. It is intended that the term "promoter" or
"control element" includes full-length promoter regions and
functional (e.g., controls transcription or translation) segments of
these regions. "Operably linked" refers to an arrangement of elements
wherein 5 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 10 thereof. Thus, for example, intervening
untransiated 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. "ReCombinant" is used herein to describe a nucleic acid
moleOuie 15 (polynucleotide) of genomic, cILDNA., semisynthetic, or
synthetic origin which, by virtue of its origin or manipulation is
not associated with all or a portion of the polynucleotide with whioh
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 20 recombinant nucleic
acid molecule are "heterologous" relative to.'eadh other when they
are not normally associated with each other in natUre.
Homologues of polynucleotideS are referred to herein. Typically a
polynucleotide which is homologous to another polynucleotide is at
least 70% homolcigous to the polynucleoticie, preferably at least 80
or 90%. 25 and more preferably at least 95%, 97% or 99% homologous
thereto. Methods of measuring homology are well known in the art and
it will be understood by those of skill in the art that in the
present context, homology is calculated On the basis of nucleic acid
identity.. Such   17, homology may exist over a region of at least
15, preferably at least 30, for instanCe at least 40, 60 or 100 or
more contiguous nucleotides.       Methods of measuring
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
at (1984) Nucleic Acids Research 12, p387-395). The PILEUP and BLAST
algorithms can also be used to calculate 



homology or line up sequences (typically on their default settings),
for 10 example as described in Altschul S.F. (1993) J Mal Evol
35:290-300; Altschul, 5, F eta! (1990) J MOE81o1 215:403-10.
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 15 high scoring sequence pair (HSPs) by identifying short
words of length W in the query sequence that, either Match ocsatisfy
some positive-valued threshold ecore T when aligned with a word of
the same length in a database sequence. T is referred to as the
neighbourhood word score threshold (Altschul et al, supra). These
initial neighbourhood Word hits 20 act as seeds for initiating
searches to find HSPs containing th'em.i:.The  r word hits'ate
extended in both directions along each seqtienCe fof :0 far as the
cumulative alignment score can be inoreased. Extensiens..fer 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
25 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 fW) of 11, the BLOSUM52 scoringmatrix (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.        The BLAST algorithm performs a
statistical analysis of the similarity between two sequences; see
e.g., Karlin and Altschul (1993) Proc. Nat!, Acad. Sc!. 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 10 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. The homologues typically hybridize with the relevant 



15 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. 26 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.       'Stringent hybridization conditions can include 50%
formemide, bx Denhardt's Solution, 5x SSC, 0.1% SDS and 100
pg/mIdenatured 25 . salmon sperm DNA and the washing conditions can
include 2x SSC, 0.1% SDS at 37C followed by lx SSC, 0.1% SDS at 68C.
Defining appropriate hybridization conditions is within the skill of
the art. See, e.g., Sambrook et at, supra.  19  The homologue may
differ from a sequence in the relevant polynucleotide by less than 3,
5, 10, 15, 20 or more mutations teach of which may be a substitution,
deletion or insertion). These mutations may be measured over a region
of at least 30, for instance at least 40, 5 60 or 100 or more
contiguous nucleotides of the homologue. Where a polynucleotide
encodes a polypeptide, substitutions preferably create "conservative"
changes in the amino acid encoded. These are defined abcording to the
following table. Amino acids in the.eame block in the second column
and preferably in the same line in the third column may in be
substituted for each other in conservative changes. ALIPHATIC
Non-Polar G A P  
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The terms "individual" and "subject" are used interchangeably herein
to refer to any member of the subphylum cordate, including, is
without limitation, humans and other primates, including non-human
primates such as chimpanzees and other apes and monkey species; farm
animals such as cattleisheep, 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 20 game birds such as chickens, turkeys and other gallinaceous
birds, ducks, geese, and the like. The terms do not denote a
particular age. Thus, both adult and newborn individuals are intended
to be covered. The methods described herein are intended for use in
any of the above   .20 vertebrate species, since the immune systems
of all of these vertebrates operate similarly. B.General Overview The
invention is concerned with nucleic acid constructs which 5 allow
efficient expression of heterologous coding sequences, and in
particular antigen-encoding genes, in host cells. More specifically,
the invention provides nucleic acid constructs comprising, or in some
embodiments, consisting essentially of A chimeric promoter sequence
and a cloning site, such that when a coding sequence is inserted in
the  io cloning site, the coding sequence is in operable linkage with
the chimeric promoter.        The chimeric promoter comprises, or in
some embodiments consists essentially of: (a)a hCMV immediate early
promoter sequence; .15(b)exon 1 and at least a part of exon 2 of the
hCMV major immediate early gene; and 



. (c)a heterologous intron provided in place of the intron A region
of the hCMV major immediate early gene. The hCMV immediate
early'promoter sequence (a) may comprise: 20 'a native hCMV
inimediate early promoter secpience; (ii) a functional homologous
variant thereof; or (iii) a functional fragment of (1) or (W.
In general sequence (a) comprises about 100 to 600, preferably 200 to
600, for instance 400 to 600 nucleotides. Typically sequence (a) 26
comprises the sequences present in (1) which bind transcription
factors or  21 the RNA polymerase, or instead of any of these
sequences, homologues of these sequences able to bind the same
transcription factors and RNA polymerase. Typically such sequences or
their homologues are present in promoter sequence (a) in the same
order and/or substantially the same relative spacing as in (i).
Generally, (i) comprises at least from nucleotides -100 to -1,
typically -150 to -1, for example -500 to -1 dr -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
10 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.        Generally (i) includes a TATA box or CAAT box commonly
found in promoter sequendes. Preferably the sequence includes one or
more of 15 the repeat sequences in the hCMV immediate early
prorrioter. In a preferred embodiment, (i) comprises SEQ. ID NO: 1.
A hCMV immediate early promoter sequence can be obtained using known
methods. A native hCMV immediate early promoter can be isolated
directly from a sample of the virus, using standard techniques. 20 US
5385839, for example, describes the clOning of a hCMV promoter
region, The sequence of a hCMV immediate early promcvter is available
at Genbank #M60321 (hCMV Towne strain) and X174-03 (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 at
supra,' 



95 for a description of techniques used to obtain and iSolate DNA. A
suitable hCIVIV promoter sequence could also be isolated from an
existing plasmid vector. Promoter sequences can also be produced
synthetically.  22        A functional variant (ii) or fragment (iii)
is generally one which . retains and/or complements the activity of
the native promoter W. 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 complernent 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.          A homologous variant (ii)
or fragment (iii) can be assayed for the io ability to retain and/or
complement the activity of (1). 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. A homologous
variant (ii) or fragment (iii) may be tested for utility 15 using the
Comparative Expression Assay below, The test promoter sequence is
swapped into the base vector in place of the native hCMV immediate
early promoter. Typically, a functidnal variant or fragment allows at
least 50%, for instance, 60, 70, 80, 90% or more of the expression
provided using the base vector. Generally eXpression is . 20 provided
in at least one but preferably two, reference cell types. Typically,
the reference cells are mammalian HEK 293T,..CHO, HeLa, BHK, 3T3 or
COS cells.        Additionally or alternatively, promoter sequence
may be tested in The Comparative ImMunogenicity Assay below. Test
promoter sequence 25 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 2g0 and flu-M2 



antigens. According to this assay, a functional homologous variaht
(ii) or functional fragment (iii) of native promoter sequence (i) is
one which allows the highest antibody titres achieved by the native
sequence. 8As-mentioned above, the construct may comprise exon
sequence  (h) 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 10 intron A. In the present chimeric construct exon 2
sequence is generally positioned 3' of exon 1 sequence, without
intervening intron sequence, so that the exon 1 and exon 2 sequences
are contiguous. Exon sequence (b) may comprise: 0)native exon
sequence, typically exon 1 and (whole or 15 partial) exon 2; (ii) a
homologods variant of (t) which is functional; or (iii) a functional
fragment of (1) or (10.        Sequence (1) may comprise from about
50 to 100% of the native hCMV major immediate early gene exon 1
sequence, foe example, 60 to 20 90% or 70 to 80%. Typically at least
50% of the natural Son 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' (0, 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 25 natural exon 2 sequence, for example 5 to
95%, 20 to 80% or 40 to 60% of natural axon 2 sequence may be
present. Typically the  homologous variant has any of the above
lengths mentioned for the native sequence.  24 Preferably (i)
comprises SEG ID No. 2.       Suitable exon sequence (b) can be
obtained using known methods, See e.g Sambrook etal., supra, for a
-description of techniques used to obtain and isolate. DNA. Native
hCMV major immediate early gene 5 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 hCMV major immediate early gene, io
including the location of exoni and axon 2, is available at Genbank
ffM80321-, X17403. Native axon 1 and 2 sequences could therefore be
isolated by cutting the native major gene sequence at appropriate
restriction sites or by PCR using PCR,primers based on the known
sequence. Suitable exon sequences could alternatively. be isolated
from 15 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.          Generally the exon sequence will,
when present in the construct of zo the invention, enhance
expression, typically causing comparable enhancement to the native
exon 1 and exon 2 sequence .6) mentioned , above. -, Exon sequence
may be assayed for functionality using the Comparative Expression
Assay below. Test exon sequence is swapped 25 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 at least one but preferably two
reference cell types when compared to the base vector. Typically the
reference cells are mammalian HEK293T, CHO, Hel_a, BHIC,  25 313 or
COS cells. Preferably expression increases by at least 6%, 10%, 20%,
30% or 40%. According to this assay, a functional homologous variant
(ll) or functional fragment (iii) of natural exon sequence (1) is one
which allows at least 50% of the expression improvement provided by 5
the natural sequence. Additionally or alternatively, exon sequence
may be tested in the Comparative Immunog.enicity 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 ia 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 15 (iii) of natural
exon sequence-(i) is one which allows the'highest antibody titres
achieved by the natural sequence. 



The chimeric promoter construct comprises heterologous intron (c) in
place of the native intron A region of. the hCIV1V major immediate
early gene: An intron is a non-coding sequence which is spliced from
the 20 hnRNA transcribed from a gene: A heterologous intron is one
which is not present in the' coding sequence in nature.       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. 25In general the heterologous intron (c) is 3' of axon
sequence (b). Typically the heterologous intron (c) comprises: (9a
natural intron;  (ii) a functional homologous variant of (i); or
(iii) a functional fragment of 6) or (11. Heterologous intron (c) is
in general a viral or eukaryotic intron. Preferably the intron is a
mammalian intron, in particular a non-human 5 intron, for example a.
rat or chicken intron.. Preferably the intron. is an intron A, for
example, rat insulin intron A, chicken keratin intron A or chicken
cardiac action intron A.        Typically intron (c) has a length of
from about 50 nucleotides to about 1000 nucleotides, for instance
from about 100 to about 500 10 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. Preferably heterologous intron (c) is
capable of being spliced from la an RNA transcript in a aukaryotic
host cell. In general the intron comprises one or more of a donor
sequence (such as OT); an acceptor sequence (such as AG), a 3'
pyrimicline rich region and a branch point sequence. The pyrimidirie
rich region, if present, may include, for example at least 5, 8,10 or
more pyrimidines. Preferably the intron . 20 comprises at least a
donor sequence, acceptor sequence.and a branch point sequence.
Typically in the chimeric construct, intran (c) comprisee 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 



25 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.  27        Intron (c) may be an
artificial intron, provided that the intron is functional. For
example, a recombinant or chimeric intron may be used. Such an intron
may comprise sequence from more than one natural intron. 5Typically
intron (c) comprises sequences present in 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
io same relative spacing as in hCMV intron A.        Intron (c) may
comprise an homologous variant (ii) in which the sequence of the
nattjral intron (i) has been modified to remove art internal
restriction site. For example, an homologous variant of rat insulin
intran A may be used in which an internal lithe] site has been
destroyed. 16Preferably, intron (c) comprises: (i)SEG ID No. 3; -
(ii)a functional homologous variant of (i); or (iii)a functional
fragment of (i) or (ii). Intron sequence (c) may be obtained using
standard cloning 20 techniques. For exalt*, rat insulin intron A
sequence is available at nGenBank J00748, chicken keratin intron A
sequence at Ge Bank 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 25 sequencer may be obtained by mutagenesis. 



same activity as, and/or complements the activity of a natural intron
(0. In one embodiment the activity is splicing activity.
Intron (c) sequences may be tested for splicing activity using a
routine splicing assay. In general a functional homologue (ii) or 5
functional fragment (Hi) will show at least 50%, for example 60%,
70%, 80%, 9d% and up to 100% or more of the splicing efficiency of
the natural intron (I) in the assay.        In general the
heteroloOus intron sequence will, when present in the construct of
the invention, enhance expression. Typically, a variant 10 (ii) or
fragment (iii) intron will cause comparable enhancement to a natural
intron 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 15 ' 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, HeLa, BHK, 3T3 or COS cells. The
increase in expression may be at least 36%, 45%, 55% or more.
According to this 20 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.       A heterologous intron (01 sequence may,
additionally or alternatively be tested for functionality using the
Comparative 25 lmmunogenicity 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.  29 Preferred antigens are HBsAg,
HSV2gD and Flu-M2 antigens. According to this assay, a functional
variant (ii) or functional fragment (Hi) of a natural intron sequence
(i) is one which allows the highest antibody titres achieved by the
natural sequence. Suitable heterologous intron sequence can be
obtained using 



standard cloning techniques. For example, rat insulin intronA
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 io known sequence data. Suitable sequence may also be prepared
synthetically.       The component sequences (a), (b) and (c) may be
provided suitably linked together to form a chimeric promoter using
standard cloning or molecular biology techniques. Preferably intron
sequence (c) is 15 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.g the
pUC19, pBC SK, pBluescript II KS, 20- cDNA3.1, pSP72, pGEM 7Z
multicloning site. Typically, a nucleic acid for insertion (or
inserted) in the cloning - site encodes a therapeutically relevant
polypeptiae. 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 25 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  30
desired biological or therapeutic effect (e.g., an antiviral
function), For the treatment of genetic disorders, functional gene's
corresponding-to genes known to be deficient in the particular
disorder can be administered to a subject. Preferably the nucleic
acid is DNA. 5Suitable nucleic acids for insertion include those used
for the treatment of inflammatory diseases, autoithmune, 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 



io defects such as. cystic fibrosis, Gaucher's Disease, adenosine
deaminase (ADA) deficiency, emphysema, etc. or example, in methods
for the treatment of solid tumors, genes encoding toxic peptides
(i.e., chemotherapeutic agents such as ricin, diptheria toxin and
cobra venom factor), tumor suppressor genes such as 15 p53, genes
coding far 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, 20Similarly, nucleic acids 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 25 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
Papilioma Viruses (HPV), HIV, HSV2/HSV1, influenza virus (types A, B
and C), Polio virus, RSV virus, Rhinoviruses,  31  Rotaviruses,
Hepatitis A virus, Norwalk Virus Group, Enteroviruses, Astroviruses,
Measles virus, Par Influenza virus, Mumps virus, VaricellaZoster
virus, Cytomegalovirus, Epstein-Barr virus, Adenoviruses, Rubella
virus, Human T-cell Lymphoma type I virus (HTLV-I), Hepatitis B virus
(HBV), Hepatitis C virus (HCV), Hepatitis D virus, Pox virus, Marburg
and Ebola; bacteria including M. tuberculosis, Chlarnydia,
N.gonorrhoeae, Shigella, Salmonella, Vibrio Cholera, Trebbnema
pall/due, Pseudomonas, Bordetella pectussfs, Bracelets, FrancisceIla
tulorensis, Helicobacter pylon; Leptospria interrogaus, Legion ella
pnumophila, Yersinia pest/s. io Streptococcus (types A and B),
Pneumococcus" Meningococcus, Hemophllus influenza (type b), Toxoplama
gondic, Complyhacteriosis, Moraxella catarrhal/s, Donovanosis, and
Actinornycosis; fungal pathogens . including Candidiasis and
Aspergillosis; parasitic pathogens including Taerria, Flukes,
Roundworms, Amebiasis, Giardiasis, Cryptosporidium, 15 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 vu/gait,
Actinobacillus pleurapneumonia, Bovine viral diarrhea virus.(8VDV),
20 Klebsiella pneumoniae, E. Colt Bordetella pertussis, Bordetella
parapertussis and Bordetella brochiseptica. Thus in one aspect, the
nucleic acid constructs of the present invention may find use in a
vaccine. In some embodiments, the nucleic acid construct will encode
an 25 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 ADPribosylating bacterial toxin. These include diphtheria toxin
(DT), pertussis toxin (PT), cholera toxin (CT), the E.coli heat
labile toxins (LT1 and LT2), so Pseudornonas endotoxin A, Pseudomonas
exotoxin 9, B cereus  32 exoenzyme, B. sphaericus toxin, C botulinum
C2 and C3 toxins, C. limosum exoenzyme, as well as toxins from C.
perfringens, C spfriforma and C. difficile and Staphylococcus screws
EDIN. Most ADP-ribosylating bacterial toxins contain A and B
subunits. The construct may express 5 the A subunit, the B subunit
and/or both subunits.       in a preferred instance, the nucleic acid
construct may encode the E.coif heat labile toxin and/Or cholera
toxin and in particular may express Ecoli heat labile toxin. A
GenBank entry for the complete sequences of the CT subunit A and B
genes can be found at Locus VIBCTXAB13 10 (Accession No. D30053),
while a GenBank entry for the complete sequences of thel-T subunit A
and B genes can be found at locus AB0116677 (Accession No. A8011677).
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 is 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 20 CT A and/or B subunits and in particular
may be active fragments of LT A and/or B subunits. The toxin subunit
may have had its naturally occurring signal seq,uence deleted.. A
naturally occurring exotoxin subunit may have been modified to
detoxify the toxin. The A subunit may have been modified to 25
disrupt or inactivate ADP-ribosyl transferase activity. 



Thus, the adjuvant constructs of the invention may be used to enhance
an immune response against a particular antigen. The enhanced immune
response may involve an immune response of greater magnitude or
duration. In may mean that when the antigen is re-encountered the  33
immune response then is greater than if no adjuvantwas 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 5 T helper 1-like immune response against the antigen
in question.        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. io 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 in the
art. 15The poly A sequence may be: (ita natural poly A sequence; (ii)
a functional homologous variant of (i); or (iii) 6 functional
fragment of (i) or (ii). The natural poly A sequence (i) may be, for
example a i-abbit 6 .2o globin gene poly A. Human Papilloma Virus
(HPV) early or ate gene poly A, HSV-2gB gene poly A, a simian cMV
imthediate early gene poly A or HSV gD late gene poly A. Preferably
the natural poly A sequence (i) is selected from the-  group
consisting of SEQ ID No. 10 (GenBank K03256), SEQ Na. '11 25 (GenBank
M16019), SEQ.IDNo. 12 (GenBank Z80699) and SEG ID No. 13 (GenBank
K02718). 



34      In general, a functional polyA sequence is one which retains
polyadenylation activity. A poly A sequence may be tested for the
ability to bring about polyadenylation of an RNA transdript using a
routine expression assay. A 5 functional homologous variant (ii) or
functional fragment (iii) typically shows at least 50%, for example
60%, 70% 80% or more of the poly A activity of the natural poly A
sequence in the assay.      Generally the poly A sequence will, when
present in the construct of the invention, enhance expression,
typically causing comparable io enhancement to the natural poly A
sequence (i) mentioned above.      A poly A sequence may also be
assayed for functionality using the Comparative Expression Assay
below. A test poly A region is swapped into the base vector in place
of the RBGpA. A teSt polY A is considered functional if the poly A
does not abrogate expression but preferably 15 increases expression
in at least one but preferably two reference cell types, compared to
the base vector. Preferably there is an increas6 in expression of at
least 6%, 10%, 20%, 30%, 40% or 50% or more. :. Preferre&cell types
are mammalian HEK293T, CHO, HeLa, BHK, 3T3 or COS cella. According to
the assay, an homologous variant (ii); or 20 fragment (iii) is
functional if it allows greater than 50% of th&expression
Improvenient achieved by the natural poly A sequence (D.
Alternatively, or additionally, poly A sequences may be tested for
activity in the Comparative lmmunogenicity Assay below. Poly A
sequence is swapped into the base vector in place of RBGpA. A as
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- 



35 M2 antigens. An homologous variant (ii) or fragment (iii) is
functional if it allows the highest antibody titres achieved by the
natural poly A sequence (i). The nucleic acid construct may comprise
additional control 5 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.
Typically the untranslated leader sequence comprises:  (i)a natural
untranslated leader sequence; (ii)a functional homologous variant of
(I); or 15a functional fragment of (i) or (II),       .1n 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 20
antigen.sequence. Particularly preferably, (i) is selected from the
group consisting of SEG ID No. 5, SEQ ID No. 6 and SEQ. ID No. 7.
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 25
components o proteins. Typically such sequences or their horriologues
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. 



In general the untranslated leader sequence has a length of from
about 10 to about 200 nucleotides, for example from about 15 to 150
nucleotides, preferably 15 to about 130 nucleotides. Leader sequences
comprising, for example, 15, 50, 75 or 100 nucleotides may be used.
Generally a functional untranslated leader sequence is one which is
able to provide a translational start site for expression of a coding
sequence in operable linkage with the leader sequence. Typically a 10
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 enhanoing expression of a coding
sequence in operable linkage with the sequence.. A variant (ii) or
fragment (iii) may be tested for .activity as an 15 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. ,
marnthalian HEK 293T, CHO, HeLa, BHK, 313 or COS cells. Test zo
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 cell. 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. 25A
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 511TR: A functional
leader sequence does not abrogate expression but preferably increases
expression in at least one but preferably two reference cell  37
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 B allows greater than 50% of the expression
improvement achieved by the natural leader sequence.
Alternatively, or additionally, a leader sequence may be tested for
activity in the Comparative Immunogenicity Assay below. A leader
sequence is svvapped into the base vector in place of HBV preS2
.51UTR. lo A functional leader sequence provides antibody titres that
are at least as high as or higher than those achieved by the base
venter, With atIleast .one preferably two antigens. Preferably the
antibody titres are at least 5%, 10%, 20%, 30% or 40% higher than
with the base vector. Preferred, antigens are FiBsAg, RSV 2g0 and
Flu-M2 antigens. An is homologous variant (ii) or fragment (iii) is
functional if it allows the highest antibody titres allowed by the
natural leader sequence (i). 



Suitable leader sequence can be obtained using standard protocols.
For example, HBV preS2 antigen sequence, HBV e-antigen sequence and
HSV type 2gD antigen sequence is available at GenBank M54923, 20
M54923 and Z86099 respectively. Primers can be designed based on _
this knoNivn sequence and used to isolate homologous sequences.
Leader sequences may be synthesised based on known sequences. -
The nucleic acid construct may comprise an enhancer sequence. An
enhancer sequence is typically provided 3' of the cloning site, hl 25
operable linkage with both the chimeric promoter and an inserted
coding sequence, and acts to increase transcription of the inserted
sequence. In general the enhancer comprises: (1)a natural enhancer;
38 (ii)a functional homologous variant of (i); or OWa functional
fragment of 6) or (ii).        The enhancer sequence generally
comprises from about 50 to about 850 nucleotides, for example from
about 75 to about 600 5 nucleotides. Enhancers of about 100, 200, 300
or 400 nucleotides may be used.       Typically (i) is a eukaryotic
or viral enhancer, in particular, of a virus which infects
eukaryotes. Usually such enhancers occur in the 3' untranslated
region (3'UTR) of a gene. Preferably (i) is an MEV or a CMV io
enhancer, for example an FlBs Ag 3' UTR or a simian CMV immediate
early gene 3' UTIR. Preferably (i) comprises SEQ ID No. 8 or SEQ. ID
No. 9. 



In general, the enhancer in the construct comprises sequences found
in (i) which bind transcription components or regulatory proteins, 15
for example transcription factors, or homologues of these sequences
which bind the same components or proteins. Preferably these
sequences are present in the enhancer in the same order and/or
substantially the same relative spacing as in W.  Generally a
functional enhanCer is one which enhances or 20 increases expression
of a polynucleotide, for example, a coding sequence, which is
operably linked to the enhancer sequence. Typically a functional
homologous variant (ii) or fragment (iii) has substantiallythe same
activity (for example, enhancement of expression) as and/or
complements the activity of the natural enhancer (i). 2EEnhancer
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 60% of the enhancer activity  39
shown by the natural enhancer in such as assay. Typically 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. 5Enhancer utility may also be tested using
the Comparative  Expression Assay set out below. A test 3'UTR
sequence is swapped into the base vector. A 3TUTR 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. 10 Preferably expression is increased by
at least 5%, 10%, 20%, 30%, 40% or 50%. Preferred cell types are
mammalian HEK2931, CHO, HeLa, BHK, 373 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 15  fp.
Additionally or alternatively, enhancer sequences may be tested for
activity in the Comparative lmrnunogenicity 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 zo 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 with the base vector. Preferred antigens are
HI3s Ag, HSV2gDE 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 25 sequence (i). 



Suitable enhancer sequence can be obtained using standard cloning
methods. For example,1-18sAg 3'UTR sequence, or simian CMV immediate
early gene 3'UTR sequence can be accessed at GenBank  40 AF143308 and
M16019. Primers can be designed based on this known sequence and used
to isolate homologous sequences.        In a preferred embodiment,
the nucleic add construct comprises a heterologous polyA sequence, a
heterologous leader sequence and a 5 heterologous enhancer, all in
operable linkage with the chimeric promoter, for efficient expression
of an inserted coding sequence.        In a further aspect, the
present invention also provides a nucleic acid construct comprising,
or sometimes consisting essentially of: a promoter sequence(
(ii) a non-translated leader sequence derived from HBV preS2 antigen
sequence, I-IBV e-antigen sequence or HSV type 2 gD antigen sequence;
and        (iii) a coding sequence operably linked to U) and (II)
wherein the coding sequence is heterologous to the non-translated is
leader sequence. Typically the promoter sequence 0) is derived from a
viral or eukaryotic prothoter sequence. The promoter sequence may be
a natural promoter sequence, a functional homologue of the natural
sequence Ora functional fragment of either. Suitable natural
promoters include;! fon 7 20 example, the hCMV immediate early
promoter, Pseudorabies ViruS (PRY) promoter or Rous sarcoma virus
(RSV) promoter. Preferably the natural promoter comprises SEQ ID NO:
52 or SEQ ID NO: 53.        An artificial promoter construct, such as
the chimericipromoter described above, may be used, provided that the
promoter is functional.  41        A functional promoter sequence is
generally one which is able to cause (including initiate and
regulate) transcription of an operably linked coding sequence in a
suitable host cell. 



A promoter sequence may be tested for promoter activity using a s
routine expression assay. A functional homologue 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. The non-translated leader sequence
(ii) is as described above. io Suitable coding sequences (iii)
include those 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 15 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' lot the coding
sequence. Suitable enhancer sequences are described above in relation
to  the chimeric promoter construct,  20In another aspect, the
invention provides a nucleic acid construct comprising, or in some
embodiments consisting essentially of: a promoter sequence; (ii)a
coding sequence operably linked to the promoter sequence (i) and;
25(ill)an enhancer sequence 3' of and operably linked to the coding
sequence (ii);  42       wherein the enhancer sequence (iii) is
derived from a 3'UTR of an EISsAg sequence or a 3'UTR of a simian CMV
immediate early gene sequence, and the coding sequence (ii) is
heterologoUs to the enhancer sequence.       The construct may
include a non-translated leader sequence such as the ones already
described in relation to the chimeric promoter construct. Typically
the promoter sequence (i) is derived from a viral or eukaryotic
promoter sequence. The promoter sequence may be a natural 



ic 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 SEO ID NO: 52 or SEO ID NO: 53. 15An
artificial promoter constrUct, such as the chimeric promoter
described above, may be used, provided that the promoter is
functional.       A functional promoter sequence is generally one
which is able to cause (including initiate and regulate)
transcription of,an operably linked coding sequence in a suitable
host cell. 20A promoter sequence may be tested for peomoter activity
using a routine expression assay. Functional homologues or fragments
of a natural promoter sequence typically provide at least 50%, for
example, or least 60, 70, 80 or 90% or the expression provided by the
natural' sequence in such an assay. 25Suitable 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  43 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. 5A 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. 10Typically a signal peptide sequence encodes a peptide
of 10 to 30 amino acids for example 15 to 20 arnino 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 15 cleaved off in the endoplasmic reticulum, allow
for secretion of the polypeptide via the Golgi apparatus. 



A signal peptide for use in the invention may comprise:
(i) a natural signal peptide sequence;                 (ii) a
homologoOs variant of (i) which retains signal zo " peptide activity;
or                 (iii) a fragment of (i) or (ii) whiCh retains
signal peptide activity., Sequence (i) may be for example human
tissue plasminogen activator signal peptide (hTPAsp) (GenBank
L00141), the aprotinin signal 25 peptide (GenBank AAD13685), tobacco
extensin signal peptide (GenBank JU0465), or chicken lysosyme signal
peptide (GenBank AF410481).  44  A signal peptide, suitable for use
in the present invention, is one which will enable the secretion of
heterofogous 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. 5 human tissue
plasininogen activator signal peptide (hTFAsP) - and with the effect
of having no signal peptide. The Comparative Expression Assay set out
below may be used but with the following modification. Secretion
expression vectors are constructed containing the base vector with
either the test signal peptide, hTPAsp or no signal peptide. Coding
io 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 poiypeptide expression levels. A functional signal
peptide enables polypeptide is 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.
20Allowing 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, 1-cells etc), enable the ability of antigen to reach
the 2$ bloodstream and signal cells (cytokines), enable an antigen to
find cellular ligands and effect a function. (antibodies, toxins such
as cholera toxin, E.coli LT) and participate in normal cellular
biochemical processes (cellular receptors).            A nucleic acid
construct of the invention may be in the form of a ZO plasmid
expression vector. The vector may then include additional  45
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
5 vedtor construct. In some embodiments, the nucleic acid construct
of the invention may coniprise two ot more of the chimeric promoters
defined herein. Thus, the construct may comprise a plurality of
chimeric promoters and in particolar the construct may have two,
three, four, five or more io chirneric; promoters. The chimeric
promoters will preferably be each separately operably linked to a
cloning site for insertion of:a coding seqcrence. Thus, the construct
may express two, three, four, five or more more coding sequences.
The-coding sequences expressedImay be any of - those specified
herein. In a preferred instance, the Construct has two 15 chimeric
:promoters with each having a coding seqUence Operably linked to
them.; In particular, the two promoters may be transcribed away from
each other.        lh particular, the constructs with two promoters
may express the A and B subunits of an ADP-ribosylating bacterial
toxin, including any of 20 those mentioned herein and preferably an
LTA and B subunit.        In cases where the construct has multiple
chirneric 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. 25 One or more of the
chimeric promoters may also preferably comprise the 5' UTR of HSV-2gB
pre-S2. One or more of the promoter a may comprise the poly
adenylation sequence of the rat beta globin gene.  



46 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 5major immediate
early gene; and        (c) a heterologous intrdn provided in place of
the intron A region of the hCMV major immediate early gene. with the
coding sequence operably linked to one chirneric 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 15 of HBV pre-S2; and/or. -
each LT encoding sequence is operably linked to the rat beta giobin
gene polyadenylation sequence.        A polynucleotide construct of
the invention may be substantially free of or associated with cells
dr with cellular material. It may be in 20 substantially isolated
form; or it may be in substantially purified form, 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. The present
nucleic acid molecules may be delivered to suitable host cells, for
expression of a polynucleotide in operable linkage with the . 25
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,
clextran mediated  



transfection, calcium phosphate precipitation, electrOporation and
direct microinjection into nucleii.      . As described above, a
nucleic acid coding sequence in a construct may encode. a
therapeutically relevant polypeptide. The present 5 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  molecules
can be delivered either directly to a subject, or alternatively,
delivered ex vivo to cells derived froth the subject whereafter the
cells 10 are reimplanted in the subject.       For use in nucleic
acid immunisation or gene therapy, the nucleic acid constructs may be
formulated as conventional pharmaceutical preparations. This can be
done using standard pharmaceutical formulation chemistries and
methodologies, which are available to those 15 skilled in the art.
For example, compositions containing one or more nucleic ac-id
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. Auxiliary
substances, such as wetting or emulsifying agents, pH 20 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. 25 Pharmaceutically acceptable excipients include, but
are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid, glycerol and ethanol.
Pharmaceutically acdeptable salts can also be included therein, for
example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of   a organic
acids such as acetates, propionates, 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 5 are to be included in the composition.
Examples of suitable carriers that also act as stabilizers for
peptides include, without limitation, pharmaceutical grades of
dextrose, sucrose, lactose, trehalose, mannitol, sorbitol, inositol,
dextran, and the like. Other suitable carriers include,  again
without limitation, starch, cellulose, sodium or calcium phosphates,
lio 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 PHARMACEUTICAL
SCIENCES (Mack Pub. Co., N.J. 1991), incorporated herein by
reference. 



isCertain facilitators of nucleic acid uptake and/or expression
("transfection facilitating agents") can also be included in the .
cornpOsitions, for example, facilitators such as bupivacaine,
cardiotoxin ;I and sOcrose, and transfection facilitating vehicles
such as liposomat or lipid preParations that are routinely used to
deliver :nucleic acid : I 20 moleeples. Anionic and neutral liposomes
are widely available and well known for delivering'nucleic acid
molecules (see, e.g., Liposomes: A Practical Approach, (1990) FIPC
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-E1-(2,3- 25
dioleyloxy}propyll-N,N,N-trimethylammonium chloride), available under
the tradename Lipofectie , and DOTAP (1,2-bis(oleyloxy)-3-
(trimethylammonio1Propane), see, e.g., Feigner et al. (1987) Proc.
Natl. Acad. Sot USA 84:7413-7416; Malone etal. (1989) Proc. Nail.
Acad. Sal. USA 86:6077-6081; US Patent Nos 5,283,185 and 5,527,928,
and 30 International Publication Nos WO 90/11092, WO 91/15501 and WO
49 95/26256. These cationic lipids may preferably be used in
asseciation with a neutral lipid, for example DOPE (dioley!
phosphatidylethanolarnine). Still further transfection-facilitating
compositions that can be added to the above lipid or liposome 5
preparations include spermine derivatives (see, e.g., International
Publication No. WO 93/18759) and membrane-permeabilizing compounds
such as GALA, Gramicidine S and cationic bile salts (see, e.g.,
International Publication No. WO 93/19768). Alternatively, the
nucleic acid molecules of the present invention io may be
encapsulated, adsorbed to, or associated with, particulate carriers.
Suitable particulate carriers include those derived from- polymethyl
methacrylate polymers, as well as PLO microparticles derived' frorn
poly(lactides) and poly(lactide-co-glycolides). See, e.g., Jeffery et
at (1993) P.hann. Res. 10:362-368. Other particulate systerris and 



15. polymers can also be used, for example, polymers such as
polylysine, polyarginine, polyornithine, spermine, spermidine, as
well as conjugates of these molecules.        Once formulated the
compositions can be delivered toe subject in .vivo using a variety Of
known routes and techniques. For example, the zo liquid preparations
can be provided as an injectable solution, 'usPension i; - or
emulsion and administered via parenteral, subcutaneous, intra'dermal,
::i : intramuscular, intravenous injection using a conventional
needle and syringe, or using &liquid jet injection system. -LiOuld
Preparaionl'S can also be administered topically to skin or mucosal
tisaue, or pievided as a 25 finely divided spray suitable for
respiratory or pulmonary adMinistration. Other modes of
administration include oral administration, suPpositories, and active
or passive transdermal delivery.techniques.       Alternatively, the
compositions can be administered ex vivo; for example delivery and
reimplantation of transformed cells into a subject  50 , are known
(e.g., dextran-mediated transfection, calcium phosphate
precipitation, electroporation, and direct microinjection of inte
nuclei).       The compositions are administered to a subject in an
amount that is compatible with the dosage formulation and that will
be 5 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 



10 needed. For example, it is generally expected that an effective
dose of the polynucleotide will fall within a range of about 0.001 to
1000mg, more preferably 0.01 to 10.0pg. In one instance, a nucleic
acid construct of the invention may be  used in.conjunction with
another nucleic acid construct. In one case, the  is nucleic acid
construct may be one of those described herein for the expression of
an adjuvant 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. In the case where one construct
expresses an adjuvant and the 20 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, ICP4,1CP 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 25
particular both.        The two constructs may be administered
separately, sirnultaneously or sequentially. The two may be
administered in the same or different compositions. In. particular,
where one construct has an  . adjuvant effect the two will be
delivered so that an adjuvant effect is  51 " 



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. .. 6In 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. -
Particles for particle mediated delivery may be formed by coating io
the present nucleic acid molecules onto carrier particles (e.g., cope
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 devide. Typically carrier
particles have a diameter of 15 from 0.1 to 5,um, for example 0.5 to
3,um, preferably 1 to 21/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., injectedj into tissue (e.g.; skin or
muscle) and subsequently taken-up by immune- 20 competent cells.
Usually carrier particles are selected from inert metals. The metals
are inert in that they are not physiologically active. For the
purposes of the invention, tungsten, gold, platinum and iridium
carrier particles can be used. Tungsten and gold particles are
preferred. Tungsten particles 25 are readily available in average
sizes of 0.5 to 2.0 pm 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  52 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 /AM, or available from Degussa, South
Plainfield, NJ in a range of particle sizes including 0.95 gm) and 



5 reduced toxicity. Microcrystalline gold provides a diverse particle
size distribution, typically in the range of 0.1-5 gm. However, the
irregular surface area of microcrystalline gold provides for highly
efficient coating with nucleic acids. A number of methods are known
and have been described for io 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, daCl2
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, 15 the coated particles can
be transferred to suitable membranes and allowed to dry prior to use,
coated onto surfaces of a sariiple niedule or ; cassette, or loaded
into a delivery cassette for use in particular particle- mediated
delivery instruments. As an alternative, the.polynucleotides of the
invention can be 20 formulated as a particulate'composition.
Formulation can,be carried out using the above-deacribed standard
pharmaceutical formulation chemistries. For example, the
polynucleotides can be cornbined with one . or more pharmaceutically
acceptable excipients or vehicle's to provide a suitable composition.
The formulated compositions are then prepared as 25 particles using
standard techniques'such as by simple evaporation (air drying),
vacuum drying, spray drying, freeze drying (Iyophilisation),
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  53.  International Publication No. WO 97148485, incorporated
herein by reference.        These methods can be used to obtain
nucleic acid particles having a size ranging from about 0.01 to about
250 pm, preferably about 10 to 5 about 150 pm, and most preferably
about 20 to about 60 pm; and a particle density ranging from about
0.1 to about 25 g/cms, and a bulk density of about 0.5 to about 3.0
g/cm3, or greater. 



Once farmed, the particles comprising the nucleic acid molecules may
be packaged in single unit dosages or multidose containers. Such m
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 le particle Mediated delivery device. Typically such
containers take the form of capsules, foil pouches, sachets,
cassettes and the like. The ;i particle deliVery devices can also be
provided in a preloaded condition containing a suitable dosage of the
particles. The preloaded device may then else be prepackaged in a
hermeticallY sealed container. 20The 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 governmental
agency, for example, the Food and Drug Administration, wherein the
notice indicates approval by the 25 agency under Federal Law of the
manufacture, use or sale of the nucleic acid preparation contained
therein for human administration.        Particle acceleration
devices, suitable for particle-mediated delivery are knawn in the
art. For example, current gene gun devices employ an explosive,
electric or gaseous discharge to propel coated carder particles  54
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 5 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. The disclosure of
all 10 of these patents is incorporated herein by reference in their
entireties.        Particles may also be administered using a
needleless syringe device, such as those described in U.S.Patent No,
5,630,796 to Bel!house et al ( "the PowderJect(r) needl eless syringe
device") and in International Publication Nos. WO 94/24263, WO
96/04947, WO 75 96/12513 and WO 96/20022, all of which are
incorporated herein by reference.        Devices such as the one
described in US Patent No.5,630,796 may be provided as a pen-shaped
instrument containing, in linear order moving from top to bottom, a
as cylinder, a particle cassette or 20 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 25 burst pressure that
dictate the conditions at which the supersonic flow is initiated. In
operation, the device is actuated to release the compressed gas from
the cylinder into an expansion chamber within the device. The
released gas contacts the particle cassette and, when sufficient
pressure  55 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 5 silencer is used to attenuate the
noise produced by the supersonic gas flow.        The delivery system
described in International Publication No. WO 96120022 also uses the
energy of a compressed gas source to -accelerate and deliVer powdered
compositions. However, it is id 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 strike S the back of the dome,
causing a  sudden eVersion Of the flexible dome in the direction of a
target surface. 15 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 mucosai tissue. The powdered composition is released at the
point of full dome eversion. The; dome also serveb to completely
contain the high-pressure gas flow which 20 '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. 25Particles 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 30 or intramuscularly.
Preferably, delivery is to terminally differentiated  6 . 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.       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 1D by routine trials. Generally the particles are
delivered in an amount of . from 0.001 to 1000yg, more preferably
0,01 to 10.0pg of nucleic acid per dose. However, the exact amount
necessary will vary depending on. the age and general condition of
the individual being treated and the particular nucleotide sequence
selected, as Well as other factors. An 15 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.  57 



Assays Comparative Expression Assay A suitable test for element
utility determines the effect the element has on expression of a
polypeptide.. The basis of comparison for 5 testing utility Of the
elements is a 'base vector', generally (unless otherwise noted) a
plasrnid with a hCMV promoter, hCMV axon 1, 9 bases of hCMV exon 2,
the 5'UTR from HBV preS2 and the rabbit-p giobin_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, exone, 5'UTRiand polyA sites are swapped into the base
vectors to create test expression vectors. Thus functional variants
or fragments can be tested. The base vectors and test vectors are
transformed into suitable 15 host cells and the cells analysed for
polypeptide expression levels. Preferably mammalian hest cells are
used. Suitable cells include mammalian HEK 2931, CI-l0,HeLa, 61-1K,
3T3 or COS cells.        Typically, a functional element causes
expression which is comparable to the base vector, for example at
least the same as or 20 greater. Preferably expression is tested in
more than one cell type and with more than one coding sequence.
Suitable experimental protocols are provided, for example, in
Examples 1 to 13 below.  58. Comparative immunooenicitv Assay
Where the polYpeptide to be expressed is an antigen, a further iest
may be carried out to identify functional or particularly preferred
construct elements. In the assay, the effect of an element on immune
5 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.



10This exPeriment is 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 15 breadth of utility of the element(s) in that
expression panel.        Suitable experimental protocols are provided
for example, in Example 14 below. C.Experimental Below are examples
of specific embodiments for carrying 20 out the present invention.
The examples are offered for illustrative purposes only, and are not
intended to limit the scope of the present invention in any way.
Efforts have been made to ensure accuracy with respect to numbers
used (e.g., amounts, temperatures, etc.), but some 25 experimental
error and deviation should, of course, be allowed for.  59 Methods
Standard PCR Conditions        The standard Pali conditions used for
the construction of vectors were as follows: lx PCR core buffer w/
1.5mM MgC12 (Promo 5 Corporation, Madison, W1), 0.400,uM each of each
primer, 200pM of each dNTP (USB, Inc, Cleveland, OH) , 2.5,u Tag
polymerase (Promega Corporation, Madison, WI), 1.0 ng template DNA,
water to 100p1, and.a mineral oil (Aldrich Chemical, lnc, Milwaukee,
WI) overlay. The PTC-200 thermocycler (MJ Research, Inc, Waltham, MA)
was programmed to run 10 the following routine: 4'@96C, 30 cycles of
(17@95C/ 1115"@55C/ 1'@72C), 101@72C, 4C hold). The amplification
products were removed from the PCR reaction by using .the
QIAquickaPCFI Purification Kit Qiagen Inc, Valencia, CA) prior to
cutting with restriction enzymes (New England Biolabs, Beverly, MA).
15All PCR products were sequenced after cloning to ensure fidelity of



the amplification:       Exarnple 1. Construction, of hepatitis B
virus surface antigen (HBsAg) vector panels             A number of
plasmid expression vectors Were constructed for - 20 expression of
HBsAg. Starting materials        (1) pWRG7128 (Roy, M, etal. Vaccine
(2001) 19: 764-778), which contains the hCIV1V immediate early
promoter sequence, the first exon, first intron, and a partial second
exon of the hCMV major 25 immediate early gene, the HBsAg coding
sequence with flanking regions ( HBV preS2 6'UTR derived sequence and
3' posttranscriptional response   60 element) and the bovine growth
hormone polyadenylation region (BGHpA)        (ii) pJV7284, a
derivative of pWRG7128 that exchanges the rabbit p globin
polyadenylation region (RBGpA) for BGHpA. (a) DJV7384 (CMVfno
intron), HBV PreS2 5'UTR and RBGPA)         pWRG7128 was PCR'd with
JF93 (SEQ ID NO:15) and F110 (SEG ID ?10:l 6} using standard
conditions and cut with Sall and BamH1 to isolate an insert fragment
containing the CMV promoter, exon 1 and part of the exon 2 sequence.
pAM6 (ATCC, Mannassas, VA) was cut with lo BamH1 and BstX1 to isolate
an insert fragment that contained the 5'- UTR of I-IBsAg, and roughly
70% of the HBsAg coding region. pJV7284 was cut with Sall 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 15 JF254 (SEC) ID NO:18) and cut with BstX1
and 8g12 to isolate an insert fragment that contained the 3'-end of
the HBsAg coding region. pJV7293 was cut with BstXl and 8g12 to
generate a vector fragment into which the insert fragment was
ligated, resulting in vector pJV7384.             (10) pJV7382
(CMV(no intron), HBsAq 3'UTR, REV preS2 5'UTR zo and RBGDA)
pJV7293 was cut with Xhol and Xbal to generate an insert fragment
containing the CMV promotertexons and the W-UTR with Wend of the
HBsAg coding sequence. pWRG7128 was cut with Xbal and Bell to
generate an insert fragment containing the majority of the HBsAg 25
coding sequence and the 3'-UTR. pJV7284 was cut with Xhol and 2912 to
generate a vector fragment into which the two insert fragments were
ligated, resulting in pJV7382. 



61        (cl PJV7389 (CMV (RIA); HBsAg 3'LITR HBV preS2 51UTR and
RBGIDA)         The rat insulin intron A (R1A) was PCR'd out of
plasmid p5lrIns (unknown origin) with primers GW150 (SEQ ID NO:19)
and JF255 (SEO ID NO:20). The PCR product was cut with SamH1 and
inserted into BamH1 linearized pJV7382, resulting in pJV7389. (d)
pJV7387 (CMV( RIM, HBV preS2 5111TR and RBGnA)  pJV7384 was cut with
BstX1 and EcoR1 to generate an insert     fragment containing the 3'
end of the HBsAg coding region and.RBGpA. io 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 olycoprotein D antigen  (HSVeD) vector panels
A number of plasmid expression vectors were constructed for is
expression of HSVgD. Starting materials        (a) pJV7334, a
derivative of pWRG7284 (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 SamH1 20 immediately 5'
of the HBV Eh        (b) pWRG7202 , a derivative of pGem3Z (Promega)
with a stuffer fragment that allows the fusion of a coding sequence
to the human tissue plasminogen activator (TPA) signal peptide
downstream of a Nhel site.  62        (a) 0JV7392(CMyjnative intron),
HBsAq 3'UTR HBsAq 5'UTR and RBGDA)  



The coding region for HSV2 gD was PCR'd out of a Viral DNA. stock
(Advanced Biotech, Inc, Columbia, MD) using primers DS1 ( SEQ 5 ID
NO:21) and DA1 (SEQ [ID NO:22) and was cut with Nhel and EcoR1 to
generate an inert fragment. pWRG7202 was cut with Nhe1 and EcoR1 to
generate a vector fragment into which the insert fragment was
ligated, resulting in pJV7391. pJV7391 was cut with Nhel and Bg12 to
generate art insert 10 fragment containing the HSV2 gD coding
sequence1 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 15 of the hCMV major immediate
early gene, the 5'-UTR from HBsAg, the 'boding sequence for HSV2 gD
gene, the 3-1.1TR from HBsAg, and RBGpA.        (b) JV7399 (CMV(no
intron), HIBsAq 31UTR HBsAq 51UTR and  RBGpA)  20 An intronless
version of pJV7392 was constructed as follows. pJV7384 was cut with
Hind3 and Nde1 to isolate an insert fragment containing the 5' ends
of the kanamycin resistance gene and the CMV promoter pJV7384 was cut
with Nde1 and Sspl to isolate an insert fragment containing the 3'
end of the CMV promoter, the CMV exon1/2 25 and 5' end of the 5r-UTR
from HBsAg. These insert fragments were inserted into pJV7392 from
which the Hinc13-Sspl fragment was removed, resulting in pJV7399.  63
(c) pJV7400 (CMV(R1A), 1-1BsAo 31UTR, HBsAo 511.1TR and RBGpA)
A R1A version of pJV7392 was constructed as follows. pJV7384 was cut
with Hind3 and Ndel to isolate an insert fragment containing the 5'
ends of the kanamycin resistance gene and CMV promoter. pJV7387 was
cut with Ndel and Sspl to isolate an insert fragment containing the
3' end of the CMV promoter, the CM'! exon1/2(partial), RIA, and 5'
end of the 5'-UTR from I-IBsAg. These insert fragments were inserted
into pJV7392 from which the Hind3-Sspi fragMent was lo removed,
resulting in pJV7400.         (d) pJV7401 (CMV(no intron), HBsfita
51UTR and RBGpA)  



A 3'-UTR-less version of piV7399 was constructed as follows. .
pJV7391 was cut with Bspi 201 and Bg12 to isolate an insert fragment
containing the 3' end of the HSV2 gD gene. pJV7284 was out with 8g12
is and EcoRif to isolate the RBGpA signal. These insert fragments
were inserted into pJV7399 from which the Ssp1201-EcoR1 fragment was
removed,' resulting in pJV7401.        (e) 2JV7402 (CMV(RIA), H8sAcr
S'UTR and RBGpA)  A 3'-UTR-less version of pJV7400 was constructed as
follows. 20 pJV7391 was cut with Bspi 201 and BgI2 to isolate an
insert fragment containing the 3' end of the HSV2 gD gene. pJV7284
was, cut with 8,02 and EcoR1 to isolate the RBGpA signal. These
insert fragments were ligated into pJV7400 from which the
Bsp1201-EcoR1 fragMent was removed, resulting in pJV7402.  64
Example 3. Construction of Flu M2 antigen vector panels  .(a) pJV7450
(CMV(no intron), HBsAq 5'UTR and RBGpA)  A coding region for Flu M2
was PCR'd out of plasmid pFL-M2 (Joel Haynes, EJV) using primers
JF301 (SEQ ID NO:23) and JF302 5 (SEQ ID NO:24) and was out with Nhe1
and Bg12 to generate an insert fragment. pJV7401 was cut with Nhel
and 8g12 to generate a vector fragment into which the insert fragment
was ligated, resulting in pJV7450.            (b) pJV7452 (CMV(no
introni, HBsAg 3'UTR, HBsAci 5'UTR and  10 RBGpA)         A 3'UTR
fragment was PCR'd (nit of pJV7389 with primers JF84 (SEQ lID NO:25)
and JF225 (SEQ ID NO:26) was cut with Bspl 201, filled with T4 DNA
polymerasa, and linkered with Bg12 linkers (cet# 1036, New England
Biolabs), The fragment Was then cut with Bg12 and EcoR1 15 to isolate
an insert fragment containing the 3'UTR of HBsAg and the RBGpA
region. pJV7450 was cut with 8g12_ and EcoR1 to generate a vector
fragment into vvhich the insert fragment was ligated) resulting in
pJV7452            (c) pJV7458 (CMV(RIA) FIBsAg 5' UTR and RBGpA)  



20A 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.
65-        (d) pJV7468 (CMV(RIA), HBsAp TUTR ,H13sAq 5TUTR and
RBGpA).         A version of pJV7458 containing the 3'UTR of HBsAg
was constructed as follows: pJV7452 was cUt with 3g12 and EcoR1 to 5
produce an insert fragment containing thel-lBsAg .3'UTR and RBGoA.
pJV7458 was cut with Bg12 and EcoR1 to generate a vector fragment
into which the insert fragment was ligated, resultindin pJV7468.
Example 4. Construction of Beta-gal vector panels        (a) pJV7488
(CMV(no intron), HBsAq 3'UTF1, HBsAg 5IUTR and FIBGpA)
CMV-beta (CIOntech) was PCRed with primers JF335 (SEQ ID NO:27) and
JF336 (SEQ ID NO:28) and cut with Nhel and 8g12 to isolate an insert
fragment coding for beta-galactosidase. pJV7452 was cut with Nhel and
Bg12 to generate .a vector fragment into which the 15 insert fragment
was ligated, resulting in pJV7488. (by pJV7533 (CMV(no intron), HBsAq
511JTR and RBGpA)         pJV7450 was cut with 8g12 and EcoR1 to
isolate an insert fragment containing the Fil3GpA. pJV7488 wastut
with Bg12 and Ed oR1 to generate a vector fragment into which the
insert fragment was ligated, zo resulting in p..1V7533..        (c)
pJV7551(CMV(FlIA/Nhef), HBsAp WUTR, HBsAq 511.1TH and  RBGpA)
pJV7530 (see Example 5) was cut with Xhol and BarnE11 to isolate an
insert fragment containing the CMV promoter through RM. 



25 pJV7488 was cut with Xho1 and Remitl to generate a vector fragment
into which the insert fragment was ligated, resulting in pJV7551.  66
(50 PJV7552(CMV(RIA/Nhelh1-iBsAcr 51ITR and RBGnA)        pJV7530 was
cut with Xhol and BamH1 to isolate an insert fragment containing the
CMV promoter through RIA. pJV7533 was cut with Xhol and BamH1 to
generate a vector fragment into which the 5 insert fragment was
ligated, resulting in pJV7552. Example 5. Construction of p1/41V
Expression (pJV7563) (a) pJV7496        pJV7389 was PCR'd with
primers JF357 (Sal ID NO:29) and JF365 (SEQ ID NO: 30), treated with
T4.DNA polymerase to blunt the 10 ends, and cut with Sall to isolate
an insert fragment coding for kanamycin resistance. pJV7389 was cut
with Aval, treated with T4 DNA polymerase to blunt the ends, and cut
with Sall to isolate a vector fragment into which the insert fragment
Was ligated, resulting in pJV7496. 15(b) pJV7530 pJV7389 was PCR'd
with primers JF393 (SECLID NO:31) and  JF406 (SEQ ID NO:32) and cut
with 8g12 and BamH1 to isolate an insert fragment containing the RIA
devoid of an internal Nhel site. pJV7496 was cut with BamH1 to
prepare a vector fragment into which the insert 20 fragment was
ligated, resulting in pJV7530. (c) oJV7542 pJV7468 was cut with
Bam1-11 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 25
insert fragment was ligated, resulting in pJV7549.  67 pJV.7563
Primers JF256 (SEG ID NO:33) and JF257 (SEG ID NO:34) were annealed
to prepare an insert fragment consisting of a multiple cloning site.
pJV7549 was cut Nhel and Bg12 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 1045-860 Kanamycin resistance coding sequence from
Transposon 903 -  861-896 Transposon 903 seqUences  897-902 Sall site
903-1587 CMV promoter 151588-1718 untranslated leader sequence from
the immediate-early gene of CMV 1719-1724.Fusion of BamEll and Bg111
restriction enzymes 1725-1857 Rat insulin introri A 1858-1863 BamH1
site 20:1864-1984 HBV surface antigen 5'- untranslated leader 



1985-1993 Synthetic start codon/ Nhel cloning site 1994-2011.
Synthetic cloning sites 2012-2544 HBV enhancer  2545-2555 Old vector
sequence. No hits against NCB' databases 2556-2686 Rabbit beta-globin
polyadenytation region 2687-3759 pUC19 vector sequence
Example 6. Construction of Signal Peptide Expression Panels using  5
Human Secreted Alkaline.Phosphatse.(SEAP) and Human IgG Fe Fragment
(hPc) as Model Antigens  DJV7507 (hTPAsp and SEAP)
pSEAP-Basic (Olontech) was PCR'd with primers JF320 (SEQ ID 140:35)
and JF321 (SEQ ID NO:36) then cut with IVhel and B212 to io isolate
an insert fragment consisting of the human SEAR fragment. pJV7079
(Macklin, et.al.) was cut with Nhel and 8g12 to prepare a vector
fragment into which the insert fragment was ligated, resulting in
pJV7507. (ii) JV7508 (hTPAsp and hFc)  15Human DNA was PCR'd with
primers JF386 (SEQ ID NO:37) and FcAS (SEQ ID NO:38) then cut with
Nhel and 8g12 to isolate an insert fragment consisting Of the htiman
IgG Fc fragment. pJV7079 was cut with Nhel and Bg12 to prepare a
vector fragment into Which the insert fragment was ligated, resulting
in pJV7508. 20(iii) Preparation of Aprotinin Signal Peptide Coding
Sequence        Synthetic oligo JF354 (SEQ ID NO:39) was PCR'id with
primers JF355 (SEQ ID NO:40) and JF356 (SEQ ID N0:41) to generate the
'coding sequence for the aprotinin signal peptide.  69        (iv)
Preparation of Tobacco Extensin Signal Peptide Coding Sequence
Synthetic oligo JF348 (SEQ ID NO:42) was PCR'd with primers 



JF349 (SEQ ID NI0:43) and JF350 (SEO. ID NO:44) to generate the5
coding sequence for the tobacco extensin signal peptide.         (v)
-Preparation of Chicken Lysozvme Signal Peptide Coding Sequence
Synthetic lige JF351 (SEQ ID NO:46) was PCRld with prirners 'JF352
(SEQ ID NO:46) and JF353 (SE0 ID NO:47) to generate the io coding
sequence for'the chicken lysozyme signal Peptide.  (a) Flu M2 antigen
signal peptide panels  pJV7499 (CMV(no intron), FiSsAg5IUTR. RBGpA.
aprotinin s.P.)     pJV7497 (CMV(no intron),EIBsAg5'UTR, RBGpA,
tobacco extensin s.p.) isPJV7500 (CMV(no intron), HBsAg511.1TR,
RBGpA; chicken Eysosyme s.p.)        Coding sequences for the signal
peptides were cut with Spel and Nhel to isolate insert fragments.
pJV7450 was cut with Mel to prepare . a vector fragment into which
the insert fragments were ligated, resulting 20 in pJV7499
(aprotinin), pJV7497 (tobacco extensin), and pJV7500 (chicken
lysozyme).  (b) SEA? signal peptide panels pJV7513 (CMV(no intron),
HBsAg5'UTR, RBGpA, aprotinin s.p.)           pJV7512 (CIVIV(no
intron), HBsAg5'UTR, RBGpA, tobacco 25 extensin sp.)  70
pJV7510 (CMV(no intron), I-113sAg51UTR, RSGpA, chicken lysosyme s.p.)
pJV7499; 7497, and 7500 were cut with Xhol and Nhel to isolate an
insert fragment consisting of the CMV promoter through the signal
peptide coding sequence of the plasmids. PJV7507 was cut with Xho I
and Nhel 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  



10pJV7524 (CMV(rio intron), HBsA95'UTR, RBGpA, aprofinin s.p.)
pJV7525 (CMV(no intron), HBsAg5TUTR, RBGpA, tobacco extensin s.p.)
pJV7526 (CMV(no intron), HBsAg5PUTR,'RBGpA, chicken lysosyme signal
peptide) 15pJV7499, 7497, and 7500 were cut with Xhol and Nhel to
isolate an insert fragment consisting Of the CMV promoter through the
signal peptide coding sequence of the plismids. pJV7508 was cut with
Xhol and Nhel to prepare a vector fragment into which the insert
fragments. were ligated, resulting in pJV7524 (aprotinin), pJV7525 20
(tobacco extensin), and pJV7526 (chicken lysozyme),        Example 7.
Construction of Human Secreted Alkaline Phosphatase (SEAP) panels
(a) pJV7531 (CMV(no intron), HBsAo5TISTR, RBGpA, chicken lysosyme
s.P.)   71  was cut with Sall and Bg12 to generate a vector fragment
into which the insert fragment was ligated, resulting in pJV7531.
(b) pJV7554 (CMV(RIA/Nhel), HBsAq5'UTR, RBGpA chicken IVsnsvme s.P.)
pJV7530 was cut with Xhol 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 vvhich the insert
fragment was ligated, resulting in pJV7554.           pJV7568 (CMVIno
intron), HBsAg 3IUTR, HBsAg5'UTR, RBGPA, chicken lvsosvme s.P.)
pJV7563 was cut with Bg12 and EcoR1 to isolate an insert fragment
containing the HBV 3'-UTR and RBGIA. pJV7531 was cut with 3g12 and
EcoR1 to generate a vector fragment into which the insert fragment
was ligated, resulting in pJV7568. 15(d) pJV7572
(CMV(RIA/Nhel),1-1BsAn 3'UTR, HBsAg5'UTR,  RBGpA, chicken lvsosvme
S.P.)  



pJV7563 was cut with Bg12 and EcoRl to isolate an insert fragment
containing the HBV 3'UTR and RBGpA. pJV7564 was cut with B212 and
EcoR1 to generate a vector fragment into which the insert 20 fragment
was ligated, resulting in pJV7572"       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 RBGDA)   72 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. 5(b)
DJV7558(Beta-qal, CMV(cK intron), HBsAq3rLITR, FiBsAq5'UTR and RBGpA)
Chicken DNA was PCR'dwith primers JF421 .(SECI ID NO:50}and JF444
(SEG ID NO:51)and cut with Lig/2 and BamH1 to isolate an insert
fragment consisting of the intron and flanking exon sequences. from
the io chicken keratin gene. pJV7488 was cut with BamH1 to prepare a
vector fragment into which the insert fragment was ligated, resulting
in pJV7558.        (c) pJV7578 (HBsAq, CMV(cA intron),
1-1BsAq3'HBsAg5TUTR and IRBGpA)  15pJV7557 was cut with Sall and
BamH1 to isolate an insert fragment consisting of the CMV promoter
through intron regions. pJV7496 was cut with Sall and BamH1 to
prepare a vector fragment into which the insert fragment was ligated,
resulting in pJV7558.             (d) pJV7579 (HBsAq, OMV(cK intron)
HBsAciTUTR HBsAq5'UTR 20 and RBGpA)         pJV7558 was cut with Sall
and BamH1 to isolate an insert fragment consisting of the CMV
promoter through intron regions. pJV7496 was cut with Sall and BamH1
to prepare a vector fragment into which the insert fragment was
ligated, resulting in pJV7579.  



73      .Example 9. In-Vitro Analysis of Antigen Expression by HBsAg
Vector Panels  On day one, SCC15 CATCCI or B16 (origin unknown,
versions available at ATCC) cells were plated on 6 well tissue
culture plates at 20- 5 40% Confluency, and allowed to grow overnight
in an incubator.. The host cells were propagated in media recommended
by ATCC.         On day two, the transfection reaction was performed.
For each vector to be tested, 20pI of Lipofectine re agent (Life
Technologies Inc., Grand island, NY) was added to 18014 of Optimem(r)
media (Lit e 10 T.echnologies, Grand Island, NY, and allowed to
incubate at room :temperature for 45 minutes. For each vector to be
tested, 2pg of vector  was mixed into 200p1 of Optimem(r) at 40
minutes. At 45 minut es, the vector and Lipofectin(r) sthitions were
mix ed together and *allowed to sit at room temperature for an
additional 10 minutes. During this final 16 incubation, the plated
host cells were removed from the incubator and  washed twice with
Optimern(r) media. At 10 minutes, 1.6mi of Optimem(r) was added to
the Lipefectin(r) / vector mix, and 1m1 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 fore 5 hours, at 20 which
point the Lipofectin(r) I v actor mix Was removed and replaced by
standard cell maintenance media.       At 18 to 24 hours after the
media change, from 50 to 100p1 of cell maintenance media was removed
from the tissue culture plates and analyzed for antigen expression by
placing the samples into reaction 26 vessels provided in the
AUSZYME(r) Monoc lonal Diagnostic Kit (Abbott Laboratories, Abbott
Park, IL). The volume of the test samples was brought to a volume of
200y1 with PBS, then 5014 of conjugate and a reaction bead were added
to each sample. The vessel is incubated for 80 minutes at 40C, after
which the wells we're washed clean of all liquid  /4   reaction
components. The beads were transferred to new tubes after  which
300p1 of color development buffer was added. At 30 minutes, the color
development reaction was stopped by the addition of 1M sulfuric acid,
and the absorbance of the reaction was measured at 490nm. The data
shown in Figure 1 is the average absorbance readings of the duplicate
wells from two experiments. 



As shown in Figure 1, the addition of R1A, the HEW 3'UTR or both
elements to a base vector (C1VIV promoter, exon and polyadenylation
region) increased the expression of HBsAg in SCC15 cells. As shown in
lo Figure 2, the addition of either the chicken keratin orthe 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  15SSC-15 or B16 host cells were transfected
as described in Example 9.        At eighteen to fourty hour's after
the media change, the media supernatants were removed and the cells
were vvashed with PBS. After removal of the wash, the cells vere
lysed-by incubating the cells in zo 500p1lysis buffer (50mM NaPO4,
0.1%Triton X-100, p1-17) 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 25y1 of the cleared
Iysate were added to 500ploireaction buffer (8Oug/rni o-nitrophenyl
galactopYranoside, 50mM NaPO4,:pH 7) and 25 incubated at 37C for 10
to 20 minutes. The reaction was 'stopped by the addition of 500p1 of
1M Na2CO3 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.  7$.. The addition of RIA, the HBV 311.1TR or both
elements to a base vector (CMV promoter, exon and polyadenylation
region) increased the - expression of beta-gal in both cell lines.
The results for SCC15 cells are shown in Figure 3. Addition of either
the chicken keratin or the chicken 



cardiac actin intron to a base vector (CMV promoter, exon, the HBV
3/UTR and polyadenylation region) increased the expression of
beta-gal in both cell lines. Results for B16 cells are shown in
Figure 2.        Example 11. In-Vitro Analysis of Antigen Expression
by HSV qD Vector Panel  10SCC15 or B16 host cells were transfected as
described in Example 9, Eighteen hours post transfection, plates Were
placed on ice for 15 minutes. Eachwell was then washed with 2 ml qf
PBS (13lowhittalcer, VValkerville, MD). Cells Were fixed with 0.05%
gluteraidehyde (Polysciences Inc, Warrington, PA). diluted in PBS and
incubated for 30 16 minutes at room temperature. All subsequent
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.? ml of a 1:1000 ' dilution of anti-gD monoclonal (MI, Columbia,
MD) in 2% dry milk / PBS Zo 10.05% Twthen-20 (Sigma, St. Louis, MO)
and 1 ml of a 1:2500 dilution of goat nti-mouse FIRP (kPL,
Gaithersburg, MD) in PBS / 0.1% Tween20 followed. Color was developed
using 1 ml of TMB microwell substrate (BioFX, Owings Mills, MD). The
reactions were stopped With H2S0 4, the liquid was transferred to
plastic cuvettes and the optical 25 density read at 450nm. Data is
presented as the ratio of the expression of enhanced (containing an
intron, HBVenh, or both) vector to a base vector.       Addition of
RIA with or without the HBV 3'UTR to a base vector (CMV promoter,
axon and polyaclenylation region) increased the  76 , expression of
HSV gD in both cell lines. Results for SC 15 cells are shown in
Figure 4.       Example 12. In-Vitro Analysis of Antigen Expression
by SEAP Vector Panels        SCC15 or 816 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 70C
for 30 minutes. 10 to 25 A. of the heat-inactivated supernatants were
incubated far 5. minutes Yvith i1/1 0th volume of 100mM
l-homoarginine. 500 pl of alkaline ; 10 phoephatase reaction buffer
(cat # 172-1063, Bio-Rad, prepared ,. according to instructions) were
added to the lysates and incubated at ; I- 



37C for 10 to 20 minutes. The reaction was stopped by the addition of
500plof 1M NaOH and read at 405 nat. Data is presented as the ratio
of the expression of enhanced (containing an intren, HBVenh; Or both)
15 vector to a base vector, or the ratio of the expression of the
experimental signal peptides to the human TPA. signal peptide vector.
As shown in Figure 5, the addition of RIA, the HBV 3'UTR or both
elements to a base vector (CMV promoter, exon and polyadenylation
region) increased the expression of SEAP in B16 cells. Unexpectedly,
20 only the addition of the HBV 3rUTR to a base vector {CMV.promoter,
axon and polyadenylation region) increased the expression Of SEAP in
SCC15 cells. Addition of signal peptides from either bovine
aprotinin, chicken      lysozyme, or tobacco extensin to the
N-terminus of mature SEAP allowed 25 for efficient secretion of SEAP
into cell media supernatants of both cell . lines. Results for B16
cells are shown in Figure 6.  77        Example 13. In-Vitro Analysis
of Antigen Expression by Human lqG Fe Fragment Signal Peptide Panel
SCC15 or B16 host cells were transfected as described in Example 9.
The media supernatants were, removed from eighteen to fourty hours 5
after the media change. . ELISA plates (Costar) were incubated
overnight at 4C with 100 pi of goat anti-human IgG (Sigma #I3382,
1/1000 dilution in carbonate coating buffer) per well. All subsequent
incubations lasted 1 hour at room temperature with washes (10mM Tris,
150mM NaCI, 0.1% Brij-35, 10 pH3.0) between each incubation. The
wells were then blocked with 100p1 of 5% dry in PBS, followed by
incubation with serially diluted media supernatants in dilution
buffer (2% dry milk, PBS, 0.05% Tween20): This was followed by
incubation with with 100 pl of goat antihuman IgG/HRP (Sigma
#A6029,.1/5000 dilution in dilution buffer) per 15 well, followed by
color development using 100,t4 of -FMB' microwell substrate. The
reactions were stopped with 100pl of 1M H2SO4, and read'at 450 nm.
Data is presented as the ratio of the expression of the experimental
signal peptides to the human TPA signal peptide vector. 



Addition of signal peptides from either bovine aprotinin, chicken zo
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 316 cells are shown in
Figure 6.  78., Example 14. Use of the HI3sAg, HSVgD and Flu-M2
plasmid  expression vectors for immunisation of mice  a.Preparation
of cartridges of immunisation  For each plasmid to be tested, 25mg of
2 micron gold powder was 5 weighed into a microfuge tube. After the
addition of a 250p1 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
1001.4 aliquot. The gold was resuspended by Vortexing, after which
25pg of DNA was added to the tube and 10 mixed. While the tube was
lightly vortexed, 100p1 of 10% CaCI  (FujiSawa USA, Inc, Deerfield,
IL) was added to precipitate the DNA onto 1 the gold beads. The
precipitation reaction was allowed to ;proceed for 10 militates on
the benchtop, after which the gold was collected by a brief ; . -
microfuge spin and washed three times with absolute ethane] (Spectrum
15 Quality Products, Inc, Gardena, CA) to remove excess precipitation
reagent's. The washed gold/DNA complex was then reauspended in 3.6 ml
of 0.05 mg/ml.polyvinylpyrrolidone (360K0, 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  1 



20 tube turner (PowderJect Vaccines) which coats the inside1cit the
Tefzela tube with the gold/DNA complex. After the tube turning
preeedure Was completed, the tube was cut into 0.5" "shots" of
vaccine1which were loaded into the XR1 device (PowderJect Vaccines)
for delivery -Lb the mice.  79 . b.Vaccination Procedure        Four
to six week old mice were anesthetized with a mixture of Ketaseta
(Fort Dodge) and Rompuna (Bayer). The bellies were shaved with a pair
of electric clippers to remove hair, and two non-overlapping 5
"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. Seib/0 mice were used to evaluate the HBsAg
,expression vectors, and Swiss Webster mice were used to evaluate the
I-ISV-gD and Flu M2 expression vectors. Analysis of Sera for
Anti-HBsAo 'Antibodies        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 AUSAS(r) EIA Diagnostic Kits (Abbott Laboratories, Abbott
Park, IL). The volume of sera added Is 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. 200p1 from each vial of the AUSAB(r)  Quantification Panel
(Abbott Laboratories, Abbott Park, IL) was added to wells of the
reaction vessel. To each well a,bead was added, after which zo the
vessel was sealed and incubated for two hours at 40C. The wells  were
then washed of all liquid reaction components. To each washed . well
was added 200pl of conjugate mix, after which the vessel was sealed
and incubated for two hours at 40C. The wells were then washed of all
liquid reaction components. The beads were transferred to 25 new
tubes after which 300p1 of color development buffer was added. At 30
minutes, the color development reaction was stopped by the addition
of 1M sulfuric acid, and the absorbance of the reactions was measured
at 490nm in a Quantum 11(r) spectrophotometer {Abbott L aboratories,
Abbott Park, IL) . This spectrophotometer calculates the antibody
levels  



80 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 s vector. Analysis of Sera for Anti-Flu
M2 Antigen Antibodies       98-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 1ug/m1 in PBS 1o; (Biowhittaker, Walkerville, MD)
and incubated overnight at 47O. The : plates were washed three times
with 10mM Tris (Sigma; St. Louis, MO) /  150mM NaCI (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 mom 15 temperature
for one hour and washes between each incUbation were as stated above.
Sample mouse sera, a standard (high titer; anti-M2 mouse sera) anti a
negative control (anti-HBsAg mouse sera) ware diluted in 2% dry
milk:! PBS 10.05% Tween:20 (Sigma) and incubated, in.tha ELISA  :,;
plates. doat anti-mouse Ige (H +L) biotin conjugated an-0136,0
(Southern zo. Biotechnology Associate, Birmingham, AL) diluted 1:8000
in 2% dry milk / PBS / 9.05% Tween-20 and streptavidin-horseradish
peroxidase conjugate (Southern Biotechnology) diluted 1:8000 in PS .I
0.1% Tween-20 followed. Color was developed using TMB substrate
(BioFX, OwingsIMills, MD). The reaction-5 Were stopped with 114 H2SO4
and the 25 plates read at 450nm with an Em-ax precision microplate;
reader (Molecular Devices, Sunnyvale, CA). SoftMax Pro 4.1 strftware
(Molecular Devices) was used to calculate endpoint titera using a
four-..parameter analysis. Titers were normalized to the standard
serum, Which had a pre-determined titer, to minimize assay-o-assay
and plate-to-plate 30 variation. Results are shown in Figure 7.  



81. . Analysis of Sera for Anti-HSV gD Antigen Antibodies  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/m1 in PBS (Biowhittaker,  Walkerville, MD)
and incubated overnight at 4C. The plates were washed three times
with 10mM Tris (Sigma, St. Louis, MO) / 150mM NaCI (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 a room temperature for
10, one hour and washes between each incubation were as stated above.
Sample mouse sera, a standard (high titer, anti-g0 mouse sera) and a
negative control (anti HBsAg mouse sera) weee diluted in 2% dry milk
/ PBS 10.05% Tween-20 (Sigma) and incubated in the ELISA plates. Goat
anti-rnouse IgG (H -FL) biotin conjugated antibody (Southern 15
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 H2SO4 and the
20 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.seru'rn, which had a pre-determined titer, to minimize
assay-to-assay and plate-to-plate 25 variation. Results are shown in
Figure 7.       Accordingly, novel nucleic acid constructs,
compositions comprising these constructs, and nucleic acid
immunization techniques using these constructs have been described.
Although preferred embodiments of the subject invention have been
described in some 30 detail, It is understood that obvious variations
can be made without  82. departing from the spirit and the scope of
the invention as defined by the -appended claims.  83 



CLAIMS 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; and  (c) a heterologous intron provided in
place of the intron A region of the hCMV major immediate early gene;
(ii)a coding sequence in operable linkage with the chimeric promoter;
(Hi) 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 or a simian CMV
immediate early gene sequence, which is in operable linkage with the
chimeric promoter and which is downstream of the coding sequence. 2.A
nucleic acid construct according to claim 1 wherein: (i)the hCMV
immediate early promoter sequence (a) comprises SEQ ID    NO:1 or a
functional variant thereof with at least 90% homology; and/ or
(H)exon sequence (b) comprises SEQ ID NO:2 or a functional variant
thereof with at least 90% homology. 3.A nucleic acid construct
according to claim 1 or 2 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 and a functional variant with at least
90% homology to a said intron A sequence. 4.A nucleic acid construct
according to claim 3 wherein the rat insulin gene 



intron A sequence comprises SEQ ID NO: 3, or a functional variant
thereof with at least 90% homology.  84 5.A nucleic acid construct
according to any one of claim 1 to 4 wherein: (i) the non-translated
leader sequence is selected from SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID
NO: 7 or a functional variant with at least 90% homology to any one
of SEQ ID NOS: 5 to 7; and /or (ii) the enhancer sequence is selected
from SEQ ID NO: 8, SEQ ID NO: 9, or a functional valiant with at
least 90% homology to SEQ ID NO: 8 or 9. 6.A nucleic acid construct
according to any one of claim Ito 5 which comprises: (i) a
polyadenylation sequence; and/or (ii) a sequence encoding a signal
peptide. 7.A nucleic acid construct according to claim 6 wherein: (i)
the polyadenylation sequence is a polyadenylation sequence of a gene
selected from the rabbit 8-globin gene, human papilloma virus (HPV)
early or late gene, the HSV-2gB gene, a simian CMV immediate early
gene and FISVgD late gene, or a functional variant with at least 90%
homology to any one of said sequences; and/or (ii) the signal peptide
is selected from human tissue plasminogen activator signal peptide
(hTPAsp), aprotinin signal peptide., tobacco extensin signal peptide,
chicken lysozyme signal peptide, or a functional variant with at
least 90% homology to any one of said sequences. 8.A nucleic acid
construct according to claim 7 wherein the polyadenylation sequence
is selected from SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, or a functional variant with at least 90% homology to any one
of SEQ ID NOS: 10 to 13. 9.A nucleic acid construct according to any
one of claim 1 to 8 wherein the coding sequence encodes an antigen. 



10. A nucleic acid construct according to claim 9 wherein the antigen
is an antigen of a viral, bacterial, parasitic or fungal pathogen, an
allergy antigen or a cancer antigen.  85  11. A nucleic acid
construct according to claim 10 wherein the viral antigen is a HPV,
HIV, HSV1, HSV2, influenza virus, Hepatitis A virus or Hepatitis B
virus antigen.  12. A nucleic acid construct according to claim 11
wherein the antigen is HBsAg.  13. A nucleic acid construct according
to any one of claims 1 to 8, wherein the coding sequence encodes an
ADP ribosylating bacterial subunit A and/or B subunit, or a
functional variant with at least 90% homology to a said subunit.  14.
A nucleic acid construct according to claim 13 wherein the bacterial
subunit is selected from Cholera toxin subunit A, Cholera toxin
subunit B, E.coli heat liable toxin subunit A, Ecoli heat labile
toxin subunit B or a functional variant with at least 90% homology to
any one of said subunits.  15. A nucleic acid construct according to
any one of claim Ito 14 which is a DNA plasmid.  16. Coated
particles, suitable for delivery from a particle mediated delivery
device, which particles comprise carrier particles coated with a
nucleic acid construct according to any one of the preceding claims.
17. Coated particles according to claim 16 wherein the carrier
particles are gold or tungsten.  18. A dosage receptacle for a
particle mediated delivery device comprising coated particles
according to claim 16 or 17.  19. A particle mediated delivery device
loaded with coated particles according to claim 16 or 17.  20. A
particle mediated delivery device according to claim 19 which is a
needleless syringe. 



86  21. A pharmaceutical preparation comprising a nucleic acid
construct according to any one of claims Ito 15 and a
pharmaceutically acceptable excipient.  22. A vaccine comprising a
nucleic acid construct according to any one of claims 9 to 12.  23. A
vaccine according to claim 22, further comprising an adjuvant
construct according to claim 13 or 14.  24. 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 claim 1 to 15 or coated particles
according to claim 16 or 17.  25. An agent for immunization
comprising a nucleic acid construct according to any one of claims 9
to 12.  26. An agent according to claim 25, wherein the immunization
is against infection by a pathogen, allergy or cancer.  27. An agent
according to claim 25 or 26 wherein the agent is to be delivered by
injection, transdermal particle delivery, inhalation, topically,
orally, intranasally or transmucosally.  28. An agent according to
claim 27 wherein the agent is delivered by needleless injection.  29.
A nucleic acid construct comprising: (I)a chimeric promoter sequence
which comprises: (a) a hCMV immediate early promoter sequence; (b)
exon 1 and at least a part of exon 2 of the hCMV major immediate
early gene; and (c) a heterologous intron provided in place of the
intron A region of the hCMV major immediate early gene;  



87 (ii)a cloning site for insertion of a coding sequence in operable
linkage with the chimeric promoter; (Hi) 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 or a simian CMV immediate early gene sequence, which
is in operable linkage with the chimeric promoter and which is
downstream of the cloning site.  1)19  SEQUENCE LISTING  <110> OAMES
POLLEE    <120> NUCLEIC ACID CONSTRUCTS " <130> APE 33 (1.13149 GCW)
<160> 53 <170> Patent/n version 3.1 <210> 1 - <211> 685 <212> DNA
<213> Human cytomegalovirus  <400> 1 aatattggct ggetcatgtc tcaattacyg
gtaaatggcc tatgttecca oggtanactg gacgtcaatg tttectactt tggcagtaca
ccoattgagg cgtaataacc ataagcagag  



attggocatt oaatatgacc ggtcattagi cgcctggctg tagtaacgcc cccacttggc
acggtaaatg ggcagtacat ccaatgggcg teaatgggag ccgcoccgtt etcgtttagt
gcatacgttg gccatgttga teatayccca accgoccaac aatagggact agtacatcaa
gcecgcctgg ctacgtatta tggatagggg tttgttttgg gacgcaaatg gaacc
tatctatatc ataatatgta cattgattat. tgactagtta titatggagt. :tadgcgttac
gaccoccgcc'cattgacgtd ttccattgac gtcaatgggt gtgtatcata tgcCaagtcc
cattatgacc agtacatgac gtcatcgota ttaccatggt tttgactcac ggggitttcc
caccaaaatc aacggiactt ggoggtaggc gtgtacggtg  catttatatt ttaatagtaa
ataacttacg aataatgang ggagtattta gcccoctatt cttacgggac gatgaggttt
aagtictocac tdcaaaatgt ggaggtctat  60 120 180 240 300 360 420 480 540
600 - 



660 685  <210> 2 <211> 131 <212> DNA <213> Human cytomegalocirus
<400> 2 ' gtcagatcge ctggagacgc catccacgct gttttgacct ccatagaaga
caccgggacc gatceagcct ocgeggccgg gaacggtgca ttggaacgcg gattecccgt
gccaagagtg actcaccgto c <210> 3 <211> 135  <212> DNA <213> Rattus
rattus <400> 3 atcagcaage aggtatgtac totocagggt gatttgaggg acgctgtggg
ctottotatt etatettoca ggtca <210> 4 <211> 955 <212> DNA <213>
Artificial sequence 2/19 gggcctggot toccoagtca agactocagg60 



acatgtacct tttgctagcc tcaacoctga120 135  <220> <223> Chimeric
promoter sequence  aatattggct ggetcatgte toaatSo44 gtaaatggno 4:
tatgttCcOe  fl cggtaaactg gacgt9,a19'. tttectactt.:. tggeigtaCS  4.4!
cocattgaCg ogtantiadCf i ataagoagag gacetcea461 4411 



acq"7:F4 tetcC4g4t! ctctitc4t1  attggccatt caatatgace ggtcattagt
. ogcctggctg tagtaacgcc ccoacttggo acggtaaatg ggcagtacat cc.a.afgggcg
tcaatgggag ccgccccgtt ctcgtttagt gaagacaccg cocgtgocaa gggcctgict
acatgtacct   goatacgttg gccatgttga tcatagooca accgoccaac aatagggact
agtacatcaa goccgcotgg otacgtatta tggatagcgg ttigttttgg gacgoaaatg
gaaccgtcag ggaccgatcc gagtgactca tecccagtoa tttgettgcc  tatotatatc
cattgattat tatatggagt gaccoccgcc ttcoattgao gtgtatcata cattatgoco
gtcatagota tttgactcac caccaaaatc ggoggtagge atcgcctgga ,agcctccgcg
ccgtooggat agactccagg toaacootga  catttatattttaatagtaa ataacttacg
aataatgacg ggagtattta goccoctatt ottacgggac gatgeggttt aagtotecac
tocaaaatgt ggaggtotat acgotgtttt gtgoattgga aggtatgtac acgctgtggg
ggtca   60 120 180 '240 300 360 420 480 540 600 . 660 720 780 840.
90d 955  <210> 5 <211> 121 



<212> DNA . <212> Hepatitis B virus <400> 5 cagagtcagg ggtotgtatt
ttcctgctgg tggctccagt tcaggaacag taancoctgc tcogaatattgoctatcaca
tctcgtcaat ctccgogagg actggggacc ctgtgacgaa  3/19  <210> 6 <211> 57
<212> DNA <213> Herpes simplex virus <400> 6 ataagctgca ttgegaacca
atagtcgccg tttttcgtgt gcatcgcgta tcacggc <210> 7 <211> 48 <212> DNA
<213> Hepatitis H virus <400> 7 etttgtacta ggaggctgta ggcataaatt
ggtetgttca ccagcacc 



<210> .8 <211> 523 <212> DNA <213> Hepatitis 38 virus  <400> 8
taacaaaaca ggggacattg tgtaaacagg tgctCcattt taaacaggct cetttacccc
cactggctgg gccgatccat gctcatagga  aaaagatggg gttattecct aaacttcatg
ccanaagatc.atattgtaca aaagatcaaa ectattgatt ggaaagtatg tcaaaggatt
acacaetgtg gatatectge ettaatgect ttcactttct cgccaactta caaggccttt
gttgctoggc aaeggectgg tctgtgccaa ggcttggcca taggccatca gcgcatgcgt
actgcggaac tcctagccgc ttgttttgct antgacaatt ctgtcgtact ctcgcggiaa
gg-ttacgtaa cactgtttta gtgggtcttt ttgtatgcat cteagtaaac gtg. tttgctg
ggaacetttg c.gcagueggt tatacatcgt  ttggaagttg.60 gaaaacttcc120
tgglatttge 180 gtatacaagc240 agtacatgae300' acgcaacccc360
'tggctectat420 



ctggagesaa480 tte.533  <210> 9 <211> 158 <212> DNA <213> Simian
cytomegalawirus <400> 9 gtcagacaga cagacagtta tatgggctgg tecctataac
tctgccattg taaccecata  4/19 .. tagccagaca gttagcattg catctattga
tgatgtacta atgtattgta'accoccocta120 tgccattgtc taactgtact aatgtatgat
attatacc158 <210> 10 <211> 131 <212> DNA <213> Oryctc1agas cualcu/us
<400> 10 gatottettc catctgccaa aaattatggg gacatcatga agccecttga
gcatctgact60 totggctaat aaaggaaatt tattttcatt gcaatagtgt
gttggaatUrtttgtgtotc120 tcactcggaa g131 <210> 11 



<211> 204 ' <212> DNA <213> Simian cytomegalovirus <400> 11
atatatactc tatgttatac tctatgatat acaatatata ctcatgaaca ctatgtactt60
ggtgtatgac tcattattgt ctgggacttg gttgggactt ggttggttgg gaagaatgtt120
gtgcctgtac ttgtgctgtg ctgtggater caataaatgt gactatgttc aaaacactaa180
gtgocccegt gtcttcttta acta204  <21q>. 12 .<211> 162 <212> DNA <213>
Recpes simplex virus 2 <400> 12 gaagacgagc tctaagggag.gggaggggag
ctgggcttgt gtataaataa aaagacaccg60 atgttcaaaa atacacatga cttctggtat
tgttttgcct tggtttttat ttgggggggg120 . gggggcgtgt gactigaaaa
acaaatgcag acatgtgcta acg163 <210> 13 <211> 191 <212> DNA <213> Roman
papiammavirus type 16 <400> 13  5/19  



aattgttaca tataattgtt gtataccata tataattttt ttttttgttt gtttgtttgt
cgacacaaac gttetgoaaa acgcacaaaa tgcaaacagg  acttactatt ttttottt.tt
tattttoata tttttaataa actgttatta cttaacaatg cgtgcatcgg cacocaact
ttataaaaca  <210> 14 <211> 3759 <212> DNA <213> Artificial sequence
<220> <223> pJV expression vector  <220> <221> <222> <223> <220>
<221> <222> <223> 020> <221> <222> <223> 



'Intron (1725)..(1857) Rat Ins luta misc feature (1).,(44) Tn903,
pliC4R Remnants misc feature (861)-(896) C21903., p3C4N Remnants
<320> <221> raise feature - <222>  (897).  (902) <223> p(JC19 NCS
<220> <221> <222> <223> polyA signal (2556)..(2686) rGLOR pA  



<220> <221> <222> <223> polyA site  (2647)-(2647) PolyA Site 1  6/19
<220> <221> promoter <222> (903)-(1587) <223> CMV Pro <220> <221>
3TUTE <222> (2012)-(2544) <223> HEVenh <220> <221> 5lUTA <222>
(1964)-(1904) <223> 5' -0111 of SW pre-82 



<220> <221> Ease feature <222> (1718)..(1724) <223> Eam/Egl fusion
<220> <221> misc feature <222> (1985)-(1997) <223> ATG-Nhe <220>
<221> luso feature <222> (1980)-(2011) <222> CDS insertion site
<220> <221> misc feature <222> (2545)-(2555) <223> unknown <220>
<221> exon <222> (1588)-(1718) <223> CMV Exon 1/2. <220> <221> also
feature <222> (2683)-(3759) 



. 7/19  <223> pliC19 <220> <221> vise feature <222> (45)..(860) <223>
Hada (m903)complement  ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg60
tttattcata tcaggattat caataccata tttttgaaaa120 agaaaagtca ccgaggcagt
tccataggat,ggcaagatec180 gactagteca acatcaataq
aacctattaa.tttoccetcg240 tdigaaatca ccatgagtga
cgactgaatc.eggtgagaat300 tttccagact tgttcaacag
gccagccatt.aegetcgtca360 caaaccgtta ttcattcgtg
attgegoctg.agegagacga420. aggacaatta caaacaggaa tcgaatgcaa
coggcgcagg480 aatattttca ectgaatcag gatattettc taatacctgg. 540 



cgeagfrggtg agtaaccatg catcatcagg agtacggata600 aggcataaat
tocgteagcc:agtttagtot gaccatctca660 getacctttg ccatgtttca gaaacaacta
tggcgcatcg720 gattgtcgca catgattgec cgacattate gogagcccat780
atccatgttg gaatttaatc geggcctcga gcaagacgtt840 aacacccatt gtattactgt
ttatg-taago agacaggtog900 ttgcatacgt tgtatutata tcataatatg
tacatttata960 ccgccatgtt gacattgatt attgactagt tattaatagt 1020
gttcatagcc eatatatgga gttecgcgtt acataactta 1080 tgaccgccca
acgacceccg cccattgacg tcaataatga. 1140 ccaataggga etttccattg
acgtcaatgg gtggagtatt 1200 gcagtacatc aagtgtatca tatgccaagt
cagaccccta 1260 Uggccegect ggcattatgc ccagtacatgaecttacggg 1320
atctacgtat tagtcatcgc tattaccatg gtgatgeggt 1380  cgtggatagc
ggtttgadta acggggattt.ccaagtc'tcc 1440 agtttgtttt ggcaccaaaa
tcaacgggac tttecaaaat 1500 ttgacgcaaa tgggeggtag gcgtgtacgg
tgggaggtct 1560 gtgaace gtc aga tog cat gga,gac gcc atc cac 1614 Val
Arg Set Pro Sly Asp Ala no ilia 1-3.  gct gtt ttg ace tcc ata gaa gac
acc ggg acc.gat cca goo -hoc gcg2.662 Ala Val Lou Thr Set Ile Gin Asp
Thr Sly Thr Asp Pro Ala Set Ala 10 1520.25  gee ggg aac ggt gca ttg
gaa cgc gga ttc coo gtg cca aga gtg act17.2.0 Ala Sly Asn Sly Ala leu
Glu Arg Sly Phe Pro Val Pro Ary Val qihr 



8/19 303540 cac cgt cc ggatctcagc aagcaggtat gtactotcca gggtgggcct
ggettoccca 1768 His Azg  gtcaagactc tgcctcaacc gctggtggct tcaatctccg
coctaacaaa ttg5gUgaoa toctgtaaac tgctgctcca agctaaacag gaacctttac.
coccactggc tctgccgatc aaagctcata tacgtatgat tctgacttct gtgtctatca
. gtttgcgtat, ggctgeggcg gggataacgc aggccgcgtt gacgctcaag ctggaagctc
cotttctocc cggtgtaggt gatgcgcctt cactggcagc agttottgaa' ctatgctgaa
ccaccgctgg gatctcaaga cacgttaagg attaaaaatg accaatgctt ttgectgact
cagggatttg ctgactatct. ccagttcagg cgaggactgg acaaaaagat ttgccacaag
aggcctattg tttacacaat gctttcactt cccgttgcto tggggcttgg catactgcgg
ggaactgaca atttttocct ggctaataaa ctaggaagga tgggcgctct agccgtatca
aggaaagaac gctggcgttt tcagaggtgg cctcgtgcgc ttagggaagc .cgttcgctcc
atccggtaac agccactggt gtggtggcct gccagttacc tagcggtggt agatcotttg
gattttggtc aagttttaaa aatcagtgag  agggacgctg tgggctottc tottacatgt
acattttgct 1828 tccaggtcag gatcccagag tcaggggtot gtattttcct 1888
aacagtaaac cctgctccga atattgcctc tcacatctog 1948 ggaccctgtg
acgaacatgg ctagegggcc cagatctggg 2008. ggggttattc cctaaacttc
atgggttacg taattggaag 2068 atcatattgt acaaaagate aaacactgtt
ttagaaaact 2128 attggaaagt atetca'aagg attgtgggtc ttttgggctt 2188 



gtggatatcc tgccttaatg catttgtatg catgtataca 2248 tctcgccaac
ttacaaggcc tttctaagta aacagtacat 2308 ggcaacggcc tggtctgtgc
caagtgtttg ctgacgcaac 2368 ccataggcca tcagcgcatg cgtggaacct
ttgtggctcc . 2428 aactcctagc cgottgtttt gctcgcagcc ggtctggagc 2488
attctgtegt cctatcgcgg aaatatacat cgtttcgatc 2548 ctgccaaaaa
ttatggggac.atcatgaagc ccettgagca 2608 ggaaatttat tttcattgca
atagtgtgtt ggaatttttt 2668 attctycatt aatgaatcgg ccaacgcgcg
gggagaggcg 2728 tccgattcct cgctcactga.ctcgctgcgc toggtcgttc 2788
gctcactcaa aggcggtaat acggttatcc acagaatcag 2848 atgtgagcaa
aaggccagca aaaggccagg aaccgtaaaa 2908 ttccataggc tccgccoccc
tgacgagcat cacaaaaatc 2968 cgaaacccga caggactata aagataccag
gcgtttcocc 3028 tctoctgttc cgaccctgCc gcttaccgga tacctgtccg 3088
gtggegattt ctcatagctc acgctgtagg tatctcagtt 3148 aagctgggt gtgtgcacga
acccoccgtt cagaccgacc 3208 tatcgtattg agtccaaccc ggtaagacac
gacttatcgc 3266 



aacaggatta gcagagcgag gtatgtaggc ggtgctaclag 3328 aactacggct
acactagaag aacagtattt ggtatctgcg 3388 ttcggaaaaa gagttggtag
ctottgatcc ggcaaacaaa 3448 ttttttgttt gcaagcagca gattacgcgc
agaaaaaaag 3508 atottttcta eggggtetga cgctcagtgg aacgaaaact ,3568
atgagattat caaaaaggat cttcacctag atccttttaa 3628 tcaatctaaa
gtatatatga gtaaacttgg tctgacagtt 3688 gcacctatct cagcgatctg
totatttcgt tcatccatag 3748 3759  <210> 15  9/19  <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 15 



waggatccq gacggtgagt cactettqqc acggggaato Cg42 <210> 16 <211> 21
<212> DNA <213> Artificial sequence <220> . <223> Primer <400> 16
watgaattq qatcataaca21 <210> 17 <211> 23 <212> NA. <213> Artificial
sequence <220> <223> PrIner <400> 17 : ccqcoamaca.tggageacat.cqc23
<210> 18 <211> 33 <212> DNA <213> Artificial sequence <220> <223>
Primer <400> 18  <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
<400> 20 ggaggatcca tcagcaagca ggtatg <210> 21 . <211> 33 <212> DNA
.<213> Artificial sequence <220> <223> Primer <400> 21 



ggagctagcg ggcgtttgac ctcoggegta ggg32 <210> 22 <211> 37 <212> DNA
<213> Artificial sequence  11/19 <223> Primer <400> 22 ggagaattca
gatctectat agtaaaacaa tggctgg <210> 23 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 23 ggagctagcc ttataaccga
ggtcg <2/0> 24 <211> 30 . <212> DNA <213> Artificial sequence 



<220> <223> .Primer <400> 2.4 ggaagatqtc cttactccag ctotatgetg. <210>
25 <2741> 27 <2/2> DNA <213> Artificial sequence .<220> <223> Primer:
<400> 25 ggcgaattcc ttccgagtga gagacac <210> 26 <211> 43  12/19 <212>
DNA <213> Artificial Secillence <220> <222> Primer <400> 26 



ggagtataca tttaaagggc cctaacaaaa caaaaagatg ggg43 <210> 27 <211> 31
<212> DNA <213> Artificial sequence <220> <223> 2r5imer <400> 27
giagetagct cgtttacttt gaccaagaac g31 <210> as <211> 36 <2/2> .DNA
<213> 'Artificial sequence <220> <223> Primer <400> 28 . ggaagat&tc
ettatttttg acaccagacc aactgg36' <210> 29 <211> 29 <212> DNA <213>
Artificial sequence <220> <223> Primer <400> 29  <210> 30 <211> 26
<212> DNA <213> Artificial sequence <220> 



<223> Primer <400> 30 cgtaatgctc tgccagtgtt acaacc26 <210> 31 <211>
20 .212> DNA <213> Artificial sequence <220> <223> Primer . <400> 31
gamagatctc agcaaecagg20 <210> 32 <211> 47 <212> DNA <213> Artificial
sequence <220> <223> Primer <400> 32 gga4gatcct.gacctggaag atagtcaggg
tt.gaggcaag caaaagg47 <210> 33 <211> 12 <212> DNA . <213> Artificial
sequence <22.0>  13/19 



<223> Primer <400> 33 ctagcgggcc ca12 <210> 34 <211> 12 <212> DNA
<213> Artificial seqsence <220> <225> Primer. <400> 34 gatctgggcc
cg12 <210> 35 <211> 28 <212> DNA <213> Artificial sequence <220>
<223> Primer <400> 35. ggagetagca tcatmccagt tgaggagg28 <210> 36
<211> 28 .<212> DNA <213> Artificial sequence <220> <223> Primer
<400> 36 ggtagatatc ctcatgtotg ctcgaagc28 



<210> 37  15/19 <212> DNA <213> Artificial sequence- <220> <223>
Primer <400> 37 omega:rage gacaaaacte acacatqco29 <210> 38 <211> 45
<212> DNA <213> Artificial sequence <220> <223> Primer <400> 88
ggaagatctc gateau-cot gtcatttacc cggagacagq qagag45 <210> 39 <211> 57
<212> DNA <213> Artificial sequence 



<220> <223> Oligonncleotide <400> 39 aagatgtcca gee-Lag-ha ctccgtggcc
ctcacgtgc tectogggaz actcgcc,57 <210> 40 .<211> 24  <212> DNA <213>
Artificial sequence <220> <223> Primer  <210> 41 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> Primer ' <400> 41 ggaagatage
ggegagtgte ccgag25 <210> 42 <211> 75 <212> DNA <213> Artificial
sequenCe. <220> 



<223> Oligonucleotide <400> 42 ggaaagatgg ccagcctctt tgccacattt
ctcgtggtge togtgagect dagcctogec ' 60 agegaaagca gcgcc75 <210> 43 ' ,
<211> 24 <212> DNA <213> Artificial sequence <220> <223> Primer
.<400> 43 ggaactagtg gaaagatggc cagc24 <210> 44 <211> 26 <212> DNA
<213> Artificial sequence  17/19 <220> <223> Primer <400> 44 



ggaagctagc ggcgctgott tcgctg26 <210> 45 <211> 51 <212> DNA <213>
Artificial sequence <220> <223> gligonucleotide <400> 45 aggtetttgc
taatettggt getttgattc ctgcecctgg ctgctetggg g51 <210> 46 .<211> 24. .
<212>. DNA   <213> Artificial sequence <220> <223> Primer <400> 46.
ggaactagta ggtetttget aatc24 . <210>. 47 - .<211> 25  <212> DNA -
<213> Artificial sequence 



<220> <223> Primer <400> 47 ggaagctagc ccccagagca gccag25  18/19
<211> 31 <212> DNA <213> Artificial sequence <220> <223> Primer <400>
48 ggagetaget cgtttacttt gaccaagaac g .31 <210> 49 <211>, 25 <212>
DNA <213> Artificial sequence - <220> <223> Primer <400> 49 



ggaagat:Ctc cggtgaqt.gd-tgatg25 <210> 50 ' <211> 32 <212> DNA <211>
Artificiaksequence <220> <223> Primer <400> 50 - gcaggatcca
gtagacctgg agagaggaca ag32 <210> Sl <211> 29 <212> DNA <213>
Artificial sequence <220> <223> Primer  19/19    ggaagatcta
caaggtgagc tgctgtggc <210> 52 <211> 490 <212> DNA <213> Pseudo rabies
virus  



<400> 1 tggccgcaga cattggccog gaggaagtag cggacatgaa 1 gggcaagat.ta
cgaaatccoa gaapcgggcg catggtocg cg-Lgoaott  gcgggccggg catgcaaatc
agaggegage.gggagacgac ggcgagccga gatggccgcc gogggggccg gacatgcaaa
ggagagaaat cccattggcc gtcgaggggc caagatggcg aagtagacgo gagaggaagt
gggogagaga aatcocattg gccgocgogg'gggcogggoa tgcaaatggt cctcgcgagg
ttggccggog gccgccatot tgggcogggc ategaaaagca agaaaaatcc cattggccgg
ccgtogggga agtccgoggc ottacctggg ggcjggctct cctcgdggcg cttataagcg
tccgcgcgcc gtagacgcga ccotoggggc gccgtogatg aagttectog gadggeagag
gaaaateggc cggtotocat  <210> 53 <211> 495 <2/2> DNA <213> Pons
sarcoma virus  <400> i ,ctgotccctg acaaggcaag ctgottcgcg cgaaaagegg
ettgoatag tacgatgeg tgdaagtaeg ttggacgaac acaataiaCg  cttgtgtgtt
gdaggtcgct gottgaccga caattgoatg atgtacgggc cagatatacg
ggattcgiatt'gtacgcggtt ggagggggaa atgtagtcti 



ttagcaacat gccttacaag gtggtacgat Cgtgccttat eactgaattc cgcattgcag
gagtagtgog aagaatctgc ogtatotgag aggagttacc atgcaataca gagagaaaaa
iaggaaggca agataattgt  cgagcaaaat ttaagctaca60 . ttagggttag
gogttttgag120. gggactaggg tgtgtttagg180 tcaggatata gtagtttogc240
ettgtigtat tgcascatgg300 gcaccgtgca tgeogattgg :360 acagacaggt
ctgacatgga420 atttaagtgc ctagetcgat480 




