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(5% Abstract: A nucleic acid construct comprising a chimeric promoter sequence and a cloning site for insertion of a coding se-
quence in operable linkage with the chimeric promoter, wherein the chimeric promoter sequence comprises: (a) a hCMV immediate
early promoter sequence; (b) exon 1 and at least a part of exon 2 of the hCMV major immediate early gene; and (c) a heterologous'in-
tron provided in place of the intron A region of the hCMV major immediate early gene.
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NUCLEIC ACID CONSTRUCTS
FIELD OF THE INVENTION

The invention relates to the fields of molecular biology and
immunology and'gengrally to reagents_ useful in nucleic acid immunisation
technigues. More s‘pecificially, the invention relates to nucleic acid .
constructs for the expression of antigenic polypeptides, and to nucleic

acid immunisation strategies using such reagents.
BACKGROUND OF THE INVENTION

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

the nucleic acid can be administered in vivo directly to the recipient.

Each of these techniques requires efficient expression of the

.nucleic acid in the transfected cell, to provide a sufficient amount of the

therapeutic or antigenic gene product. Several factors are known to

affect the levels of expression obtained, including transfection efficiency,

" and the efficiency with which the gene or sequenbe of interest is

transcribéd and the mRNA translated.

A number of expression systems have been described in the art,
each of which typically consists of a vector containing a gene or
nucleotide sequence of interest operably linked to expression control
sequences. These control sequences 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
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such as the CMV immediate early promoter (Chapman et a/ (1991) Nucl. .
Acids Res. 19:3979-3986), the mouse mammary tumour virus long .
terminal repeat (LTR) promoter, the adenovirus major late promoter (Ad
MLP) and the herpes simplex virus (HSV) 'promoter, among others.
Nonviral 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 promoteflgene
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. (1 981) Cel/ _2_7_:299-308, deVilleirs et al. (1981)
Nucl. Acids Res 9: 6251-_6'264). Enhancefs have been identified from a
number of viral sou'rdes, inéluding polyoma virus, BK virus,
cytomegalovirus {CMV), adenovirus, simian virus 40 (SV40), Moloney
s.arc_'oma virus, bovine papilloma virus and Rous sarcoma virus.(deViIIeirs
et al supra, Rosenthal et a/. (1983) Science &:749-755, Hearing et al.
(1 983) Cell 33:695-703, Weeks et al. (1983) Mol. Cell. Biol. -§:1 222-
1234, Levinson et al. (1982) Nature &5:'568-572, and Luciw et al.
(1983) Cell 33: 705-716). o | |

A number of expression systems for nucleic acid immunisation and
gene therapy make use of the hCMV immediate early promoter.' See eg
US Patent Nos. 5168062 and 5385839 to Stinski, and EP Patent
Specificatioh 0323997 B1. Expression vectors using the hCMV
immediate early promoter include for example, pWRG7128 (Roy et a/,
Vaccine 19, 764-778, 2001), and pBC12/CMV and pJW4303 which are
mentioned in WO 95/20660. CAhépman et al (1991) report reduced
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"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
viral promoter/expressnon sequences, that provides enhanced expression
of heterologous codmg 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 r;ucleic acid.

immunisation.

Accordihgly, the présent invention provides a nucleic acid
construct comprising a chimeric promoter sequence and a cloning site for
insertion of a codmg sequence in operable linkage with the chimeric

promoter, wherein the chimeric promoter sequence comprises:
(a). ahCMV immediate early promoter sequence;

(b) exon 1 and at least a part of exon 2 of the

4 hCMV major immediate early gene; and

(c) a heterologous intron provided'in place of the

intron A regi‘on of the hCMV major immediate early gene.
fhe invention also provides: |

- a nucleic acid cor?ctfuct com;;rieing:

{i) a chimeric promoter sequence which corﬁprises:

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

and

(ii) a cloning site for insertion of a coding sequence in

5 operable linkage with the chimeric promoter; and

(i)~ (a) a non-translated leader sequence 'which is
derived from HBV preS2 antigen sequence, HBV e-antigen
sequence or HSV type 2gD antigen sequence and which is in

operable linkage with the chimeric promoter;and/or

10 (B) _ an enhancer sequénce which is derived from a
3' untranslated region (UTR) of a HBsAg sequence, or-a
3'UTR of a simian CMV immediate early gene seqﬁence and
which is in operable linkage with the chimeric promoter, .
wherein the enhancer sequence is downstream of the

15 cloning site;
- a nucleic acid construct comprising:
(i  a promoter sequence;

(ii) a non-translated leader sequence derived ffom HBV preS2
antigen sequence, HBV e-antigen sequence or HSV type 2 gD antigen

20 sequence; and
(i} a coding sequence operably linked to (i) and (ii)

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

leader sequence;
" - a nucleic acid construct comprising:

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

sequence (i); and

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

coding sequence (ii);

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

enhancer sequence

" - a method of obtaining expression in mammalian cells of a
polypeptide of interest, which method comprises transferring in’to said .

cells a nucleic acid construct of the invention, the construct including a

coding sequence encoding ‘the polypeptide;

" - coated particles, suitable for delivery from a)particle-mediated
deliVery device, which particles comprise carrier particles coated with a -
nucleic acid construct of the invention, the construct including a coding

sequence encoding the'polypepti_de;

- a dosage receptacle for a partlcle medlated dellvery devuce

compnsmg the coated particles;

" - a particle mediated delivery device loaded with the coated

particles;

- 4 method of nucleic acid immunisation comprising administering

‘to a subject an effective amount of the coated partlcles in which

. particles the codlng sequence encodes an antigen;

- a purified isolated chimeric promoter sequence which comprises:

(a) a hCMV immediate early promoter seqdence;
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(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.

These and other objects, aspects, embodiments and advantages of

the present invention will readily occur to those of ordinary skill in the art

in view of.the di_sclosure herein.
: BRIEF.DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the levels of expression of hepatitis B virus

surface antigen (HBsAg) obtained using various plasmid expréssion

‘vectors.

Figure 2 shows the effect of intron inclusion on expreséion of

HBsAg in SCC15 cells and of beta-gal in B16 cells (average of three

- expts).

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

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

1

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

Figure b shows the effect of rat insulin intron A and HBV3'UTR 6n_
expression of SEAP in SCC15 and B16 cells (three repetitions per cell

line).

Figure 6 shows the ability of heterologous signal peptides to direct

secretion of SEAP or hFc fragment in B16 cells.



WO 2005/035771 PCT/GB2004/004279

g

Figure 7 illustrates levels of antibodies d_etected in the sera of mice -
immunised with antigen-encoding nucleic acids contained in a variety of

plasmid expression vectors.

Figure 8 is a diagrammatic representation of pJV expression

5 vector.
Figure 9 is a diagrammatic representation of pJV7389.
Figure 10 is a diagrammatic representatién of pJV7400.
| Figure 11 is a diagramm.atic representation of pJV7468;
Fig'ure 12is avdiagArammat'ic repres'entétion of,l pJV7563.
| 10 . Figure 13 sets outlthe basé composition for .pJV.756.3.4

Brief Description of the Sequences

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

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

SEQ ID NO:3 is rat insulin intron A sequence (GenBank #J00748)

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

the preserit invention

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

SEQID NO:6 is a leader sequence from HSV type 2 gD 5'UTR
sequence (GenBank #Z86099)
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SEQ ID NO:7 is a leader sequence from HBV e antigen 5'UTR
sequence (GenBank #M54§23) ’

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

SEQ ID NO:9 is simian lmmedlate early gene 3'UTR sequence
(GenBank #M16019)

SEQ ID NO:10 is rabbit B globm poly A sequence (GenBank

' #KO3256)

SEQID NO:11 is SImlan sCMV immediate early gene poly A
sequence (GenBank #M1601 9)

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

.#286099)

SEQ ID NO:13 is HPV16 early gene poly A sequence (GenBank
#K02718) | '

SEQ ID NO:14 is the sequenee of the pJV}‘expreseiton vectorl
SEQ ID NO; 15 is PCR primer JF93

SEQ ID NO:16 is PCR primer F110

/SEQ ID NO:17 is PCR primer GW1 |

SEQID N6:1 8 is PCR primer JF254

SEQ ID NO:19 is PCR primer GW150

SEQ ID NO:20 is PCR primer JF255

SEQ ID NO:21 is PCR primer DS1

SEQ ID NO:22 is PCR primer DA1
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SEQ ID NO:23 is PCR pf‘imer’JFA3'O1
SEQ ID NO:24 is PCR primer JF302
SEQ ID NO:25 is PCR primerAJF.84

SEQ ID NO:26 is PCR primer JF225

"SEQ 1D NO:27 is PCR primer JF335
. SEQ ID NO:28 is PCR primer JF336

SEQ ID NO:29 is PCR pfimer JF357

SEQ ID NO:30 is PCR primer JF365
SEQ ID NO:31 is PCR primer JF393

SEQ ID NO:32 is PCR primer JF406

SEQ ID NO:33 is PCR primer JF256

SEQ ID NO:34 is PCR primer JF257

SEQ ID NO:35 is PCR primer JF320

SEQ ID NO:36 is PCR primer JF321

-SEQ ID NO:37 is PCR primer JF386
SEQ ID NO:38 is PCR primer FCAS

SEQ ID NO:39 is oligonucleotide JF354

SEQ ID NO:40 is PCR primer JF355

SEQ ID NO:41 is PCR primer JF356

SEQ ID NO:42 is oligonucleotide JF348

PCT/GB2004/004279
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SEQ'ID NO:43 is PCR piimer JF349

SEQ ID NO:44 is PCR primer JF350

SEQ ID NO:45 is oligonucleo‘iide JF351

SEQ ID NO:46 is PCR primer JF352

SEQ ID NO:47 is PCR primer JF353

SEQ ID NO:48 is PCR i)rimer JF430

SEQ ID NO:49 is PCR primer JF442 -

SEQID NO:5-0 is PCR primer JF421

SEQ ID NO:51 is PCR prin~1er.J>F4-44 '

SEd IDA NO":52.is Pseudorabies viius (PRV) bromoter sequen_'ce.

SEQ ID NO:53 is Rous sarcoma v_irus (RSVi piomoter sequence.
DETAILED DESCRIPTION' |

Before deseribing the present invention in detail, it is to be
Linderstood that this inventien is not limited to particularly exemplified
molecules or process parameters as such may, of c'our.se‘, vary. ltis also
to be understood that the terminology used h‘erein is fer'the purbose of
describing paﬁicular embediments of the invention only, and is not |
intended to be limiting. ‘ln addition, the practice of the presenf invention
will employ, unless otherwise indiceted, con-ventional methods of
virology, microbiology, molecular biology, recombinant DNA techniques
and immunology all of which are within the ordinary skill of the art.
Such techniques are explained fully in the literature. See, e.g.,
Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd Edition,
1989); DNA Cloning: A Practical Approach, vol. | & Il (D. Glover, ed.); .
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Oligonucleotide Synthesis (N. Gait, ed., 1984); A Practical Guide to
Molecular Cloning (1984); and Fundamental Virology, 2nd Edition, vol. |
& Il (B.N. Fields and D.M. Knipe, eds.).

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

entirety.

It must be noted that, as used .in this specification and the
appended claims, the singular forms “a,” “an” and “the” include piural

referents unless the content clearly dictates otherwise.

A. Definitions

Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which the invention pertains. Although a

number of methods and materials similar or equivalent to those described‘

- herein can be used in the practice of the present invention, the preferred

materlals and methods are described hereln

In descnblng the present mventlon the following terms will be

employed, and are lntended to be deflned as indicated below.

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

iintroduction of a nucleic acid molecule encoding one or more selected

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

acid molecule of interest are re-introduced into the subject such that an
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immune response can be mounted against the antigen encoded by the
nucleic acid molecule. The nucleic acid molecules used in such

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

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

coadministration may result in a qualitatively and/or quantitavely different

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

adjuvant may resuit in an enhanced immune response such as oneé of
greater magnitude and/or duration. The effeptiveness of an adjuvant can '
be determined by administering the adjuvant with a vaccine compoéi‘cién
in parallel with a vaccine composition alone to animals ahd comparing
antibody and/or cellular mediated immunity in the two grdups using

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

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

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

particulate composition transdermally without the aid of a conventional
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needle to pierce the skin. Needleless syringes for use with the present

invention are discussed herein.

The term “transdermal” delivery intends intradermal (e.g., into the .
dermis or epidermis), transdermal (e.g., “percutaneous”) and
transmucosal administration, i.e., delivery by passage of an agent into or
through skin or mucosal tissue. See, e.g., Transdermal Drug Delivery:
Developmental Issues and Research Initiatives, Hadgraft and Guy (eds.),
Marcel Dekker, Inc., (1989); Controlled Drug Delivéry: Fqndaméntals and
Applicaiions, Robinson and Lee (eds.), Marcel Dekker Inc., (198.7); and
Transderma/ Delivery of Drugs, Vols. 1~3,' Kydonieus and Berner (éds.),
CRC Press, (1987). Thus, the term 'éncompassés delivery from a ‘
needleless syringe as déscribed in U.S. Paterit_ _No; 5,630,.7‘96, as well as
'particle~mediated dellvéry as described in U.S. Patent No. 5,865,796.

A “polypeptide” is used in it broadest sense to refer to a

compound of two or more subunit amino acids, amino acid analogs, or -~

“other peptidomimetics. The subunits may be linked by peptide bonds or

by othér bonds, for example ester, ether, etc. As used herein, the term
"amino amd” refers to either natural and/or unnatural or synthetic amlno
acids, mcludmg glycine and both the D or L optical isomers, and amino
acnd analogs and peptldomlmetlcs A peptide of three or more amino
acnds is commonly called an oligopeptide if the peptide chain is short. If

the peptlde chaln is long, the peptide is typically called a polypeptlde ora

protein,

An “antigen” refers to any agent, generally a macromolecule,
which can elicit an immunological response in an individual. 'l'he term
may be used to refer to an individual macromolecule or to a
homogeneous or heterogeheous population of antigenic macromalecules.
As used herein, “antigen” is generally used to refer to a protein molecule

or portion thereof which contains one or more epitopes. For the
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‘burposes of the present invention, antigehs 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 sﬁbstitutions (generally conservative in
5 nature) to the native séquencé, so long as the protein maintains
sufficient immunogenicity. These modifications may be deliberate, for
example through site-directed mutagenesis, or may be accidental, such

as through mutations of hosts which produce the antigens.

“An “immune re\sponsef’ against'an antigen of interest is the

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

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

15 | The terms “nucleic acid moleéule" and “polynucleotide” are usgd
interchangeably herein and refer to a polymeric form of nucleotides of
any length, either deoxyribonucleotideé or ribonucleotides, or analogs.
thereof. Polynucleotides may have any three-dimensional structure, and
r‘néyv perform any function, known or unknown. Non-limiting examples of
20 polynucleotides include a gene, a gene fragment, exons, introns,
messenger RNA (mRNA), transfer RNA, ribosomal RNA; ribozymes,
cDNA, recombinant polynucleotides, branched pdlyhucleotides, plésmids,
vecfors, isolated DNA of any sequence, i_solated RNA of any sequence,

nucleic acid probes, and primers.

25 A polynucleotide is typically composed of a specific sequence of
four nucleotide bases: édenine (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 -
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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
target cells (e.g., viral vectors, non-viral vectors, particulate carriers, and

”n u

liposomes). Typically, “vector construct,” “expression vector,” and
“gene transfer vector,” mean any nucleic acid construct capable of
directing the expression of a gene of interést and which can transfer
gene sequences to target cells. Thus, the term includes cloning and
expr'essiph vehicles, as well as viral vectors. A “plasmid” is a véctor in

the form of an extrachromosomal genetic element.

A nucleic acid sequence which “encodes” a selected antigen is a

nucleic acid molecule which is transcribed (in the case of DNA) and

translated (in the case of mRNA) into a polypeptide in vivo when placed
u.nder the.control of appropriate regulatory séquenc;es. The boundaries of
the coding sequence are determined by a start codon at the 5' (amino)
terminus and a transiation 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 eucaryoﬁc mRNA,'
genomic sequences from viral or procaryotic DNA or RNA, and even -
synthetic DNA sequences. A transcription termination sequé.nce may be
IAocat,ed 3'to the:coding sequence. '

A “promoter” is a nucleotide sequence whichAiniti'ates and
regulates transcription of a polypeptide'-éncoding polynucleoﬁde.
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 polynf.ucleotide sequence operably linked to the promoter

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

(e.g., controls transcription or translatjon) 'segments of these regions.

“QOperably linked” refers to an arrangement of elements wherein
the components so described are configured s0 as to perform their usual
function. Thus, a given promoter operably linked to a nucleic acid
sequence is capable of effecting the expression of flﬁat sequence when

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

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

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

“operably linked” to the coding sequence.

“Recombinant” is used herein to describe a nucleic acid molecule
(polynucleotide) of genomic, cDNA.,‘semisy'nthetic, or synthetic origin

which, by virtue of its origin or manipulation is not associated with all or '

‘a portion of the polynucleotide with which it is associated in nature .

and/or is linked to a polynucleotide other than that to which it is linked in .

- nature. Two nucleic acid sequences which are contained within a single

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

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

Homologues of pdlynucleotides' are referred to F}erein.~ Typically a
polynucleotide which is homologou_s to another bolynucleotide is at Ieasf
70% homologous to the polynucléotide, preferably at least 80 6r 90%.
and more preferably at least 95%, 97% or 99% homologous thereto.
Methods of measuring homology are well known in the art and it willl be
understood by those of skill in the art that in the present context,

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

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

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

The PILEUP and BLAST algorithms can also be used to calculate
homology or line up sequences (typically on their default settings), for
example as described in Altschul S.F. (1993) J Mol Evol 36 290- 300

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

Software for performing BLAST analysis is publicly aV_ailabIe
through the National~Centvre. forBiotechnoIogy’Info.rmation |
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying
high scoring sequenée pair (HSPs) by identifying shbrt words of length W

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

' threshold score T when aligned with a word of the same length in a

database sequence. T is referred to as the neighboufhood word score

- threshold (Altschul ef a/, supra). These initial neighbourhood word hits

20

256

act as seeds for lnltlatmg searches to find HSPs contalnlng them. The
word hits ‘are extended in both directions along each sequence for as far
as the cumulative alignment score can be increased. Extensions for the

word hits in each direction are halted when: the cumulative alignment

score goes to zero or below, due to the accumulation of one or more

negativ.e-scoring residue alignments; or the end of either sequerice is
reached. The BLAST algorithm'parameters W, T énd X determine the
sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length (W) of 11, the BLOSUM®62 scoring matrix (see
Henikoff and Henikc;ff (1992) Proc. Natl. Acad. Sci. USA 89:10915-
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10919) alignments (B) of 50, expectation (E)I of 10, M=5, N=4, and a

comparison of both strands.

The BLAST algorlthm performs a statistical analysis of the
similarity between two sequences; see e.g., Karlin and Altschul (1993)
Proc. Natl, Acad. Sci. USA 90:5873-56787. 'One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probabllity by which a match
between two nucleotide or amino acid sequences would occur by
ch’ance. For example, a sequence is considered similar to another
sequence if the smallest sum probability in comparison of the first

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

-than about 0.1, more preferably less than abeut_0.01 , and most

; preferably less than about 0.001..

The homologues typically hybridize wlth the reievant
polynucleotide at a level significantly above background. The srgnal level
generated by the interaction between the homologue and the '
polynucleatide 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 3?2P.

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 abodf 50 °C to about 60 °C.

‘Stringent hybridization conditions can include 50% formamide, SX

" Denhardt's Solution, 5x SSC, 0.1% SDS and 100 pg/mi denatured

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

e.g., Sambrook et al., supra.
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The homologue fnay differ from a sequence in the relevant
po-lynucleotide by less than 3, 5, 10, 15, 20 or more mutations (each of
which may be a substitution, deletion or insertion). These mutations
may be measured over a region of at least 30, for instance at least 40,
60 or 100 or more contiguous nucleotides of the homologue. Where a
polynucleotide encodes a polypeptide, substitutions preferably create

“conservative” changes in the amino ac:d encoded. These are defined

' accordmg to the following table. Amino acids in the. same block in the

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

be substituted for each other in conservative changes.

ALIPHATIC Non-Polar ’ GAP
o ' | LV,

Polar-uncharged @ |CSTM

NQ

Polar-charged DE

KR

AROMATIC . HEW Y

The terms “individual” and ”subj'e_act’»' are usédinterdhangeably
herein to _réfer to any member of the subphylum cordata, incldding,
without limitation, humans and other brimates, including non-human
primates such as chimpanzees and other apes and monkey species; farm
animals such as cattle, sheep, pigs, goats and horses; domestic

mammals such as dogs and cats; laboratory animals including rodents

- such as mice, rats and guinea pigs; birds, i'ncluding domestic, wild and

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
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vertebrate species, since the immune systems of all of these vertebrates

operate similarly.

B. General Overview

The invention is concerned with nucleic acid constructs which
5 allow‘ efficient expression of heterologous coding sequences, and in
parﬁcular antigen-encoding genes, in host cells. More sp_ecifidally,_ the
invention provides nucleic acid constructs comprising, or in some‘
embodiments, consisting essentially of a chimeric promoter sequence and
a cloning site, such tﬁat when a coding sequence is inserted in the '
10 cloning site, the coding sequence is in operable linkage with the chiméric

promoter.

The chimeric promoter comprises, or in some enmbodiments

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 mtron A

region of the hCMV major immediate early gene.
The hCMV immediate early'prémoter sequence (a) may comprise:
20 ° ' _ (i) a riativé hCMV irr;mediatvé early. promoter 4seqUenc_e;
(i) a functional homologous variant thereof; or.

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

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

25 comprises the sequences present in (i) which bind transcription factors or
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the RNA polymerase, or instead of any ofA these sequences, homologues
of these sequences able to bind the same transcription factors and RNA
polymerase. Typically such sequences or their homologuee 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 ffem nucleotides -100 to -1,
typlcally -150 to -1, for example -500 to -1 6r -600 to -1 of the hCMV
major immediate early gene. Sequence (i} typically compnses the hCMV
core promoter sequence and may also include one or more enhancer
elements present in hCMV immediate early promoter. For example, (i)

may comprise from nucleotides -118 to -1, or -524 to -1 as in US

6218140, or from nucleotides -62 to 1 or -465 to -1 as in US 538 5839.

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

the repeat sequences in the hCMV immediate early promoter.
Ina pref_erred embodimenft, (i) comprises SEQ ID NO: 1.

A hCMV immediate early promoter sequence can be obtained
using kneWn methods. A native hCMV immediate early promoter can be.
isolated direcﬂy from a sample »ef the virus, using standard fechniques.
US 5385839, for example, describes the clo'ning‘of a hCMV promoter
region. The sequence of a hCMV immediate early promater is available
at Genbank #M60321 (hCMV Towne strain) and X17403 (hCMV Ad169
strain). A native sequence could therefore be isolated by PCR using PCR
primers based on the known sequence. See e.g Sembrook et al, supra,”
for a description of techniques used to obtain and isolate DNA. A
suitable hCMV promoter sequence could also be iso]ated from an existing

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

ability to infect and/or replicate in cells.

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

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

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

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

“native hCMV immediate early promoter is defective.

A homoldgous variant (ii) or fragment (i'ii) ‘méy be tested for utility
using the Compérative Expression Assay Below. The test promoter
sequence is swapped into the base vector in place of the native hCMV
immediate early promoter. Typically, a functional variant or fragment
_allows at least 50%, for instance, 60, 70, 80, 90% or more of the
expression provided using the base vector. ngerally expression is
provided in at least one but preferab_ly two. referénce cell types.
Typically, the reference céllé al;e rhammaiiah HEK 293T, CHO, Hela,
BHK, 3T3 or COS cells. - "

Additionally or alternatively, promoter sequence may be tested in
the Comparative Imrﬁunogenicity Assay below. Test prorr;oter sequence
is swapped into the base vector in place Qf the native hCMV immediaté
early promoter. A functional promoter sequence provides antibody titres
that are at least as high as or higher than those achieved by the bas.e
vector with at least one, preferably two antigens. Preferably antibody
titres are at least 5%, 10%, 20%, 30% or 40% higher than with the.
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" base vector. Preferred antigens are HBsAg, HSV 2gD and flu-M2

antigens. According to this assay, a functional homologous variant (ii) or
functional fragment (iii) of native promoter seduence {i} is one which

allows the highest antibody titres achieved by the native sequence.

As mentioned above, the construct may comprise exon seqguence

(b) which comprises sequence derived from exon 1 and exon 2 of the

"hCMV major immediate early gene. Exons are coding sequences, which

in nature are’ generally separated by introns. In the native hCMV major
immediate early gene, exons 1 and 2 are usually separated by the native
intron A. In the present chimeric construct exoh 2 ée‘quénce is generally
positioﬁed 3' of exon 1 sequence, without interyenin'g'intron ‘sequence,

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

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

partial) exon 2; - - N
(i) a homologous variant of (i) which is functional; or
(iiiy  a functional fragment of {i) or (ii).

Sequénce (i) may comprise from about 50 to 100% of the native

~ hCMV major immediate early gene exon 1 sequence, for example, 60 to

90% or 70 to 80%. Typically at least 50% of the natufa_] exon 1
sequence is present, such as 60%, 70%, 80%, 90% or more. Exon . °
sequence (b} also comprises at least a part of exon 2 sequence. In
sequence (i), typically 2 or more bases of native exon 2, for example 2 to -
9,;2 to 7 or 3 to 5 bases are present. Up to and including 100% of
natural exon 2 sequence, for example 5 to 95%, 20 to 80% or 4Q to
60% of natural ‘exon. 2 sequence may be present. Typically the -
homologous variant has any of the above lengths menﬁoned for the

native sequence.
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Preferably (i) comprises SEQ ID No. 2.

Suitable exon sequence (b) can be obtained using known methods.
See e.g Sambrook et al., supré, for a description of techniques used to
obtain and isolate DNA. Native hCMV major immediate early gene
sequence can be isolated directly frbm a sample of the virus, using
standard techniques (see for exampie, MaclLean, A (1998) “Preparation
of HSV-D'NA and Production of Infectious Virus” in Herpes Simplex Virus
Protocols S. Brown, A Maclean, editors, Humana Press, Totowa, NJ,
pp.19-26). The sequence of a hCMV major immediate early gene,
including the location of exon1 and exon 2, is available at Genbank
#M60321, X174_O3. Native exon 1 and 2 sequences could therefore be

isolated by cutting the native major gene sequenice at approbriate

_restriction sites or by PCR usihg— PCR.primers based on the known -

sequence. Suitable exon sequences could alternatively be isolated from

“an éxisting plasmid vector, such as pWRG.7128,.A Exon sequences can

also be produced synthetically, rather than cloned. Variant sequences
can readily be constructed by routine methodologies such as site-directed

mutagenesis.

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

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

above.

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

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

the natural sequence.

Additionally or alternatively, exon sequence may be tested in the
Comparative Immunogenicity Assay below. Test exon sequence. is
swapped into the base vector in place of thé exon sequence already
present. Functional exon sequence provides antibody titres that are at
least as higr_'n as or higher than those achié.ved Aby the base vector with at
least one, préferably 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 thi_s,ass'ay, a functional homologous variant {ii) or functional ﬁagment
(iii) of natural exon sequence: (i) is one which allows the highest éntibody

titres achieved by the natural sequence.

The chimeric prdm_oter construct comprises heterologous .intron (c)
in place of the native intr'on A region of the hCMV major immediate early
gene. An intron is a non-'codihg séquence which is spliced from the
hnRNA transcribed from a géne: 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.
In general the heterologous intron (c) is 3' of exon sequence (b).
Typically the heterologous intron (c) comprises:

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

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

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

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

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

chicken cardiac action intron A.

‘Typically intron (c) has a length of from about 50 nucleotides to
about 1000 nucleotides, for instance from about 100 to about 500
nucleotides. The intron (c) may for example,‘ comprise 50 to 500
npcleotides, such as up to 100, 200, 300 or 400 nucleotides. Preferably

the intron comprises sequence found at about nucleotides _SO to 133 of

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

Preferably heterologous intron (c) is capable of being s'plice'd from
an RNA transcript in a eukaryotic host cell. In general the intron |
60nﬁprises one or more of a donor séquence (such as GT), an acceptor
sequence (such as AG), a 3' pyﬁmidine rich region and a branch boint
seguence. 'i'he pyrimidine rich regfbn, if present, may ihclude, fdr
example ét least 5, 8,\1.0 or more pyrimidines. Preferably the intron

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

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

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

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

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

of the intron.
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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.

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

same relative spacing as in hCMV intron A.

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

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

. Intron sequence (c) may be obtained using standard cloning
techniques. For example, rat insulin intron A sequence is available at
GenBank J00748, chicken keratin intron A sequence at GenBank JO0O847

_ahd chicken cardiac intron A sequence at GenBank X02212. Intron

sequence can be isolated from natural sources using prirhers based on
known sequence. Sequence may be prepared synthetically. Variant

sequencér may be obtained by mutagenesis.

Typically a functional intron sequence, for example a functional

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

In one embodiment the activity is splicing activity.

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

natural intron (i} in the assay.

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

natural intron (i).

Functionality of potential intron 'se;juence {c) can be te_sfed usihg
the Comparative Ekpression Aséay below. The heterologous intrbn is
swapped into the base vector. Generally heterologous intron sé_quence is
functional if the addition of the sequence increases expression in at least .

one, but preferably two reference cell types by 25% or more, compared

‘to the base vector. Typically the reference cells are mammalian

HEK293T, CHO, Hela, BHK, 3T3 or COS cells. The increase in _
expression may be at least 35%, 45%, 55% or more. According to this
assay, a functional variant (i) or functional fragment (ii) of a natural intron

sequence (i} is one which allows greater than 560% of the expression |

" improvement achieved by the natural sequence.

A heterologous intron (c) sequence may, additionally or
alternatively be tested for functionality using the Comparative
Immunogenicity Assay below. Intron (c) sequence is added to the base
vector. A functional intron (c) sequence provides antibody titres that are
higher than thosé achieved by the base vector with at least one,
preferably two antigens. Preferably, the antibody titres are at least 5 or
10%, for instance 20%, 30% or 40% higher than with the base vector.
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Preferred antigens are HBsAg, HSVZgD and Flu-M2 antigens. According
to this assay, a functional variant (ii} or functional fragment (iii) of a .
natural intron sequence (i} is one which allows the highest antibody titres

achieved by the natural sequence.

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

synthetically.

The component sequences (a), (b) and (c) may be provided

suitably linked together to form a chimeric promoter using standard

cloning or molecular biology techniques. Preferably intron sequence {(c) is

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 muiti-cloning sites ’
are known in the art, e.g the pUC19, pBC SK, pBluescript Il KS,
cDNAS.1, pSP72, pGEM 7Z multicloning site.

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

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

the coding sequence is suitable for use in nucleic acid immunisation or

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

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

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

Suitable nucleic acids for insertion include those used for the
treatment of inflammatory diseases, autoimmune, chronic and infectious
diseases, including such disorders as AIDS, cancer, neurological
diseases, cardivascular disease, hyperchdlestemi?; various blood
disorders including various anemias, thalaséemia ari'd hemdphilia; genétic

defects such as. cystic fibrosis, Gaucher's Disease, adenosine deaminase

({ADA) deficiency, emphyse‘rha, etc.

For 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

p53, genes coding‘f‘or mRNA sequences which are antisense to
transforming oncogenes, antineoplastic peptides such as fu’mor necrosis
factor (TNF) and oth_er cytokines, or transdominant negative mutants of
transforming oncogenes, can be inserted for expression at or near the

'tumor. site. .

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

sySferh, can also be included. The nucleic acid méy encode one of the

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

interleukins, interferons and colony stimulating factors. The nucleic acid

may encode an antigen for the treatment or prevention of a number of
conditions including but not limited to cancer, .allergies, toxicity and
infection by a pathogen such as, but not limited to, fungus, viruses
including Human Papilloma Viruses (HPV), Hl\'/,. HSV2/HSV1, influenza

virus (types A, B and C), Polic virus, RSV virus, Rhinoviruses,
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Rotaviruses, Hepatitis A virus, Norw.alk Virus Group, Enteroviruses,
Astroviruses, Measles virus, Par Influenza virus, Mumps virus, Varicella-
Zoster virus, Cytomegalovirus, Epstein-Barr virus, Adenoviruses, Rubella
virus, Human T-cell Lymphoma type | virus (HTLV~I), Hepatitis B virus
(HBV) Hepatitis C virus (HCV), Hepatltls D virus, Pox virus, Marburg and
Ebola; bacteria including M.tuberculosis, Chlamydia, N. gonorrhoeae, '
Shigella, Salmonella, Vibrio Cho/era, Trep'onemaA pallidua, Pseudomonas,
Bordetella pertuss}'s, Brucella, Franciscella tulorensis; Helicobacter pylori,
l.epto.?pria interrogaus, Legionella pnumophils, Yersinia pestis, |
Streptococcus (types A and B), Pneumococcus, Meningbcoébus,
Hemophilus influenza (type b), Tox'op/éma gondic, Cbmp’lybacter/"osis,

Moraxella catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens

. ingluding Candidiasis and Aspergillosis; parasitic pathdgens including

Taenia, Flukes, Roundworms, .Amebiasi-s, Giardiasis, Cryptosporidium, b.
Schitosoma, Pneumocystis carinii, Tnchomonnasns and Trichinosis. The
nucleic acnd my also be used to prowde a suitable i |mmune response
against numerous veterinary diseases, such as Foot and Mouth diseases;
Coronavirus, Pasteurella multocida, Helicobacter, Strongylus vulgaris,
Actinobacillus pleuropneumonia, Bovine viral diarrhea virus (.BVDV),
k/ebsie//a pnel)moniae, E. Coli, Bordetella pertussis, Bordetella :
parapertussis and Bordetella brochiseptica. Thus in one aspect, thé
nucl_éic acid constructs of the'present invention may find use in a ]

vaccine.

In some embodiments, the nucleic acid construct will encode an
adjuvant. Thus, the sequences inserted into the cloning site for insertion '
of a coding sequence may encode a polypeptide that can act as an

édjuvant. In a preferred instance, the encoded adjuvant may be an ADP-

'ribosylating bacterial toxin. These include diphtheria toxin (DT), pertussis

toxin (PT), cholera toxin (CT), the E.coli heat labile toxins (LT1 énd LT‘2),‘

Pseudomonas endotoxin A, Pseudomonas exotoxin S, B cereus
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exoenzyme, B. sphaericus toxin, C botulinum C2 and C3 toxins, C.

limosum exoenzyme, as well as toxins from C. perfringens, C spiriforma

- and C. difficile and Staphylococcus aureus EDIN. Most ADP-ribosylating

bacterial toxins contain A and B subunits. The construct may express

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

In é preferred insfance, the nucleic acid construct may encode the
E.coli heat labile toxin and/or cholera toxin and in particular may express
E.coli heat labile toxin. A GénBank éntry for the complete sequences 6f
the CT subunit A and B genes can be found at Locus VIBCTXABB
{Accession No. D30053), while a GenBank entry for the complete
sequences of the LT subunit A and B genes can be found at locus

ABO116677 (Accession No. ABO11677).

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

A and/or B subunits.

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

disrupt or inactivate ADP-ribosyl transferase activity.

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

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

The enhance immune response may result in higher antlbody titres. In the
case of some constructs, and in particular those expressing exotoxin Q
subunits the adjuvant may resullt in an augmente_d cellular response and a

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

The nucleic acid for insertion into the cloning site may comprise a
polyadenylation (ponA) sequence. Such a pol'yA sequence is generally
native to the codlng sequence. Alternatively, a heterologous polyA
sequence may be provided in the nucleic acid construct of the invention.
Typically the polyA sequence will be prov:ded downstream of the cloning

snte, such that it is operatlvely linked to a codlng sequence mserted in the

cloning s,|te. Any suitable polyA sequence may be qncluded in the

construct using standard cloning techniqu_es. 'Such polyA sequences are

known in the art.
The poly A sequence may be:
(i) a hatural poly A sequence;
(ii) a functional homologous variant of (i); or
| (ili) a funetional fragmeht of {i) o'r'(ii). ~

The natural poly A sequence (i) may b'e, for example a rabbit f

‘ globin gene poly A, Human Papilloma Virus (HPV) early or late gene poly

A, HSV-2gB gene poly A, a simian CMV immediate early gene poly A or
HSV gD Iate gene poly A.

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

_ g'roup consisting of SEQ ID No. 10 (GenBank K03256) SEQ ID No. 11

(GenBank M16019), SEQ ID No. 12 (GenBank Z80699) and SEQ ID No.
13 {GenBank K02718).
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In general, a functional polyA sequence is one which retains

polyadenylation activity.

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

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

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

: activity of the natural poly A sequence in the assay.

Generally the poly A sequence will, when present in the construct

of the lnventlon, enhance expression, typically causing comparable

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

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

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

into the basé vector in place of the RBGpA. A test poly A is considered
functional if the poly A does not abrogate éxbression but preferably
increases expression in at least one but preferably two reference cell
types, comp'ared to the base vecfor. Preferably there is an increase in
éxpression of at least 5%, 10%, 20%, 30%, 40% or 50% or more.

| ‘Preferred cell types are mammalian HEK293T, CHO, HeLa BHK, 3T3 or

COS cells. According to the assay, an homologous variant (n) or

fragment (jii) is functional if it allows greater than 50% of the expression

o improVément achieved by the natural poly A sequence (i).

26

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

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

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

high as or higher than those achleved by the base vector wnth 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 Fiu-
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it allows the highest antibody titres achieved by the natural poly A

sequence (i).

The nucleic acid construct may combrise additional control
sequences which influence expression of a coding sequence inserted in
the cloning site. The construct may include a non-translated leader
sequénce. The sequence is provided in the construct in operable linkagé
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.l the untranslated leader sequence vcomprises:
(i) a natural untranslét‘ed legder §equeﬁce;
(i) a fuﬁctional homologousyarianf of (i); or
(i) a functional fragment of {i) or (ii). |

_In general the natural sequenc'e: (i) is a eukaryotic sequence or a
viral sequence, in particular, of a virus which infects a eu.karyote.
Preferabl.y the natural sequence (i) is. HBV or HSV sequencé, for example
HBV preS2 antigen sequence, HBV e-antigen seqhence_. or HSV type 2gD
antigen sequence. Particularly préferably, (i) is selected from the group |
consisting of SEQ ID No. 5, SEQ ID No. 6 and SEQ ID No. 7..

Typic'ally'thg leader sequence comprises sequences present in (i)
which ;bind transcription components or regulatory proteins, or |
homologues of these sequences which are able to bind the same
components or proteins. Typically such sequences or their homologues
are present in the leader sequence in the same order and/or substantially

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

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

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

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

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

linkage with the sequence.

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

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

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

" constructs may be prepared in which the natural Ieader sequence is

replaced by an homologous variant or fragment and expressnon is .
monitored again in the same host cells. In general, a variant (i) 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.

A potential leader sequence cah also be tested for utility in the
Comperative Expression Assay below. A test leader sequence is
swapped into the base vector in place of the HBV preS2 5_’UVTR.’ A
functional leader sequence does not abrogate expression but preferably

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

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

. natural leader sequence.

Alternatively, or additionally, a leader seq‘uencé may be tested for
activity in fhe Comparative Immdnogenicity Assay below. A leader
sequence is swapped into the base vector in place of HBV preS2 5'UTR.
A functional leader sequence provndes antibody titres that are at least as
hlgh as or higher than those achieved by the base vector, wlth at least

one preferably two antigens. "Pre'ferably the antibody titres are at least

5%, 10%, 20%, 30% or 40% higher than w:th the base vector.

Preferred antigens are HBsAg, HSV 2gD and Flu M2 antlgens An
homologous variant (i) or fragment (iii} is functional if it allows the

highest antibody titres alloyved by the natural leader sequence {i).

Suitable 'Iéader sequénce can be obtained using standard protocols.
For example, HBV preS2 antigen sequence, HBV e-antigen sequence and .
HSV type 2gD anﬁgen sequence is available at GénBank M549‘_23,
M54923 and Z86099 respectively. Primers can be designed based on
thisﬁknbv’vn sequence and used to isoléte homologous séqu—ences. Leader

sequences may be synthesised based on known sequences.

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

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

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

The enhancer sequence generally comprises from about 50 to
about 850 nucieotides, for example from about 75 to about 500

nucleotides. Enhancers of about 100, 200, 300 or 400 nucleotid'esjimay

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'

untranslateq region (3'UTR) of a gene. Preferably (i) is an HBV or a CMV-

.enhancer, for example ah HBs Ag 3' UTR or a simian CMV immediate

early géne 3' UTR. Preferably (i) comprises SEQ ID No. 8 or SEQ ID No. -
9.

In géneral, the enhancér in the construct comprises seq'uences
found in (i) which bind transcription components or regulatory proteins,
for example transcription factors, or homologues of these sequences
which bind the same components or proteins. Preferably these |

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

" substantially the same relative spacing as in (i).

Generally a functional enhancer is one which enhances or

“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 substantially'ti\e
same activity {for éxémple, enhancement of expression) as and/or

complements the activity of the natural enhancer (i).

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

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

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

Enhancer utility may also be tested usmg ‘the Comparatlve

Expressmn Assay set out below. A test 3 UTR sequence is swapped mto

" the base vector. A 3'UTR has utility if it does not abrogate expression

but preferably increases expression in at least one but preferably two
reference cell types compared to the base vectors in the assay.
Preférably 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 this assay, an homologous
variant (i) or fragment {iii) is functlonal if it allows greater than 50% of

the expression improvement achieved by the natural enhancer sequence

(i).

Additionally or alternatively, enhancer sequences may be tested for

activity in the Comparative Immunogenicity Assay below. A 3UTR is

~ swapped into the base vector. A functional enhancer sequence provides

antibody titres that are at least as high as or higher than those achieved
by the base vector with at |east one,. pre’fe.rab'ly two antigené. Preferably
the antibody titres are at least 6%, 10%, 20%, 30% or 40% higher than
with the base vector. Preferred antigens are HBs.Ag, HSV2gD and F‘Iu-
M2 antigené.- An homologou; variant (ii) or fragment (iii) is functional if
it allows the highest antibody titre allowed by the natural enhancer

sequence {i).

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

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

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

promoter, for efficient expression of an inserted coding sequence.

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

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

{in a non-translated leader sequence derived from HBV
preS2 antigen sequence, HBV e-antigen sequence or HSV type 2

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

wherein the coding sequence is héterologous to the non-translated

leader sequence.

Typically the promoter sequence (i) is derived .fr'om a viral or

eukaryotic promoter sequence. The promoter sequence may be a natural

promoter sequence, a functional homologue of the natural sequence or a-
functional fragment of elther. Suitable natural promoters include, for
exemple, the hCMV immedrate early promoter, Pseudorabies virus (PRV)
promoter or Rous sarcoma virus (RSV) promoter. Preferably the natural
promoter comprises SEQ ID NO: 52 or SEQ ID NO: 53.

An artificial promoter construct, such as the chimeric promoter

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

coding sequence in a suitable host cell.

A promoter sequence may be tested for’promoter activity using a
routine expression assay. A functional homologue or fragment of a
natural promoter sequence typically 'prcVides at least 50%, for example,
or least 60 70, 80 or 90% of the expression provuded by the natural

sequence in such an assay.

The non-translated leader sequence (ii) is as descrlbed above
Suitable coding sequences (iii) include those already described in relation
to the chlme_rlc promoter construct. However, in the present aspect of
the invention, the coding sequence is heterologous to the ncn-translated
leader sequence. The present construct typically includes é poly A

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

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

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

sequence. Suitable enhancer sequences are described above in relation to :

" the chimeric promoter construct.

In another aspect, the invention provides-a nucleic acid construct

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

(ii) a coding sequence operably linked to the promoter

sequence (i) and;

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

the coding sequence (ii):
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wherein the enhancer sequence (iii) is‘_derived froma 3'UTR of an -

HBsAg sequence or a 3'UTR of a simian CMV immediate early gene

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

sequence.

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

construct.

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

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

functional fragment of either. Suitable natural promoters-include, for

eXample, the hCMV immediéte eérly pi'omoter, Pseudorabies virus (PﬁV)
promoter or Rous sarcoma virus (RSV) promoter. Preferably the natural
promot-er\ comprises SEQ ID NO: 52 or SEQ ID NO: 53..

An artificial promoter construct, such as the chimeric promoter

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

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

coding sequence in a suitable host cell.

A promoter sequence may be tested for promoter activity using a

routine expression assay. Functional homologues or fragments of a

natural promoter sequence typically provide at least 50%, for example,.
or least 60, 70, 80 or 90% or the expression provided by the natural

sequence in such an assay.

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

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

poly A component in the construct.

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

coding sequence also in operable linkage with the promoter.

10 Ty_pically a signal peptide seq.uence encodes a peptide of 10 to 30

| amino acids for example 15 to 20 amino acids. Often the amino acids
are predominantly hydrophobic. In a typidal situation, a signél peptide
targets a growing polypeptide chain bearing the ‘signal peptide to the
endopiasmic reticulum of the expressing céll. The signal peptide is

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

polyp'eptide via the Golgi apparatus.
A sign_al'peptide for use in the invention may comprise:
i) a natural signal peptide sequence;

(i) - a homologous variant of (i) which retains signal

20 ~ peptide activity; or

(i)  a fragment of (i) or {ii) which retain's signal peptide
activity.

Sequeﬁce (i) may be for éxample human tissue plésminogen
activator signal peptide (hTPAsp) (GenBank LO0141), the aprotiniri signal
25 peptide (GenBank AAD13685), tobacco extensin signal peptide (GenBank
JU0465), or chicken lysosynie signal peptide (GenBank AF410481).
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A signal pebtide, suitaﬁle for use in the present invention, is one
which will enable the secretion of heterologous proteins. A functional
sighal peptide can be identified in an assay which compares the effect of
a test signal peptide with the effect of a known signal peptide - e.g.
human tissue plasminogen activator signal peptude (hTPASsP) - and Wlth
the effect of having no signal peptide. The Comparative Expression
Assay set out below may be used but with the following modification.
Secretaon expression vectors are constructed containing the base vector
WIth either the test signal peptlde, hTPAsp or no signal peptide. ‘Coding
sequences for polypeptides devoid of their naturally_ occurring signal
peptides are insert_ed into the vectors and the vectors transfofmed into,
reference host cells. Preferably cells are mammalian HEK293T, CHO,
Hela, BHK, 3T3 or COS cells. The cell media is analysed for polypeptide
expression levels. A functional signal peptide enables polypeptide |
secretion at a higher level than a vector lacking a signal peptide with at
least one, preferably two polypepﬁdes. Typically, secretion is 5% higher,
or more preferably 10% highei’ or more, fof example 20 or 50% higher or
more. Typically, secretion levels are comparable to those obtained using
hTPAsp.

» Allowing secretion of encoded protein outside of an expressing cell
nﬁay 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 (macfophages, Langehan's
cells, B-cells, T-cells etc), enable the ability of antigen to reach the
bloodstream and signal cells (cytokinés), enable an antigen to find cellular
ligands and effect a f.unction. (antibodies, toxins such as cholera toxin,
E.coli LT) and participate in normal cellular biochemical processes

(cellular receptors).

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

plasmid expression vector. The vector may then include additional
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elements, such as an origin of replication, or selector genes. Such
elements are known in the art and can be included using standard
techniques. In one embodiment, the plasmid vector has the sequence in

SEQ ID NO:14. Alternatively, the construct may be included in a viral

vector construct.

In some embodiments the nucleic acid construct of the invention
may comprlse two or more of the chimeric promoters defined herein.
Thus, the construct may comprise a plurality of chimeric promoters and
in particular the construct may have two, three, four, five or more
chimeric promoters The chimeric promoters will preferably be each
separately operably Irnked to a cloning site for insertion of a codmg
sequence. Thus, the construct may express two, three, four, five or more
more coding sequences. The coding sequencss expressed may be any of
those specified horeih. In a preferred instance, the construct has two
chimeric promoters with each having a coding sequence operably I'in.ked '
to them. In pariicular, the two promoters may be transcribed away from

each other.

In particular, the constructs with two prorﬁoters may express the

- A and B subunits of an ADP-ribosyIa’ring bacterial toxin, including any of

those mentioned herein and preferably an LTA and B subunit.

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

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

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

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

the poly adenylation sequence of the rat beta globin gene.

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

comprise two chimeric promoter sequences, with each promoter



WO 2005/035771

10

16

20

25

: PCT/GB2004/004279
46 o
séquence being operably linked to a cloning site which has a coding

sequence inserted into it, where each chimeric promoter comprises

{a) a hCMV immediate early promoter sequence;

{b} exon 1 and at least a part 6f exon 2 of the hCMV
major immediate early gene; and

(c) a heterologous intron prdvided in 'pl'ace of the intron A

region of the hCMV major imimediate early gene.

with the coding sequence opsrably linked to one chimeric promoter

‘encoding a LTA subunit and the coding sequence linked to the other

encoding an LTB subunit. The construct can therefore express both

subunits. Preferably::

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

A sequence;

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

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

gene polyadenylation sequence.

A polynucleotide construct of the invention may be substahtially |
free of or associated with cells or with cellular material. 1t may be in

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

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

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

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

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

microinjection into nucleii.

~As described above, a nucleic acid coding sequ.ence in a construct
may encode a therapeutically relevant polypeptide. The present .
constructs may therefore be used for nucleic acid immunisation or gene
therapy using standard gene delivery pretocols. Su_itable methods for
gene delivery are known in the art, as disc'ussed below. The nucleic acid .
molecules ean_ be delivered either directly to a subject, or alternatively,
delivered ex vivo. to cells derived fro_'ni the subjeet wheljeafter the eells

are reimplanted in the subject.

For use in nucleic acid immunisation or gene therapy, the nucleic
acid constructs may be formulated as conventional pharmaceutucal
preparations. This can be done using standard pharmaceutical
formulation chemlstrles and methodologies, which are available to those
skilled in the art. For example, compositions containing one or more
nucleic acid sequences (e.g., present in a suitable vector form such as a

DNA plasmid) can be combined with one or more phermaceutically

~ acceptable excipients or vehicles to provide a liquid preparation.

Auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances and the like, may be present in the excipient or
vehicle.. These excipients, vehicles and auxiliary substances are geherelly
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 composiﬁon.
Pharmaceutically acceptable excipients include, but are not limited to,
liquids such es water, saline, polyethyleneglycol, hyaluronic acid, glycerol
and ethanol. Pharmaceutically acceptable salts can also be included
therein, for example,' mineral acid salts such as hydrochlorides,

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

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

pharmaceutically acceptable excipients, vehicles and auxiliary substances

is available in REMINGTON’S PHARMACEUTICAL SCIENCES (Mack Pub.

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

Certain facilitators of nucleic acid uptake and/or expression

(“transfection facilitating agents”) can also be included in the

' compositions, for example, facilitators such as bupivacaine, cardiotoxin

and sucrose, and transfection facilitating vehicles such as liposomal or
lipid preparations that are routinely used to deliver nucleic acid

molecules. Anionic and neutral liposomes are widely available and well

'known for delivering nucleic acid molecules (see, e.g., Liposomes: A N

Practical Approach, (1990) RPC New Ed., IRL Press).' ‘Ca'tionic lipid
preparations are also well known vehicles for use in delivery of nucleic
acid molecules. Suitable lipid preparations include DOTMA (N-[1-’(2,3-
dioleyloxy)propyl]-N,N,N-trimethylammonidm chloride), available under -
the tradename Lipofectin™ , and DOTAP (1,2-bis(oleyloxy)-3-
(trimethylammonio)bropane), see, e.g., Felgner et al. (1 987) Proc. Natl.
Acad. Sci. USA 84:7413-7416; Malone et al. (1989) Proc. Natl. Acad.
Sci. USA 86:6077-6081; US Patent Nos 5,283,185 and 5,527,928, and
International Publication Nos WO 90/11092, ‘WO 91/156501 and WO
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95/26356. These cationic lipids may preferably be used in association
with a neutral lipid, for example DOPE (dioley!
phosphatidylethanolamine). Still further transfection-facilitating
compositions that can be added to the above Iipid or liposome
preparations inciude spermine derivatives (see, e.g., International _
Publication No. WO 93/18759) and membfane-permeabilizing compounds
such as GALA, Gramicidine S and cationic bile salts (see, e.g.,

International Publication No. WO 93/19768).

Alternatively, the nucleic acid molecules of the present invention
may be encapsulated, adsorbed to, or associated with, particulate
carriers. Suitable particulate carriers include those derived from

polymethyl methacrylate polymers, as well as PLG mlcropartucles derived

. from poly(lactldes) and poly(lactlde -CO- glycolldes) See, e.g., Jeffery et

al. (1 993) Pharm. Res. 10:362-368. Other partlculate systems and
polymers can also be used, for example, polymers such as polylysine,
polyarginine, polyormthlne, spermine, sperm:dme as well as con;ugates

of these molecules.

Once formulated the compositions can be delivered to a subject in

vivo usmg a variety of known routes and techmques For example, the

llqu1d preparations can be provnded as an mJectabIe solutlon, suspension
or emulsnon and admlnlstered vua parenteral, subcutaneous lntradermal
intramuscular, intravenous injection using a conventlonal needle and
syringe, or using a'liquid jet injection system. ‘Liquid preparations can
also be .a'dministe_red topically to skin or mucosal tissue, or provided as a
finely divided spray suitable for respiratory or pulmonary administration.
Other modes of adminijstration include oral admamstratlon, supposttones

and active or passive transdermal delivery technlques

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

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

prec1p|tat|on electroporation, and direct microinjection of ints -nuclei). -

The compositions are administered to a subject in an amount that
is compatible with the dosage formulation and that will be
prophylactically and/or therapeutically effective. An appropriate effective
amount will fall in a relatively broad range bpt 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 purp_ose of determihing the amount
needed. For example it is generaily expectéd that an effective dose of

the polynucleotlde wnll fall within a range of about 0.001 to 1000ug,

“more preferably 0 01 to 10. Oug.

In one instance, a nucleic acid construct of the inventioh rhay be
used in.conjunction with another nucleic acid construct. In one case, the
nucleic acid cbnstr_uct may be one of those described herein for the
expression of an adjuvant and the other donstruct may be a consti'uct

encoding one or more antigens. In a preferred case, both constructs may

employ the chimeric promoters of the invention.

In the case where one construct expresses an adjuvant and the- '

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

- or Hepatltls virus (partlcularly Hepatitis B virus). The antlgens may in

25

particular be the HSV ICPO, ICP4, ICP 22 and/lCP 27 antigens and
preferably all four. In' cases where such antigens are expressed, the

adjuvant construct will in particular express LTA and/or LTB and in

“particular both. .

The two constructs may be administered separately,
simulta'neously or sequentially. The two may be administered in the same
or different co}npositi.on's. In particular, where one construct has an

adjuvant effect the two will be delivered so that an adjuvant effect is
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seen, that is the immune response generated will be greater and/or for ?
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 composifion, preferably on the same carrier particles.

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

preparations are known in the art.

" Particles for particle mediated delivery may be forrhed by coating
the present nucleic acid molecules onto carrier particles (e.g., core
carriers) using a variéty of techniques known in the art. Cf'arrier'particles
are selected from matenals which have a suitable density in the range of
particle sizes typlcally used for intracellular delivery from a particle-
mediated delivery device. Typlcally carrier particles have a diameter of
from 0.1 to 5pm', for ‘examp,le- 0.5 fo 3um, preferably 1 to 2um. The

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

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

wherein the coated colloidal gold is administered (e.g., ihjected) into

tissue (e.g.; skin or muscle) and subsequently taken-up by immune-

competent cells.

Usually carrier particles are selected from inert metals. The metals

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

the invention, tungsten, gold, plétinum and iridium carrier particles can
be used. Tungsteh and gold particles are preferfed. Tungsten particles
are readily available in average sizes of 0.5 to 2.0 um in diameter.
Although sﬁch particles have optimal density for use in particle
acceleration delivery methods, and allow high'ly efficient coating with
DNA, tungsten may pofentially be toxic to certain cell types. Gold
particles or microcrystalline gold (e.g., gold powder A1570, available
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from Engelhard Corp., East Newark NJ) will also fmd use with the
present methods. Gold part|c|es provnde uniformity in size (available from
Alpha Chemicals in particle sizes of 1-3 um, or available from Degussa,

South Plainfield, NJ in a range of particle sizes includihg 0.95 um) and

reduced toxicity. Microcrystalline gold provides a diverse barticle size

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

surface area of microcrystalline gold provides for highly efficient coating

with nucleic acids.

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

or tungsten with plasmid' DNA, C'aCI2 and spermidine. The resulting

solution is vortexed continually during the coating procedure to ensure

uniformity of the reaction mixtufe. After precipitation of the nucleic acid,
the coated particles can be transferred to suitable membranes and
allowed to dry prior to use, coated onto surfaces of a sample module or .

cassette, or loaded |nto a delivery cassette for use in partlcular particle-

: medlated delivery instruments.

As an alternative, the‘_ poly)nucleotides of the invention can be

- formulated as a particulate composition. Formulation can be carried out

using the above-described standard pharmaceuﬂcal formulatuon '

chemlstnes For example, the polynucleotldes can be comblned W|th one .

‘or more pharmaceutically acceptable excipients or vehicles to provnde a

suitable composition. The formulated compositions are then prepared as

particles using standard techniques such as by simple evaporation (air

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

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

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

densified using the techniques described in commonly owned
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International Publication Nb. WO 97/48485, incorporated herein by

reference.

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

density of about 0.5 to about 3.0 g/cma,' or greater.

Once formed, the particles corhprising the nucleic acid molecules
may be packaged in single unit ddsages or multidose containers. Such
confainer_s may comprise an 'herrrb\etic.aIIyA sealed container enclo'sing. a
suitable amount of the particles. The'partic|e"'s can be packaged as a
stérile formulation, and the hermetically s:e.aled container can thus be
designed. to preserve the sterility of the formulatioh'until use in delivery

to a subject. The containers are preferably adapted for direct use in a

" particle mediated'delivery device. Typically such containers take the

form of capsules, foil pouches, sachets, cassettes and the like. The
particle delivery devices can also be provided in a préloa_ded condition

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

~ then also be prepackaged in a hérmetically sealed container. -

The container in which the particles are packaged cah further be

labelled to identify the corhvposition and provide relevant dosage

-information. In addition, the container can be labelled with a notice in

the form prescribed by a governmental ag_ency, for example, the Food
and Drug Administration, wherein the notice indicates approval by the
agency under Federal Law of the manufacture, use or sale of the nucleic

acid preparation contained therein for human administration.

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

explosive, electric or gaseous discharge to propel coated carrier particles
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: towards target cells The coated carrier partrcles 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 targetl An example of a gaseous
discharge device is described in U.S.Patent No. 5, 204 253. An
explosive-type devrce is described in U.S.Patent No. 4,945,050. One
example of an electric discharge apparatus suitable for use herein is
described fn U.S.Patent No. 5,120,657. Another electric discharge
apparatus ‘is described irr US Patent No 5,149,655. The disclosure of all

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

Particles may also be administered using a needleless syringe
device, such as those described in U.S.Patent No. 5,630,796 to
Bellhouse et a/ (- ”the PawderJect“’ heedl eless syrir\ge device”) and in
International Publication Nos. WO 94/24263, WO 96/04947, WO _
96/12513 and WO 96/20022 all of which are mcorporated herem 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 gas cylinder, a particle cassette or

package, and a supersoni'c nozzle with an associated silencer medium '
The particles are provrded within a suitable container, e.g. a cassette
formed by two rupturable polymer membranes that are heat-sealed toa
washer-shaped spacer to form a self-contained sealed unit. Membrane
materiale can be selected to achieve a specific mode of opening and
burst pressure that dictate the conditions at which the supersonic flow is

initiated.

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

released gas contacts the particle cassette and, when sufficient pressure
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is built up, suddenly breaches the c,assAette niémbranes sweeping the

particles into the supersonic nozzle for subéequent delivery. The nozzle

is designed to achieve a specific gas velocity and flow pattern to deli\}er

a quantity of particles to a target surface of predefined area. The

silencer is used to attenuate the noise produced by the supersonic gas

flow.

The delivery system described in International Publication No. wo

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

-accelerate and deliver powdered compositions. However, it is

distinguished from the system of US Patent No. 5,630,796 in its use of .
a shock wave instead of gas flow to accelerate the particles.. More

particularly, an instantaneous pressure rise provided by a shock wave

~ generated behind a fléxible dome strikes the back of thé_dome, causing a

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

This sudden eyersion catapults a powdered composition (which is located

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

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

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

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

This design can be used in other enclosed or other wise sensitive
. applications for example, to deliver particles to minimally invasive

surgical sites.

‘ Particles may be delivered in vivo directly to a sinject, or e)( vivo
to cells taken' from a subject, the transformed cells then being
reimplanted irr the subject. For i'n vivo delivery, particle injection is
typically subcutaneously, epidermally, intradermally, intramucosally (e.g.
nasaily,' reétally and/or vaginally), intraperitoneally, intravenously, orally

or intramuscularly. Preferably, déiivery is to terminally differentiated
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cells; however, the particles can also be delivered to non-differentiated,
or partially differentiated cells such as stem celis 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 ar'noun't.that will be
prophylactically and/or therapeutically effective. A “therapeutically

effective amount” of the present particulate compositions will be

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

symptoms, and will fall in a relatively broad range that can be determined
by routine trials. Génerally the particles are delivered in an amount of
from 0.001 to 1000ug, more prgférably 0.01 fo 10.0ug of nucleic aéid'
per dose. However, the exact amouﬁt necessary Will vary depending oﬁ :
the age and general condition of the indj_vidual being tre'ejzted and the
particular nucleotide sequence selected, as Well..as other factors. An
appropriate' effective amount can be readily détermined throdgh clinical
te'sting. The “Physicians Desk Reference” and “Goodman and Gilman’s
The' Pharmaco'logical Basis of Therapeutics” are usefdl for the purpose of

determining the amount needed.
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Assays

Comparative Expression Assay

A suitable test for element utility determines the effect the
element has on éxpression of a polypeptide. Th.e basis of comparison for
testing utility of the elements is a ‘base vector’, generally (unless
otherwise noted) a plasmid with a hCMV promoter, hCMV exon 1, 9
bases of hCMV exon 2, the 5'UTR from HBV preS2 and the rabbit-ﬁ.
globin_polyadenylation region, positioned to drive expression of a coding
sequénce. Typically, the base vector is pJV7384, pJV 7401, pJV 7450
or pJV 7533. Heterologous introns énd 3'U'TRs are added, or promoter '

sequences, exons 5'UTRs and ponA 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 transform.ed into suitéble
host cells and the .ce’lls analyéed for polypeptide expression levels.
Preferably mammalian host cells are used Suitable cells include
mammalian HEK 293T, CHO, Hela, BHK 3T3 or COS cells.

Typically, a fun'ctional element causes expression which is

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

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

with more than one coding sequence. S

-

Suitable experimental protocols are provided, for example, in

Examples 1 to 13 below.



WO 2005/035771 . PCT/GB2004/004279

10

16

20

25

58.

Comparative Immunogenicity Assay

Where the polypeptide to be expressed is an antigen, a further {est
may be carried out to identify functional or particularly preferred
construct elements. In the assay, the effect of an element on immune
response is determined after delivery of an expression vector to a test
drganism_. Antibody levels against the antigen are the easiest way to
judge immune response. Groups of miqe are vaccinated with the base

vectors or test vectors constructed as above. Serais collected after an

appropriate amount of time and analyzed for antibody levels.

This experiment is performed twice, and the antibody levels from
all the groups in both experiments are plotted. Functional elements wiil
give rise to at least as high as or higher antibddy titres in both

experiments for a particular antigen than the base vector. Preferably, the

‘result will be seen with more than one antigen to demonstrate the

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

~ Suitable experimental protocols are provided for example, in

Example 14 below.

C.  Experimental

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

invention in any way.

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

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

Standard PCR Conditions

The standard PCR conditions used for the construction of vectors

were as follows: 1x PCR core buffer w/ 1.5mM MgCl2 (Promega

‘5 Corporation, Madison, WI), 0.400uM each of each primer, 200uM of
each dNTP (USB, Inc, Cleveland,. OH) , 2.5u Taq polymerase (Promega
Corporation, Madison, W1}, 1.0 ng templete DN.A, water to 100ul, and a |
mineral oil {Aldrich Chemical, Inc, Milwaukee, Wwi) overlay. The PTC-200
thermocycler (MJ Research, Inc, Walthafn, MA) was progyramr'ned to run

10. the following routine: 4'@85°C, 30 cycles of (1'@95°C/ 1'16"@55°C/

. 1'@72°C), 10'@72°C, 4°C Hold). The amplification products were
‘removed from the PCR reaction by uéi'ng’ fhe QIAqeickéPCR Pui’ification.
Kit (Qiagen Inc, Valencia, CA) prior to cutting with reetrictieh eniymes

{New England Biolabs, Beverly, MA).

15 All PCR products were sequenced after cloning to ensure fidelity of -

the amplification.,'

Example 1. Construction of hepatitis B virus surface antigen

(HBsAg) vector Danels'

A number of plasmid expression vectors were constructed for

20 expression of HBsAg.

Starting materials

(i) pWRG7128 (Roy, M, et.al. Vaccine (2091) 19: 764-778), l
which contains the hCMV immediate early promoter sequence, the first
~ exon, first intron, and a partial second exon of the hCMV major
25 immediate early gené, the HBsAg coding sequence with ﬂanking_ régions {

HBV preS2 5’UTR derived sequence and 3’ posttranscriptional response
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element) and t_hé bovine growth hormone polyadenylation region

(BGHpA)

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

(a) pJV7384 (CMV(no intron), HBV preS2 5'UTR and RBGpA)
pWRG7128 was PCR’d with JF93 (SEQ ID NO:15) and F110 (SEQ
ID NO:16) using standard conditions and cut with Sa/1 and BamH1 to

isolate an insert fragment containing' the CMV promoter, exon 1 ‘and part

of the exon 2 sequence. pAM6 (ATCC, Mannassas, VA)} was cut with

BamH1 and BstX1 to lsolate an insert fragment that contained the 5'-
UTR of HBsAg, and roughly 70% of the HBsAg coding region. pJV7284

was cut with Sa/1 and BstX1 to generate a vector fragment into which

. the twd insert fragments'were ligated, resulting in pJV7293.

pWRG7128 was PCR’d with primeré GW1 (SEQ_ID NO:17) and
JF254 (SEQ ID NO:18) and cut with BstX‘1 and Bgl2 to isolate an inse;'t
fragment that contained the 3'-én'd of the HBsAg coding région.
pJV7293 Was cut with BstX1 and Bgi2 to generate a véctqr fragment -
into which the insert fragmént was l'igat.ed, reSulting in vector pJV7384.

{b) pJV7382 (CMV(no |ntron)LHBsAcL3 UTR, HBV preSZ 5'UTR -

nd RBGgA!

pJV7293 was cut with »Xﬁo1, and Xbé1 to generate én insert
fragment containing the CMV promoter/exoné and the 5-UTR with 5'-
end of the HBsAg coding sequence. pWRG71'28 was cut with Xba1 and
Bc/1 to generate aﬁ insert fragment containing the majorify of the HBsAg
coding sequence and tbe 3'-UTR. pJV7284 was cut with Xho1 and Bg/2
to generate a vector fragment into which the two insert fragments were

ligated, resulting in pJV7382.
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(¢} pJV7389 (CMV (RIA), HBsAg 3'UTR, HBV preS2 5'UTR and
RBGpA) o ‘

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

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

pJV7384 was cut with BstX1 and EcoR1 to generate an insert
fragment containing the 3' end of the HBsAg coding region and 'RBGpA.
pJV7389 was cut with Bs#X1 and EcoR1 to generate a vector fragment

- into which the insert fragment was ligated, resulting in pJV7387.

Example 2. Construction of herpes simplex virus glycoprotein D antigen
(HSVgD) vector panels R

-

A number of plasmid expression vectors were constructed for

expression of HSVgD.

~ Starting materials

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

(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 Nhe '

site.
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(a) pJV7392(CMV (native intron), HBsAq 3'UTR, HBsAg 5'UTR and

RBGpA)

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

ligated, resulting in pJV7391.

pJV7391 was cut with MNhe1l and Bgl2 to generate an insert
fragment containing the HSV2 gD cOding sequence. pJV7334 was cut
with Ahel and BamHi to genefate a vector fragmeht into which the
insert fragment was ligated, resulting in'pJV7392. This vector c_onsisfs

of the following expression elements: the hCMV immediate early

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

of the hCMV major immediate early gene, the 5'-UTR from HBsAg, the

‘coding seqUence for HSV2 gD gene, the 3'-UTR from HBsAg, and

RBGpA.

{b) bJV7399 {CMV(no intron), HBsAg 3’UTR HBsAg 5'UTR and

' RBGpA)

An intronless version of pJV7392 was constructed as follows.

'bJV7384 was cut ‘with Hind3 and Nde1 to isolate an insert"fragment

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

A RIA version of pJV7392 was constructed as follbws. pJV7384
was cut with Hind3 and Nde1 to isolate an insert fragment containing
the 5' ends of the kanamyéin resistahce gene and CMV promoter. |
pJV7387 was cut with Nde1 and Ssp1 to.isoléte an insert fragment
containing the 3' end of the CMV promoter, the CMV exon1/2(partial),
RIA, and 5' end of the 5'-UTR from HBsAg. Thevs'e insert fragments were

‘inserted into pJV7392 from which the Hind3-Ssp1 fragrhent was

removed, resulting in pJV7400."

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

A 3'-UTR-less versiqﬁ of,pJV7399 was constructed as f'ollows'..
pJV7391 was cut with Bsp120l and Bgl2 to isolate an insert fragment
containing the 3' end of the HSV2 gD gene. pJV7284 was cut with BgYZ
and l:'coR.1 to isolate the RBGpA signal. These insert fragments 'were
inserted into pJV7399 from which the Bsp120l-EcoR1 fragment was
removed, resUIting in pJV7401. | ' ' |

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

A 3'-UTR-less version of pJV7400 was constructed as follows.
pJV7391 was cut with Bsp120! and Bg/2 to isolate an insert fragment
containing the 3' end of the HSV2 gD gene. pJV7284 was cut with Bg/2
and EcoR1 to isolate the RBGpA signal. These insert fragments wére |
ligated into pJV7400 from which the Bsp120Il-EcoR1 fragment was
removed, resulting in pJV7402.
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Example 3. Construction of Flu M2 antigen vector panels

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

A coding region for Flu M2 was PCR’d out of plasmid pFL-M2
{Joel Haynes, PJV) using primers JF301 (SEQ ID NO:23) and JF302
(SEQ ID NO:24) and was cut with Nhe1 and Bg/2 to generate an insert

~ fragment. pJV7401 was cut with Nhel and Bg/2 to generate a vector

fragment into which the insert fragment was ligated, resulting in

pJV7450.

{b) pJV7452 (CMV(no intron), iHBsqu‘3’UTRL HBsAg 5'UTR and
RBGpA)

A 3’UTR fragment was PCR'd out of pJV7389 with primers JF84
(SEQFID NO:25) and JF225 (SEQ ID NO:26) was cut with Bsp120l, filled
with T4 DNA polymerase, and linkered with Bg/2 linkers (cat# 1036,
New England Biolébs). The fragment was then cut with Bg/2 and EcoR1
to iéolaté an insert fragment containing the 3'UTR of HBéAg and the"
RBGpA region. pJV7450 was cut with Bgi2 and EcoR1 to génerate a
vector fragment into which the insert fragment was Iigéted, resul‘ting in
pJV7452 | a

- {¢) pJV7458 (CMV(RIA) HBsAg 5' UTR and RBGpA)

A version of pJV7450 contain'ing 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.
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@) pJV7468 (CMV(RIA) HBSAL3 UTR HBsAq 5'UTR and
RBGQA[

A version of pJV7458 containing the 3'UTR of HBsAg was

~ constructed as follows: pJV7452 was cut with Bg/2 and £coR1 to

produce an insert fragment containing the’ HBsAg 3'UTR and RBGpA.
pJV7458 was cut with Bg/2 and £coR1 to generate a vector fragment

‘into which the insert fragment was ligated, resulting in pJV7468.

" Example 4. Construction of Beta-gal vector panels

(a) pJV7488 (CMV(no intron), HBsAg 3’UTR, HBsAg 5’UTR. and :

RBGpA)

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

- NO:27) and JF336 (SEQ ID N0:28) and cut with Nhe1 and Bg/2 to

isolate an insert fragment coding for beta galactosidase pJV7452 was
cut w1th Nheland Bgl2 to generate a vector fragment |nto which the

insert fragment was ||gated resulting in pJV7488 v

(b) DJV7533 {CMV(no in.tro'n), HBsAq 5'UTR and RBGDA)

pJV7450 V\_/a‘s cut with Bg/2 and EcoR1 to isolate an insert

- fragment containing the RBGpA. pJV7488 was'cut with Bg/2 and EcoR1

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

resulting in pJV7533

{c) pJV7551 (CMV(RIA[NheI) HBSAQS UTR, HBsAcLS UTR and
RBGpA) '

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

pJV7530 was cut with Xho1 and BamH1 to isolate an insert '

.fragment containing the CMV promoter through RIA. pJV7533 was cut

with Xho1 and BamH1 to generate a vector fragment into which the

insert fragment was ligated, resulting in pJV7552.

Example 5. Construction of pJV Expression {(pJV7563)

(a) pJV7496

pVJV7389 was PCR’'d With prirners JF357 (SEQA|D NO:29) and
JF365 (SEQ ID NO: 30), treated with T4 DNA polymerase to blunt the
ends, and cut with Sa/1 to isolate an insert fragment codlng for

kanamycm resrstance pJV7389 was cut wrth Aval, treated with T4

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

fragment into which the insert fragment was ligated, resulting in
pJV7496. '

(b) pJV7530

pJV7389 was PCR’d with primers JF393 (SEQ.ID NO:31) and '
JF406 (SEQ ID NO:32) and cut with Bg/2 and BamH1 to isolate an insert

| fragment contalnrng the RIA devord of an internal Nhe1 srte pJV7496

was cut with BamH1 to prepare a vector fragment rnto whrch the rnsert

fragment was ligated, resulting in .pJV7530.

(c) pJV7549

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

insert fragment was ligated, resulting in pJV75489.
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(d) pJV7563

Primers JF256 (SEQ ID NO:33) and JF257 (SEQ ID NO:34) were
annealed to prepare an insert fragment consisting of a multiple cloning

site. pJV7549 was cut Nhe1 and Bgl2 to prepare a vector fragment into

" which the insert fragment was ligated, resulting in pJV7563. A

pJV7563 plasmid map is provided in Figure 12.. The base composition
for the pJV7563 plasmid is provided in Figure 13. The components and

" their positidn inbthe plasmid pJV7563 are as follows:

1-44 Transposon 903 sequences

45-860 Kanamyecin resistance coding se_quenée from

- Transposon 903
. 861-896 Transposon 903 sequanc’:és
897-902 Sall site |
| 903& 587 CMV promoter

: 1588-1.71 8 untrénslated leader sequence from the immediate-éarly

~ gene of CMV
17-‘.! 9-1724 Fusion of BamH1 ghd Bg.III resffictién enzymés
1725-1857 Rét insulin_iﬁtron’ A | |
1858-1863 BamH1 site

. 1864-1984 HBYV surface antigén 5’- untranslated 'Ieader
1985-1993 Synthetic start codon/ Nhe1 cloning site
1994-201 1' Synthetic cloning sites

2012-2544 HBV enhancer
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2545-2555 Old vector sequence. No hits against NCBI databases

2556-2686 Rabbit beta-globin polyadenylation region

2687-3759 pUC19 vector sequence

Example 6. Construction of Signal Peptide Expression Panels using

5 Human Secreted Alkaline_ Phosphatse (SEAP) and Human lgG Fc¢
Fragment (hFc) as Model Antigens

(i) pJV7507 (hTPAsp and SEAP) -

pSEAP-Basic (Clontech) was PCR'd with pfimgrs JF320 (SEQ ID
NO:35) and JF321 (SEQ ID NO:36) then cut with .Nhe1 and Bgl/2 to .
10 isolate an insert fragment t_:on'sisting. of the human SEAP fragment.
pJV7079. (Macklin; et.al.) was cut with Nhel and Bg/2 to prepare a
vector fragment into Which the insert fragméht wés ligated, resulfing in

pJV7507.

(i) pJV7508 (hTPAsp and hFc)

15 Humén DNA was PCR’d with priméfé JF386 (SEQ ID NO:37) and
FcAS (SEQ ID NO:38) then cut with Ahel and Bgl2 to isolate an insert
fragment consisting of the human IgG Fc ffagment. pJV7079 was cut
with Nhel and Bgl2 to prepare a vector fragment into which the insert

fragment was ligated, resulting in pJV7508.

20 - (iii) Preparation of Aprotinin Signal Peptide Coding Sequence

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

" coding sequence for the aprotinin signal peptide.

25
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(iv) Preparation of Tobacco Extensin Signal Peptide Coding
Sequence

Synthetic oligo JF348 (SEQ lD_ NO:42) was PCR’d with primers
JF349 (SEQ ID NO:43) and JF350 (SEQ ID NO:44) to generate<the

coding sequence for the tobacco extensin signal peptide.

(v) Preparation of Chicken Lysozyme Signal Peptide Coding

" Sequence:

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

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

coding sequence for the chieken lysozyme signal peptide.

(a) Flu M2 antigen signal peptide panels

pJV7499 (CMV(no intron), HBsAgS'UTR, RBGpA. ap'ljoti'nin s.b.)

pJV7497 (CMV(no intron), HBsAg5'UTR, RBGpA, tobacco

extensin s.p.)

. PJV7500 (CMV(no mtron) HBsAgS UTR RBGpA, chlcken

: lysosyme s.p.)

Codlng sequences for the sngnal peptldes were cut with Spe1 and

Nhe1 to isolate insert fragments. pJV7450 was cut w1th Nhel to prepare

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

in pJV74989 (aprotinin), pJV7497 (tobacco extensin), and pJV7500

(chicken lysozyme).

{b) SEAP signal peptide panels

pJV7513 (CMV{(no intron), HBsAg5'UTR, RBGpA, aprotinih s.p.)

pJV7512 (CMV(no intron}, HBsAgS'UTR, RBGPpA, tobacco

extensin sp.)
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_ pJV7510 (CMV(no intron), HBsAgb'UTR, RBGpA, chicken
lysosyme s.p.)

pJV7499, 7497, and 7500 were cut with Xho1 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

Xho1 and Nhe1 to prepare a vector fragment into which the insert

fragments were ligated, resulting in pJV7513 (aprotinin), pJV7512

{tobacco extensin), and pJV7510 (chickén lysozyme).

(c) hFc signal peptide panels
" pJV7524 {CMV({no intron), HBsAg5'UTR, RBGpA, aprotinin s.p.)

pJV7525 (CMV(no intron), HBsAg5'UTR, RBGpA, ;cobacco |

" extensin s.p.)'

pJ.V7'526 (CM\V/(no intron), HBsAgS'UTR,'RBGpA,'chicken

lysosyme signal peptide)

pJV7499, 7497, and 7500 were cut with Xho1 and Nhel to

isolate an insert fragment consisting of the CMV promoter through the

- signal pebtide codihg sequence of the plasmids.“ pJV7508 was _cﬁt with

20

25

Xho1 and Nhel to prepare a vector fragment into which the insert
fragmenté were ligated, resulting in pJV7524 {aprotinin), pJV7525

(tobacco extensin), a_nd pJV7526 (chicken lysozyme) .

Example 7. Construction of Human Secreted Alkaliné Phosphatase -

(SEAP) panels

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

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

insert fragment was ligated, resulting in pJV7531.

(b) pJV7554 (CMV(RIA/Nhel), HBsAg5'UTR, RBGpA, chicken

lysosyme s.p.)

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

insert fragment was ligated, resulting'. in pJV7554.

(c) pJV7568 (CMV(no intron), HBsAg 3'UTR, HBsAg5'UTR,
RBGpA, chicken lysosyme s.p.) - V

pJV7563 was cut wrth Bg/2 and EcoR1 to |solate an lnsert _
fragment containing the HBV 3' UTR and RBGpA pJV7531 was cut wrth

Bg/2 and EcoR1 to generate a vector fragment into whlch the insert

fragment was ligated, resulting in pJV7568.

(d) pJV7572 (CMV(RIA/Nhel), HBsAg 3'UTR, HBsAg5'UTR,

RBGpA, chicken lysosyme 's.p.)

pJV7563 was cut with Bglz and EcoR1 to lsolate an |nsert
fragment containing the HBV 3’ UTR and RBGpA. pJV7554 was cut W|th

: Bg/2 and EcoR1 to generate a vector fragment into WhICh the insert

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 RBGpA

Chicken DNA was PCR’d with primers JF430 (SEQ ID NO:48) and
JF442 (SEQ ID NO:49} and cut with Bg/2 and BamH1 to isolate an



WO 2005/035771 Sk : PCT/GB2004/004279

10

15

20

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.

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

Chicken DNA was PCR’d- with primers JF421 (SEQ |D NO:50)and
JF444 (SEQ ID NO:51)and cut with BgIZ and BamH1 to isolate an insert

. fragment consisting of the intron and flanking exon sequences from the

chicken keratin gene. pJV7488 was cut with BamH1 to prepare a vector
fragment into which the insert fragment was ligated, resulting in |

pJV7558.

" {c) pJV7578 .(HBsAq, CMV (cA intron), HBsAg3'UTR, HBsAg5'UTR

‘and RBGpA)

pJV7557 was cut with Sal1l and BamH1 to isolate an insert

fragment consisting of the CMV promoter through intron regions.

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

into which .the insert frégment was ligated, fesu'lting in pJV7558.

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

“and RBGpA

pJV7558 was cut with Sa/1 and BamH1 to isolate an insert
fragment consisting of the CMV promdter through intron regions. .
pJV7496 was cut with Sa/1 and BamH1 to prepare a vector fragment
into which the insert fragment was ligated, resulting in pJV7579.
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.Example 9. In-Vitro Anaivsis of Ahtiqeh Expression by HBsAg

Vector Panels

" On day one, SCC15 (A’_I'CC) or B16 (origin unknown, versions .
available at ATCC) cells were plated on 6 well tissue culture plates at 20-.
40% confiuency, and allowed to grow overnight in an incubator.. The

host cells were propagated in media recommended by ATCC.

On day two, the transfection reaction was performed. For each

vector to be tested, 20ul of Lipofectin® re ageﬁt (Life Technologies Inc’,

_ Grand Island, NY) was added to 180u| of Optimem® media (Lif e

Technologies, Grand Island, NY), and allowed to incubate at room

‘temperature for 45 minutes. For each vector to be tested, 2ug of vector

was mixed into 200ul of Optimem® at 40 minutes. At 45 minut es, the

- vector and Lip:ofectin® solutions.w'ere mix ed together and allowed to sit

at room temperature for an additional 10 minutes. During this final

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

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

Optimem® was added to the Llpofectm® / vector mix, and 1m| of the
resultant mix was added to each of two cell wells. The host cells were
returned to the incubator and allowed to sit undisturbed for 5 hours, at
.whicA:h point the Lipofectin® / v ector mix was removed and replaced by

standard cell maintenance media.

At 18 to 24 hours after the média c‘hange, froh 50 to 100;)[ of
cell maintenance media was remdved from the tissue culture plates and
analyzed for antigen expression by placing the samples into reaction-
vessels provided in the AUSZYME® Monoc lonal Diagnostic Kit (Abbott
Laboratories, Abbott Park, IL). The volume of the test sarhp[es was
brought to a volume of 200ut with PBS, then 50ul of conjugate an.d a
reaction bead were added to each sample. The vessel is incubated for 80

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

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

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

duplicate wells from two experiments.

As shown in Figure 1, the additioh of RIA, the HBV 3'UTR or both
elements toa base vector (CMV promoter,'exo'n and polyadenylation
region) mcreased the expression of HBsAg in SCC15 cells. As shown in
Figure 2, the addition of either the chicken keratm or‘the chicken cardiac
actin mtron to a base vector (CMV promoter, exon, HBV 3 UTR and

polyadenylatlon reglon) increased expressmn of HBsAg in SCC15 cells.

Example 10. /n-Vitro Analvsus of Antigen Expressnon by Beta-gal '

Vector Panels

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

Example 9.

At eighteen to fourty hours after the media change, the media

supernatants were removed and the cells were washed with PBS. After

' removal of the wash, the cells were lysed by lncubatlng the cells in
_500,ul lysns buffer (60mM NaPO,, 0.1%Triton X-100, pH 7) for 5
'A ‘minutes, followed by physncauy scraping the cells off the plastlc dish.

The lysates were microfuged for two minutes to remove cell debris, and
10 to 25ul of the cleared lysate were added to 500,u| of reaction buffer
(80ug/mil o-nitropheny! gelactopYranoside, 50mM NePO4, pH 7) and .'
incubated at 37°C for 10 to 20 minutes. The reaction was stopped by
the addition of 50041 of 1M Na,CO; 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.

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

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

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

Vector Panel

SCC1 5 or B16 host cells were transfected as described in Example
9. Elghteen hours post transfection, plates were placed on ice for 15
minutes. Each-well was then washed wnth 2 ml of PBS (Blowhlttake;,
Walkerville, MD). Cells were fixed with 0.05% gluteraldehyde ' -
(Polysciences Inc, Warrington, PA) diluted in PBS and incubated for 30

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

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

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

of goat anti-mouse HRP (KPL, Gaithersburg, MDJ in PBS /0.1% Tween-

20 followed. Color was developed using 1 ml of TMB microwell

- substrate (BioFX, Owings Mills, MD). The reactions were stopped with

1M H,S0,, the liquid was transferred to plastic cuvettes and the optical
density read at 450nm. Data is presented as the ratio of the expression '
of enhanced (containing an intron, HBVenh, or bath) vector to a base

vector.

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

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

shown in Figure 4.

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

Vector Panels

SCC15 or B16 host cells were transfected as described in Example
9. At eighteen to fourty hours after the media change, the media
supernatants were removed and heated at 70°C for 30 minutes. 10 to
25 ul of the heat-inactivated supernatants were mcubated for 5 minutes
with 1/10" volume of 100mM |- homoarglnlne 500 M of alkalme
phosphatase reaction buffer (cat # 172 1063, Bio-Rad, prepared
accordmg to mstructlons) were added to the lysates and lncubated at
37°C for 10 to 20 minutes. The reaction was stopped by the addmon of
500ul of 1M NaOH and tread at 405 nm. Data is presented as the ratio of
the expression of enhanced (centaining an intron, HBVenh, or both) ‘
vector to a base vector; or the ratio of the expression of the eX’perimental

sighal 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 polyadenylatlon

reglon) increased the expression of SEAP in B16 cells. Unexpectedly,
only the addition of the HBV 3’UTR to a base vector (CMV promoter,

exon and polyadenylation reglon) mcreased the expression of SEAP in

'SCC15 cells.

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

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

_lines. Results for B16 cells are shown in Figure 6.
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Examgle 13. /n-Vitro Analysns of Antigen Expressnon by Human 1gG

'Fc Fragment Signal Peptide Panel

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

after the media change.

ELISA plates (Costar) were incubatedovernight at 4°C with 100
of goat anti-human 1gG (Sigma #13382, 1/1000 dilution in carbonate
coating buffer) per well. All subsequent lncubatlons lasted 1 hour at
room temperature with washes {10mM Tris, 150mM NaCl, 0.1% Brij-35,
pH8.0) between each mcubatlon. The wells were then blocked with
100p| of 5% dry in PBS, followed by incubation with serially diluted
media supernatants in dilution buffer (2%' dry milk, PBS, 0.05% Tween-
20).: This was followed byv iricubation ‘with with 100 pi of goat anti-
human IgG/HRP (Sigma #A6029,_ 1/5000 dilut_ion in dilution buffer) per -

well, followed by color development using 1004l of TMB microwell

Asubstrate The reactions were stopped with 10041 of 1M H »S0,, and

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

experimental sngnal peptldes to the ‘human TPA s1gnal peptlde vector.

Addltlon of signal peptldes from elther bovine aprotlnln chicken

Iysozyme, or tobacco extensin to the N-terminus of the human Fc :

fragment allowed for efficient secretlon of hFc into cell medla
supernatants of both cell lines. Results for B1 6 cells are shown in Figure

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

expression vectors for immunisation of mice

a. Preparation of cartridges of immunisation

For each plasmid to be tested, 25th of 2 micron gold powder was
weighed into a microfuge tube. After the addition of a 250ul aliquot of
50 mM spermidine (Aldrich Chemical, Inc, Milwaukee, WI), the tube was
vortexed and briefly sonicated. The gold was microfuged out, and the _

spermidine replaced by a fresh 100ul aliquot The gold was resuspended

- by vortexing, after which 25ug of DNA was added to the tube and

mixed. While the tube was lightly vortexed, 100ul of 10% CaCI
(Fujisawa USA, Inc, Deerfield, IL) was added to precipitate the D.NA onto -
the gold beads. The precipitation reaction Was allowed to preceed for 10
minutes on the benchtop, _after which fhe’ gold was collected by a brief
microfuge spin and washed three times with absolute ethanol (Spectrurr;
Quality Products, Inc, Gardena, CA) to remove excees precipitation
reagents. The washed gold/DNA complex was then resuspended in 3.6
ml of 0.05 mg/ml.polyvinylpyrrolidone (360KD, Spectrum Quality

Products, Inc, Gardena, CA) in absolute ethanol. This slurry was then . .

injected into a Tefzela tube (McMaster-Carr, Chicago, IL) located in a

tube turner (PowderJect Vaccines) which coats the inside of the Tefzels
tube with the gold/DNA complex. After the tube turning procedure was
completed, the tube was cut into 0.5” “shots” of vaccme which were
loaded into the XR1 device (PowderJect Vaccines) for delivery to the

mice.
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b. Vaccination Procedure

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

shaved area. The animals were returned to their cages'and bled at six

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

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

HSV-gD and Flu M2 expression vectors.

Analysis of Sera for Anti-HBsAqI‘Antibodie‘s

At six weeks, blood samples were har\'/ested_from‘vaccinated
animals. A volume of serum isolated from these samples was placed into
wells of a reaction vessel supplied with fhe AUSAB® EIA Diagnostic Kit
(Abbort Laboratories, Abbott Park, IL). The volume of sera added |
depended upon the antlbody titer of the sample, and the sample was
diluted with sample dilution buffer to fall within values obtainable wnth a
quantification panel panel. 200yl from each vral of the AUSAB® _
Quantification Panel (Abbott Laboratories, Abbott Park, IL) was added to
wells of the reaction vessel. To each well a bead was added, after whnch
the vessel was sealed and ineubated for two hours at 40°C. The wells

were then washed of all liquid reaction components. To each washed

“well was added 2004l of conjugate mix, after which the vessel was

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

Abbott Park, IL) . This spectrophotometer calculates the antibody levels .
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of a sample by comparing the absorbance of the sample with a standard
curve generated with the quantmcatlon panel. These antnbody Ievels
were then corrected for dilution factors. The data shown in Figure 7 are

the geometric mean titers of all animals vaccinated with a particular

vector.

Analysis of Sera for Anti-Flu M2 Antigen Antibodies

96-well Costar medium-binding ELISA plates (Fisher Scientific,
Pittsburgh, PA) were coated with a synthetic Flu M2 peptide (QCB /
Biosource, Hopkinton, MA) at a concentratlon of lug/mlin PBS
(Biowhittaker, Walkerville, MD) and mcubated overmght at 4°C. The
plates were washed three times with 10mM Tris (Slgma, St. Louis, MO) /
150mM NaCl (Fisher Scientific) / 0.1% Brij-35-(Sigma), then blocked
with 5% dry milk (Bio Rad Laboratories, Melville, NY) in PBS for 1 hour
at room temperatdre. All subsequent incubations were at room .

temperature for one hour and washes between each incubation were as

stated above. Sample mouse sera, a standard (high titer, anti-M2 mouse

sera) and a negative control (anti-HBsAg mouse sera) were diluted in 2%
dry milk / PBS / 0.05% Tween- 20 (Sigma) and mcubated in the ELISA

plates. Goat anti- mouse IgG (H+1L) blotln conjugated antlbody (Southern .

Blotechno|ogy Assocnate Birmingham, AL) d||uted 1:8000 in 2% dry milk
/| PBS / 0.05% Tween-20 and streptavidin- horseradish peroxidase
conjugate'(Southem Biotechnology) diluted 1:8000 in PBS / 0.1%

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

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

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

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

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

variation. Results are shown in Figure 7.
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" 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 (\(iral Therapeutics, Ithaca,

NY) protein at a concentration of Tug/ml in PBS {Biowhittaker,
Walkerville, MD) and incubated overnight at 4°C. The plates were
washed three times with 10mM Tris (Sigma, St. Louis, MO) / 150mM
NaCl (Fisher Scientific) / 0.1% Brij-35 (Sigma), then blocked with 5% dry
milk (Bio Ra'd Laberatoriea, Melville, NY) in PBS for 1 hour at room
temperature All subsequent mcubatlons were at room temperature for

one hour and washes between each mcubatron were as stated above.

. Sample mouse sera, a standard (hlgh titer, anti-gD mouse sera) and a

negatrve control (antr HBsAg mouse sera) were diluted in 2% dry mllk/
PBS / 0.05% Tween-20 (Sigma) and mcubated in the ELISA plates. Goat
anti-mouse 1gG (H+1) blotm conjugated ant|body (Southern
Biotechnology Associate, Birmingham, AL) diluted 1:8000 in 2% dry mllk

-/ PBS /'0.06% 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 H2304 and the

plates read at 450nm wuth an Emax precrswn mlcroplate reader

" (Molecuilar Devices, Sunnyvale, CA): SoftMax Pro 4.1 software
_ {Molecular Devices) was used to calculate endpoint titers using a four-

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

had a pre_-determined titer, to minimize assay-to-assay and plate-to-plate

variation. Results are shown in Figure 7.

Accordingly, novel nucleic acid constructs, compositions

- comprising these constructs, and nucleic acid immunization techniques

using these constructs have been described. Although preferred

embodiments of the subject invention have been described in some

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

-appended claims.
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CLAIMS

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;
(i) a coding sequence in operable linkage with the
chimeric promoter;
(iii) 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'
untransiated region (UTR) of a HBsAg sequence or of a
simian CMV immediate early gene sequence, which is in
operable linkage with the chimeric promoter and which is

downstream of the coding sequence.

A nucleic acid construct according to claim 1 wherein:
(i) the hCMV immediate early promoter sequence (a) comprises
SEQ ID NO:1, a functional variant thereof with at least 80%

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

fragment of either.

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, a functional variant with at least
80% homology to a said intron A sequence and a functional fragment of

a said intron A sequence or of a said functional variant thereof.

4. A nucleic acid construct according to claim 3 wherein the rat
insulin gene intron A sequence comprises SEQ ID NO: 3, a functional

variant thereof with at least 80% homology, or a functional fragment of

either.

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

claims wherein:

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

(ii) the enhancer sequence is selected from SEQ ID NO: 8, SEQ
ID NO: 9, a functional variant with at least 80% homology

to SEQ ID NO: 8 or SEQ ID NO: 9 or a functional fragment
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of SEQ ID NO: 8 or SEQ ID NO: 9 or of a said variant

thereof.

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

claims which comprises:

(i)
(ii)

a polyadenylation sequence; and/or

a sequence encoding a signal peptide.

7. A nucleic acid construct according to claim 6 wherein:

(i)

(i)

the polyadenylation sequence is a polyadenylation sequence
of a gene selected from the rabbit B-globin gene, human
papilloma virus (HPV) early or late gene, the HSV-2gB gene,
a simian CMV immediate early gene and HSVgD late gene, a
functional variant with at least 80% homology to any one of
said sequences or a functional fragment of any one of said
polyadenylation sequences or said function variants thereof;
and/or

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

peptide or said functional variant thereof.

8. A nucleic acid construct according to claim 7 wherein the
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polyadenylation sequence is selected from SEQ ID NO:10, SEQ ID
NO:11, SEQ ID NO:12, SEQ ID NO:13, a functional variant with at least
80% homology to any one of SEQ ID NOS: 10 to 13 or a functional
fragment of any one of SEQ ID NOS: 10 to 13 or of a said variant

thereof.

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

claims 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.

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, an active homolog of one or both said
subunits wherein each homolog has at least 80% homology to the
respective said subunit or an active fragment of a said subunit or of a

said active homolog thereof.
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14. A nucleic acid construct according to clam 13 wherein the
bacterial subunit is selected from Cholera toxin subunit A, Cholera toxin
subunit B, E.coli heat liable toxin subunit A, E.coli heat labile toxin
subunit B, an active homolog having at least 80% homology to any one

of said subunits or an active fragment of any one of said subunits or said

active homologs.

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

claims 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.
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21. A pharmaceutical preparation comprising a nucleic acid construct
according to any one of clams 1 to 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 or14.

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. Use of a nucleic acid construct according to any one of claims 9 to

12 for the manufacture of a medicament for immunization.

26. Use according to claim 25, wherein the medicament is for

immunization against infection by a pathogen, allergy or cancer.

27. Use according to claim 25 or 26 wherein the medicament is to be
delivered by injection, transdermal particle delivery, inhalation, topically,

orally, intranasally or transmucosally.

28. Use according to claim 27 wherein the construct is delivered by

needleless injection.
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29. A nucleic acid construct comprising a chimeric promoter sequence
and a coding sequence in operable linkage with the chimeric promoter,
wherein the chimeric promoter sequence comprises:
(a) a hCMV immediate early promoter sequence;
(b) exon 1 and at least a part of exon 2 of the 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.

30. A nucleic acid construct comprising:
(i) a promoter sequence;
(i) a coding sequence operably linked to the promoter sequence
(i); and
(1ii) an enhancer sequence 3' of and operably linked to the
coding sequence (ii);
wherein the enhancer sequence (iii) is derived from a 3'UTR of an HBsAg
sequence or a 3'UTR of a simian CMV immediate early gene sequence,

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

31. A nucleic acid construct according to claim 30 wherein the
promoter sequence (i) is selected from the hCMV immediate early
promoter sequence, Pseudorabies virus promoter sequence and Rous

sarcoma virus promoter sequence.

32. A nucleic acid construct comprising:

{i) a promoter sequence;
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(ii) a non-translated leader sequence derived from
HBV preS2 antigen sequence, HBV e-antigen
sequence or HSV type 2 gD antigen sequence;
and
(iii)  a coding sequence operably linked to (i) and (ii)
wherein the coding sequence is heterologous to the non-

translated leader sequence.

33. A nucleic acid construct according to any one of claims 29 to 32
wherein the coding sequences encodes an antigen as defined in any one
of claims 9 to 12 or an ADP ribosylating bacterial subunit, active

homolog, or active fragment as defined in claim 13 or 14.

34. A purified isolated 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.

35. 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

claims 29 to 33.

36. Coated particles according to claim 35 wherein the carrier particles

are gold or tungsten.
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37. A dosage receptacle for a particle mediated delivery device

comprising coated particles according to claim 35 or 36.

38. A particle mediated delivery device loaded with coated particles

according to claim 35 or 36.

39. A particle mediated delivery device according to claim 38 which is

a needleless syringe.

40. A pharmaceutical preparation comprising a nucleic acid construct

according to any one of claims 29 to 33 and a pharmaceutically

acceptable excipient.

41. A vaccine comprising a nucleic acid construct according to claim

33 which encodes an antigen.

42. A vaccine according to claim 41, further comprising an additional
construct according to claim 34 which encodes a ADP ribosylating

bacterial subunit, active homolog thereof or an active fragment thereof.

43. 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 29 to 33 or

coated particles according to ciaim 35 or 36.
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44. Use of a nucleic acid construct according to claim 33 which
encodes an antigen for the manufacture of a medicament for

immunization.

45. Use according to claim 44, wherein the medicament is for

immunization against infection by a pathogen, allergy or cancer.

46. Use according to claim 44 or 45 wherein the medicament is to be
delivered by injection, transdermal particle delivery, inhalation, topically,

orally, intranasally or transmucosally.

47. Use according to claim 46 wherein the construct is delivered by

needleless injection.

48. 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;
(i) a cloning site for insertion of a coding sequence in
operable linkage with the chimeric promoter;
(iii) a non-translated leader sequence which is
from the HBVpreS2 antigen sequence, HBV e-antigen

sequence and HSV type 2gD antigen sequence and
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which is in operable linkage with the chimeric
promoter; and

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

downstream of the cloning site.

49. A nucleic acid construct according to any one of claims 1 to 15,
29 to 33 or 48, substantially as herein described with reference to and

as illustrated in any of the examples and accompanying drawings.

50. Coated particles according to any one of claims 16, 17, 35 or 36,
substantially as herein described with reference to and as iflustrated in

any of the examples and accompanying drawings.

51. A dosage receptacle according to claim 18 or claim 37,
substantially as herein described with reference to and as illustrated in

any of the examples and accompanying drawings.

52. A device according to any one of claims 19, 20, 38 or 39,
substantially as herein described with reference to and as illustrated in

any of the examples and accompanying drawings.

53. A preparation according to claim 21 or claim 40, substantially as
herein described with reference to and as illustrated in any of the

examples and accompanying drawings.
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54. A vaccine according to any one of claims 22, 23, 41 or 42,
substantially as herein described with reference to and as illustrated in

any of the examples and accompanying drawings.

55. A method according to claim 24 or claim 43, substantially as
herein described with reference to and as illustrated in any of the

examples and accompanying drawings.

56. Use according to any one of claims 25 to 28, or 44 to 47,
substantially as herein described with reference to and as illustrated in

any of the examples and accompanying drawings.

57. A promoter sequence according to claim 34, substantially as
herein described with reference to and as illustrated in any of the

examples and accompanying drawings.
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Figure 13

ggcgtaatgctctgccagtgttacaaccaattaaccaattctgartagaaaaactcatcgagcaicaaatgaaactgcaatttattcatat
caggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaactcaccgaggcagttccataggatggcaagatcc
tggtatcggtctgcgattccgactcgtccaacatcaaiacaaéctattaatttcccctcgtcaaaaataaggttatcaagtgagaaatca
ccatgagtgacgactgaatccggtgagaatggcaaaagcttatgcattbctttccagacttgttcaacaggccagccattacgctcgtc
atcaaaatcactcgceatcaaccaaaccgttattcattcgtgattgegectgagegagacgaaatacgegategetgitaaaaggacaa
ttacaaacaggaatcgaatgcaaccggcgcaggaacactgccagcgcatcaacaataitttcacctgaatcaggatattcttctaata
cctggaatgcetgttttcceggggatcgeagtggtgagtaaccatgeatcatcaggagtacggataaaatgetigatggteggaagag
gcataaattccgtcagccagtttagtctgaccatctcatctgtaacatcattggcaacgctacctttgccatgtttcégaaacaactctgg '
cgcatcgggcttcccatacaaicgatagattgtcgcacctgattgcccgacattatcgcgagcccatttatacccatataaatcagcat
ccatgttggaatttaatcgeggcctegageaagacgtttecogttgaatatggetcataacaceectigtattactgittatgtaageaga
caggtcgacaatattggotattggecattgeatacgttgtatetatatcataatatgtacatitatattggoteatgtecaatatgaccgeca

" tgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatggagticcgegttacataactta
cggtaaatggeccgectggetgaccgeccaacgacececgeccattgacgteaataatgacgtatgticecatagtaacgecaata -
gggactticcattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtcegee
ccctattgacgtcaatgacggtaaatggecegectggeattatgeccagtacatgaccttacgggactttectactiggeagtacatet
acgtattagtcatcgctattaccatggtgatgeggttttggcagtacaccaatgggegtggatageggttigactcacggggatttcea
agtctecaccecattgacgtcaatgggagtttgtittggeaccaaaatcaacgggactttccaaaatgtegtaataacccegececgtt
gacgcaaatgggcggtaggegtgtacggtgggaggtctatataageagagetegtttagtgaaccgteagatcgectggagacge
cat_ccacgctgttttgacctccatagaagacaccgggaccgatccagcctccgcggccgggaacggtg(:attggaacgcggattc
cecgtgecaagagtgactcaccgtecggatctcageaageaggtatgtactctccagggtgggectggettccccagteaagacte
cagggatttgagggacgctgtgggctctictcttacatgtacctittgettgectcaaccetgactatcttccaggtcaggatcecagag
tcaggggtctgtattttcctgetggtggetccagtticaggaacagtaaaccetgetecgaatattgectetcacatctegteaateteeg
cgaggactggggaccctgtgacgaacatggetagegggeecagatetgggecctaacaaaacaaaaagatggggttattcectaa
acttcatgggttacgtaattggaagttgggggacattgccacaagatcatattgtacaaaagatcaaacactgttttagaaaacticctg
taaacaggcctattgattggaaagtatgtcaaaggattgtgggtettitgggcetttgetgetecatitacacaatgtggatatcotgectta
atgcctttgtatgcatgtatacaagetaaacaggcetttcacttictcgecaacttacaaggcctttctaagtaaacagtacatgaaccttta
ccccgttgctcggcaacggcctggtctgtgcéaagtgtttgctgacgcazicccccactggctggggcttggccataggccaxcagc
geatgegtggaaccttigtggetectetgeegatecatactgeggaactectageeogettgtittgetcgeagecggtetggageaaa
getcataggaactgacaattetgtegtectetegeggaaatatacatcegtttcgatetacgtatgatctitticectetgecaaaaattatg

. gggacatcatgaagcccctigageatctgactictggetaataaaggaaattitattticattgeaatagtgtgttggaatittitgtgtotot
cactcg'gaaggaattctgcattaatgaatcggccaacgcgcggggagaggcggmgcgtattgggcgctcttccgcttcctcgth '
actgactcgotgegeteggtegticggetgeggegageggtatcageicactcaaaggeggtaatacggttatccacagaatcagg
ggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggeegegtigetggegtttttcca
taggctccgeccecctgacgageatcacaaaaatcgacgceteaagicagaggtggcgaaaccegacaggactataaagatacca
ggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttacbggatacctgtccgcctttctcccttcgggaa
gegtggcgcetttcteatagetcacgetgtaggtatctcagticggtgtaggtegticgetccaagetgggetgtgtgcacgaacceec
cgttcagcccgaccgetgegecttatceggtaactategtettgagtccaacceggtaagacacgacttategecactggeageage
cactggtaacaggattagcagagcgaggtatgtaggeggtgctacagagttctigaagtggtggectaactacggetacactagaa
gaacagtatttggtatctgegetctgotgaagecagttaccticggaaaaagagttggtagetettgatceggeaaacaaaccaccge
tggtagcggtggttttt?tgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcétttgatcttttctacggggtct
gacgc_:tcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagaiccttttaaattaaaaa
tgaagttttaaatcaatctaaagtatatatgagtaaactiggtetgacagttaccaatgettaatcagtgagpeacctatctcagegatet
gictatttcgttcatccatagttgectgactc
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attggceatt
caatatgacc
ggtoattagt
cgecotggetg
taétaacgcc
cceacttgge
acggtaaatg
ggcagtacat
ccaatgggeg
tcaatgggag
ccgcbccgtt
ctcgtttagt
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' SEQUENCE LISTING
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Human cytomegalovirus

gcatacgttyg
gccatgttga
tcatagecca
accgcccaac
aatagggact
agtacatcaa
goccgaectgg
ctacgtatta
tggatagegg
tttgttttgg
gacgcaaatg
gaaca

Human cytomegalovirus

tatctatate
cattgattat
tatatggagt
gaccaocgee
ttecattgac
gtgtatcata
cattatgcecc
gtcatcgeta
tttgactcac
caécaaaatc

ggeggtagge

ataatatgta
tgacf&gﬁtg
tcegegttac
cattgacgte
gtecaatgggt
tgcéaagtcc
agtacatgac
ttaccatggt
gaggatttec
aacgggactt
gtgtacggtg

PCT/GB2004/004279

catttatatt
ttaatagtaa
ataacttacg
aataatgacg
ggagtattta
gococaatatt
cttacgggac
gatgoggttt
aagtctecac
tccaaaatgt
ggﬁggtctat

gtcagatcge ctggagacge catccacget gttttgacet ccatagaaga caccgggacce
gatcbagccp cegeggocgy gaacggtgea ttggaacgeg gattcccegt gccaagagtg
actcaccgte ¢ '

<210> 3
<211> 135

60
120

. 180

240
300
360
420
480
540
600
660
685

60
120

131
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<212> DMA

<213> Rattus rattus

219

PCT/GB2004/004279

<400> 3

atcagcaagc aggtatgtac tetccagggt gggectgget tccecagtea agactocagg 60

gatttgaggy acgctgtgag ctottcotett acatgtacoet tttgctagce tcaaccctga 120

ctatcttcca ggtea 135

<210> 4

<211> 955

<212> DNA

<213> Artificial sequence

<220>

<223> Chimeric promoter sequence

<400> 4 o

aatattgget attggcocatt geatacgttg tatctatatc ataatatgta catttatatt 60

ggctcatgtc caatatgacc gocatgttga cattgattat tgactagtta ttaatagtaa 120

tcaattacgg ggtoattagt tcatagccéd tatatégagt tecegegttac ataacttacg 180

gtaéatgdcc cgcctggctg'accgcccaac.gacccccgcc cattgacgte aataatgacg ' 240

tﬁtgttccca tagtaacgec aatagggact ttccattgac gteaatgggt ggagtattta 300

cggtaaactg ccecacttgge agtacatcaa gtgtatcata tgccaagtcc geccectatt 360

gacgtecaatg acggtaaatg gccegoctgg cattatgece agtacatgac‘cttaégggac 420

tttectactt ggcagtacat ctacgtatta gtcatcegeta ttaccatggt gatgeggttt 480

tggcagtaca ccaatgggeg tggatagegg tttgacfcac ggggatttce aagtctecac 540

ceccattgacg tcaatgggag ttfgttttgg caccaaaatc agcgggactt tccaaaatgt 600

cgtaataacc'ccgccccgtt gacgcaaatg ggeggtagge gtgtacggtg ggaggtotat 660

ataagcagag ctcgtttagt gaaccgtcag atcgectgga gacgecatce acgetgtttt 720
' gacctbcata gaagacaccg ggaccgatcc agecctcegeg gccgégaacg gtgcattggé' 780

acgecggattc ccegtgecaa gagtgactca ccgtcocggat ctcagcaage aggﬁatgtae 840

tc;ccagggt gggcctgéct tececagtea agacteccagg gatttgaggg acgetatggg 906'

ctettctett acatgtacct tttgettgec tcaacccfgé ctatcttceca ggtcé 955

<210> 5

<211> 121

<212> DNA

<213> Hepatitis B virus

<400> 5

cagagtcagg ggtotgtatt ttcotgeotgg tggectocagt tcaggaacag taaaccetge 60

tccgaatatt gecteteaca tetegtcaat ctecgegagg actggggacc ctgtga;gaac 120
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<210> 6
57
DNA

<211>
<212>
<213>
<400> 6

Herpes simplex virus

3/19

PCT/GB2004/004279

atmagctgea ttgegaacca otagtcgeeg tttttegtgt gcatcgcgta tecacgge

<210> 7
<211> 48
<212> DNA
<213>

<400> 7

Hepatitis B virus

.ctttgtacta ggaggctgta ggcataaatt ggtctgttca ccagcace

<210> '8
<211> 533
<212> DNA
<213>

<400> 8

taacaaaaca
ggggacattg
tgtaaacagg
tgotocattt
taaacaggct
cétttaccco
cactggotgg
gcegatccat
gctecatagga

<210> 9

<211> 158
<212> DNA
<213>

<400> 9

aaaagatggg
ccacaagatce’
cctattgatt
acacaatgtg
tteactttat
gttgetegge
ggcttggeea
actgcggaac
actgacaatt

Hepatitis B virus

gttattcecet
atattgtaca
ggaaagtatg
gatatecctge
cgccaactta
aacggectgg
taggccatea
teotageege
ctgtegtect

Simian cytomegalovirus

aaacttcatg ggttacgtaa
aaagatcaaa cactgtttta
tcaaaggatt gtgggtcttt:
cttaatgect ttgtatgeat
caaggecttt ctaagtaaac
£ctgtgcdaa gtgtttgctyg
gegecatgegt ggSacétttg'
ttgttttget cgecagecggt
ctcgeggaaa iatacatcgt

ttggaagttyg
gaaaacttoe
tgggctttge
gtaﬁacaﬁgc
aétacatgaa

acgcaaccoc

tggotcctot
ctggagcaaa
tte

gtcagacaga cagacagtta tatgggctgg tococtataac tctgecattg taaccccata

121

57

48

60
120
180
240

- 300°
360

420
480

. 533

- 60
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4/19

tagccagaca gttagcattg catctattga tgatgtacta atgtattgté' acceccocta
tgececattgte taactgtact aatgtatgat attatacc

<210> 10
<211> 131
<212> DNA

<213> Oryctolagus cuniculus

<400> 10 N
gatettttte cctetgecaa
tctggctaai: aaaggaaatt
tcactcggaa g

 <210> 11
<211> 204
' €212> DNA

aaattatggg gacatcatga agccccttga geatctgact
tattttcatt gcaatagtgt gttggaattt tttgtgtete

<213> Simian cytomegalovirus

<400> 11

atatatacte tatgttatac
ggt;gtatgac tcattattgt
gtgcctgtac ttgtgetgtg
gtgecccegt gtcttottta

<210>, .12

<211> 163

<212> DNA _
<213> Berpeas sin{plex

<400> 12
gaagacgagc tctaagggag

atgttcaaaa atacacatga.

gggggegtgt gactagaaaa

<210> 13
<211> 191
<212> DNA

totatgatat acaatatata ctcatgaaca cta}:étactt
ctgggacttg gttgggactt ggttggttag gaagaatgtt
ctgtggatct caataaatgt gactatgtte aaaacactaa
acta )

virus 2

gggaggggag ctgggettgt gtataaataa aaagacaceg

cttctggtat tgttttgoct tggtttttat ttgggggggg
acaaatgecag acatgtgcta acg

<213> Human papillomavirus type 16

<400> 13

120
158

60
120
131

60
120
180

‘204

60
120
163
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519
aattgttaca tataattgtt gtataccata acttactatt ttttottttt tattttcata 60
tataattttt ttttttgttt gtttgtttgt tttttaataa actgttatta cttaacaatg 12
cgacacaaac gttctgcaaa acgcacaaaa cgtgeategg ctacccaact ttataaaaca 180

tgcaaacagg ©

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

<220>
<223>

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

<229>
<221>
<222>
' <223>

<220>

<221>°

<222>
<223>

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

<220>
<221>
1<222>
<223>

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

14

3759

DNA

Artificial sequence

pJV expression vector

‘Intron
(1725) ..(1857)

‘Rat Ins IntaA

misc_feature
(1) .. (44) )
Tn903, pUC4K Remnants

misc_featu:e
(861) . . (896)
Tn903', pUC4K Remnants

misc_feature -

- (897) .. (902)

pUC19 MCS

polyA signal
(2556) . . (2686)
rGLOB pA

polyA site
(2647) .. ({2647)
PolyA Site 1

191
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<220>
<221> promoter
<222> (903)..(1587)
<223> CMV Pro
<220>
<221> 3'UTR
<222> (2012)..(2544)
<223> HBVenh '
<220>
<221> 5'UTR
<222> (1864) .. (1984)
| <223> 5'-UTR of HBV pre-S2
<220>
<221> misc_feature
<222> (1719) .. (1724)
<223> Bam/Bgl fusion
<220> '
<221> misc _feature
<222> (1985)..(1987)
<223> ATG-Nhe
<220>
<221> mnisc_feature
. <222> (1988)..(2011)
| <223> CDS ‘insertion site .
<220>
<221> misc_faaf;ure
<222> (2545) .. (2555)
<223> unknown
<220>
<221> exon
<222> (1588) ...(1718)
<223> CMV Exon 1/2
<220>
<221> misc feature
<222> (2693)..(3759)

6/19
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<223>

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

<400> 14
ggcgtaatge
agcatcaaat
agecgtttet
tggtatcggt
tcaaaaataa
ggcaaaagot
tcaaaatcac
aatacgegat
aacactgecca
~aatgetgttt
aaatgcttga
tctgtaacat
ggotteceat
ttatacccat
tecegttgaa
acaatattgg
ttggétcatg
aatcaattac
cggtaaatgg
cgtatgttcc
tacggﬁaaac
ttgacgtcaa
- actttcctac
tttggcagta
accccattga
gtegtaataa
atataagcag

puUC19

nmisc_feature
(45) . . (B60)
KanR (Tn903) complement

tectgcecagtg
gaaactgcaa
gtaatgaagg
ctgegattcee
ggttatcaag
tatgcatttc
tcgeatcaac
cgetgttaaa
gegeatoaac

tcocggggat

tggteggaag -

cattggcaac
acaatcg#ta
ataaatéagc
tatggetecat
ctattggeea
tccaatatga
ggggtcatta
ccegectgge
catagtaacg
tgcccactty
tgacggtaaa
ttggcaétac
caccaatggy
cgtcaatggag
cecegocecy
agctcgttta

ttacaaccaa
tttattcata
agaaaactca
gactcgtecca
tgagaaatca
ttteccagact
caaaccgtta
aggacaatta
aatattttca
cgecagtggtg
aggcataaat
gctacctttg
gattgtegea
atecatgtty
aaéaéccctt
ttgcatacgt
cegecatgtt
gtteatagec
tgaccgcceca
ccaataggga
gcagtacate
tggocogeet
atctacgtat
cgtggatage
agtttgtttt
ttgacgcaaa

m9

ttaaccaatt
tcagga£tat
cogaggcagt
acatcaatac
ccétgagtga
tgttcaacag
ttcattcegtg
caaacaggaa
cctgaatcag
agtgaccatg

tecegtecagec.

ccatgttteoa
qctgattgcc
gaatttaatc
gtattactgt
tgtatctata
gacattgatt
catatatgga
acgacccccé
ctttecattyg
;agtgtatca
ggcattatge
tagtoatecge
ggtttgacte
ggcaccaéaa

tqggcgqtéq

ctgattagaa

caataccata

tccataggat,
aacctattéa,

cgactgaate

gccagecatt

attgogoctg
tecgaatgcaa
gatattottc
cétcétcagg
agtttagtct
gaaacaactc
cgacattatc
geggectaga
ttatgtaage
tcataatatg
attgactagt
gttccgcgtt
cccattgacy
acgtcaatgg
tatgccaagt

ccaétacgtg'

tattaccatg

acgéggattt~

tcaacgggac
gegtgtacgg

PCT/GB2004/004279

aaactcatcyg
tttttgaaaa
ggcaagatce

tttecccteg

.cggtgagaat

acgctcgtea
agcgagacga
ccggegeagy

taatacctgg
agtacggata
gaccatctca

tggogcateg
gcgageceat
gcéagacgtt
agacaggtceg
tacatttata
tattaatagt
aqataactta

tcaataatga .

gtggagtatt

cegecececta -

accttacggg
gtgatgeggt
ccaagtcfcc
tttccaaaat

tgggaggtot

gtgaace gtc aga tecg cct gga gac gec atc cac
val Arg Ser Pro Gly Asp Ala Ile His

1

5.

get gtt ttg ace tec ata gaa gac acc ggg acc- gat cca geo tece geg
Ala val Leu Thr Ser Ile Glu Asp Thr Gly Thr Asp Pro Ala Ser Ala

10

15

20

‘25

gce ggg aac ggt gea ttg gaa cge gga ttc ccc gtg cca aga gtg act
Ala Gly Asn Gly Ala Leu Glu Arg Gly Phe Pro Val Pro Arg Val Thr

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900

960

1020

1080

1140
1200
1260
1320

1380

1440
1500
1560

1614

1662

1710
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cac cgt cc

His Arg

gtcaagacte
tgectcaace
getggtaget
tcaatceteeg
ccctaacaaa
ttgggggaca
tcetgtaaac
tgetgetoca
agctaaacag
gaacctttac
~ceccactggo
tctgocgatce
aaagctcata
tacgtatgat
tctgacttcet
gtgtctetca

gtttgegtat

gactgeggeg
gggataacgo
" aggecegegtt
gacgeteaag
* actggaagcte
cettteteee
cggtgtaggt
gatgegectt
cactggcage
agttcttgaa
ctctgcfgaa
ccaccgetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgoctgact

<210> 15
<21i1> 42

30

ggatctecage

cagggatttg

ctgactatct’

ccagtteagg
cgaggactgg
acaaaaagat
ttgccacaag
aggcctattg
tttacacaat
gcttteactt
cccgttgete
tgéggcttgg
catactgegg
ggaactgaca
ctttttoect
ggctaataaa
ctcggaagga
tgggcgetct
ageggtatca
aggaaagaac
getggegttt
tcagaggtgg
cctegtgege
ttegggaage
‘egttegctee
atceggtaac
agccactggt
gtggtggect
gccagttace
tageggtagt
agatcetttg
gattttggtc
aagttttaaa

aatcagtgag
c

aagcaggtat

agggacgctg
teccaggtcag
aacagtaaac

.ggaccctgtg

ggggttattc
atoatattgt
attggaaagt
gtggatatce
tcotegecaac
ggcaacggca
ceataggeca
aactocctage
attetgtegt
ctgccaaéaa
ggaaatttat
attctgcatt
tcegottect
gctoactcaa
atgtgagcaé
ttccétaggc
cgaaacccga
tctcctéttc
gtggegettt
aagctgggét
tatcgtottg
aacaggatta
aactacgget
ttcggaaéaa
ttttttgttt
atctttteta
atgagattat
tcaatctaaa
goacctatct

8/19

35

.gtactctccé

tgggctctte
gateccagag
cctgetecga
acgaacatgg
cctaaactte
acaaaagatc
atgtcaaagg
tgccttaaté
ttacaaggcce
tggtetgtge
tcagcgeatg
cgettgtttt
cctctegegg
ttatgéggac
tttcattgea
aatgaatcgg
Egctcactga
aggceggtaat
aaggccagea
toegeccece
caggactata
cgaécctgéc
ctcatagete
gtgtgcacga
agtccaaoce
geagagegag
acactagaag
gagttggtag
geaagcagea
cggggtetga
caaaaaggat
gtatatatga
cagcgatetyg

gggtgggect

tcttacatgt
tcaggggtet
atattgectc
ctagegggeo
atgggttacg
aaacactgtt
attgtgggte
cctttgtatg
tttetaagta
caagtgttty
cgtggnaccf
gctcgcagec
aaatatacat

atcatgaagce

atagtgtgtt
ccaacgcegeg
ctcgetgege
acggttatee
aaaggcoagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accccgcgtt
ggtaagacac
gtatgtaggce
aacagtattt
&tcttéafcc
gattacgege
cgcteagtgg
cttecacctag
gtaaacttgg
tctatttegt

PCT/GB2004/004279

40

ggcttcacca

accttttgot
gtattttect
tcacatcteg
cagatetggg
taattggaag
ttagaaaact
ttttgggett
catgtataca
aacagtacat
ctgacgcaac
ttgtggetee
ggtetggage

ogtttcegato

ccettgagea
ggaatttttt
gggagaggeyg
toggtogtto

acagaatcag

gaccgtaaaa
cacaaaaatc
gegtttceco
;acctgtccg
tatctcag;t
cagoccgace
gacttatcege
ggtgotacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tocatccatag

1768

1828
1888

. 1948

2008 -
2068
2128
2188
2248
2308
2368
2428
2488
2548
2608
2668
2728
2788
2848
2908
2968
3028
3088
3148
3208
3268
3328
3388
3448
3508

. 3568
3628

3688
3748
3759
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<212>
<213>

<220>
<223>

<400>

ggaggatccg gacggtgagt cactettgge acggggaatce cog

<210>
<211>

<212>

<213>

<220>
<223>

<400>

9/19

DNA
Artificial sequence
Primexr

15

16

21

DNA

Artificia} sequence

Primer

16

ggtgaatatg gctcataaca ¢

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

<220>
<223>

<400>

17

23

DNA

Artificial sequence .

Primer

17

ccgeegaaca tggagaacat.cgc

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

<220>
<223>

<400>

18

33

DNA )
Artificial sequence

Primer

18

. cacagatctt ttgttagggt ttaaatgtat acec

PCT/GB2004/004279

42 .

21

23

33



WO 2005/035771

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

<220>
<223>

<400>

19

29

DNA

Artificial sequence

19

ggaggatcct gacctggaag atagtoacc

<210>

<211>

. <212>
| <213>

<220>
<223>

<400>-

20

26

DNA _
Artificial sequence

Primer

20

- ggaggatcca tcagcaagcea ggtatg

<210>
<213>
<212>
| <213>

<220>
<223>

<400>

21
33.

DNA . ,
Artificial sequence

Primer

21

10/19

ggagctageg ggegtttgac ctocggegte ggg

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

<220>

22

37

DA ,
Artificial sequence

PCT/GB2004/004279

29

26

33
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<223>

<400>

ggagaattca gatctoctot agtaaaacaa tggctgg

<210>
©<211>
<212>
<213>

<220>
<223>

<400>

Primer

22

23

25

DNA

Artificial sequenca

Primer

23

ggagctagee ttctaaccga ggteg

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

<220>
- <223>

<400>

ggaagatéte cttactccag ctctatgetg.

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

.<220>
<223>

<400>

24

30

DNA

Artificial sequence

Primer

24

25 -

27

DNA .
Aftificial sequence

Primer

25

ggcgaattec ttecgagtga gagacac

<210>
<211>

26

43

11/19
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37

25

30

27
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<212> DNA ,
<213> Artificial sequence

<220>
<223> Primer

<400> 26
ggagtataca tttaaagggc cctaacaaaa caaaaagatg ggg

<210> 27
<211> 31
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 27 ‘ _
ggagctaget cgtttacttt gaccaagaac g

<210> 28

<211>" 36

<212> DMA .
<213> Artificial sequence

<220>
<223> Primer

<400> 28
ggaagatctc cttatttttyg acaccagace aactgg

<210> 29

<211> 29

<212> DNA )
<213> Artificial sequence

<220>
<223> Primer

<400> 29
ggagtcgace tgtctgetta cataaacag

PCT/GB2004/004279

43

31

36"

29 -
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<210>

<211>

<212>
<213>

<220>
<223>

<400>

30

26

DNA

Artificial seqﬁancé

Primer

30

cgtaatgete tgecagtgtt acaacc

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

<220>
<223>

<400>

31

20

DNA

Artificial sequence

Primer

31

gaaagatctc agcaagcagg

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

<220>
<223>

<400>

ggaggatcct gacctggaag atagtcaggg ttgaggcaag cazaagg

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

<220>

32

47

oma .
Artificial sequence

Primer

32

33

12

DNA

Arxrtificial sequence

13/19
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26

20

47
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<223>

<400>

Primer

33

ctagegggee ca

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

<220>
<223>

<400>

34

12

DNA

Artificial sequence

Primer

34

gatctgggce cg

<210>
<211>
<212>

<213>

<220>
<223>

<400>

35
28

DNA '
Artificial sequence

Primexr

35,

ggagotagea tcatcécagt £gaggagg

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

<220>
<223>

<400>

36

28

DNA

Artificial sequence

Primer

36

ggtagétctc cteatgtotg ctogaage

<210>
<211>

37
29

PCT/GB2004/004279
14/19

12

‘12

28

28
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15/19

<212> DNA
<213> Artificial sequence-

<220>
<223> Primar

<400> 37

ccaagctage gacaaaactc acacatgce 29

<210> 38

<211> 45

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 38 ‘ ‘
ggaagﬁtctc gtttaccect gtcatttace cggagacagg gagag ' 45

<210> 39
<211> 57
<212> DNA
<213> Artificial sequence

<220>

<223> Oligonuclaotide
<d00> 39 h

aagatgtcceca gactctgtet ctecgtggee ctectegtge tectegggae actegee 57

<210> 40
<2115 24 .
<212> DNA
<213> Artificial sequence
<220>
<223> Primex

<400> 40 _
ggaactagta agatgteccag acte : ' 24
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<210> 41

<211> 25

<212> DNA A

<213> Artificial sequence

<220>
<223> Primer

<400> 41

ggaagctagc ggegagtgtc ccgag 25

<210> 42
. <211> 75
<212> DNA
<213> * Artificial sequence.

<220> )
<223> Oligonucleotide

<400> 42 i
'ggaaagatgg ccagectett tgeccacattt ctegtggtge tegtgagect cégcctcgcc © 60

agcgaaagca gcgea o o i 75

| <210> 43 _ '
o <211> 24 '

<212> DNA

<213> Artificial séquénce

<220>

<223> Primer

'<400> 43

ggaactagtg gaaagatgge cage . ’ 24

<210> 44

<211> 26

<212> DNA

<213> Artificial sequence
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<220>
<2_23> Primer

<400> 44
ggaagctage ggegetgett tegetg

<210> 45

<211> 51

<212> DNA

<213>  Artificial s;qﬁence

<220>
<223> Oligonucleotide

<400> 45
aggtectttge taatcttggt getttgotte ctgéccctqg ctgotetggg g

<210>. 46

. <211> 24

<212> DMNA .

<213> Artificial saquence

<220>
<223> Primer

<400> 46
ggaactagta ggtctttget aatc

<210>. 47 °

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Primer

<400> 47 )
ggaagctage ccccagagea gecag

<210>. 48

PCT/GB2004/004279

26

51

24

25



WO 2005/035771
18/19

<211> 31
<212> DNA
<213> Artificial sequence

<220>
<223> Primer

<400> 48
ggagctaget cgtttacttt gaccaagaac g .

<210> 49
<211> 25
<212> DNA
<213> artificial sequence

<220> .
<223> Primer-

<400> 49
ggaagatcte cggtgagtgg tgctg

.<210> 50°

<211> 32

<212> - DNA _
<213> Artificial sequence

<220>
<223> P;imer

<400> 50
gca;;gatcca gtagaéctgg agagaggaca ag

<210> 51
<211> 29

<212> DNA ,
 <213> artificial sequence

<220>
<223> Primer

<400> 51

PCT/GB2004/004279

31

25

32
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ggaagatcta caaggtgage tgctgtgge

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

52
490
DNA

<400> 1

tggecgeaga
cattggececy
gaggaagtag
cggacatgca
gggcaagatg
cgaaateccca
gaagegggeg
cattggtecg
cgtagcacﬁt

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

53
495
DNA

<400> 2

,ctgctqcétg
acaaggcaag
étgcttcgcg
cgaaaagcegyg
ttttgeatag

taacgatgag

tggaagtaag
ttggacgaac
acaataaacyg

gegggecggg

ggcgagecga
ggagagaaat
aagtagacgc
gecgeegegy
ttggecggeg
agaaaaatcc

cttacctggg

cttgtgtgtt.

gcttgaccga
atgtacggge

ggetteggtt

ggagggggaa
ttagcaacat
gtggtacgat
cactgaattce

ccatt

Pseudo rabies virus

catgcaaétc
gatggccqcc
cccattggec

gagaggaagt

‘gggecgggea

gcecgocatct
cattggeegg
ggcgggctet

Rous sarcoma virus

ggaggtcget
caattgcatg
cagatatacg
gtacgeggtt
atgtagtett
gccétacaag
cgtgecttat

cgcattgeag

19/19

agaggogege
geggaggecg
gtegagggge
gggcgagaga
tgcaaatggt
tgggcaggge
ccgtegggga

coteggggeg

gagtagtgeg

aagaatctge

cgtatctgag

aggagttecce
atgcaataca

gagégaaiaa
taggaaggca
agataattgt

gggagacgcec
gacatgcaaa
caagatggeg
aatcccattg
cctegegagyg
atgcaaagca
agtcegegge
cttataageg

cgagcaaaat

‘ttagggttag

gggactaggg

PCT/GB2004/004279

teegegegee
gtagacgcga
ccctegggge
geegtegatyg
aagttecteg
gacggcagag
gaaaatcggc

cggtctceoat

ttaagctaca
gogttttgeg

tgtgtttagg

tcagéatata gtagtttcege

ctpgtdgtct
goaccgtgea
acagacaggt
atttaagtge

tgcaacatgg
tgocgattsg
ctgacatgga
ctagctegat

29

60
120
180
240-
300
360
420
480
490

60 .
120
180'
240
300

© 360

420
480
495
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