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which are capable of promoting transcription of operably-linked hetero-
logous polynucleotides in mammalian ceils. The invention also relates
to expression vectors and host ceils which comprise the nucleic acid
molecules of the invention. Such expression vectors may be used to pro-
duce recombinant proteins, e.g. antibodies and lentiviral polypeptides.
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PROMOTER

The present invention relates to nucleic acid molecules which are capable of
promoting franscription of operably-linked heterologous polynuclectides in mammalian
cells. The invention also relates {0 expression vectors and host cells which comprise
the nucleic acid molecules of the invention. Such expression vectors may be used to
produce recombinant proteins, e.g. antibodies and lentiviral polypeptides.

For transcription of a gene to occur, RNA polymerase must bind {o the gene
promoter and initiate transcription. In general, RNA polymerase | transcribes genes
encoding ribosomal RNA; RNA polymerase 1l transcribes genes encoding messenger
RNA, some small nuclear RNAs and microRNAs; while RNA polymerase lll transcribes
genes encoding transfer RNAs and other small RNAs.

Transcription is regulated in order to control when transcription occurs and how
much RNA is created. Transcription of a gene by RNA polymerase can be regulated by
at least five mechanisms:

(i) Specificity factors alter the specificity of RNA polymerase for a given promoter or
set of promoters, making it more or less likely to bind to them (e.g. sigma factors used in
prokaryotic transcription).

(it Repressors bind o the Operator (coding sequences on the DNA strand that are
close o or overlapping the promoter region) impeding RNA polymerase's progress
along the strand, thus impeding the expression of the gene.

(i)  Transcription factors position RNA polymerase at the start of a protein-coding
sequence and then release the polymerase to franscribe the mRNA.

{iv) Activators enhance the interaction between RNA polymerase and a particular
promoter, encouraging the expression of the gene. Enhancers are sites on the DNA
helix that are bound by activators in order to loop the DNA bringing a specific promoter
to the initiation complex.

{(v) Silencers are regions of DNA sequences that, when bound by particular

transcription factors, can silence expression of the gene.
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A typical mammalian promoter consists of a 50-100 base pair core region o
which the basic transcription machinery binds, and an enhancer region to which one or
more transcriptional activator proteins (transactivators) may bind. The number and type
of transactivators that are able to bind at an enhancer depends on which specific
binding sites are present. The rate of initiation is governed by the number and type of
transactivators actually bound at a promoter's enhancer. In addition {o enhancers, there
are silencers which, when bound by different transcription factors, lower gene
expression.

Core promoters are made up of various different elements, of which there are
two categories: canonical and non-canonical. Canonical core promoter elements include:
TATA box, the initiator (Inr), the TFIIB recognition element (BRE), downstream promoter
element (DPE) and downstream core element (DCE). These elements may be found
within the core promoters of many but not all protein-coding genes. The TATA box
(sequence TATAA) is usually found 20-30 bp upstream of the transcription start site
(TSS) and acts as a binding site for the TFIID general transcription factor. When the inr
element {consensus sequence YYANT/AYY) is present, it encompasses the TS5, with
the first A of the consensus being the first base of the transcript. BRE elements can be
found both upstream of the TATA box (BREu consensus G/C G/C G/A CGCC) or
downstream (BREd consensus G/A T T/A T/G T/iG T/G T/G). Although not technically a
canonical core promoter element, the CCAAT box (located between 50 and 100 bp
upstream the TSS) is often included in this category. The CCAAT box also contributes
to general transcription factor (TF) binding.

Non-canonical core promoter elements include the CpG island, the ATG desert
and the transcription initiation platform (TiP). CpG islands generally span a 500-2000 bp
stretch of DNA that contains a relatively high proportion of CpG dinuclectides. CpG
dinuclectides would normally be methylated on the C residue, reducing transcription,
but within CpG islands they remain unmethylated, promoting transcription. An ATG
desert is a region of DNA with a lower frequency of ATG trinucleotides than surrounding
regions. They exiend approximately 1000 bp up and downstream of the TSS and are

generally associated with promoters that do not contain TATA boxes.
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A strong promoter is one that initiates transcription with a high frequency and can
be a very useful tool. In biochemistry for example, strong promoters can be used {o
study transcription processes or {o drive the production of recombinant proteins. Strong
promoters are also useful in genetics: for example, they can be used {o drive shRNA
expression for gene knockdowns or for cONA overexpression {o deduce a protein's
function.

A particularly potent promoter could alsc have medical applications: in a
recombinant virus vaccine for example, higher antigen expression resuits in a belter
immune response.

The strongest promoters used in mammalian systems generally come from either
constifutively expressed celiular genes or from viral genes. However, the promoters
which are the strongest in terms of the expression levels of an associated gene are
often the most celi-type dependent ones, i.e. they are limited in the types of cells in
which they will work.

it is an object of the invention therefore to provide nucleic acid molecules which
are capable of promoting transcription of an operably-linked heterologous
polynuclectide at high levels and/or in a range of mammalian cells.

it is ancther object of the invention to provide expression vectors which comprise
the nucleic acid molecules of the invention. Such expression vectors may be used to
produce high levels of recombinant polypeptides, e.¢g. antibodies and lentiviral
polypeptides.

in one embodiment, the invention provides a nucleic acid molecule comprising:

{(a) a first polynucleotide having at least 80% nuclectide seguence identity to the

nucleotide sequence set forth in SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3,

or a functional fragment of that first polynucleotide; and

{b) a second polynuclectide having at least 80% nuclectide sequence identity {o

the nucleotide sequence set forth in SEQ 1D NO: 4,

or a functional fragment of that second polynuclectide;
wherein (a) and (b) are joined 5-3’ in this order, and wherein said nucleic acid molecule
is capable of promoting transcription of an operably-linked heterologous polynuciectide

in a mammalian csil.
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in a further embodiment, the invention provides an expression vector comprising
a nucleic acid molecule of the invention.

In yet a further embodiment, the invention provides an expression vector
comprising the nucleic acid molecule of the invention, wherein the nucleic acid molecule
is operably-linked to a heterologous polynuciectide.

The invention also provides a mammalian host cell comprising an expression
vector of the invention.

The invention also provides a kit comprising an expression vector of the invention.

In some embodiments, the nucleic acid molecule is an isolated nucleic acid
molecule. The nucleic acid molecule of the invention is capable of promoting
transcription of an operably-linked heterclogous polynucleotide in a mammalian cell, i.e.
it is acting as a promoter. In some embodiments, the nucleic acid molecule of the
invention acts as a constitutive promoter.

The nucleic acid molecule of the invention comprises (a) a first polynuclectide
having at least 80% nucleotide sequence identily to the nuciectide sequence set forth in
SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3. The sequences of SEQ ID NOs: 1-3
are given in the attached “Sequences” section. The first polynucleotide preferably has at
ieast 85%, 90%, 95%, 96%, 97%, 88%, 99% or 100% nucleotide sequence identity {o
one of the nucleotide sequences set forth in SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID
NO: 3. Most preferably, the first polynucleotide has the nucleotide sequence of SEQ 1D
NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3.

The nucleic acid molecule of the invention may alternatively comprise a
functional fragment of the first polynuclectide. As used herein, the term “functional
fragment of that first polynucleotide” refers to a portion of the first polynucleotide that
retains at least 20% (e.g. at least 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 98%, 99% or 100%) of the activity of the complete first polynucleotide in
promoting the expression of an operably-linked heterologous polynuciectide. Methods
for measuring and comparing the promoter activity of nucleic acid sequences are well
known in the art, as discussed below.

Preferably, the functional fragment of the first polynuclectide is at least 50%, 60%,
70%, 80%, 90% or 95% of the length of the polynucleoctide seguence set forth in SEQ
ID NO: 1, SEQ ID NO: 2 or SEQ ID NC: 3.
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The nucleic acid molecule of the invention also comprises: (b) a second
polynuciectide having at least 80% nucleoctide sequence identity o the nucieolide
sequence set forth in SEQ 1D NO: 4, or a functional fragment of that second
polynuclectide. The sequence of SEQ ID NO: 4 is given in the attached “Sequences’
section. Preferably, the second polynuclectide has at least 85%, 90%, 95%, 96%, 97%,
98%, 99% or 100% nucleotide sequence identity to the polynuciectide sequence set
forth in SEQ 1D NO: 4. Most preferably, the second polynuclectide has the
polynuclectide sequence of SEQ ID NO: 4.

The nucleic acid molecule of the invention may alternatively comprise a
functional fragment of the second polynuclectide. As used herein, the term “functional
fragment of that second polynucieotide” refers {0 a portion of the second polynuclectide
that retains at least 20% (e.g. at least 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%,
80%, 95%, 98%, 29% or 100%) of the activity of the complete second polynuclectide in
promoting the expression of an operably-linked heterologous polynuciectide. Methods
for measuring and comparing the promoter activity of nucleic acid sequences are well
known in the art, as discussed below. Preferably, the functional fragment of the second
polynucleotide is at least 50%, 60%, 70%, 80%, 90% or 95% of the length of the
polynuciectide sequence set forth in SEQ 1D NGO 4.

SEQ 1D NO: 4 comprises a Transcription Start Site (TSS): the +1 site (i.e. the first
base {0 be transcribed) is the first T in the sequence TCAGATC; this occurs at the 3'-
end of SEQ ID NO: 4. Everything downstream of the TSS will be transcribed into RNA.

It is preferred, therefore, that the second polynucleotide, or the functional
fragment thereof, comprises the sequence TCAGATC.

In some preferred embodiments, the nucleic acid molecule comprises:

{a) a first polynuclectide having the nuclectide sequence set forth in SEQ 1D NO:

1, SEQ ID NO: 2 or SEQ ID NO: 3; and

{b) a second polynuciectide having the nuclectide sequence set forth in SEQ ID

NO: 4;
wherein (a) and (b) are joined 5'-3', and wherein said nucleic acid molecule is capable
of promoting transcription of an operably-linked heterologous polynucleotide in a
mammalian cell.
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In some preferred embodiments, the nucleic acid molecule comprises:

{a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:

1; and

{b) a second polynuciectide having the nucleotide sequence set forth in SEQ ID

NO: 4
wherein (a) and (b) are contiguously joined &'-3 in this order, and wherein said nucleic
acid molecule is capable of promoting transcription of an operably-linked heterologous
polynucieoctide in a mammalian cell.

In some preferred embodiments, the nucleic acid molecule comprises:

{a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:

2. and

{b) a second polynucieotide having the nucleotide sequence sef forth in SEQ ID

NO: 4
wherein (a) and (b) are contiguously joined &'-3 in this order, and wherein said nucleic
acid molecule is capable of promoting transcription of an operably-linked heterologous
polynuclectide in a mammalian cell.

In some preferred embodiments, the nucleic acid molecule comprises:

(@) a first polynucieotide having the nucieoctide sequence set forth in SEQ 1D NO:
3; and

(b} a second polynucleotide having the nucleotide sequence set forth in SEQ ID
NO: 4;
wherein (a) and (b) are contiguously joined 5-3 in this order, and wherein said nucleic
acid molecule is capable of promoting transcription of an operably-linked heterologous
polynuclectide in a mammalian cell.

The invention also provides a nucleic acid molecule comprising:

{(a) a first polynucleotide having at least 80% nuclectide seguence identity to the

nucleotide sequence set forth in SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3,

or a functional fragment of that first polynucleotide;

{b) a second polynuclectide having at least 80% nuclectide sequence identity {o

the nucleotide sequence set forth in SEQ 1D NO: 4,

or a functional fragment of that second polynuclectide; and
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{c) a third polynucleotide having at least 80% nuciectide sequence identity to the
nucleotide sequence set forth in SEQ 1D NO: 5, SEQ 1D NO: 6 or SEQ ID NO: 7,
or a functional fragment of that third polynucleotide;
wherein (a), (b} and (c) are joined 5'-3’ in this order, and wherein said nucleic acid
molecule is capable of promoting transcription of an operabiy-linked heterologous
polynucieoctide in a mammalian cell.

The sequences of SEQ ID NOs: 5-7 are given in the attached "Sequences’
section.

The third polynucleotide preferably has at ieast 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% nuclectide sequence identity to one of the nucleoctide sequences set forth
in SEQ 1D NO: 5, SEQ ID NO: 8 or SEQ ID NO: 7. Most preferably, the third
polynuclectide has the nuclectide sequence of SEQ ID NO: 5, SEQ ID NO: 8 or SEQ ID
NG: 7.

The nucleic acid molecule of the invention may alternatively comprise a
functional fragment of the third polynucleotide. As used herein, the term “functional
fragment of that third polynucleotide” refers o a portion of the third polynucleotide that
retains at least 20% (e.g. at least 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 98%, 99% or 100%) of the activity of the complete third polynucleotide in
promoting the expression of an operably-linked heterclogous polynucieotide. Methods
for measuring and comparing the promoter activity of nucleic acid sequences are well
known in the art, as discussed below.

Preferably, the functional fragment of the third polynucleotide is at least 50%,
60%, 70%, 80%, 90% or 95% of the length of the polynuclectide sequence set forth in
SEQ ID NO: 5, SEQID NO: 6 or SEQ ID NO: 7.

In some preferred embodiments, the nucleic acid molecule comprises:

(a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:

1, SEQ ID NG: 2 or SEQ ID NO: 3;

{b) a second polynucieotide having the nucleotide sequence set forth in SEQ ID

NO: 4, and
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{C) a third polynuclectide having the nuclectide sequence set forth in SEQ 1D NO:
5, SEQ ID NO: 6 or SEQ ID NO: 7;
wherein (a), (b) and (c) are joined 5'-3’ in this order, and wherein said nucleic acid
molecule is capable of promoting transcription of an operably-linked heterclogous
polynuciectide in a mammalian cell.
In some preferred embodiments, the nucleic acid molecule comprises:
{a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:
1

{b) a second polynucieotide having the nucleotide sequence sef forth in SEQ ID

NO: 4. and
{C) a third polynucleoctide having the nuclectide sequence set forth in SEQ 1D NG:
3;

wherein (a), (b) and (c) are contiguously joined 5'-3 in this order, and wherein said
nucleic acid molecule is capable of promoting transcription of an operably-linked
heterologous polynucieotide in a mammailian cell.
In some preferred embodiments, the nucleic acid molecule comprises:
(a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:
2;
{b) a second polynucieotide having the nucleotide sequence set forth in SEQ ID
NO: 4, and
(C) a third polynucleotide having the nucleotide sequence set forth in SEQ 1D NO:
6;
wherein (a), (b) and (c) are contiguously joined 5'-3 in this order, and wherein said
nucleic acid molecule is capable of promoting transcription of an operably-linked
heterologous polynucleoctide in a mammalian cell.
In some preferred embodiments, the nucleic acid molecule comprises:
(a) a first polynucleotide having the nucleotide sequence set forth in SEQ 1D NO: 3;
(b) a second polynuciectide having the nuclectide sequence set forth in SEQ 1D NO: 4;
and

(¢} a third polynucleotide having the nuclectide sequence set forth in SEQ ID NO. 7;
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wherein (a), (b} and (c) are contiguously joined 5-3 in this order, and wherein said
nucleic acid molecule is capable of promoting transcription of an operably-linked
heterologous polynucieotide in a mammailian cell.

As used herein, the term “heterologous polynucleotide” refers {o a polynucleotide
which encodes a desired mRNA or polypeplide. Exampies of heterciogous
polynuclectides include those that encode polypeptides, e.g. viral or mammalian
polypeptides.

In some preferred embodiments, the heterologous polynuclectide encodes a
protein that enters the secretory pathway, e.g. a membrane-linked protein, a secreted
antibody or other secreted protein. Cells expressing such heterologous polynucleotides
would be particularly suited to continuous production of recombinant secreted proteins
in a bioreactor or suspension culture vessel, where the product can be harvested from
the culture medium without lysing the celis.

Other preferred heterclogous polynucieotides are those that encode proteins that
remain cell-associated, such as membrane proteins or cytoplasmic proteins, which can
either be used in the context of the whole cell or harvested by cell lysis. in some
embodiments, the heterologous polynuclectide encodes an antibody. In some other
preferred embodiments of the invention, the heterologous polynucleotide codes for a
viral polypeptide. Preferably, the viral polypeptide is a surface glycoprotein, e.g. VSV G.
The V8V G polypeptide is a single pass membrane glycoprotein derived from the
Vesicular Stomatitis virus. It mediates a broad infectious tropism. In other embodiments,
the viral polypeptide is Gag-Pol, Rev or Tal. The term “Gag-Pol” refers to a retrovirus
protein that is proteolytically cleaved to produce a functional reverse franscriptase,
integrase, and protease and at least two proteins of structural importance for virus
assembly. Preferably, the Gag-Pol sequence is from a lentivirus, most preferably from
HIV. The Rev protein aids transport of virus genomes into the cytoplasm. Preferably,
the Rev polypeptide sequence is from a lentivirus, most preferably from HIV. The Tat
protein enhances the efficiency of viral transcription. Preferably, the Tat polypeptide
sequence is from a lentivirus, most preferably from HIV.

The first, second, third (when present) and heterclogous polynuclectides (when

present) are joined in this order in a 5'-3’ direction.
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One or more linker nucleotides may be present in between the first and second,
second and third, second and heterologous, and third and heterologous polynucleotides,
eg 1,2 3, 4, 5 6 7,8, ¢or 10 linker nucleotides. When present, such linker
polynuclectides should not have a significant detrimental effect on the efficacy of the
promoter fragment (as measured, for example, in a luciferase assay). Preferably, there
are no linker nucleoctides, i.e. preferably the first, second, third {(when present) and
heterologous polynucleotides {(when present) are joined contiguously in this orderin a
5'-3’ direction.

The nucleic acid molecule is capable of promoting transcription of an operably-
linked heterologous polynucieotide in a mammalian cell.

The heterclogous polynucleotide will be operably placed at a position
downstream (i.e. 3') o the first, second and third {when present) polynucleotides of the
invention.

In the context of the present invention, the term "promoting transcription” is
intended to mean that when a heterologous polynucleotide is operably attached or
inserted downstream of the first, second and third (when present) polynuclectides of the
present invention, an expression product of the heterologous polynuciectide is obtained.

In some embodiments of the invention, the nucleic acid molecule is capable of
promoting transcription of an operably-linked heterclogous polypeptide in a mammalian
cell in an inducible manner, i.e. the nucleic acid molecule is an inducible promoter. The
nucleic acid molecule may therefore comprise an element which is repressible or
activatable. For example, versions of the promoters disclosed here could be modified to
contain binding sites for a protein that can either repress or aclivate transcription,
creating inducible forms. In one example of this, the promoters disclosed herein
(preferably p565 or p565i) could be modified to contain between 2-7 binding sites for the
tetracycline repressor protein, most preferably 2-3 sites. By inserting said binding sites,
the tetracycline repressor protein will be enabled to bind to the promoter and in doing so
prevent the assembly of the basal transcription factor machinery on the promoter and
thereby prevent both transcription and translation. This would abrogate protein
expression. in the presence of Doxycycline or Tetracycline, the Tetracycline repressor
protein is no longer able to bind DNA, and therefore the repressor can no longer bind
the promolers, and transcription and transiation can proceed unencumbered. As such,
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the transcriptional activity of the promoter created can be said {o be induced by the
presence of either Doxyceycline or Tetracycline and would therefore be classed as an
inducible promoter.

The term "expression product” as used herein is intended to mean either or both
of (i} RNA {e.g. hnRNA, mRNA, siRNA or miRNA) which is a transcribed product of the
heterologous polynuciectide and (ii} a polypeptide which is a translated product of the
heterologous polynucieotide.

The heterclogous polynucleotide may be operably inserted downstream of the
nucleic acid molecule of the present invention such that the 5'-terminal end of the
heterologous polynuciectide is located in a region within 500 bp, 400 bp, 300 bp, 200 bp,
100 bp, 50 bp, 30 bp or 10 bp from the 3'-terminal end of the nucleic acid molecule of
the present invention.

The level of transcription which has been promoted by the nucleic acid molecuie
of the invention may be assayed by any suilable method. For example, for such an
assay, the heterologous polynucleotide may be a selection marker gene (e.g. a
neomycin resistance gene or hygromycin B phosphotransferase gene) or an expression
reporter gene (e.g. LacZ, GFP (Green Fluorescence Protein), luciferase genes, efc.).
Preferably, confirmation of promoter aclivity may be accomplished by using a FLuc
gene.

The transcriptional activity of the nucieic acid molecule of the invention may be
measured by operably inserting a reporter gene, such as the FLuc gene, downstream of
the nucleic acid molecule of the invention. The level of expression of firefly luciferase
protein can then be used to indicate the level of transcription which is obtained. To
achieve this, the required DNA (including the nucleic acid of the invention upsiream of
the Fluc gene) may be introduced into a plasmid which is then transfected into suitable
recipient celis (e.g. 293A cells) and allowed {0 express the firefly luciferase protein.
After 24 hours, the cells may be lysed and the luciferase in the cell lysate may be
monitored using a luminometer by measuring its output of light in the presence of its
fuciferin substrate.

The nucleic acid molecule is capable of promoting transcription of an operably-
linked heterologous polynucieotide in a mammalian cell. Preferred mammalian cells
include mouse, rat, hamster, monkey and human cells. Examples of such celis include
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HEK cells and derivatives (e.g. HEK293, HEK293T, HEKZ293A), PerC6, 911, CHO,
HCT116, Hel.a, COS and VERO celis; cancer cells such as HepG2, A548, and MCF7;
primary cells isolated from human or animal biopsies; and stem cells (inciuding
pluripotent cells such as embryonic stem cells and induced pluripotent stem (iPS) celis,
as well as multipotent stem celis such as haematopoistic stem cells, mesenchymal stem
cells, etc.).

Preferred human cells include HEK293, HEKZ283T and HEKZ93A cells; and
human stem celis (including pluripotent cells such as embryonic stem cells and induced
pluripotent stem (iPS) cells, as well as multipotent stem cells such as haematopoietic
stem cells, mesenchymal stem cells, etc.).

In a further embodiment, the invention provides an expression vector comprising
a nucleic acid molecule of the invention. Preferably, the expression vector is a plasmid
or virus vector. Examples of mammalian expression vectors include the adenoviral
vectors, the pSV and the pCMV series of plasmid vectors, vaccinia and retroviral
vectors, as well as baculovirus. In some embodiments, the expression vector is a
lentiviral vector.

The expression vector may additionally comprise one or more of the following: an
origin of replication, a selectable marker, and a multiple cloning site.

In yet a further embodiment, the invention provides an expression vector
comprising the nucleic acid molecule of the invention, wherein the nucleic acid molecule
is operably-linked to a heterclogous polynucleoctide.

The invention also provides a mammalian host cell comprising an expression
vector of the invention. The expression vector may be fransfected into a host cell by
any suitable method. Preferably, the host cell is a mammalian cell (e.g. a human cell),
such as those mentioned above. Such host cells may be isolated cells.

The invention further provides a mammal whose genome comprises a nucleic
acid molecule of the invention or an expression vector of the invention. Preferably, the
nucleic acid molecule of the invention or an expression vector of the invention is
inserted into the genome of the mammal in such a way that a heterologous
polynucleotide which is operably linked to said nucleic acid molecule of the invention or

which is operably inserted into said expression vector of the invention is expressed in
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one or more cells of the mammal. Preferably, the mammal is a mouse orrat. In some
embodiments, the mammal is a non-human mammal.

The invention also provides a kit comprising an expression vector and/or host cell
of the invention, optionally together with one or more additional components selected
from the group consisting of.

(i) a helper plasmid (e.g. one containing a nucleotide seguence encoding a lentiviral
polypeptide under regulatory control of a promoter of the invention);

(i) a virus genome plasmid (e.g. one with a packaging signal which may be adapted for
simple insertion of a required transgene);

(it} a buffer solution;

(iv) a restriction enzyme,;

(v} transfection media; and

{(vi) mammalian cells.

Percentage amino acid sequence identities and nuclectide sequence identities
may be obtained using the BLAST methods of alignment (Altschul et al. (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", Nucleic Acids Res. 25:3389-3402; and hitp://iwww.ncbi.nlm.nih.gov/BLAST).
Preferably the standard or default alignment parameters are used.

Standard protein-protein BLAST (blastp) may be used for finding similar
sequences in protein databases. Like other BLAST programs, blastp is designed fo find
tocal regions of similarity. When sequence similarity spans the whole sequence, biastp
will also report a global alignment, which is the preferred result for protein identification
purposes. Preferably the standard or default alignment parameters are used. In some
instances, the "low complexity filler" may be taken off.

BLAST protein searches may also be performed with the BLASTX program,
score=50, wordlength=3. To obtain gapped alignments for comparison purposes,
Gapped BLAST (in BLAST 2.0) can be utilized as described in Altschul et al. (1987)
Nucleic Acids Res. 25: 3389. Alternatively, PSI-BLAST (in BLAST 2.0) can be used to
perform an iterated search that detects distant relationships between molecules. (See
Altschul ef al. (1997) supra). When utilizing BLAST, Gapped BLAST, PSI-BLAST, the

default parameters of the respective programs may be used.
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With regard to nucleotide sequence comparisons, MEGABLAST, discontiguous-
megablast, and blastn may be used to accomplish this goal. Preferably the standard or
default alignment parameters are used. MEGABLAST is specifically designed to
efficiently find long alignments between very similar sequences. Discontiguous
MEGABLAST may be used to find nuclectide sequences which are similar, but not
identical, to the nucleic acids of the invention.

The BLAST nuclectide algorithm finds similar sequences by breaking the query
into short subsequences calied words. The program identifies the exact maiches to the
query words first (word hits). The BLAST program then extends these word hits in
multiple steps to generate the final gapped alignments. in some embodiments, the
BLAST nucleotide searches can be performed with the BLASTN program, score=100,
wordlength=12.

One of the important parameters governing the sensitivity of BLAST searches is
the word size. The most important reason that blastn is more sensitive than
MEGABLAST is that it uses a shorter default word size (11). Because of this, blastn is
betier than MEGABLAST at finding alignments to related nucleotide sequences from
other organisms. The word size is adjustable in blastn and can be reduced from the
default value to a minimum of 7 to increase search sensitivily.

A more sensitive search can be achieved by using the newly-introduced
discontiguous megablast page
{(www.nchi.nim. nih.gov/iWeb/Newsltr/FallWinterO2/blastiab htmi). This page uses an
algorithm which is similar to that reported by Ma et al. (Bioinformatics. 2002 Mar, 18(3):
440-5). Rather than requiring exact word matches as seeds for alignment extension,
discontiguous megablast uses non-contiguous word within a longer window of template.
in coding mode, the third base wobbling is taken into consideration by focusing on
finding matches at the first and second codon positions while ignoring the mismatches
in the third position. Searching in discontiguous MEGABLAST using the same word size
is more sensitive and efficient than standard blastn using the same word size.
Parameters unigue for discontiguous megablast are:
word size: 11 or 12; template: 16, 18, or 21, template type: coding (0), non-coding (1)
or both (2).

H
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. pSF-SnapFast FLuc reporter vector background map.

Figure 2. Chart comparing recombinant promoter fragments with a range of
standard promoters. Error bars show standard error. The experiment was performed in
triplicate.

Figure 3. Graph comparing the highest performing three recombinant promoters
(p565, pb67 and p576) with a range of standard high-expression promoters in a time
course assay.

Figure 4. Protein expression levels driven by recombinant promoter p&65.

Figure 5. Protein over expression in HEK293 cells from the CMV promoter and
Oxford Genetics ‘hybrid’ prom-568 promoter using plasmid vector pcDNA3.1 and
SnapFast Proly, respectively. (pcDNA3.1 is a protein expression vector available from
Life Technologies. The plasmid vector contains the immediate early CMV promoter, the
T7 promoter, the Bovine Growth Factor (BgH) poly adenylation signal alongside the F1
origin for making single stranded DNA and the SV40 promoter driving the expression of
necmycin-kanamycin phosphotransferase (Aminoglycoside-3'-phosphotransferase) and
the 5V40 poly adenylation signal. If the pcDNA3.1 vector is {o be used to express an
exogenous protein of interest, the coding sequence of said protein would need o be
inserted downstream (3) to the CMV and T7 promoters but upstream (5') of the BgH
polyadenylation signal in the 5 to 3’ crientation. The plasmid also contains an Ampicillin
resistance gene for selection in bacterial celis. SnapFast ProV1 is a protein expression
vector designed by Oxford Genetics Ltd that contains the promoter termed herein p565i
followed by the SV4O0 polyadenylation signal. If the SnapFast ProV1 vector is to be used
to express an exogenous protein of interest, the coding sequence of said protein would
need to be inserted downstream (3') to the p565i promoter but upstream (5') of the
SV40 polyadenylation signal in the & to 3’ orientation. The plasmid also contains a
Kanamycin resistance gene for selection in bacterial cells.) HEKZ293 celis were
transfected with either pcDNA3.1 or SnapFast Pro1v expressing various FLAG-tagged
fusion proteins. Protein levels from culture supernatant or cell lysate were determined
by Western blot 72 hours post-transfection using Protein Simple Wes™ zutomated
Waestern blot system. The FLAG-tagged fusion proteins were detected with mouse anti-
FLAG primary antibody and secondary rabbit anti-mouse-IgG-HRP.
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Figure 6. Protein over expression in HEK293 cells from the CMV promoter and
Oxford Genetics ‘hybrid’ prom-565 promoter using plasmid vector pcDNA3.1 and
SnapFast Proiv, respectively. HEK283 cells were transfected with either pcDNA3.1 or
SnapFast Pro1v expressing various FLAG-tagged fusion proteins. Protein levels from
culture supernatant or cell lysate were determined by Western blot 72 hours post-
transfection using Protein Simple Wes™ automated Western blot system. The FLAG-
tagged fusion proteins were detected with mouse anti-FLAG primary antibody and
secondary rabbit anti-mouse-igG-HRP.

Figure 7: Protein over expression in Chinese hamster ovary (CHO) cells from the
CMV promoter and Oxford Genetics ‘hybrid’ prom-565 promeoter using plasmid vector
pcDNA3.1 and SnapFast Proty, respectively. CHO cells were transfected with either
pcDNAS. 1 or SnapFast Pro1v expressing various FLAG-tagged fusion proteins. Protein
levels from culture supernatant or cell lysate were determined by Western blot 72 hours
post-transfection using Protein Simple Wes™ automated Western blot system. The
FLAG-tagged fusion proteins were detected with mouse anti-FLAG primary antibody
and secondary rabbit anti-mouse-lgG-HRP.

Figure 8: Protein over expression in Chinese hamster ovary (CHO) cells from the
CMV promoter and Oxford Genetics ‘hybrid’ prom-565 promoter using plasmid vecior
pcDNA3.1 and SnapFast Proly, respectively. CHO cells were transfected with either
pcDNAS. 1 or SnapFast Pro1v expressing various FLAG-tagged fusion proteins. Protein
levels from culture supernatant or cell lysate were determined by Western blot 72 hours
post-transfection using Protein Simple Wes™ automated Western blot system. The
FLAG-tagged fusion proteins were detected with mouse anti-FLAG primary antibody
and secondary rabbit anti-mouse-lgG-HRP.

Figure 9. Expression levels of GFP driven by promoters of the invention in
HCT1186 cells.

Figure 10: Expression levels of GFP driven by promoters of the invention in A549

calls.
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EXAMPLES

The present invention is further iliustrated by the following Examples, in which
parts and percentages are by weight and degrees are Celsius, unless otherwise stated.
it should be understood that these Examples, while indicating preferred embodiments of
the invention, are given by way of illustration only. From the above discussion and these
Examples, one skilled in the art can asceriain the essential characteristics of this
invention, and without departing from the spirit and scope thereof, can make various
changes and modifications of the invention to adapt it {o various usages and conditions.
Thus, various modifications of the invention in addition {o those shown and described
herein will be apparent to those skilled in the art from the foregoing description. Such
maodifications are also intended to fall within the scope of the appended claims.

The disclosure of each reference set forth herein is incorporated herein by

reference in its entirety.
Example 1: Recombinant promoter fragments
Recombinant promoter fragments were produced consisting of the sequences

identified in Table 1.

Table 1. Sequences of recombinant promoter fragments

Promoter | First Second Third

Name Polynucieotide | Polynucleotide Polynucleotide
p&67 SEQIDNG: 3 SEQID NO: 4

p567i SEQIDNGC: 3 SEQID NO: 4 SEQID NGO 7
p576 SEQ ID NO: 2 SEQID NO: 4

p576i SEQIDNO: 2 SEQIDNO: 4 SEQIDNO: 6
p565 SEQ ID NO: 1 SEQID NO: 4

p565i SEQ ID NO: 1 SEQID NO: 4 SEQIDNOC: 5

The first, second and third (when present) polynucleotides were joined

contiguously in the above promoter fragments.
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Example 2: Construction of expression vector comprising promoter
The reporter vector that was used in the Firefly Luciferase assays was

constructed as follows.

Preparing the veclor

The SnapFast (SF) vector shown in Figure 1 was used. The back-bone of the
SnapFast vector consists of a pUC bacterial origin of replication, an ampicillin
resistance gene and a multiple cloning site. A firefly luciferase coding sequence was
cloned into the multiple cloning site between the Ncol and Xbal restriction sites (see
Figure 1). The luciferase coding seguence incorporates a Kozak ribosome binding site.

The reporter plasmid was linearized with Bglll and then de-phosphorylated to
prevent re-ligation of the vector backbeone. The cut vector was isolated from uncut
vector by gel extraction followed by column based purification. The recombinant
promoter fragments (from Example 1) were then ligated into the Bglll cut vector.

The vectors were transformed into a standard £. co/i cloning strain and plated
onto LB kanamycin selection plates resulting in one recombinant promoter per colony.
Colonies were picked for mini scale-plasmid preparation. These promoter clones were

used for transfections into HEK283 cells and subseguent luciferase expression assays.

Example 3: Assay for promoter activity

Matsrials and Methods

Plasmid DNA was purified from a colony from each recombinant promoter. The
reporter vectors containing the recombinant promoters were individually transfected into
HEK293 celis in several 96-well plates. The transfected cells were incubated at 37°C for
24 hours. Each well was assayed for luciferase activity using the Luciferase Assay
System kit (Promega, Wisconsin, USA).

Briefly, each assay was performed as follows: Cuiture medium was removed
from each well. 100 uil of reporter lysis buffer was added {o the celis in each well. The
microtitre plate(s) was the incubated for 30 minutes at -20°C to lyse the cells, then the
plate was thawed by incubating it for 30 minutes at room temperature. The cell lysates
were homogenised by pipetting up and down. A 25 pyl sample of each lysale was
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transferred into a luminometer tube. The luciferase assay reagent was reconstituted by
adding luciferase assay buffer to it. Samples were analysed on a Lumat LB 8507
luminometer (EG&G Berthold). The luminometer was set to inject 25 ul of luciferase
assay reagent and then record the light emitted for a duration of 2 seconds. The output
of the luminometer was given in relative light units.

The recombinant promaoters were compared against a selection of standard

highly-expressing promoters.

Results
The results are shown in Figure 2. The recombinant promoter fragments p587
and p&876 performed better than CMV (the current gold standard) in this assay.

Example 4: Time course experiment

Three recombinant promoters (p585, pb67 and pb78) were selected for a time-
course experiment. The results are shown in Figure 3.

The results show that the recombinant promoters gave rise {o consistently high
fuciferase expression over the course of 24 hours fo 72 hours post-transfection.

Example 5: Expression levels from the recombinant promoters

Protein expression levels driven by recombinant promoter p&65 of the invention
are shown in Figure 4, with CMV promoter expression shown as a conirol. The pb65
promoter was compared with a standard CMV promoter for expression of 4 different
commercially useful antigens (Proteins ‘W, X, Y’ and 'Z’). For each antigen, the coding
sequence was cloned downstream of either the CMV or p565 promoter in a vector
equivalent to the one shown in Figure 1.

On day 1, a 48-well microtiter plate was seeded with HEK293Ad cells at a
density of 30,000 cells per well in a volume of 300 yl of serum free culiure medium. On
day 2, the cells in each well were transfected with 0.75 ug of DNA for each of the
expression vectors. The cells were transfected using branched polyethylenimine (PEID)
at a ratio of 3 ug for every ug of DNA. Prior to adding the DNA to the cells, it was

incubated with the PE! for 20 minutes at room temperature to form DNAPEI complexes.
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Three days after the transfeclion took place, the supernatant from each well was

harvested and analysed for the quantity of antigen expressed by Western blot.

Example 6: Expression levels in HEK293 cells

Various human genes (see Table 2) were over-expressed from the CMV

promoter or promoter P565i in human embryonic kidney cells (HEK293) by a method of

transient transfection using branched PEI (25kDa).

Table 2: Human genes which were ovarexpressed in HEK293 cells
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Protein Ret

A 23piP22301 BUAD HURAN Intereukin- 10

PTH >EpiPOI2T0IPTHY RUDAAN Parathyroid hormone

TNF 2o iPOI37S ITHRA HURAN Tumor recrosis factor

N 2551001 AR HNS_HURAR insalin

AL P iPONRIS HCAHT BURASH Carkonicanhydrase

SUN >50 PSR HUN HURAR Trarsordption fartor AR-1

HRAS 2o iPOI1 16 IRASK HUMEAN 3T aze HRas

ChnE >3piP348I0IC0EE HUMAN Marrosialin

g FERIPOESTIHIDGS MURAAN Monooyte differantiationantigen {014
03] »epiP2RE05IC02] HUNAN Hematopoietic progenttarcell antigen {034
PTEN AIPTEN HUMARN Dhospha

v protetn phosghatase

RS2 >5piPO4E3T P53 HUNMANC e ar tumorantigen 53
NARH >50 OOHASOINANDG HUMAN Homeobox protein NMANQEG
RPE FQSEATEIRPE HUMAN Ribulse-ghosphate 3-spimerase

HEK293 celis were seeded in tissue culture in a 48-well plate format (Sigma
Aldrich) at a density of 25,000 cells per well for 24-hours prior to plasmid DNA
transfection. Each plasmid DNA (750 ng) expressing FLAG tagged human gene from
the CMV promoter or promoter P5651 was mixed with branched PE! (25kDA) at a ratio
of 1.3, and the DNA:PEI complex were transiently transfected into each well of 48-well
plate seeded HEK293 cells. Expression of each FLAG tagged human protein from
transient transfection was analysed by automated western blotting (Wes™ Protein
Simple) 72-hours post-transfection using mouse anti-FLAG primary antibody and
secondary rabbit anti-mouse-igG-HRP. The resulis are shown in Figures 5 and 6.

Example 7: Expression levels in CHO celis

Various human genes (see Table 3) were over-expressed from the CMV
promoter or promoter P565i in CHO K1 cells by a method of transient transfection using
branched PEI (25kDa).
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Human genes which were overexpressed in CHO celis

WO 2017/149292

Table 3

v

3

rasis fact

T REQ

S

A

>
23

na
VAR

‘%
%,

Reaf

i

3¢}

%

3
A8

RS

o | &
s .
Lyl .

Protain

EEEN
5
W




10

[\
(v

WO 2017/149292 PCT/GB2017/050537

CHO K1 celis were seeded in tissue culture in a 48-well plate format (Sigma
Aldrich) at a density of 20,000 celis per well for 24-hours prior to plasmid DNA
transfection. Each plasmid DNA (750 ng) expressing FLAG tagged human gene from
the CMV promoter or promoter P565i was mixed with branched PEl (25kDA) at a ratio
of 1.3, and DNAPE! compiex were transiently transfected into each well of 48-well plate
seeded CHO K1 cells. Expression of each FLAG tagged human protein from transient
transfection was analysed by automated western blotting (Wes™ Protein Simple) 72-
hours post-transfection using mouse anti-FLAG primary antibody and secondary rabbit

anti-mouse-iIgG-HRP. The results are shown in Figures 7 and 8.

Example 8: Expression levels in HCT118 celis

Green fluorescent protein (GFP) was expressed from the CMV, P65, P65,
P576, PSEBT promoters in HCT116 cells by a method of transient transfection using
branched PEI (25kDa).

HCT116 celis were seeded in tissue culture treated 48-well plate format (Sigma
Aldrich) at a density of 25,000 cells per well for 24-hours prior to plasmid DNA
transfection. Each plasmid DNA (750 ng) expressing the enhanced green fluorescent
protein from the CMV, P565i, P565, P576, or P567 promoter was mixed with branched
PEI (25kDA) at a ratio of 1.3, and the DNA:PEI complexes were transiently transfected
into HCT116 cells. Enhanced green protein expression as determined by MFI of
HCT116 cells was measured by flow cytometry 48-hours post-iransfection. The resulis

are shown in Figure 9.

Example 9: Expression levels in A549 celis

Green fluorescent protein (GFP) was expressed from the CMV, P565I, P565,
P&76, P567 promoters in A549 cells by a method of transient transfection using
branched PEI (25kDa).

AB49 celis were seeded in tissue culture treated 48-well plate format (Sigma
Aldrich) at a density of 25,000 cells per well for 24-hours prior to plasmid DNA
transfection. Each plasmid DNA (750 ng) expressing the enhanced green fluorescent
protein from the CMV, P565I, P565, P576, or P567 promoter was mixed with branched



10

[\
(v

WO 2017/149292 PCT/GB2017/050537

- 24 .-

PEI (25kDA) at a ratio of 1.3, and the DNAPEI complexes were transiently transfected
into A549 cells. Enhanced green protein expression as determined by MF! of A549 celis
was measured by flow cytometry 48-hours post-transfection. The results are shown in
Figure 10.

SEQUENCES
SEQIDNQO: 3

AGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACAT
AACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCC

SEQ IDNQ: 2
CTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAGCATGCGCTTTAGCA
GCCCCGCTGGGCACTTGGCGCTACACAAGTGGCCTCTGGCCTCGCACACATTCCA
CATCCACCGGTAGGCGTCAATGGAAAGTCCCTATTGGCGTTACTATGGGAACATAC
GTCATT

SEQ ID NO: 1
CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCG
AGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCG
GGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGEE
GGGAGAACCGTATATAAGTGCACTAGTCGCCGTGAACGTCAATGGAAAGTCCCTA
TTGGCGTTACTATGGGAACATACGTCATTATTGACGTCAATGACGGTAAATGGCCC
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACAT
CTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATG
GGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCC

SEQ ID NO: 4
ATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATG
TCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGA
GGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATC




10

WO 2017/149292 PCT/GB2017/050537

P

[\

(4]
¥

SEQIDNO. 7
GTTGTTCGCTTTIGATAAACTTCCAGGATTCGGAGACAGTATTGAAGCTCAGGTACA
GAAATAATTTCACCTTTCTTTICTCTTTCTATTCAGTGTGGCACATCTGTAAACGTTCA
CTCTTCACTTAGAGACATCCTCAACCAAATCACCAAACCAA

SEQIDNQO:. 8
GCCCAGGAAGTACACGAGAAGCTCCGAGGATTGGCTGAAGTCCAACGTCTCTGAT
TGCGGTGGCTCAGAGCACCCGTATCATTTTGGAGGTGAGTGGCTTTGGTTCCCGE
CTGAGGTGGAGTGGGCTGAGGACTAGACTGAGCCCTCGGACATGGAGGTGGGGA
TGGGGCAGACTCATCCCATTCTTGACCAAGCCCTTGTTCTGCTCCCTTCCCAGGCT
CTGTGACTGGGGCAACCTGCAAGGAGCTGGCCAGCCAGCCTGACGTGGACGGCT
TCCTTGTGGGTGGTGCTTCCCTCAAGCCCGAATTCGTGGACATCATCAACGCCAAA
CAA

SEQIDNQO: 5
TCAAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTTT
AAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGETTTCTG
ATAGGCACTGACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAG

SEQUENCE LISTING FREE TEXT

<223> Synthetic promoter element



10

[\
(v

WO 2017/149292 PCT/GB2017/050537

-26 -

CLAIMS

1. A nucleic acid molecule comprising:
{a) a first polynuclectide having at least 80% nuclectide sequence identity to the
nucleotide sequence set forth in SEQ 1D NO: 1, SEQ 1D NO: 2 or SEQ ID NO: 3,
or a functional fragment of that first polynuclectide; and
{b) a second polynuclectide having at least 80% nucleoctide sequence identity to
the nucleotide sequence set forth in SEQ 1D NO: 4,
or a functional fragment of that second polynuclectide;
wherein (a) and (b) are joined 5'-3', and wherein said nucleic acid molecule is capable
of promoting transcription of an operably-linked heterologous polynuclectide in a

mammalian cell.

2. A nucleic acid molecule as claimed in claim 1, wherein the first polynuclectide
has at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% nuclectide sequence
identity to one of the nucleotide sequences set forth in SEQ 1D NO: 1, SEQ ID NO: 2 or
SEQ ID NO: 3.

3. A nucleic acid molecule as claimed in any one of the preceding claims, wherein
the second polynuclectide has at least 85%, 80%, 95%, 96%, 97%, 98%, 99% or 100%

nucleotide sequence identity to the polynucieotide sequence set forth in SEQ ID NO: 4.

4, A nucleic acid molecule as claimed in any one of the preceding claims, wherein
the nucleic acid molecule comprises:
(a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:
1, SEQ ID NO: 2 or SEQ ID NG: 3; and
{b) a second polynucieotide having the nucleotide sequence set forth in SEQ ID
NO: 4.

5. A nucleic acid molecule as claimed in any one of the preceding claims, wherein

the nucleic acid molecule additionally comprises:
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{c) a third polynucleotide having at least 80% nucieotide sequence identily to the
nucleotide sequence set forth in SEQ ID NO: 5, SEQ ID NO: 6 or SEQ ID NO: 7,
or a functional fragment of that third polynucleotide,
wherein (a), (b} and (c) are joined 5-3’ in this order, and wherein said nucleic acid
molecule is capable of promoting transcription of an operably-linked heterologous
polynuclectide in a mammalian cell.

8. A nucleic acid molecule as claimed in claim &, wherein the third polynuclectide
has at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% nuclectide sequence
identity to one of the nucleotide sequences set forth in SEQ 1D NO: 5, SEQ IDNO: 6 or
SEQIDNO: 7.
7. A nucleic acid molecule as claimed in any one of the preceding claims, wherein
the nucleic acid molecule comprises:
{a) a first polynucleoctide having the nuclectide sequence set forth in SEQ 1D NO:
1, SEQ ID NG: 2 or SEQ ID NO: 3;
{b) a second polynucieotide having the nucleotide sequence set forth in SEQ ID
NO: 4, and
(C) a third polynucleotide having the nucleotide sequence set forth in SEQ 1D NO:
5, SEQ ID NO: 6 or SEQ ID NO: 7;
wherein (), (b) and (c) are joined &'-3’ in this order, and wherein said nucleic acid
molecule is capable of promoting transcription of an operably-linked heterologous

polynuclectide in a mammalian cell.

8. A nucleic acid molecule as claimed in any one of the preceding claims, wherein
the nucleic acid molecule additionally comprises an inducible element, preferably a

repressible element or an activatable element.

9. A nucleic acid molecule as claimed in any one of the preceding claims, wherein
mammalian cell is a mouse, rat, hamster, monkey or human cell.
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10.  An expression vector comprising a nucleic acid molecuie as claimed in any one

of the preceding claims.

11.  An expression vector as claimed in claim 10, wherein the expression vector is an
adenoviral vector, a pSV or pCMV plasmid vector, a vaccinia or retroviral vector, a

baculovirus vector, preferably a lentiviral vector.

12, An expression vector as claimed in claim 10 or claim 11, wherein the nucleic acid

maolecule is operably-linked to a heterclogous polynucleotide.

13. A mammalian host cell comprising an expression vector as claimed in any one of

claims 10 i0 12,

14. A mammal whose genome comprises a nucleic acid molecule as claimed in any

one of claims 1-9 or an expression vector as claimed in any one of claims 10-12.

15, A kit comprising an expression vector as claimed in any one of claims 10-12
and/or a host cell as claimed in claim 13, optionally together with one or more additional
components selected from the group consisting of.

{i) a helper plasmid,

i) a virus genome plasmid;

iii} a buffer solution;

(

(

{(iv) a restriction enzyme,
{v) transfection media; and
(

vi) mammalian cells.
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