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(87) Abstract

The present invention relates to a polynucleotide comprising a ubiquitous chromatin opening element (UCOE) which is not derived
from an LCR. The present invention also relates to a vector comprising the polynucleotide sequence, a host cell comprising the vector, use
of the polynucleotide, vector or host cell in therapy and in an assay, and a method of identifying UCOEs. The UCOE opens chromatin or
maintains chromatin in an open state and facilitates reproducible expression of an operably-linked gene in cells of at least two different
tissue types.
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A POLYNUCLEOTIDE COMPRISING A UBIQUITOUS CHROMATIN OPENING ELEMENT (UCOE)

The present invention relates to a polynucleotide comprising a ubiquitous chromatin
opening element (UCOE) which is not derived from an LCR. The present invention also
relates to a vector comprising the polynucleotide sequence, a host cell comprising the

vector, use of the polynucleotide, vector or host cell in therapy and in an assay, and a

method of identifying UCOEs.

The current model of chromatin structure in higher eukaryotes postulates that genes are
organised in “domains” (Dillon and Grosveld, 1994). Chromatin domains can consist of
groups of genes that are expressed in a strictly tissue specific manner such as the human B-
globin family (Grosveld er al., 1993), genes that are expressed ubiquitously such as the
human TBP/CS5 locus (Trachtulec, Z. et al., 1997), or a mixture of tissue specific and
ubiquitously expressed genes such as murine y/6 TCR/dad-1 locus, (Hong et al., 1997; Ortiz
et al., 1997) and the human o-globin locus, (Vyas et al., 1992). Genes with two different
tissue specificities may also be closely linked. For example, the human growth hormone and
chorionic somatomammotropin genes (Jones et al., 1995). Chromatin domains are envisaged
to exist in either a closed, “condensed”, transcriptionally silent state or in a “de-condensed”,
open and transcriptionally competent configuration. The establishment of an open chromatin
structure characterised by DNase I sensitivity, DNA hypomethylation and histone

hyperacetylation, is seen as a pre-requisite to the commencement of gene expression.

The discovery of tissue-specific transcriptional regulatory elements known as locus control
regions (LCRs) has provided novel insights into the mechanisms by which a transcriptionally
competent, open chromatin domain is established and maintained in certain cases. LCRs are
defined by their ability to confer on a gene linked in cis host cell type-restricted, integration
site independent, copy number-dependent expression of the gene (Grosveld et al., 1987; Lang
et al., 1988; Greaves et al., 1989; Diaz et al., 1994; Carson and Wiles, 1993; Bonifer ef al.,
1990; Montoliu et al., 1996; Raguz et al., 1998; EP-A-0 332 667) especially as single copy
transgenes (Ellis ez al., 1996; Raguz et al., 1998). LCRs are able to obstruct the spread of
heterochromatin and prevent position effect variegation (Festenstein et al., 1996; Milot et

al., 1996). This pattern of expression conferred by LCRs suggests that these elements
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possess a powerful chromatin remodelling capability and are able to establish and maintain
a transcriptionally competent, open chromatin domain. In addition, LCRs have been found
to possess an inherent transcriptional activating capability that allows them to confer tissue-
specific gene expression independent of their cognate promoter (Blom van Assendelft et al.,

1989; Collis et al., 1990; Antoniou and Grosveld, 1990; Greaves et al., 1989).

All LCRs are associated with gene domains with a prominent tissue-specific or tissue
restricted component and are associated with a series of DNase I hypersensitive sites which
can be located either 5° (Grosveld et al., 1987; Carson and Wiles, 1993; Bonifer et al.,
1994; Jones et al., 1995; Montoliu et al., 1996) or 3° (Greaves et al., 1989) of genes which
they regulate. In addition, LCR elements have recently been found to exist between closely
spaced genes (Hong et al., 1997; Ortiz et al., 1997). An LCR-like element has also been
reported to have an intronic location within a gene (Aronow et al., 1995). In the few cases
that have been investigated, these elements correspond to large clusters of tissue-specific
and ubiquitous transcription factor binding sites (Talbot et al., 1990; Philipsen et al., 1990,
Pruzina et al., 1991; Lake et al., 1990; Jarman et al., 1991; Aronow et al., 1995).

The discovery of LCRs suggests that the regulatory elements that control tissue-specific gene
expression from a given chromatin domain are organised in a hierarchical fashion. The LCR
would appear to act as a master switch wherein its activation results in the establishment of
an open chromatin structure that has to precede any gene expression. Transcription at the
physiologically required level can then be achieved through a direct chromatin interaction
between the LCR and the local promoter and enhancer elements of an individual gene via
looping out of the intervening DNA (Hanscombe et al., 1991; Wijgerde et al., 1995; Dillon et
al., 1997).

As indicated above, an essential feature of an LCR is its tissue specificity. The tissue
specificity of an LCR has been investigated by Ortiz et al., (1997), wherein a number of
DNase I hypersensitive sites of the T-cell receptor alpha (TCRa) LCR were deleted and an
LCR derived element, which opens chromatin in a number of tissues identified. Talbot et
al., (1994, NAR, 22, 756-766) describe an LCR-like element that is considered to allow
expression of a linked gene in a number of tissues. However, reproducible expression of

the linked gene is not obtained. The levels of expression are indicated as having a standard
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deviation of between 74% from the average value on a per-gene-copy basis where the gene
is expressed where transgene copy number is 3 or more. When the copy number is 1 or 2,
the gene expression levels are 10 times lower and have a standard deviation of 49% from
the average value on a per-gene-copy basis where the gene is expressed. The element
disclosed by Talbot et al., does not give reproducible expression of a linked gene. This and

the high variability of the system clearly limits the use of this system.

The long-term correction of genetically inherited disorders by gene therapy requires the
maintenance and sustained expression of the transcription unit at sufficiently high levels to
be of therapeutic value. This, may be achieved by one of two approaches. Firstly,
transcription units can be stably integrated into the host cell genome using, for example,
retroviral (Miller, 1992; Miller et al., 1993) or adeno-associated viral (AAV) vectors
(Muzyczka, 1992; Kotin, 1994; Flotte and Carter, 1995). Alternatively, therapeutic genes
can be incorporated within self-replicating episomal vectors comprising viral origins of
replication such as those from EBV (Yates ef al., 1985), human papovavirus BK (De
Benedetti and Rhoads, 1991; Cooper and Miron, 1993) and BPV-1 (Piirsoo et al., 1996).

Unfortunately, the level of expression that is normally seen from genes that are integrated
into the genome is too low or short in duration to be of therapeutic value in most cases.
This is due to what are generally known as "position effects". The transcription of the
introduced gene is dependent upon its site of integration where it comes under the influence
of either competing activating (promoters/enhancers) or more frequently, repressing
(chromatin silencing) elements. Position effects continue to impose substantial constraints
on the therapeutic efficacy of integrating virus-based vectors of retroviral and adeno-
associated viral (AAV) origin. Viral transcriptional regulatory elements are notoriously
susceptible to silencing by chromatin elements in the vicinity of integration sites. The
inclusion of classical promoter and enhancer elements from highly expressed genes as part

of the viral constructs has not solved this major problem (Dai et al., 1992; Lee et al., 1993).

The inclusion of a fully functional LCR as part of the transcription unit overcomes this
deficiency since this element can be used to drive a predictable, physiological and sustained
level of expression of the desired gene in a specific cell type (see Yeoman and Mellor,

1992; Brines and Klaus, 1993; Needham ef a/. 1992 and 1993; Tewari et al., 1998;
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Zhumabekov et al., 1995). This degree of predictability of expression is vital for a safe and

successful gene therapy strategy.

The use of replicating episomal vectors (REVs) offers an attractive alternative to
integrating viral vectors for producing long-term gene expression. Firstly, REVs do not
pose the same size limitations on the therapeutic transcription unit as do viral vectors, with
inserts in excess of 300kb being a possibility (Sun et al., 1994). Secondly, being episomal,
REVs do not suffer from potential hazards associated with insertional mutagenesis that is
an inherent problem with integrating viral vectors. Lastly, REVs are introduced into the
target cells using non-viral delivery systems that can be produced more cheaply at scale

than with viral vectors.

It has been demonstrated that both non-replicating, transiently transfected plasmids (Reeves
et al., 1985; Archer et al., 1992) and REVs (Reeves et al., 1985; Smith et al., 1993)
assemble nucleosomes. Assembly on REVs is more organised and resembles native
chromatin whereas nucleosomes on transient plasmids are less well ordered and may allow
some access of transcription factors to target sequences although gene expression can be
inhibited (Archer et al., 1992). It has recently been demonstrated that LCRs are able to
confer long-term, tissue-specific gene expression from within REVs (International Patent

Application WO 98/07876).

The generation of cultured mammalian cell lines producing high levels of a therapeutic
protéin product is a major developing industry. Chromatin position effects make this a
difficult, time consuming and expensive process. The most commonly used approach to the
production of such mammalian “cell factories” relies on gene amplification induced by a
combination of a drug resistance gene (e.g. DHFR, glutamine synthetase (Kaufman, 1990))
and high toxic drug concentrations which have to be maintained at all times. The use of
vectors possessing LCRs from highly expressed gene domains, greatly simplifies the

generation of these cell lines (Needham er al., 1992; Needham er al., 1995).

A problem with the use of LCRs is that they are tissue specific and reproducible expression

-is only obtained in the specific cell type. Accordingly, one could not obtain reproducible
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expression in a tissue type or a number of tissue types for which there is no LCR.

Accordingly, there is a need for a UCOE, which is not derived from an LCR.

As indicated above, Ortiz et al., (1997) discloses an LCR derived element, which opens
chromatin in number of tissues. There are a number of problems with the LCR derived
element of Ortiz et al., (1997). In particular, the element has to be carefully constructed
using recombinant DNA techniques to contain the necessary regions of the LCR and also
the element does not give reproducible levels of expression of a linked gene in cells of
different tissues types, especially when the element is at single or low (less than 3)

transgene copy number.

Elements comprising bi-directional promoters and methylation-free CpG islands have been
disclosed; however, there is no disclosure or indication that the elements opens chromatin
or maintain chromatin in an open state and facilitate reproducible expression of an

operably-linked gene in cells of at least two different tissue types.

The human Surfeit locus spans approximately 60kb and is located on chromosome 9q34.2.
The locus comprises bi-directional promoters between the SURFS and SURF3 genes and
between the SURF1 and SURF2 genes (Huxley et al., Mol. Cell. Biol,, 10, 605-614, 1990;
Duhig et al., Genomics, 52, 72-78, 1998; Williams et al., Mol. Cell. Biol., 6, 4558-4569,
1986). There is no indication that these regions open chromatin or maintain chromatin in
an open state and facilitate reproducible expression of an operably-linked gene in cells of at

least two different tissue types.

A bi-directional promoter is also disclosed by Brayton et al., (J. Biol. Chem., 269, 5313-
5321, 1994) between the avian GPAT and AIRC genes. Again there is no indication that
the region opens chromatin or maintain chromatin in an open state and facilitate

reproducible expression of an operably-linked gene in cells of at least two different tissue

types.

A bi-directional promoter is disclosed by Ryan et al. (Gene, 196, 9-17, 1997) between the

mitochondrial chaeronin 60 and chaperonin 10 genes. Again there is no indication that the
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region opens chromatin or maintain chromatin in an open state and facilitate reproducible

expression of an operably-linked gene in cells of at least two different tissue types.

A bi-directional promoter is also disclosed associated with the murine HTF9 gene. Again
there is no indication that the region opens chromatin or maintain chromatin in an open
state and facilitate reproducible expression of an operably-linked gene in cells of at least

two different tissue types.

Palmiter et al ,(PNAS USA, 95, 8428-8430, 1998) and International Patent Application
WO 94/13273 disclose an element associated with the metallothionein genes. The element
comprises DNase I hypersensitive sites which are not associated with promoters.
Furthermore, there is no evidence demonstrating that the element does not open chromatin
or maintain chromatin in an open state and facilitate reproducible expression of an

operably-linked gene in cells of at least two different tissue types.

The use of non-replicating, transiently transfected plasmids to achieve gene expression by
transfecting cells is well known. It is also known that only short term expression (generally
less than 72 hours) is achieved using non-replicating, transiently transfected plasmids. The
short term of expression is generally considered to be due to the breakdown of the plasmid
or loss of the plasmid from the cell. In view of this drawback the use of such plasmids is

limited.

The present invention provides a polynucleotide comprising a UCOE which opens
chromatin or maintains chromatin in an open state and facilitates reproducible expression of
an operably-linked gene in cells of at least two different tissue types, wherein the

polynucleotide is not derived from a locus control region.

A “locus control region” (LCR) is defined as a genetic element which is obtained from a
tissue-specific locus of a eukaryotic host cell and which, when linked to a gene of interest
and integrated into a chromosome of a host cell, confers tissue-specific, integration site-
independent, copy number-dependent expression on the gene of interest. A polynucleotide
derived from an LCR can be any part or parts of an LCR. Preferably, a polynucleotide
derived from an LCR is any part of an LCR that functions to open chromatin. An LCR is
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associated with one or more DNase I hypersensitve (HS) sites that are not associated with a
promoter and it is preferred that the UCOE does not comprise HS sites that are not
associated with a promoter. HS sites are well known to those skilled in the art and can be

identified based on the standard techniques, which are described herein.

The term “facilitates reproducible expression” refers to the capability of the UCOE to
facilitate reproducible activation of transcription of the operably-linked gene. The process
is believed to involve the ability of the UCOE to render the region of the chromatin
encompassing the gene (or at least the transcription factor binding sites) accessible to
transcription factors. Reproducible expression preferably means that the polynucleotide
when operably-linked to an expressible gene gives substantially the same level of
expression of the operably-linked gene irrespective of its chromatin environment and
preferably irrespective of the cell tissue type. Preferably, substantially the same level of
expression means a level of expression which has a standard deviation from an average
value of less than 48%, more preferably less than 40% and most preferably, less than 25%
on a per-gene-copy basis. Alternatively, substantially the same level of expression
preferably means that the level of expression varies by less than 10 fold, more preferably
less than 5 fold and most preferably less than 3 fold on a per gene copy basis. The level of
expression is preferably the level of expression measured in a transgenic animal. It is
especially preferred that the UCOE facilitates reproducible expression of an operably-

linked gene when present at a single or low (less than 3) copy number.

As used herein, “linked” refers to a cis-linkage in which the gene and the UCOE are present
in a cis relationship on the same nucleic acid molecule. The term “operatively linked”

refers to a cis-linkage in which the gene is subject to expression facilitated by the UCOE.

Open chromatin or chromatin in an open state refers to chromatin in a de-condensed state
and is also referred to as euchromatin. Condensed chromatin is also referred to as
heterochromatin.  As indicated above, chromatin in a closed (condensed) state is
transcriptionally silent. Chromatin in an open (de-condensed) state is transcriptionally
competent. The establishment of an open chromatin structure is characterised by DNase I
sensitivity, DNA hypomethylation and histone hyperacetylation. Standard methods for

identifying open chromatin are well known to those skilled in the art and are described in
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Wu, 1989, Meth. Enzymol., 170, 269-289; Crane-Robinson et al., 1997, Methods, 12, 48-
56; Rein et al., 1998, N.AR., 26, 2255-2264.

The term “cells of two or more tissue types” refers to cells of at least two, preferably at
least 4 and more preferably all of the following different tissue types: heart, kidney, lung,
liver, gut, skeletal muscle, gonads, spleen, brain and thymus tissue. Preferably, the
polynucleotide facilitates reproducible expression non-tissue specifically, i.e. with no tissue
specificity. It is further preferred that the polynucleotide of the present invention facilitates
reproducible expression in at least 50% and more preferably in all tissue types where active

gene expression occurs.

Preferably, the polynucleotide of the present invention facilitates reproducible expression of
an operably-linked gene at a physiological level. By physiological level, it is meant a level
of gene expression at which expression in a cell, population of cells or a patient exhibits a
physiological effect. Preferably, the physiological level is an optimal physiological level
depending on the desired result. Preferably, the physiological level is equivalent to the

level of expression of an equivalent endogenous gene.

The UCOE of the present invention can be any element, which opens chromatin or
maintains chromatin in an open state and facilitates reproducible expression of an operably-
linked gene in cells of at least two different tissue types provided it is not derived from an
LCR. In a preferred embodiment, the UCOE comprises an extended methylation-free,
CpGe-island. CpG-islands have an average GC content of approximately 60%, compared
with a 40% average in bulk DNA. One skilled in the art can easily identify CpG-islands
using standard techniques such as using restriction enzymes specific for C and G
sequences. Such techniques are described in Larsen et al., 1992 and Kolsto et al., 1986.
An extended methylation-free CpG island is a methylation-free CpG island that extends
across a region encompassing more thaﬁ one transcriptional start site and/or extends for

more than 300bp and preferably more than 500bp.

Preferably, the UCOE is derived from a sequence that in its natural endogenous position is
associated with, more preferably, located adjacent to, a ubiquitously expressed gene. It is

further preferred that the UCOE comprises at least one transcription factor binding site.
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Transcription factor binding sites include promoter sequences and enhancer sequences.
Preferably, the UCOE comprises dual or bi-directional promoters that are divergently
transcribed. Dual promoters are defined herein as two or more promoters which are
independent from each other so that one of the promoters can be activated or deactivated
without effecting the other promoter or promoters. A bi-directional promoter is defined
herein as a region that can act as a promoter in both directions but cannot be activated or
deactivated in one direction only. Preferably, the UCOE comprises dual promoters.
Preferably, the UCOE comprises dual or bi-directional promoters that transcribe
divergently (i.e. can lead to transcription in opposite directions) and which in their natural
endogenous positions are associated with ubiquitously expressed genes. Preferably, the
UCOE comprises dual promoters that are transcribe divergently. The UCOE may comprise
a heterologous promoter, i.e. a promoter that is not naturally associated with the othef
sequences of the UCOE. For example, it is possible to use the CMV promoter with the
UCOE associated with the hnRNP A2 and the HP1H-y promoters, which is discussed
further below. The present invention therefore also provides a UCOE comprising one or
more heterologous promoters. The heterologous promoter or promoters can replace of one
or more of the endogenous promoters of the UCOE or can be used in addition to the one or
more endogenous promoters of the UCOE. The heterologous promoter may be any
promoter including tissue specific promoters such as tumour-specific promoters and
ubiquitous promoters. Preferably the heterologous promoter is a substantially ubiquitous

promoter and most preferably is the CMV promoter.

Preferably, the UCOE is not the 3725bp EcoRI fragments comprising the bi-directional
promoter of the Hpall tiny fragment (HTF) island HTF9 as described in Lavia et al.,
EMBO J., 6, 2773-2779, (1987).

Preferably, the UCOE 1is not the 149bp MES-1 element located within a 800bp BamHI
genomic fragment located between the murine SURF1 and SURF2 genes of the Surfeit
locus (Williams et al., Mol. Cell. Biol, 13, 4784-4792, 1993). Preferably, the UCOE is not
the bi-directional promoter located between the SURF5 and the SURF3 genes of the Surfeit
locus (Williams et al., Mol. Cell. Biol, 13, 4784-4792, 1993). It is further preferred that the

UCOE is not derived from the human surfeit gene locus which spans 60kb and is located on
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chromosome 9q34.2 as defined in Duhig ef al., Genomics, 52, 72-78, (1998) or the
corresponding murine locus (Huxley ef al., Mol. Cell. Biol., 10, 605-614, 1990).

Preferably, the UCOE is not the bi-directional promoter region located between the avian
GPAT and AIRC genes contained in the 1350bp Smal fragment deposited in the GenBank
database (accession no. L12533) (Gavalas et al., Mol. Cell. Biol., 13, 4784-4792, 1993) or
the corresponding human equivalent (Brayton et al., J. Biol. Chem., 269, 5313-5321, 1994).

Preferably, the UCOE is not the 13894 bp genomic DNA fragment (GenBank accession no.
U68562) comprising the rat mitochondrial chaperonin 60 and chaperonin 10 genes. It is
also preferred that the UCOE is not the 581bp fragment containing the bi-directional
promoter located in the intergenic region between the rat mitochondrial chaperonin 60 and

chaperonin 10 genes (Ryan ef al., Gene, 196, 9-17, 1997).

In a preferred embodiment of the present invention, the UCOE is a 44kb DNA fragment
spanning the human TATA binding protein (TBP) gene and 12kb each of the 5’ and 3’

flanking sequence, or a functional homologue or fragment thereof.

A further preferred embodiment of the present invention, the UCOE is a 60kb DNA
fragment spanning the human hnRNP A2 gene with 30kb 5’ flanking sequence and 20kb 3’
flanking sequence, or a functional homologue or fragment thereof. In a further preferred
embodiment, the UCOE comprises the sequence of Figure 21 between nucleotides 1 to
6264 or a functional homologue or fragment thereof. This sequence encompasses the
hnRNP A2 promoter (nucleotides 5636 to 6264) and 5.5kb 5 flanking sequence
comprising the HP1H-y promoter.

In a further preferred embodiment of the present invention, the UCOE is a 25kb DNA
fragment spanning the human TBP gene with 1kb 5’ and 5 kb 3’flanking sequence, or a

functional homologue or fragment thereof.

In a further preferred embodiment, the UCOE is a 16kb DNA fragment spanning the human
hnRNP A2 gene with 5kb 5’ and 1.5kb 3 flanking sequence, or a functional homologue or
fragment thereof.
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In a further preferred embodiment, the UCOE comprises the sequence of Figure 21 between
nucleotides 1 and 5636 (the 5.5kb 5’ flanking sequence of the hnRNP A2 promoter) and the

CMV promoter or a functional homologue or fragment thereof.

In a further preferred embodiment, the UCOE comprises the sequence of Figure 21 between
nucleotides 4102 and 8286 or a functional homologue or fragment thereof. This sequence

encompasses both the hnRNP A2 and HP1H-y promoters.

In a further preferred embodiment, the UCOE comprises the sequence of Figure 21 between
nucleotides 1 and 7627 or a functional homologue or fragment thereof. This sequence
encompasses both the hnRNP A2 and HP1H-y promoters and exon 1 of the hnRNP A2

gene.

In a further preferred embodiment, the UCOE comprises the sequence of Figure 21 between
nucleotides 1 and 9127 or a functional homologue or fragment thereof. This sequence
encompasses both the hnRNP A2 and HP1H-y promoters and the 3’ flanking sequence of
the hnRNP A2 promoter up to but not including exon 2 of the hnRNP A2 gene.

It is further preferred that the UCOE of the present invention has the nucleotide sequence of

Figure 20 or Figure 21, or a functional fragment or homologue thereof.

The term “functional homologues or fragments” as used herein means homologues or
fragments, which open chromatin or maintain chromatin in an open state and facilitate
reproducible expression of an operably-linked gene. Preferably, the homologues are
species homologues corresponding to the identified UCOEs or are homologues associated
with other ubiquitously expressed genes. Sequence comparisons can be made between
UCOEs in order to identify conserved sequence motifs enabling the identification or
synthesis of other UCOEs. Suitable software packages for performing such sequence
comparisons are well known to those skilled in the art. A preferred software package for
performing sequence comparisons is PCGENE (Intelligenetics, Inc. USA). Functional
fragments can be easily identified by methodically generating fragments of known UCOEs

and testing for function. The identification of conserved sequence motifs will also assist in
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the identification of functional fragments, as fragments comprising the conserved sequence
motifs will be likely to be functional. Functional homologues also encompass modified
UCOEs wherein elements of the UCOE have been replaced by similar elements, such as
replacing one or more promoters of a UCOE with different heterologous promoters. As
indicated above, the heterologous promoter may be any promoter including tissue specific
promoters such as tumour-specific promoters and ubiquitous promoters. Preferably the
heterologous promoter is a strong and/or substantially ubiquitous promoter and most

preferably is the CMV promoter.

In another embodiment of the present invention, there is provided a method for identifying
a UCOE which facilitates reproducible expression of an operably-linked gene in cells of at

least two different tissue types, comprising:

1. testing a candidate UCOE by transfecting cells of at least two different tissue types

with a vector containing the candidate UCOE operably-linked to a marker gene; and

2. determining if reproducible expression of the marker gene is obtained in the cells of

two or more different tissue types.

Preferably, the method for identifying a UCOE of the present invention comprises the
additional step of selecting candidate UCOEs that are associated with one or more of: a
ubiquitously expressed gene, a dual or bi-directional promoter and an extended

methylation-free CpG-island.

Preferably, reproducible expression of the marker gene is determined in cells containing a

single copy of the UCOE linked to the marker gene.

The present invention further provides the method of the present invention wherein the
candidate UCOE is tested by generating a non-human transgenic animal containing cells
comprising a vector containing the candidate UCOE operably-linked to a marker gene and
determining if reproducible expression of the marker gene is obtained in the cells of two or

more different tissue types. Preferably, the non-human transgenic animal is a Fl1, or
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greater, generation non-human transgenic animal. Preferably the non-human transgenic

animal is a rodent, more preferably a mouse.

The present invention provides a UCOE derivable from a nucleic acid sequence associated
with or adjacent to a ubiquitously expressed gene. Preferably, the nucleic acid sequence
comprises an extended methylation-free, CpG-island. It is further preferred that the nucleic
acid sequence comprises at least one transcription factor binding site. Preferably, the
nucleic acid sequence comprises dual or bi-directional promoters that are divergently
transcribed. Preferably, the nucleic acid sequence comprises dual promoters that are
divergently transcribed. Preferably, the nucleic acid sequence comprises dual or bi-
directional promoters that are divergently transcribed and which are associated with
ubiquitously expressed genes. Preferably, the nucleic acid sequence comprises dual
promoters that are divergently transcribed and which are associated with ubiquitously

expressed genes.

The present invention also provides the use of the polynucleotide of the present invention,
or a fragment thereof, in an assay for identifying other UCOEs. Preferably, a fragment of
the polynucleotide is used which encompasses a conserved sequence or structural motif.

Methods for performing such an assay are well known to those skilled in the art.

The present invention provides a vector comprising the polynucleotide of the present
invention. The vector preferably comprises an expressible gene operably-linked to the
polynucleotide. The expressible gene comprises the necessary elements enabling gene
expression such as suitable promoters, enhancers, splice acceptor sequences, internal
ribosome entry site sequences (IRES) and transcription stop sites. Suitable elements for
enabling gene expression are well known to those skilled in the art. The suitable elements
for enabling gene expression can be the natural endogenous elements associated with the
gene or may be heterologous elements used in order to obtain a different level or tissue
distribution of gene expression compared to the endogenous gene. Preferably, the vector
comprises a promoter operably associated with the expressible gene and the polynucleotide.
The promoter may be a natural endogenous promoter of the expressible gene or may be a
heterologous promoter. The heterologous promoter may be any promoter including tissue

specific promoters such as tumour-specific promoters and ubiquitous promoters.
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Preferably the heterologous promoter is a strong and/or a substantially ubiquitous promoter

and most preferably is the CMV promoter.

The vector may be any vector capable of transferring DNA to a cell. Preferably, the vector

is an integrating vector or an episomal vector.

Preferred integrating vectors include recombinant retroviral vectors. A recombinant
retroviral vector will include DNA of at least a portion of a retroviral genome which portion
is capable of infecting the target cells. The term “infection” is used to mean the process by
which a virus transfers genetic material to its host or target cell. Preferably, the retrovirus
used in the construction of a vector of the invention is also rendered replication-defective to
remove the effect of viral replication of the target cells. In such cases, the replication-
defective viral genome can be packaged by a helper virus in accordance with conventional
techniques. Generally, any retrovirus meeting the above criteria of infectiousness and

capability of functional gene transfer can be employed in the practice of the invention.

Suitable retroviral vectors include but are not limited to pLJ, pZip, pWe and pEM, well
known to those of skill in the art. Suitable packaging virus lines for replication-defective

retroviruses include, for example, WCrip, WCre, ¥2 and Y Am.

Other vectors useful in the present invention include adenovirus, adeno-associated virus,
SV40 virus, vaccinia virus, HSV and pox virusvectors. A preferred vector is the
adenovirus. Adenovirus vectors are well known to those skilled in the art and have been
used to deliver genes to numerous cell types, including airway epithelium, skeletal muscle,
liver, brain and skin (Hitt, MM, Addison CL and Graham, FL (1997) Human adenovirus
vectors for gene transfer into mammalian cells. Advances in Pharmacology 40: 137-206;

and Anderson WF (1998) Human gene therapy. Nature 392 (6679 Suppl): 25-30).

A further preferred vector is the adeno-associated (AAV) vector. AAV vectors are well
known to those skilled in the art and have been used to stably transduce human T-
lymphocytes, fibroblasts, nasal polyp, skeletal muscle, brain, erythroid and heamopoietic
stem cells for gene therapy applications (Philip et al., 1994, Mol. Cell. Biol., 14, 2411-
2418; Russell et al., 1994, PNAS USA, 91, 8915-8919; Flotte et al., 1993, PNAS USA, 90,
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10613-10617; Walsh et al., 1994, PNAS USA, 89, 7257-7261; Miller et al., 1994, PNAS
USA, 91, 10183-10187; Emerson, 1996, Blood, 87, 3082-3088). International Patent
Application WO 91/18088 describes specific AAV based vectors.

Preferred episomal vectors include transient non-replicating episomal vectors and self-
replicating episomal vectors with functions derived from viral origins of replication such as
those from EBV, human papovavirus (BK) and BPV-1. Such integrating and episomal
vectors are well known to those skilled in the art and are fully described in the body of
literature well known to those skilled in the art. In particular, suitable episomal vectors are

described in WO98/07876.

Mammalian artificial chromosomes are also preferred vectors for use in the present
invention. The use of mammalian artificial chromosomes is discussed by Calos (1996, TIG,

12, 463-466).

In a preferred embodiment, the vector of the present invention is a plasmid. It is further

preferred that the plasmid is a non-replicating, non-integrating plasmid.

The term “plasmid” as used herein refers to any nucleic acid encoding an expressible gene
and includes linear or circular nucleic acids and double or single stranded nucleic acids.
The nucleic acid can be DNA or RNA and may comprise modified nucleotides or
ribonucleotides, and may be chemically modified by such means as methylation or the

inclusion of protecting groups or cap- or tail structures.

A non-replicating, non-integrating plasmid is a nucleic acid which when transfected into a
host cell does not replicate and does not specifically integrate into the host cell’s genome

(i.e. does not integrate at high frequencies and does not integrate at specific sites).

Replicating plasmids can be identified using standard assays including the standard
replication assay of Ustav et al., EMBO J., 10, 449-457, 1991.

Preferably, a non-replicating, non-integrating plasmid is a plasmid that cannot be stably

maintained in cells, independently of genomic DNA replication, and which does not persist in
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progeny cells for three or more cell divisions without a significant loss in copy number of the
plasmid in the cells, 1.e., with a loss of greater than an average of about 50% of the plasmid
molecules in progeny cells between a given cell division. Generally, in self-replicating
vectors, the self-replicating function is provided by using a viral origin of replication and
providing one or more viral replication factors that are required for replication mediated by
that particular viral origin. Self-replicating vectors are described in WO 98/07876. The term
“transiently transfecting, non-integrating plasmid” herein means the same as the term “non-

replicating, non-integrating plasmid” as defined above.

Preferably the plasmid is a naked nucleic acid. As used herein, the term “naked” refers to a
nucleic acid molecule that is free of direct physical associations with proteins, lipids,
carbohydrates or proteoglycans, whether covalently or through hydrogen bonding. The term
does not refer to the presence or absence of modified nucleotides or ribonucleotides, or
chemical modification of the all or a portion of a nucleic acid molecule by such means as

methylation or the inclusion of protecting groups or cap- or tail structures.

Preferably, the vector of the present invention comprises the sequence of Figure 20 between
nucleotides 1 and 7627 (encompassing both the hnRNP A2 and HP1H-y promoters), the
CMV promoter, a multiple cloning site, a polyadenylation sequence and genes encoding
selectable markers under suitable control elements. Preferably the vector of the present

invention is the CET200 or the CET210 vector schematically shown in Figure 49.

The present invention also provides a host cell transfected with the vector of the present
invention. The host cell may be any cell such as yeast cells, insect cells, bacterial cells and
mammalian cells. Preferably the host cell is a mammalian cell and may be derived from

mammalian cell lines such as the CHO cell line, the 293 cell line and NSO cells.

Preferably, the operably-linked gene is a therapeutic nucleic acid sequence. Therapeutically
useful nucleic acid sequences, which may be used in the present invention, include
sequences encoding receptors, enzymes, ligands, regulatory factors, hormones, antibodies
or antibody fragments and structural proteins. Therapeutic nucleic acid sequences also

include sequences encoding nuclear proteins, cytoplasmic proteins, mitochondrial proteins,
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secreted proteins, membrane-associated proteins, serum proteins, viral antigens, bacterial
antigens, protozoal antigens and parasitic antigens. Nucleic acid sequences useful
according to the invention also include sequences encoding proteins, peptides, lipoproteins,
glycoproteins, phosphoproteins and nucleic acid (e.g., RNAs or antisense nucleic acids).
Proteins or polypeptides which can be encoded by the therapeutic nucleic acid sequence
include hormones, growth factors, enzymes, clotting factors, apolipoproteins, receptors,
erythropoietin, therapeutic antibodies or fragments thereof, drugs, oncogenes, tumor
antigens, tumor suppressors, viral antigens, parasitic antigens and bacterial antigens.
Specific examples of these compounds include proinsulin, growth hormone, androgen
receptors, insulin-like growth factor I, insulin-like growth factor II, insulin-like growth
factor binding proteins, epidermal growth factor, transforming growth factor-a,
transforming growth factor-P, platelet-derived growth factor, angiogenesis factors (acidic
fibroblast growth factor, basic fibroblast growth factor, vascular endothelial growth factor
and angiogenin), matrix proteins (Type IV collagen, Type VII collagen, laminin),
phenylalanine hydroxylase, tyrosine hydroxylase, oncoproteins (for example, those
encoded byras, fos, myc, erb, src, neu, sis, jun), HPV E6 or E7 oncoproteins, p53 protein,
Rb protein, cytokine receptors, IL-1, IL-6, IL-8, , and proteins from viral, bacterial and
parasitic organisms which can be used to induce an immunological response, and other
proteins of useful significance in the body. The choice of gene, to be incorporated, is only
limited by the availability of the nucleic acid sequence encoding it. One skilled in the art
will readily recognise that as more proteins and polypeptides become identified they can be

integrated into the polynucleotide of the present invention and expressed.

When the polynucleotide of the present invention is comprised in a plasmid, it is preferred
that the plasmid be used in monogenic gene therapy such as in the treatment of Duchenne

muscular dystrophy and in DNA vaccination and immunisation methods.

The polynucleotide of the invention also may be used to express genes that are already
expressed in a host cell (i.e., a native or homologous gene), for example, to increase the
dosage of the gene product. It should be noted, however, that expression of a homologous
gene might result in deregulated expression, which may not be subject to control by the

UCOE due to its over-expression in the cell.
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The polynucleotide of the invention may be inserted into the genome of a cell in a position
operably associated with an endogenous (native) gene and thereby lead to increased
expression of the endogenous gene. Methods for inserting elements into the genome at
specific sites are well known to those skilled in the art and are described in US-A-
5,578,461 and US-A-5,641,670. Alternatively, the polynucleotide of the present invention
in its endogenous (native) position on the genome may have a gene inserted in an operably
associated position so that expression of the gene occurs. Again, methods for inserting
genes into the genome at specific sites are well known to those skilled in the art and are

described in US-A-5,578,461 and US-A-5,641,670.

The present invention provides the use of the polynucleotide of the present invention to
increase the expression of an endogenous gene comprising inserting the polynucleotide into
the genome of a cell in a position operably associated with the endogenous gene thereby

increasing the level of expression of the gene.

Numerous techniques are known and are useful according to the invention for delivering
the vectors described herein to cells, including the use of nucleic acid condensing agents,
electroporation, complexation with asbestos, polybrene, DEAE cellulose, Dextran,
liposomes, cationic liposomes, lipopolyamines, polyornithine, particle bombardment and
direct microinjection (reviewed by Kucherlapati and Skoultchi, Crit. Rev. Biochem. 16:349-
379 (1984); Keown et al., Methods Enzymol. 185:527 (1990)).

A vector of the invention may be delivered to a host cell non-specifically or specifically
(i.e., to a designated subset of host cells) via a viral or non-viral means of delivery.
Preferred delivery methods of viral origin include viral particle-producing packaging cell
lines as transfection recipients for the vector of the present invention into which viral
packaging signals have been engineered, such as those of adenovirus, herpes viruses and
papovaviruses. Preferred non-viral based gene delivery means and methods may also be
used in the invention and include direct naked nucleic acid injection, nucleic acid

condensing peptides and non-peptides, cationic liposomes and encapsulation in liposomes.

The direct delivery of vector into tissue has been described and some short term gene

expression has been achieved. Direct delivery of vector into muscle (Wolff ez al., Science,
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247, 1465-1468, 1990) thyroid (Sykes et al., Human Gene Ther., 5, 837-844, 1994)
melanoma (Vile et al., Cancer Res., 53, 962-967, 1993), skin (Hengge et al., Nature Genet,
10, 161-166, 1995), liver (Hickman et al., Human Gene Therapy, 5, 1477-1483, 1994) and

2, 450-460, 1995) is

=)

after exposure of airway epithelium (Meyer et al., Gene Therapy,

clearly described in the prior art.

Various peptides derived from the amino acid sequences of viral envelope proteins have
been used in gene transfer when co-administered with polylysine DNA complexes (Plank et
al., J. Biol. Chem. 269:12918-12924 (1994));. Trubetskoy et al., Bioconjugate Chem.
3:323-327 (1992); WO 91/17773; WO 92/19287; and Mack et al., Am. J. Med. Sci.
307:138-143 (1994)) suggest that co-condensation of polylysine conjugates with cationic
lipids can lead to improvement in gene transfer efficiency. International Patent Application
WO 95/02698 discloses the use of viral components to attempt to increase the efficiency of

cationic lipid gene transfer.

Nucleic acid condensing agents useful in the invention include spermine, spermine
derivatives, histones, cationic peptides, cationic non-peptides such as polyethyleneimine
(PEI) and polylysine. Spermine derivatives refers to analogues and derivatives of spermine
and include compounds as set forth in International Patent Application. WO 93/18759
(published September 30, 1993).

Disulphide bonds have been used to link the peptidic components of a delivery vehicle
(Cotten et al., Meth. Enzymol. 217:618-644 (1992)); see also, Trubetskoy et al. (supra).

Delivery vehicles for delivery of DNA constructs to cells are known in the art and include
DNA/poly-cation complexes which are specific for a cell surface receptor, as described in,
for example, Wu and Wu, J. Biol. Chem. 263:14621 (1988); Wilson et al., J. Biol. Chem.
267:963-967 (1992); and U.S. Patent No. 5,166,320).

Delivery of a vector according to the invention is contemplated using nucleic acid
condensing peptides. Nucleic acid condensing peptides, which are particularly useful for
condensing the vector and delivering the vector to a cell, are described in WO 96/41606.

Functional groups may be bound to peptides useful for delivery of a vector according to the
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invention, as described in WO 96/41606. These functional groups may include a ligand
that targets a specific cell-type such as a monoclonal antibody, insulin, transferrin,
asialoglycoprotein, or a sugar. The ligand thus may target cells in a non-specific manner or

in a specific manner that is restricted with respect to cell type.

The functional groups also may comprise a lipid, such as palmitoyl, oleyl, or stearoyl; a
neutral hydrophilic polymer such as polyethylene glycol (PEG), or polyvinylpyrrolidine
(PVP); a fusogenic peptide such as the HA peptide of influenza virus; or a recombinase or
an integrase. The functional group also may comprise an intracellular trafficking protein
such as a nuclear localisation sequence (NLS) and endosome escape signal or a signal

directing a protein directly to the cytoplasm.

The present invention also provides the polynucleotide, vector or host cell of the present

invention for use in therapy.

Preferably, the polynucleotide, vector or host cell is used in gene therapy.

The present invention also provides the use of the polynucleotide, vector or host cell of the

present invention in the manufacture of a composition for use in gene therapy.

The present invention also provides a method of treatment, comprising administering to a
patient in need of such treatment an effective dose of the polynucleotide, vector or host cell
of the present invention. Preferably, the patient is suffering from a disease treatable by

gene therapy.

The present invention also provides a pharmaceutical composition comprising the
polynucleotide, vector or host cell of the present invention in combination with a

pharmaceutically acceptable recipient.

The present invention also provides use of a polynucleotide, vector or host cell of the
present invention in a cell culture system in order to obtain the desired gene product.
Suitable cell culture systems are well known to those skilled in the art and are fully

described in the body of literature known to those skilled in the art.
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The present invention also provides the use of the polynucleotide of the present invention in
producing transgenic plant genetics. The generation of transgenic plants which have
increased yield, resistance, etc. are well known to those skilled in the art. The present
invention also provides a transgenic plant containing cells which contain the polynucleotide

of the present invention.

The present invention also provides a transgenic non-human animal containing cells, which

contain the polynucleotide of the present invention.

The pharmaceutical compositions of the present invention may comprise the
polynucleotide, vector or host cell of the present invention, if desired, in admixture with a
pharmaceutically acceptable carrier or diluent, for therapy to treat a disease or provide the

cells of a particular tissue with an advantageous protein or function.

The polynucleotide, vector or host cell of the invention or the pharmaceutical composition
may be administered via a route which includes systemic intramuscular, intravenous,
aerosol, oral (solid or liquid form), topical, ocular, as a suppository, intraperitoneal and/or

intrathecal and local direct injection.

The exact dosage regime will, of course, need to be determined by individual clinicians for
individual patients and this, in turn, will be controlled by the exact nature of the protein

expressed by the gene of interest and the type of tissue that is being targeted for treatment.

The dosage also will depend upon the disease indication and the route of administration.
Advantageously, the duration of treatment will generally be continuous or until the cells
die. The number of doses will depend upon the disease, and efficacy data from clinical

trials.

The amount of polynucleotide or vector DNA delivered for effective gene therapy
according to the invention will preferably be in the range of between about 50 ng -1000 pg
of vector DNA/kg body weight; and more preferably in the range of between about 1-100
pg vector DNA/kg.
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Although it 1s preferred according to the invention to administer the polynucleotide, vector
or host cell to a mammal for in vivo cell uptake, an ex vivo approach may be utilised
whereby cells are removed from an animal, transduced with the polynucleotide or vector,
and then re-implanted into the animal. The liver, for example, can be accessed by an ex
vivo approach by removing hepatocytes from an animal, transducing the hepatocytes in
vitro and re-implanting the transduced hepatocytes into the animal (e.g., as described for
rabbits by Chowdhury et al., Science 254:1802-1805, 1991, or in humans by Wilson, Hum.
Gene Ther. 3:179-222, 1992). Such methods also may be effective for delivery to various
populations of cells in the circulatory or lymphatic systems, such as erythrocytes, T cells, B

cells and haematopoietic stem cells.

In another embodiment of the invention, there is provided a mammalian model for
determining the tissue-specificity and/or efficacy of gene therapy using the polynucleotide,
vector or host cell of the invention. The mammalian model comprises a transgenic animal
whose cells contain the vector of the present invention. Methods of making transgenic
mice (Gordon et al., Proc. Natl. Acad. Sci. USA 77:7380 (1980); Harbers et al., Nature
293:540 (1981); Wagner et al., Proc. Natl. Acad. Sci. USA 78:5016 (1981); and Wagner et
al., Proc. Natl. Acad. Sci. US4 78:6376 (1981), sheep, pigs, chickens (see Hammer et al.,
Nature 315:680 (1985)), etc., are well-known in the art and are contemplated for use

according to the invention. Such animals permit testing prior to clinical trials in humans.

Transgenic animals containing the polynucleotide of the invention also may be used for

long-term production of a protein of interest.

The present invention also relates to the use of the polynucleotide of the present invention
in functional genomics applications. Functional genomics relates principally to the
sequencing of genes specifically expressed in particular cell types or disease states and now
provides thousands of novel gene sequences of potential interest for drug discovery or gene
therapy purposes. The major problem in using this information for the development of
novel therapies lies in how to determine the functions of these genes. UCOEs can be used

in a number of functional genomic applications in order to determine the function of gene
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sequences. The functional genomic applications of the present invention include, but are

not limted to:

(1)  Using the polynucleotide of the present invention to achieve sustained expression of
5 anti-sense versions of the gene sequences or ribozyme knockdown libaries, thereby
determining the effects of inactivating the gene on cell phenotype.

(2) Using the polynucleotide of the present invention to prepare expression libraries for
the gene sequences, such that delivery into cells will result in reliable, reproducible,
sustained expression of the gene sequences. The resulting cells, expressing the gene

-10 sequences can be used in a variety of approaches to function determination and drug
discovery. For example, raising antibodies to the gene product for neutralisation of
its activity; rapid purification of the protein product of the gene itself for use in
structural, functional or drug screening studies; or in cell-based drug screening.

(3)  Using the polynucleotide of the present invention in approaches involving mouse

15 embryonic stem (ES) cells and transgenic mice. One of the most powerful
functional genomics approaches involves random insertion into genes in mouse ES
cells of constructs which only allow drug selection following insertion into
expressed genes, and which can readily be rescued for sequencing (G.Hicks et al.,
Nature Genetics, 16, 338-334). Transgenic mice with knockout mutations in genes

20 with novel sequences can then readily be made to probe their function. At present
this technology works well for the 10% of mouse genes which are well expressed
in mouse ES cells. Incorporation of UCOEs into the integrating constructs will

enable this technique to be extended to identify all genes expressed in mice.

25 The following examples, with reference to the figures, are offered by way of illustration
and are not intended to limit the invention in any manner. The preparation, testing and
analysis of several representative polynucleotides of the invention are described in detail
below. One of skill in the art may adapt these procedures for preparation and testing of
other polynucleotides of the invention.

30

The figures show:

Figure 1 shows the human TBP gene locus.
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A: Schematic representation of the pCYPAC-2 clones containing the human TBP
gene used in this study. The positions of NorI and Sacll restriction sites that may indicate
the positions of unidentified genes are marked.

B: Illustration of the CpG-island spanning the 5° TBP/CS5 regions. The density of
CpG di-nucleotide residues implies that the methylation-free island is 3.4kb in length and
extends between the Fspl site within intron I of C5, and the HindlIl site within the first
intron of TBP.

C: Is a further schematic representation of the clones from the TBP/CS region. The
arrangement of the genes has been reversed from that given in Figure 1A. Please note, the
C5 gene is also referred to as the PSMB1 gene. A 257 kb contiguous region from the
telomere of chromosome 6q with positions of the 3 closely linked genes and relevant
restriction sites is shown (B, BssHII; N, Notl; S, Sacll). PAC clones with their designated
names are indicated. The subclone pBL3-TPO-puro is also shown. The distance between
the Notl site within the first exon of PDCD2 and the beginning of the telomeric repeat is

approximately 150 kb.

Figure 2 shows end-fragment analysis of TLN:3 and TLN:8 transgenic mice. Southern blot
analysis of transgenic mouse tail biopsy DNA samples were probed with small DNA
fragments located at (a) the 3° end of the transgene, (b) the 5° end, (c) the promoter, (d) -7.7
kb from TBP mRNA CAP site, (¢) -12kb from TBP mRNA CAP site. The results for
TLN:3 (a,b) show that there is only one hybridising band with both end-probes, which does
not match the predicted size for any head-to-head, head-to-tail, or tail-to-tail concatamer.
Thus it would appear that there is only one transgene copy in this line. However, panel (c)
shows that with a promoter probe, two bands are seen indicating that there must also be a
second, deleted copy of the transgene present in this line. TLN:8 analysis in (a) shows a
transgene concatamer band at 6kb and an end fragment band at 7.8kb. As the concatamer
band is twice the intensity of the end fragment, this indicates a copy number of three for
this line. The lack of hybridisation in (b) suggests a deletion at the 5’ end of all three
copies has occurred and work is in progress to map this. Panels (d) and (e) indicate that the

transgenes appear to be intact up to 12kb 5’ to the TBP gene.

Figure 3 A shows the analysis of TLN:28 mice. Southern blots of TLN:28 DNA were
hybridised to a probe located at the very 3’ end of the transgene locus. Multiple bands
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were seen to hybridise to this probe, suggesting multiple integration events. However, an
intense concatamer band is seen in the position expected for a head to tail integration
event. Comparison of the signal intensities between this and the end-fragments suggested

a copy number of approximately 4 in this line.

Figure 3B shows a summary of transgene organisation in TLN mouse lines. TLN:3:
contains two copies of the transgene in a head to tail arrangement. A deletion has occurred
at both the 5' and 3' ends of this array. The 5' deletion extends into the 5' flanking region of
TBP, completely deleting the C5 gene in this copy. At the 3' end, the deletion extends into
the 3'UTR of TBP, leaving the C5 gene intact. This animal, therefore, possesses a single
copy of the C5 gene and a single functional copy of the TBP gene. TLN:8: contains a head
to tail arrangement of three copies. Each copy would seem to possess a deletion at the very
5' region, although the extent of this deletion is not known at present, it does not extend to
the C5 gene as human C5 mRNA is detected in this line. TLN:28: contain 5 copies in a
head to tail configuration, but there are also a number of additional fragments seen,

indicating that this array may be more complex.

Figure 3C shows an updated summary of the transgene organisation in the TLN mouse
lines. The figure shows the predicted organisations of the TLN transgene arrays in each of
the mouse lines. Only functional genes are shown and only one of the 3 possible

arrangements of the TLN:3 mice is indicated.

Figure 4 shows analysis of the deletion in TLN:3 mice. A series of probes were hybridised
to Southern blots of TLN:3 DNA. Only the furthest 5’ probe gave a single band, indicating
that the deleted copy did not contain this sequence. The deletion maps to a region upstream
of the major TBP mRNA CAP sites, Ets factor binding site and DNase I hypersensitive site.
It is currently unknown if the entire 5’ region is deleted in this copy or a small internal

deletion has occurred.

Figure 5 shows the comparison of TBP and C5 mRNA sequences from human and mouse.
(a)The human C5 mRNA sequence from nt. 358 to 708 (Genbank accession no. D00761)
exhibits significant homology to the mouse sequence (indicated by a vertical bar) from nt.

355 to 705 (Genbank accession no. X80686). RT-PCR amplification of both human and
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mouse mRNAs produces a mixture of 350bp DNA molecules from both species. The
primer locations (highlighted, 5° primer C5RTF, 3’ primer C5R) are positioned so as to
span a number of exons, eliminating error from PCR amplification from contaminating
genomic DNA. Although the intron/exon structure of either the human or mouse gene is
limited, the distance between the primers is such that they are positioned in different exons.
Mouse and human PCR products can be distinguished by incubation with Ps¢I that will only
cut the mouse sequence. Radiolabelling of the C5RTF primer gives a product of 173nt
when resolved on a denaturing polyacrylamide gel. (b)Similar analysis for human TBP
mRNA sequence from nt. 901 in exon 5 to nt. 1185 in exon 7 (Genbank accession no.
M55654) and mouse TBP mRNA from positions 655 to 939 (Genbank accession no.
D01034). The last nucleotide from an exon and the first nucleotide from the next exon are
shown in red. The primers used (highlighted) were 5° TB-22 and 3’ TB-14. The size of the
amplified product from both species with the primers shown (boxed) is 284 bp. The
Bsp14071 site 63 nt from the 5° end of the PCR products allows human and mouse
transcripts to be distinguished. The size of the human specific product on a

polyacrylamide gel with radiolabelled TB-14 is 221nt.

Figure 6 shows expression analysis of human TBP expression in the TLN transgenic mice.
Total RNA (1pg) from various mouse tissues was used in a reverse transcription
reaction using Avian Myeloblastosis Virus reverse transcriptase. As a control, human
RNA from K562 cells and non-transgenic mouse RNA were also used. (a)Location of the
recognition site for the human specific restriction endonucleases within the TB22/14 RT-
PCR products. (b)Analysis of TLN:3 expression in various tissues. As can be seen, the
level of human expression is physiological in all tissues. (c) Similar analysis for TLN:$.
(dAnalysis of TLN:28 indicates levels of human TBP mRNA are again expressed at

comparable levels to the endogenous gene.

Figure 7 shows expression analysis of human C5 expression in the TLN transgenic mice.
Analysis was performed as in figure 6. The upper panel (a) shows the location of the

recognition site for the mouse specific restriction endonucleases within the CSRTE/C5R

RT-PCR products. (b) Analysis of C5 expression in various tissues of TLN transgenics can

be seen, the level of human expression is physiological in all tissues tested.
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Figure 8 shows a summary of quantification of (a) human TBP gene expression and (b)

human C5 gene expression inTLN transgenic mice.
Figure 9 shows a schematic representation of the pWE-TSN cosmid.

Figure 10 shows transgene copy number determination of pWE-TSN L-cell clones.

Mouse L-cells were transfected with the pWE-TSN cosmid, DNA isolated and used
to generate Southern blots. Blots were probed with a DNA fragment from the two copy
murine vav locus and a probe located -7kb from the TBP gene. Copy numbers were
determined from the ratio of the three copy TLN:8 control and are given underneath each

lane. Copy numbers ranged from 1 to 60.
Figure 11 shows a summary of expression of pWE-TSN cosmid clones in mouse L-cells.

Figure 12 shows DNase I hypersensitive site analysis of the human TBP locus. Probes
located over a 40kb region surrounding the TBP gene were used to probe Southern blots of
K562 nuclei digested with increasing concentrations of DNase I. Only two hypersensitive
sites were found, at the promoters of the PSMB1 and the TBP gene. Increased DNase I

concentration is shown from left to right in all cases.

Figure 13 A shows a schematic representation of the human hnRNP A2 gene locus showing
the large 160kb pCYPAC-derived clone MA160. The reverse arrow denotes the HP1H-y
gene. The two Sacll sites, which may represent the presence of methylation-free islands are

boxed.

Figure 13 B shows the 60kb AarIl sub-fragment derived from MA160. Both of these have

been used for generation of transgenic mice.

Figure 13 C shows the extent of the CpG-island (red bar) spanning the 5° end of the hnRNP

A2 gene. The CpG residues are denoted as vertical lines. The numbers are in relation to the‘
transcriptional start site (+1) of the hnRNP A2 gene (solid arrow). The broken arrow

denotes the position of the divergently transcribed HP1H-y gene. The 16kb sub-fragment

that contains the intact hnRNP A2 gene is also shown.
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Figure 14 shows quantification of human and mouse hnRNP A2 gene expression. Human
(K562) and mouse RNA was reverse transcribed with a primer to exon 12 of the hnRNPA2
gene. Samples were subsequently amplified by PCR with primers Hn9 and Hn11 spanning
exons 10 to 12. The product produced was then digested with random enzymes to find a cut
site unique to each species. The mouse product can be seen to contain a HindIlII that is not

present in the human product.

Figure 15 shows the analysis of human hnRNP A2 expression in transgenic mice
microinjected with the Aa60 fragment (Figure 13B). Total RNA from various tissues was
analysed as described in Figure 15. After RT-PCR, samples were either untreated (-) or
digested with HindIIl (+) and then separated on a polyacrylamide gel to resolve the human
(H) and mouse (M) products. Intensity of the bands was measured by PhosphorImager

analysis.

Figure 16 shows the analysis of human hnRNP A2 expression by transgenic mice
microinjected with the 160kb Nrul fragment (Figure 13A). A transgenic mouse was
dissected and total RNA extracted from tissues. The RNA was reverse transcribed by Hn11
and then amplified by PCR using primers Hn9 and Hnl1 of which Hn9 was radioactively
end-labelled with *2P. Samples were either untreated (-) or digested with HindIIl (+) and
then separated on a 5% polyacrylamide gel in the presence of 8M urea as denaturant to
resolve the human (H) and mouse (M) products. Intensity of the bands was measured by

Phosphorlmager analysis.

Figure 17 shows the quantification of hnRNP A2 transgene expression. The RT-PCR
analysis of human hnRNP A2 transgene expression in various mouse tissues was quantified
by Phosphorlmager. Levels are depicted as a percentage of murine hnRNP A2 expression
on a transgene copy number basis. A: Mice harbouring MA160 (see Figure 15). B: Mice
harbouring Aa60 (see Figure 16).

Figure 18 shows DNase I hypersensitive site mapping of the human hnRNP A2 gene locus.
Nuclei from K562 cells were digested with increasing concentrations of DNase I. DNA

from these nuclei was subsequently digested with a combination of Aafll and Ncol
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restriction endonucleases and Southern blotted. The blot was then probed with a 766bp
EcoRI/Ncol fragment from exon II of the hnRNP A2 gene. Three hypersensitive sites were
identified corresponding to positions —1.1, -0.7 and -0.1kb 5’ of the hnRNP A2

transcriptional start site.

Figure 19 shows the bioinformatic analysis and sequence comparisons between the hnRNP

A2 and the TBP loci.

Figure 20 shows the nucleotide sequence of a genomic clone of the TBP locus beginning at

the 5° HindlIl site (nucleotides 1 to 9098).

Figure 21 shows the nucleotide sequence of a genomic clone of the hnRNP locus beginning

at the 5° Hindlll site shown in Figure 22 (nucleotides 1 to 15071).

Figure 22 shows the expression vectors containing sub-fragments located in the dual
promoter region between RNP and HP1H-y which were designed using both GFP and a
Neo® reporter genes. The vectors are: a control vector with the RNP promoter (RNP)
driving GFP/Neo expression; a vector comprising the 5.5kb fragment upstream of the RNP
promoter region and the RNP promoter (5.5RNP); vectors constructed using a splice
acceptor strategy wherein the splice acceptor/branch concensus sequences (derived from
exon 2 of the RNP gene) were cloned in front of the GFP gene, resulting in exon 1/part of
intron 1 upstream of GFP (7.5RNP , carrying approximately 7.5kb of the RNP gene
preceeding the GFP gene; and a vector comprising the 1.5kb fragment upstream of the RNP
promoter region and the RNP promoter (1.5RNP).

Figure 23 shows expression vectors containing sub-fragments located in the dual promoter
region between RNP and HP1H-y which were designed using both GFP and a Neo®
reporter genes. The vectors comprise the heterologous CMV promoter. The vectors are:
control vectors with the CMV promoter driving GFP/Neo expression with (a) internal
ribosome entry site sequences (CMV-EGFP-IRES) and (b) with without internal ribosome
entry site sequences and an SV40 promoter upstream of the Neo® reporter gene (CMV-
EGFP); a vector comprising the 5.5kb fragment upstream of the RNP promoter region and

the CMV promoter driving GFP/Neo expression with internal ribosome entry site
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sequences (5.5CMV); a vector comprising 4.0kb sequence encompassing the RNP and the
HP1H-y promoters and the CMV promoter driving GFP/Neo expression with an SV40
promoter upstream of the Neo® reporter gene (4.0CMV); and a vector comprising 7.5kb
sequences of the RNP gene including exon 1 and part of intron 1, and the CMV promoter
driving GFP-Neo expression with an SV40 promoter upstream of the Neo® reporter gene

(7.5CMV).

Figure 24 shows the number of G418 colonies produced by transfecting the RNP- and
CMV-constructs into CHO cells. ‘

Figure 25 shows the comparison of GFP expression in G418-selected CHO clones

transfected with RNP- and CMV-constructs with and without upstream elements.

Figure 26 shows the average median GFP fluorescence levels in G418-selected CHO clones
transfected with RNP- constructs with and without upstream elements over a period of 40

days.

Figure 27 shows FACS profiles of GFP expression of CMV-GFP pools cultured in the
absence of G418 followed over a period of 103 days.

Figure 28 shows FACS profiles of GFP expression of 5.5CMV-GFP pools cultured in the
absence of G418 followed over a period of 103 days.

Figure 29 shows the percentage of transfected cells expressing GFP reducing over a 68 day

time course.

Figure 30 shows the median fluorescence of G418 selected cells transfected with CMV-

contructs over a 66 day time course.

Figure 31 shows the percentage of positive G418 selected cells transfected with CMV-

constructs over a 66 day time course.
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Figure 32 shows the median fluorescence of G418 selected cells transfected with CMV-

constructs on day 13 after transfection.

Figure 33 shows the percentage of positive G418 selected cells transfected with CMV-

constructs over a 27 day time course.

Figure 34 shows the colony numbers after transfection of CHO cells with various CMV-

constructs.

Figure 35 shows the dot blot analysis of human PSMB1, PDCD2 and TBP mRNAs. The
tissue distribution of mRNAs from genes within the TBP cluster using a human multiple
tissue mRNA dot-blot: each segment is loaded with a given amount of poly(A)” RNA (A,
shown in ng below each tissue). The dot-blot was hybridised with (B) PSMB1 ¢cDNA, (C)
a 4.7 kb genomic fragment (MA445) containing a partial PDCD2 gene and (D) TBP cDNA.
A ubiquitin control probe (E) demonstrated the normalisation process had been successful

and that the RNA was intact.

Figure 36 shows the effect of long-term culturing on pWE-TSN clones. A number of pWE-
TSN mouse L-cell clones were grown continuously for 60 generations. For freeze/thaw,
clones were stored in liquid nitrogen for at least 2 days, defrosted and cultured for 1 week
before RNA was harvested and the cells frozen for the next cycle. Experiments were
performed with and without G418 present in the medium. TBP expression was assayed by
using TB14 oligonucleotides and a human-specific restriction endonuclease (as indicted by
+) as described herein. All samples were analysed without the enzyme and were identical.

A representative (-) sample is also shown.

Figure 37 shows analysis of TBP gene expression in pBL3-TPO-puro clones. The analysis
for TBP gene expression was performed using the TB14 primers with total RNA isolated
from mouse L-cells transfected with the pBL3-TPO-puro construct as described herein. A
(+) above a lane indicates that the PCR product has been digested with a human specific
enzyme, (-) indicates no digestion (control). Human (K562) and mouse (non-transgenic
lung) RNA controls are also shown as well as a no-RNA control (dH,0). Arrows indicate

the positions of the uncut (human and mouse or mouse) and human specific products.
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Expression values are corrected for copy number such that 100% expression means that a
single copy of the transgene is expressing at the same level as one of the two endogenous

mouse genes. All copy numbers varied from 1-2 and are indicated above each bar.

Figure 38 shows dot blot analysis of (B) human HP1y mRNA expression and (C) human
hnRNP A2 mRNA. Tissue distribution of HPly mRNA and hnRNP A2 mRNA from
within the hnRNP A2 cluster using a human multiple-tissue mRNA dot-blot: each segment
is loaded with a given amount of poly(A)" RNA (A, shown in ng below each tissue). The
blot was hybridised with (B) a 717nt PCR fragment from the HP1y ¢cDNA sequence and
with  (C) a 1237nt PCR probe generated by using PCR primers 5’
GCTGAAGCGACTGAGTCCATG 3’ and 5> CCAATCCATTGACAAAATGGGC 3’ for
the expression of hnRNP A2.

Figure 39 shows the results of the FISH analysis of TBP transgene integrated into mouse
Ltk cells demonstrating integration onto centromeric heterochromatin . (A) shows a non-

centromeric integration, (B) and (C) show two separate centromeric integrations.

Figure 40 shows erythropoietin (EPO) expression in CHO cell pools stably transfected with
CET300 and CET301 constructs comprising the 7.5kb sub-fragment located in the dual
promoter regions between RNP and HP1H-y, the CMV promoter and the gene encoding
EPO.

Figure 41 shows fluorescent EGFP expression of mouse Ltk cell clones transfected with
16RNP-EGFP and its relationship to copy number. Clones F1, G6 and I3 have 16RNP-

EGFP colocalised with the murine centromeric heterochromatin.

Figure 42 shows the FISH analysis of mouse Ltk cells transfected with 16RNP-EGFP. (A)
shows clone H4 having a non-centromeric integration. (B, C, & D) show clones G6, F1
and I3 having centromeric integrations, respectively. t is the 16RNP-EGFP and ¢ is the

mouse centromere .

Figure 43 shows FACS profiles of EGFP expression of Hela cells transfected with EBV
comprising 16RNP cultured in the presence of Hygromycin B over a period of 41 days.
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Figure 44 shows FACS profiles of EGFP expression of Hela cells transfected with EBV
comprising 16RNP cultured in the presence of Hygromycin B throughout and when
Hygromycin B is removed from day 27.

Figure 45 shows EPO production in cells transiently transfected with CET300, CET301 and
CMV-EPO.

Figure 46 shows results of ELISA detecting NTR expression for various AFP constructs in

HepG2 (AFP+ve) and KLLN205 (AFP-ve) cells.

Figure 47 shows NTR expression in HepG2 tumours and host mouse livers following

intratumoural injection with CTL102/CTL208.

Figure 48 shows growth inhibition of HepG2 tumours following intratumoural injection

with CTL102/CTL208 and CB1954 adminstration.
Figure 49 shows schematically the structure of vectors CET200 and CET210.

Figure 50 shows the constructs generated and fragments used in comparison to the hnRNP

A2 endogenous genomic locus.

Figure 51 shows a graph of the FACs analysis with median fluorescence of HeLa

populations transiently transfected with non-replicating plasmid.

Figure 52 shows representative low magnification field of views of HeLa cell populations

transiently transfected with non-replicating plasmid.
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EXAMPLES

Materials and Methods

Library screening

Genomic clones spanning the human TBP and hnRNPA2 loci were isolated from a P1-
derived artificial chromosome (pCYPAC-2) library (CING-1; Ioannou et al, 1994).

Screening was by polymerase chain reaction (PCR) of bacterial lysates.

Primers for TBP

Primers were designed using the partial genomic sequence described by Chalut ef al. (1995)

and were as follows:

TB3  [S’ATGTGACAACAGTGCATGAACTGGGAGTGG3’] (-605) and TB4
[S’CACTTCCTGTGTTTCCATAGGTAAGGAGGG3’]  (-119)  hybridise to  the
57 untranslated region (5’UTR) of the TBP gene and give rise to a 486bp PCR product from
the human gene only (see results). The numbers in parenthesis are with respect to the

mRNA CAP site defined by Peterson et al., (1990).

TB5 [S’GGTGGTGTTGTGAGAAGATGGATGTTGAGG3’] (1343) and TB6
[5’GCAATACTGGAGAGGTGGAATGTGTCTGGC3’] (1785) amplify a region from the
3’UTR and produce a 415bp product from both human and mouse DNA due to significant
sequence homology in this region. The numbers in parenthesis are with respect to the

cDNA sequence defined by Peterson et al., (1990).

Primers for hnRNP A2

Primers for hnRNP A2 were designed from the genomic sequence described by Biamonti ez
al., (1994).

Hnl [5> ATTTCAAACTGCGCGACGTTTCTCACCGC3’] (-309) and
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Hn2 [5" CATTGATTTCAAACCCGTTACCTCC3’] (199) in the 5° UTR to give a PCR
product of 508bp. Hn3 [5” GGAAACTTTGGTGGTAGCAGGAACATGG3’] (7568) AND
Hn4 [5° ATCCATCCAGTCTTTTAAACAAGCAG 3’] (8176) amplify a region in the
penultimate exon (number 10) to give a PCR product of 607bp. The numbers in
parentheses are with respect to the transcription start point defined by Biamonti et al.

(1994).

PCR protocol

PCR was carried out using 1 pl pooled clone material in a reaction containing 25mM each
dATP, dGTP, dCTP, dTTP, 1 X reaction buffer (50mM Tris-HCI [pH 9.1], 16mM
(NH4)2804, 3.5mM MgCl,, 150pug/ml bovine serum albumin), 2.5 units Taq Supreme
polymerase (Fermentas) and 1pM each primer in a total reaction volume of 25ul. Cycling
conditions were: 4 cycles of 94°C for 1 minute, 62°C for 1 minute, 72°C for 1 minute,
followed by 30 cycles of 94°C for 1 minute, 58°C for 1 minute, 72°C for 1 minute.
Positively identified clones were grown in T-Broth (12g tryptone, 24g yeast extract (both
Difco), 23.1g KHPOy4, 125.4g K,HPOy4, 0.4% glycerol per 1 litre distilled water; Tartof and
Hobbs, 1987) containing 30 pg/ml kanamycin. Permanent stocks of the bacteria were
prepared by freezing individual suspensions in 1X storage buffer (3.6 mM K,HPOQy,, 1.3
mM KH,PO4, 2.0 mM sodium citrate, 1 mM MgSQOy, 4.4% glycerol) at -80°C.

CYPAC-2 DNA isolation

Plasmid DNA was isolated using a modified alkaline lysis method (Birnboim and Dolly,
1979), as follows. Baffled 2 litre glass flasks containing 1 litre T-broth were inoculated
with a single bacterial colony and incubated at 37°C for 16 hours with constant agitation.
Bacteria were harvested by centrifugation in a Beckman J6 centrifuge at 4200 pm
(5020xg, similarly for all subsequent steps) for 10 minutes. Pellets were vortexed, re-
suspended in 15mM Tris-HCI [pH 8.0], 10mM EDTA, 10 pg/ml RNaseA (200 ml) and
incubated at room temperature for 15 minutes. Lysis solution (0.2M NaOH, 1% SDS;
200ml) was added with gentle mixing for 2 minutes, followed by the addition of 200ml
neutralisation solution (3M potassium acetate [pH 5.5]) with gentle mixing for a further 5

minutes. Bacterial debris was allowed to precipitate for 1 hour at 4°C and then removed by
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centrifugation for 15 minutes and filtration of the supernatant through sterile gauze.
Isopropanol (400ml; 40% final concentration) was added to precipitate the plasmid DNA at
room temperature for 1 hour. After centrifugation for 15 minutes and washing of the pellet
in 70% ethanol, the DNA was re-suspended in a 4 ml solution of 1X TNE (50mM Tris-HCl
[pH 7.5], 5SmM EDTA, 100mM NaCl), 0.1% SDS and 0.5mg/m] Proteinase-K (Cambio) to
remove residual proteins. Following incubation at 55°C for 1 hour and subsequent
phenol:chloroform (1:1 v/v) extraction, the DNA was precipitated with 1 volume of 100%
ethanol or isopropanol and spooled into 2ml TE buffer (10mM Tris-HCI [pHS8.0], ImM
EDTA). Yields of 50ug/ml were routine]y obtained.

Restriction enzyme mapping

Restriction enzyme mapping was carried out by hybridising oligonucleotides derived from
both pCYPAC-2 and TBP gene sequences to Southern blots (Southern, 1975) of restriction
enzyme digested cloned DNA as described above. Oligonucleotides which hybridise to
pPCYPAC-2 sequences just proximal to the BamHI site into which genomic fragments are

cloned were used, the sequences of which were:

EY2: [5-TGCGGCCGCTAATACGACTCACTATAGG-3']
189:  [5-GGCCAGGCGGCCGCCAGGCCTACCCACTAGTCAATTCGGGA-3]

Excision of any genomic insert from pCYPAC-2 with Nofl means that the released
fragment will retain a small amount of plasmid sequence on each side. On the EY?2 side
this will be 30 bp with the majority of the EY2 sequence within the excised fragment.
Hybridisation of this oligonucleotide to Notl digested pCYPAC-2 clones should therefore,
highlight the released genomic band on Southern blot analysis. At the 189 side, the excised
fragment will contain 39 bp of plasmid sequence and the majority of the 189
oligonucleotide sequence is 3’ to the Nofl site, within pCYPAC-2. Therefore, this
oligonucleotide will hybridise to the vector on Nofl digests of pCYPAC-2 clones.
Approximately 100ng plasmid DNA was subjected to restriction endonuclease digestion
using manufacturers recommended conditions (Fermentas), and subsequently
electrophoresed on 0.7% agarose gels in 0.5 X TAE buffer (20mM Tris-Acetate [pH 8.0],
ImM EDTA, 0.5pug/ml ethidium bromide) or on pulsed field gels. Pulsed Field Gel
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Electrophoresis (PFGE) was carried out on a CHEF-DRII system (Biorad) on 1% PFGE
agarose (FMC) / 0.5X TAE gels at 6V/cm for 14 hours with switch times from 1 second to
30 seconds. Identical conditions were used for all PFGE analysis throughout this study.
Gels were stained in 1pug/ml ethidium bromide solution before being photographed under

ultraviolet light.

In preparation for Southern blot analysis, the DNA was depurinated by first exposing the
agarose gels to 254nm ultraviolet light (180,000p)/cm? in a UVP crosslinker, UVP) and
then subsequently denaturing by soaking in 0.5M NaOH, 1.5M NaCl for 40 minutes with a
change of solution after 20 minutes. The DNA was transferred to HYBOND-N nylon
membrane (Amersham) by capillary action in a fresh volume of denaturation solution for
16 hours. Crosslinking of the nucleic acids to the nylon was achieved by exposure to
254nm ultraviolet light at 120,000uJ/cm?. Membranes were neutralised in 0.5M Tris-HC1
[pH 7.5], 1.5M NaCl for 20 minutes and rinsed in 2X SSC before use. (1X SSC is 150mM
NaCl, 15mM sodium citrate, [pH7.0]).

Oligonucleotide probes were 5’end labelled with T4 polynucleotide kinase and 32P-}(ATP to
enable detection of specific fragments on Southern blots. Each experiment employed
100ng of oligonucleotide labelled in a reaction containing 2ul * 2P-yATP (>4000 Ci/mmol;
10 mCi/ml, Amersham) and 10 units T4 polynucleotide kinase (Fermentas) in the
manufacturers specified buffer. After incubation at 37°C for 2 hours, unincorporated
nucleotides were removed by chromatography on Sephadex G50 columns (Pharmacia)
equilibrated with water. End-labelled probes were typically labelled to a specific activity
>1 x 10 dpm/pg.

Hybridisation was carried with membranes sandwiched between nylon meshes inside glass
bottles (Hybaid) containing 25ml pre-warmed hybridisation mix (ImM EDTA [pHS.0],
0.25M Na,HPOq [pH 7.2], 7% SDS; Church and Gilbert, 1984) and 100pg/ml denatured
sheared salmon testis DNA. After pre-hybridisation at 65°C for 1 hour, the solution was
decanted and replaced with an identical solution containing the labelled probe. Optimal
hybridisation temperature was determined experimentally and found to be 20°C below the
Tr, for the oligonucleotide in TE buffer, calculated as Tr, = 59.9 + 41[%GC] — [675 / primer

length]). After 16 hours hybridisation membranes were removed and washed with three, 2
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minutes washes of 6 X SSC, 0.1% SDS followed by exposure to x-ray film (BioMAX,
Kodak).

DNA constructs

A 44kb genomic DNA region spanning the TBP gene with 12kb of both 5> and 3’ flanking
sequences, was derived from the pCP2-TNN pCYPAC-2 clone (see Figure 9) as a Norl
fragment. This was cloned into the cosmid vector pWE15 (Clontech) to generate pWE-TSN
(Figure 9). The vector exchange was necessary as the pCYPAC-2 plasmid does not contain
a selectable marker for eukaryotic cell transfection studies. Digestion of pCP2-TNN with
Notl liberates a 44kb fragment extending from the 5’ end of the genomic insert to the Notl
site present in the genomic sequence located 12 kb downstream of the last exon of TBP (see
Figure 9). In addition, fragments containing the remaining 20kb of 3’ flanking sequence in
this clone and the pCYPAC-2 vector are produced. The ligation reaction was performed
using approximately 1ng of NotI digested pCP2-TNN and 200ng similarly cut pWE1S5 in a
10ul reaction using conditions as described above. After heat inactivation of the T4 DNA
ligase, the complete ligation mix was packaged into infectious lambda ‘phage particles with
Gigapack Gold IIT (Stratagene). Recombinant bacteriophage were stored in SM buffer
(500ul of 50mM Tris-HCl, 100mM NaCl, 8mM MgSO,, 0.01% (w/v) gelatine, 2%
chloroform). Infection was carried out as follows: 5Sml of an overnight culture of E. coli
DH5a was centrifuged (3000 x g, 5 minutes) and the bacteria resuspended in 2.5ml of
10mM MgCl,. Equal volumes of packaged material and E. coli were mixed and incubated
at 25°C for 15 minutes after which time 200ul L-broth was added and the mixture
incubated at 37°C for a further 45 minutes. The suspension was plated on LB-ampicillin
agar plates and single colonies analysed as mini preparations the following day. Large

amounts of pWE-TSN were prepared from 1 litre cultures as for pPCYPAC-2 clones.

pCYPAC-2 DNA sub-cloning methods

The following procedure was used in order to sub-clone small (less than 10kb) restriction
enzyme fragments derived from pCYPAC-2 clones. DNA was restriction enzyme digested
and electrophoresed on 0.6% low melting point agarose gels (FMC) with all ultraviolet

photography carried out at a wavelength of 365 nm to minimise nicking of ethidium
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bromide stained DNA (Hartman, 1991). The gel area containing fragments of the desired
range of sizes was excised from the gel, melted at 68°C for 10 minutes and allowed to
equilibrate to 37°C for a further 5 minutes. The plasmid vector pBluescriptKS(+)
(Stratagene) was similarly restriction enzyme digested to give compatible termini with the
pCYPAC-2 derived DNA, treated with 10 units calf intestinal phosphatase (Fermentas) for
1 hour to minimise self-ligation and purified by phenol:chloroform (1:1 v/v) extraction
followed by ethanol precipitation. Molten gel slices were mixed with 50ng of this vector
preparation giving a molar excess of 4:1 fragment to vector molecules. T4 DNA Ligase (10
units; Fermentas) was added along with the specified buffer and the mixture incubated at
16°C for 16 hours after which time the enzyme was heat inactivated (65°C for 20 minutes)
to improve transformation efficiency (Michelsen, 1995). Preparation of calcium chloride
competent DHS5a E. coli and subsequent transformation was performed using established
procedures (Sambrook ef al., 1989). Transformation was achieved by melting and
equilibrating the ligation mixture to 37°C before the addition of 100ul competent cells
maintaining a final agarose concentration of no more than 0.02%. Bacteria were incubated
on ice for 2 hours followed by heat shock at 37°C for 5 minutes and subsequent addition of
1 ml SOC media (20g tryptone; 5g yeast extract; 0.5g NaCl; 20mM glucose, [pH 7.0] per
1 litre distilled water; Sambrook et al., 1989). After a further hour at 37°C, cells were
mixed with 50ul selection solution (36mg/ml Xgal, 0.1 M IPTG) and plated on the
appropriate LB-antibiotic plates (10g NaCl [pH 7.0], 10g tryptone, 5g yeast extract, 20g
agar per litre distilled water) containing 20 pg/ml ampicillin. After incubation at 37°C for
16 hours, bacterial colonies containing recombinant plasmids were identified by their white
(as opposed to blue) colour due to disruption of f-galactosidase gene activity. Selected
colonies were analysed by restriction digestion of DNA isolated from single colony mini
preparations. Using this procedure it was possible to sub-clone fragments of up to 20kb in

size into the pBluescriptKS(+) vector.

PCR amplified products were cloned using the following procedure. After a standard PCR
reaction using 1ng of the pCYPAC-2 derived clone DNA as a template in a 50ul volume,
10 units T4 DNA polymerase (Fermentas) were added to the reaction and incubated for 30
minutes at 37°C. After inactivation of the polymerase enzyme (96°C, 20 minutes), 7ul of
the PCR product were ligated to 50ng EcoRV digested pBluescriptKS(+) vector in a final
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volume of 10ul. Use of the T4 DNA polymerase to blunt the ends of the PCR products

resulted in a high proportion of recombinant clones (data not shown).
Generation of pBL3-TPO-puro

pBL3-TPO-puro contains the entire 19 kb TBP gene with approximately 1.2 kb 5’ and 4.5
kb 3’ flanking sequences and a puromycin resistance gene cassette, sub-cloned into the

pBL3 vector. This was achieved by 3 consecutive cloning steps.

Firstly, the 4.5 kb of sequence flanking the 3’ end of the human TBP gene in the pCP2-
TLN plasmid was sub-cloned from pCP2-TLN as a Notl — Sacll fragment. This fragment
extends from the Sacll site in the 3° UTR of the TBP gene to the OL189-proximal Not! site
within the pCYPAC-2 vector. This fragment was cloned into SacIl and Notl digested
pBL3 and designated MA426. The remaining TBP gene sequences reside on a 19 kb Sacll
fragment extending from approximately 1.2 kb upstream of the mRNA cap site to the Sacll
site in the 3’- UTR. This fragment was ligated in to MA426 which was linearised with

Sacll, and clones screened for the correct orientation.
DNA sequencing and computer sequence analysis

DNA was prepared using the Flexi-Prep system (Pharmacia) and automated fluorescent
sequencing provided as a service from BaseClear (Netherlands). dBEST and non-
redundant Genbank databases were queried using previously described search tools
(Altschul ef al., 1997). All expressed sequence tag clones used in this study were obtained
through the ILM.A.G.E. consortium (Lennon et al., 1996). Multiple sequence alignments
and prediction of restriction enzyme digestion patterns of known DNA sequences was
performed using the program PCGENE (Intelligenetics Inc., USA). Plots of CpG di-

nucleotide frequency were produced using VectorNTI software (Informax Inc., USA).

GENERATION OF TRANSGENIC ANIMALS

Preparation of TBP fragments for microinjection
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The 90kb genomic fragment (TLN) encompassing the TBP/PSMBI1 gene region was
isolated by Notl digestion of the pCP2-TLN clone and prepared for microinjection using a
modified sodium chloride gradient method (Dillon and Grosveld, 1993). Initially, bacterial
lipopolysaccharide (LPS) was removed from a standard pCP2-TLN maxi preparation using
an LPS removal kit (Quiagen) according to the manufacturer’s instructions. Approximately
50ug of DNA was then digested for 1 hour with 70 units of NofI (Fermentas) and a small
aliquot analysed by PFGE to check for complete digestion. A 14ml 5-30% sodium chloride
gradient in the presence of 3mM EDTA was prepared in ultra-clear centrifuge tubes
(Beckman) using a commercial gradient former (Life Technologies). The digested DNA
was layered on the top of the gradient using wide-bore pipette tips to minimise shearing and
the gradient centrifuged at 37,000 rpm for 5.5 hours (at 25°C) in a SW41Ti swing-out rotor
(Beckman). Fractions of approxirhately 300ul were removed starting from the bottom of
the gradient (highest density) into individual microcentrifuge tubes containing 1ml 80%
ethanol followed by incubation at -20°C for 1 hour. DNA precipitates were collected by
centrifugation at (14900 x g, 15 minutes). Pellets were washed in 70% ethanol, dissolved in
20pl transgenic microinjection buffer (10mM Tris-HCI [pH 7.4], 0.1mM EDTA) and 5ul
aliquots from alternate fractions analysed by gel electrophoresis to asses contamination of
vector and chromosomal DNA. Those fractions, which appeared to be free of such

contaminants, were pooled and the DNA concentration assessed by absorbance at 260 nm.

The 40kb genomic fragment (TSN) was isolated from pWE-TSN by Nofl digestion and
purification using electro-elution as previously described (Sambrook et al., 1989). After
electro-elution, DNA was purified by sequential extraction with TE buffer-saturated
phenol, phenol:chloroform (1:1 v/v) and twice with water saturated n-butanol to remove
residual ethidium bromide. DNA was precipitated with 2 volumes of 100% ethanol and
resuspended in microinjection buffer. Fragment integrity was assessed by PFGE and
concentration determined by absorbance at 260nm. The 25kb genomic fragment (TPO) was
isolated from pBL3-TPO using an identical procedure except the insert was liberated from

the vector by digestion with Sa/l.

Preparation of hnRNP A2 fragments for microinjection
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The 160kb genomic fragment (MA160) encompassing the hnRNP A2 gene region was
isolated and prepared for microinjection by Nrul digestion of pCP2-HLN (Figure 13A) and

sodium chloride gradient ultracentrifugation as described above.

The 60kb genomic fragment (HSN; Figure 13B) was isolated from MA160 by Aarll
digestion and purification by PFGE as described above. The 60kb band was excised from
the gel and cut into slices. Each slice was melted at 65°C and 30pl analysed by PFGE. The
fraction showing the purest sample of the 60kb fragment was retained. The melted gel
volume was measured, made 1X with Gelase buffer, equilibrated at 42°C for 10 minutes
and 1 unit Gelase enzyme (Epicentre Technologies) added per 500ul. Samples were
incubated overnight at 42°C and then centrifuged for 30 minutes at 4°C. The supernatant
was decanted with a wide bore tip and drop-dialysed against 15ml of transgenic
microinjection buffer on a 0.25um filter in a 10cm Petri dish for 4 hours. The dialysed
solution was transferred into a microcentrifuge tube and spun for 30 minutes at 4°C.
Fragment integrity was assessed by PFGE and concentration determined by absorbance at

260nm.

Generation of transgenic mice

Transgenic mice were produced by pronuclear injection of fertilised eggs of C57/B16 mice.
Each DNA fragment was injected at a concentration of 1ng/ul in transgenic buffer. This
was performed as a service by the UMDS Transgenic Unit (St Thomas’s Hospital, London)
using standard technology. Transgenic founders were identified using PCR screening of
tail biopsy DNA isolated as follows. Approximately 0.5cm tail biopsies from 10-15 day old
mice were incubated at 37°C for 16 hours in 500pl tail buffer (50mM Tris-HCI [pH 8.0],
0.IM EDTA, 0.1M NaCl, 1% SDS, 0.5 mg/ml Proteinase-K). The hydrosylate was
extracted by gentle inversion with an equal volume phenol:chloroform (1:1 v/v) followed
by centrifugation (14900 x g, 15 minutes). The DNA was precipitated from the aqueous
phase by the addition of 2 volumes of 100% ethanol and washed in 70% ethanol. DNA was
spooled and dissolved in 100ul TE buffer. Typically, 50-200ng DNA was obtained as
determined by absorbance measurements at 260nm. The conditions for the PCR reactions

were as described for the screening of the pCYPAC-2 library using 100ng tail biopsy DNA
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as template and the TB3/TB4 primer set. Positive founders were bred by back-crossing to

wild-type C57/B16 mice to generate fully transgenic F1 offspring.

Transgene integrity and copy number

Transgene copy number and integrity was assessed by Southern blot analysis of BamH],
Bglll, EcoRl, and Hindlll digested tail biopsy DNA. Approximately 10pg DNA was
digested with 20-30 units of the specific restriction endonuclease and electrophoresed on
0.7% agarose/0.5X TBE (45mM Tris-borate, [pH 8.0], ImM EDTA,) gels for 16 hours at
1.5V/em.  Staining and transfer of DNA onto nylon membranes was as for plasmid

Southern blots except a positively charged matrix (HYBOND N+, Amersham) was used.

DNA probes were prepared by restriction enzyme digestion to remove any cloning vector
sequences and purified from low-melting point agarose using the Gene-Clean system
(Biol01, USA). Radioactive labelling of 100ng samples of the probes was performed by
nick translation using a commercially available kit (Amersham) and 200 pmol each of
dCTP, dGTP, dTTP and 3pl a-P*-dATP (specific activity >3000 Ci/mmol, 10mCi/ml,
Amersham). The enzyme solution consisting of 0.5 units DNA polymerase 1/10pg DNase I
in a standard buffer, was added and the reaction incubated at 15°C for 2.5 hours. Probes
were purified by Sephadex G-50 chromatography and boiled for 5 min immediately prior to
their use. Typically, specific activities of >1 x 10® cpm/pg were obtained.

Hybridisation was performed as for plasmid Southern blots described above. Membranes
were incubated in 15ml pre-hybridisation solution (3X SSC, 0.1% SDS, 5X Denhardt’s
solution [100X Denhardt’s solution is 2% Ficoll (Type 400, Pharmacia), 2% polyvinyl
pyrollidone, 2% bovine serum albumin (Fraction V, Sigma) per litre distilled water]),
containing 100pg/ml denatured salmon testis DNA at 65°C for 1 hour. The solution was
then replaced by 15ml hybridisation solution (as pre-hybridisation solution with the
addition of dextran sulphate to 10%) containing 100pug/ml denatured salmon testis DNA
and the heat denatured radio-labelled probe. After hybridisation at 65°C for 16 hours
membranes were washed three times in 2X SSC/0.1% SDS for 30 minutes each and

exposed to Phosphorlmager (Molecular Dynamics) screens or x-ray film at -80°C. Those
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blots which were to be re-analysed, bound probe was removed by soaking in 0.2M NaOH

for 20 minutes followed by neutralisation as described above.

The majority of the probes used in this study were derived from regions of the genomic
clones where no sequence information was available (e.g. pCP2-TLN end-fragment probes
and those derived from the TBP intronic regions). A number of probes hybridised non-
specifically to human genomic DNA suggesting the presence of repetitive sequence
elements. In order to circumvent this problem, aliquots of probe DNA were individually
digested with a number of restriction enzymes, electrophoresed and Southern blotted.
Enzymes with short recognition sites (which should occur very frequently within the
DNA), were chosen so as to digest the probe into a number of smaller fragments.
Radiolabelled human Cot-1 DNA was used as a probe to indicate those fragments that
contained repetitive sequences. Using this procedure, it was possible to obtain fragments
>500 bp that did not hybridise to the Cot-1 probe, for all probes which contained repetitive

elements.

Preparation of cosmid DNA and generation of single copy L-cell clones

| pWE-TSN DNA was prepared by alkaline lysis of 1 litre cultures as described above until

the isopropanol precipitation stage. After incubation at 25°C for 1 hour, the pellet was
resuspended in 300ul TE and then added with continuous mixing to 10ml Sephaglas FP
DNA binding matrix (Pharmacia). The solution was constantly inverted for 10 minutes and
the martix-bound DNA collected by centrifugation (280 x g, 1 minute). The pellet was
washed firstly with WS buffer (20 mM Tris-HCI [pH 7.5], 2mM EDTA, 60% ethanol),
collected by centrifugation, washed with 70% ethanol and re-centrifuged. DNA was eluted
from the matrix by resuspending the pellet in 2ml TE buffer and incubation at 70°C for 10
minutes with periodic mixing. The solution was centrifuged (1100 x g, 2 minutes) and the
DNA containing supernatant split equally into two microfuge tubes. Residual Sephaglass
was removed by centrifugation (14950 x g, 15 minutes), the supernatants pooled and DNA
precipitated with 2 volumes of ethanol. The spooled DNA was washed once in 70%
ethanol and resuspended at 1pg/ul in sterile water. Approximately 75-100ug of pure
cosmid DNA was obtained using this procedure, which represents a yield of 60-80% of

DNA obtained without Sephaglas purification.
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Transfection of adherent mouse L-cells (Earle e al., 1943) was performed as follows.
Approximately 1 x 107 cells grown in DMEM containing 10% heat inactivated foetal calf
serum (PAA laboratories), 2 mM L-glutamine, were mixed with 1ug pWE-TSN DNA
linearised with Sall and incubated on ice for 10 minutes. DNA was introduced into the
cells by electroporation (Chu ez al., 1987) with settings of 960uF, 250V in a Biorad Gene-
Pulser. Transfected cells were selected for and maintained in the same medium including
400ug/ml geneticin sulphate (G418; Life Technologies Inc.). Individual clones were
isolated using cloning rings (Freshney, 1994). Thick-walled stainless steel cloning rings
(Life Technologies Inc.) were autoclaved in silicon grease and transferred to the tissue
culture plate such that the colony was isolated. A solution of trypsin (300ul of 0.25%
trypsin [pH 7.6] (Difco), 0.25M Tris-HCI [pH 8.0], 0.4% EDTA [pH 7.6], 0.12M NaCl,
SmM glucose, 2.4mM KH,PO4 0.84mM Na,HPO4.12H,0, 1% phenol red) was added and
the plate incubated at 37°C for 5 minutes. Cells were transferred to 24 well plates and
clonal cell lines established. Clones were preserved as follows. Approximately 1 x 10’
cells were harvested by centrifugation, resuspended in 0.75 ml freezing mix (70% standard
growth media but including 20% foetal calf serum and 10% DMSO) and snap frozen on dry

ice for 1 hour before transfer to liquid nitrogen storage.

Genomic DNA was prepared from these L-cell clones using standard procedures
(Sambrook ef al., 1989). Cells in T75 flasks were grown to confluency (approximately 4 x
107), the media removed and the flask washed with PBS (2.68mM KCI, 1.47mM KH,PO,,
0.51mM MgCl,, 136.89mM NaCl, 8.1mM Na,HPO, [pH 7.3]) and 2ml lysis buffer (10mM
Tris-HCI [pH 7.5], 10mM EDTA, 10mM NaCl, 0.5% SDS, 1mg/ml Proteinase-K) added.
Cells were dislodged from the culture flask by scraping and transferred to a 15ml centrifuge
tube using a wide bore pipette tip. Lysis was allowed to proceed at 68°c for 16 hours after
which the solution was extracted once with phenol:chloroform (1:1 v/v) and the DNA
precipitated with an equal volume of isopropanol. After washing in 70% ethanol, the DNA

was resuspended in Iml TE buffer and concentration assessed by absorbance at 260nm.

Transfected gene copy numbers were determined by Southern Blot analysis of Bglll
digested genomic DNA. Human TBP was detected using a specific probe ( 1.4HX) located
in the C5 gene, 4kb 5° of the TBP transcription initiation region and which detects a 4.2kb
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fragment (see Figure 10). In addition, blots were simultaneously probed with a 1 kb Neol
fragment derived from the endogenous murine vav locus (Ogilvy et al., 1998) that gives a
5.2kb band and that acts as a single copy reference standard. Human TBP transgene copy-
number was ascertained by comparing the ratio of the TBP to vav signal obtained with the 3

copy transgenic mouse line TLN:§ after analysis of blots by PhosphorImager.

Total RNA was prepared from approximately 4 x 107 cells by selective precipitation in 1 m]

of 3M LiCl, 6M urea (Auffrey and Rougeon, 1980; see Antoniou, 1991).
DNase I hypersensitive site analysis

This was performed as previously described (Forrester et al., 1987; Reitmann e al., 1993).
Nuclei were prepared from approximately 1 x 10° K562 cells (Lozzio and Lozzio, 1975).
Harvested cells were washed in PBS and resuspended in 4ml ice cold RSB (10mM Tris-
HCI [pH7.5], 10mM NaCl, 3mM MgCl,) and placed in a glass dounce homogeniser fitted
with a loose pestle. After the addition of 1ml of 0.5% NP40/RSB the cells were
homogenised slowly for 10-20 strokes and nuclei recovered by the addition of 50m! RSB
and centrifugation at 4°C (640 x g, 5 minutes). The supernatant was discarded and nuclei
were resuspended in Iml RSB with ImM CaCl,, Immediately, a 100ul aliquot
(representing approximately 1 x 10% nuclei) was taken and DNA purified as described

below, to control for endogenous nuclease activity during the isolation procedure.

The DNase I digestion was performed as follows. A range of aliquots (0, 0.5, 1, 2, 3, 4, 5,
6, 8, 10 ul) of 0.2mg/ml DNase I (Worthington) was added to individual microfuge tubes
containing 100ul of nuclei and incubated at 37°C for 4 minutes. The digestion was stopped
by the addition of 100ul 2X stop mix (20mM Tris-HCI [pH 8.0], 10mM EDTA, 600mM
NaCl, 1%SDS), 10ul Proteinase-K (10mg/ml concentration) and incubation at 55°C for 60
minutes. DNA was purified by phenol:chloroform (1:1 v/v) extraction and ethanol
precipitation. Samples were electrophoresed on 0.7% agarose/0.5X TBE gels and Southern

blotted for analysis using **P-radiolabelled probes.

RNA preparation
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Adult mice aged 10-40 weeks were sacrificed by cervical dislocation and whole tissues
isolated, snap frozen in liquid nitrogen and stored at -80°C until required. Total RNA was
prepared by selective precipitation in 3M LiCl, 6M urea (Auffray and Rougeon, 1980).
Tissues were transferred to 14ml tubes containing Iml of the LiCl-urea solution and
homogenised for 30 seconds with an Ultra-Turrax T25 (Janke & Kunkel). Samples were
then subjected to three, 30-second pulses of somication (Cole-Parmer Instrument Co.,
USA), the homogenate transferred to sterile microfuge tubes and RNA allowed to
precipitate at 4°C for 16 hours. The RNA was collected by centrifugation (4°C, 14900 x g,
20 minutes) washed in 500 pl LiCl-urea solution and resuspended in 500p1 TES (10mM
Tris-HCI [pH 7.5], ImM EDTA, 0.5% SDS). After extraction with phenol:chloroform,
samples were made 0.3M with sodium acetate and RNA precipitated by the addition of 1ml
100% ethanol and storage at -20°C for at least 1 hour. The RNA was collected by
centrifugation and resuspended in 20pl sterile water and concentration assessed by

absorbance at 260nm.

COMPETITIVE RT-PCR BASED ASSAY

Analysis of human TBP expression

A modified competitive RT-PCR approach (Gilliland et al., 1990) was used to accurately
quantify human TBP and PSMB1 gene expression in a mouse background. Total RNA
(1pg) from transgenic mouse tissues or cell lines was reversed transcribed in a 25ul
reaction consisting of 10 units Avian Myeloblastosis Virus (AMV) reverse transcriptase
(Promega), 10mM DTT, 2.5mM each dNTP, 25 units ribonuclease inhibitor (Fermentas)
with 1 uM reverse primer (TB14 or C5R) in 1X RT buffer (25mM Tris-HCI [pH 8.3],
25mM KCl, 5SmM MgCl, SmM DTT, 0.25mM spermidine). Synthesis of cDNA was
allowed to proceed at 42°C for 1 hour followed by a further hour at 52°C and heat
inactivation of the enzyme at 95°C for 5 minutes. PCR reactions contained 1pl cDNA
amplified using the reaction mix described for tail biopsy screening and containing specific
primer sets for the sequence in question (as detailed above, one of which was end-labelled
using the protocol described above. Primers were purified with two rounds of Sephadex-

G25 chromatography (Pharmacia) and an 80% recovery was assumed. PCR conditions
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were 94°C for 1 minute, 58°C for 1 minute and 72°C for 1 minute with cycle numbers

between 5 and 30.

In order to distinguish between human and mouse PCR products, 2-10ul of each sample
was incubated with 5 units of the appropriate restriction enzyme at 37°C for 2 hours. This
reaction was carried out in a large (250ul) volume to dilute salts and detergents from the
PCR buffer to prevent inhibition of restriction enzyme activity. (Control experiments
demonstrated that this was indeed the case). Digested and undigested samples were ethanol
precipitated in the presence of 25ug yeasf tRNA (Sigma) as co-precipitant, collected by
centrifugation and resuspended in 5pl gel loading buffer (SmM Tris-Borate [pH 8.3], ImM
EDTA, 7M Urea, 0.1% xylene cyanol, 0.1% bromophenol blue). Samples were analysed
on pre-run, 5% polyacrylamide gels in the presence of 7M Urea (National Diagnositics) as
denaturant and 0.5X TBE buffer. After electrophoresis at 40V/cm for 1 hour, the gel was
cut to remove residual unincorporated nucleotide running below the xylene cyanol dye

front, dried and exposed to x-ray film or Phosphorlmager screens.
Analysis of human hnRNP A2 expression

A similar competitive RT-PCR approach (Gilliland et al., 1990) was used to accurately
quantify human HnRNP A2 gene expression in a mouse background. After reverse
transcription, cDNA samples were amplified by PCR using primer sets Hn9 and Hn12 [5°-
CTCCACCATATGGTCCCC-3’], one of which was end-labelled using the protocol
described above. In order to distinguish between human and mouse hnRNP A2 PCR
products, 2-10ul of each sample was digested with 5 units HindIII at 37°C for 2 hours,
purified, resolved on 5% denaturing polyacrylamide gels and results quantified as described

above.
Sequencing and Bioinformatic analyses of clones

HindIII genomic clones of both TBP (nucleotides 1-9098, Figure 20) and hnRNPA2
(nucleotides 1-15071, Figure 21) loci were sequenced by Baseclear, Leiden, NL. Using a
primerwalking strategy starting with primers made to known sequence, regions of unknown
sequence were generated; TBP nucleotides 1-5642 and hnRNPA?2 nucleotides 1-3686.
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These sequences were spliced together with previously known sequence data and were then
used in bioinformatic analyses.

Direct comparisons were made between TBP and hnRNPA2 sequences using standard
Smith-Waterman searching. This showed no obvious regions of homology other than
several Alu repeats as shown in Figure 19. Masking these repeats and performing a
comparison using the GCG bestfit program resulted in two short regions of homology as

follows:
RNP 3868-3836: TBP 8971-9003  length=33 % identity =75.758

RNP 3425-3459: TBP 9049-9083  length=35 % 1dentity=74.286

CpG-islands were also identified and are shown in Figure 19. Nucleotide positions are as

follows:

RNP 4399-5491, 5749-6731
TBP 5285-5648, 6390-6966

Sequencing studies were performed as described above so as to provide more sequence data

from the region immediately upstream of the RNP and TBP genes.

The sequence data given in Figures 20 and 21 begins at the 5’ HindIII site and includes the
Baseclear generated sequence and the already published sequence data spliced together. In

the case of the TBP sequence the Baseclear sequence is denoted in capitals.

Analysis of these sequences demonstrated the existence of a previously characterised gene,
HP1H-y, or heterochromatin associated protein H-gamma upstream of the RNP gene
(Figure 19 and 22). This gene has also been shown to be ubiquitously expressed by human

tissue dot blot analysis (data not shown).

Bioinformatic analysis and sequence comparisons showed no obvious sequence homologies
between the loci. However, a summary of the data is shown in Figure 19. As can be seen,
several putative Spl transcription factor binding sites are located in the bidirectional

promoter regions of the two loci. The CpG methylation free islands are also indicated.



10

15

20

25

30

WO 00/05393 50 PCT/GB99/02357

Both loci show a bidirectional stucture containing a cluster of ubiquitously expressed

genes.

Construction of hnRNP A2 EGFP reporter constructs

CMV-EGFP-IRES was constructed by digesting pEGFP-N1 (Clontech) with Kpnl and NotI
to liberate the EGFP sequence, this was then ligated into pIRESneo (Clontech) that had
been partially digested with KpnI and then NotI. This created a vector with the EGFP gene
3’ to the CMV promoter and 5’ to IRESneo (CMV-EGFP-IRES).

The CMV promoter was exchanged for the RNP promoter to create the construct referred to
in Figure 22 as RNP. CMV EGFP-IRES was digested with Agel, blunted with T4 DNA
polymerase (50mM Tris pH7.5, 0.05mM MgCl,, 0.05mM DTT, 1mM dNTP, lu T4 DNA
polymerase/ug DNA) and then cut with Nrul to release the CMV promoter to gibe EGFP-
IRES. The RNP promoter was removed from an 8kb hnRNPA2 HindIII clone (8kb Hind
BKS) which contained the promoters and first exons of the RNPA2 and HP1H-y genes.
8kb Hind BKS was cut with BspEI and Tth111I (to release the 630bp promoter) blunted
with T4 DNA polymerase, and the isolated RNP promoter ligated into EGFP-IRES.

5.5RNP was constructed by inserting the EGFP-IRES cassette into 8kb Hind BKS such that
expression of EGFP was under the control of the RNP promoter. The latter was partially
digested with Tth111I, blunted with T4 DNA polymerase and then digested with Sall, this
removed all sequences 3’ to the RNP promoter. The EGFP-IRES cassette was removed
from CMV-EGFP-IRES by digestion with Agel and blunted prior to digestion with Xhol.
This was then ligated into the restricted 8kb Hind BKS.

5.5CMV was constructed by inserting the CMV-EGFP-IRES cassette into 8kb Hind BKS
with the subsequent removal of the RNP promoter. 8kb Hind BKS was cut with BspEI,
blunted and then digested with Sall removing the RNP promoter and all sequences 3’ to the
promoter. The CMV-EGFP-IRES cassette was removed from CMV-EGFP-IRES by
digestion with Nrul and Xhol and ligated into the digested 8kb Hind BKS.
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Approximately 4 kb of DNA was removed from 5.5 RNP to leave 1.5 kb 5’ to the RNP
promoter creating 1.5RNP. This was achieved by digesting 5.5 RNP with BamHI which
gave fragments of 4, 2.9 and 5 kb. The 2.9 and 5 kb fragments were then isolated and
religated to create 1.5 RNP, when the 2.9kb fragment was inserted in the correct

orientation.

The 5.5RNP construct was extended to include hnRNPA2 sequences 3’ to the RNP
promoter (constructs 7.5RNP and 8.5RNP), this region included the first exon and intron of
hnRNPA2. In order to include the EGFP-IRES reporter in these constructs it was necessary
to place the hnRNPA?2 splice acceptor sequence of exon 2 in frame with the EGFP gene
such that the first exon of hnRNPA2 could splice to the EGFP gene and hence EGFP
expression could be driven off the RNP promoter. Two constructs were made which
included the hnRNPA2 splice acceptor, these contained 80bp and approximately 1kb of
sequence 5’ to the second exon, these sequences were obtained by PCR from MA160
which includes the whole hnRNPA2 genomic sequence. The 80bp sequence was isolated
by PCR (20mMTris-HCI pH8.4, 50mM KCl, 1uM Primer, 2mM MgCl,, 0.2mM dNTP 3.5
g MAI160 DNA, S5U Platinum Taq DNA Polymerase) using primers

[S’ACCGGTTCTCTCTGCAAAGGAAAATACC 3] and [5°
GGTACCCTCTGCCAGCAGGTCACCTC 3’], the 1kb fragment was isolated using the
primers [S’ACCGGTTCTCTCTGCAAAGGAAAATACC 3] and

[5’GGTACCGAGCATGCGAATGGAGGGAGAGCTCCG 3°].  The primers were
designed such that the PCR product contained Kpnl and Agel sites at the 5’ and 3’ ends
respectively.  PCR products were then cloned into the TA cloning vector pCR3.1

(Invitrogen).

The 80bp and 1kb fragments were isolated from pCR3.1 as Kpnl-Agel fragments and
ligated into CMV-EGFP-IRES that had been partially digested with KpnI and then cut with
Agel, this created inframe fusions of the splice acceptor (SA) with the EGFP gene.

7.5RNP was constructed by digesting 8kb Hind BKS with Clal, blunting with T4 DNA
polymerase, then digesting with Sall. The 80bp SA-EGFP-IRES cassette was isolated by a
Kpnl partial digest followed by blunting with T4 DNA polymerase and Xhol digestion.
This was ligated into the Clal-Sall digested 8kb Hind BKS. |
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8.5RNP was constructed by an Sphl partial digest of 8kb Hind BKS followed by
digestion with Sall, the 1kb SA-EGFP-IRES cassette was similarly isolated by an
Sphl partial digest followed by restriction with Xhol. The cassette was ligated into
8kb Hind BKS to create 8.5 RNP.

4.0CMV was constructed by excising a 4kb fragment from 8kb Hind BKS with
BamHI/HindIII/BstEIl digestion. The ends of the fragment were then end-filled with
Klenow and T4 DNA polymerase. '

pEGFP-NI (Clontech) was linearised with Asel, the ends blunted as above and then treated
with calf intestinal phosphatase (CIP). Both fragments were then ligated overnight.

p7.5CMV was constructed by excising the 8.3kb fragment from p8kb Hind BKS with
HindIII digestion. The ends of the fragment were then end filled with Klenow and T4 DNA
Polymerase. pEGFP-NI (Clontech) was linearised with Asel, the ends were blunted as
above and then treated with calf intestinal phosphatase (CIP). Both fragments were then
ligated overnight. The resultant clones were screened for both forward and reverse

orientations of the 8.3kb UCOE insert.

pl6CMV was constructed by excising a 16kb fragment from MA551 (hnRNPA2 genomic
clone containing 5kb 5 and 1.5kb 3 sequence including the entire coding region (16kb
fragment shown in Figure 13C)) by Sal I digestion. The ends of the fragment were then end
filled with Klenow and T4 DNA Polymerase. pEGFP-NI (Clontech) was linearised with
Asel, the ends were blunted as above and then treated with calf intestinal phosphatase
(CIP). Both fragments were then ligated overnight. The resultant clones were screened for

both forward and reverse orientations of the 16kb UCOE insert.

CHO transfection

CHO cells were harvested at 2 x 10’ cells/ml in serum free medium. 1 x 107 cells (0.5m1l)

were used per transfection, along with lug (5ul) of linear DNA and 50ug (Sul) of salmon
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sperm carrier DNA. The DNA and cells were mixed and left on ice for 10 minutes. Cells
were electroporated using the BioRad Gene Pulser II™ at 975uF/250V and then left on ice
for 10 minutes. The mix is then layered onto 10mls of complete medium (HF10) and spun
at 1400rpm for 5 minutes. The supernatant is removed and the pellet resuspended in 5mls
of HF10. The cells were then plated out at 5 x 10% or 1 x 10* in 10cm dishes and at 2 x 10°
cells per T225 flask. After 24 hrs the cells were placed under selection, initially at
300ug/ml G418 and then after 4 days at 600ug/ml G418. 10 days after transfection
colonies were stained with methylene blue (2% solution made up in 50% ethanol) and
counted. Duplicate plates were maintained in culture either as restricted pools or as single

cell clones.
Analysis of GFP expression in transfected CHO clones

The transfected cells were maintained on G418 selection at 600pg/ml. Cells were stripped
off 6-well plates for expression analysis of GFP. Cells were washed with phosphate
buffered saline (PBS; Gibco) and incubated in Trypsi/EDTA (Sigma) until they had
detached from the surface of the plates. An excess of Nutrient mixture F12 (HAM)
medium (Gibco) supplemented with 10% foetal calf serum (FCS; Sigma) was added to the
cells and the cells transferred to Sml polystyrene round-bottom tubes. The cells were then
analysed on a Becton-Dickinson FACscan for the detection of GFP expression in
comparison to the autofluorescence of the parental cell population. 19 RNP clones, 24
5.5RNP clones, 21 CMV clones and 12 5.5CMV clones were analysed and the average

taken of the median fluorescence of all the positive clones.
Analysis of GFP expression in transfected CHO pools

Colonies of transfected CHO cells, that had undergone selection on G418, were stripped
from a T225 tissue culture flask and plated on 10cm petri dishes to give approximately 100
colonies/plate. When the colonies had grown up, the cells were stripped and this limited
pool of transfected cells was analysed for GFP expression. GFP expression was monitored
on a regular basis, with the pools split 1:10 every 3-4 days. Cells were always split into 24-
well plates the day before analysis, so that the cells were approximately 50% confluent on

the day of analysis. The cells were then stripped from the 24-well plates and analysed in
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the same way as the previous section. For the expression time course, a marker region
(M1) was set which contained only a minor proportion of the positive population of cells

and was used to investigate any loss of GFP expression from the initial level over time.

FISH analysis of single/low copy number integrants

FISH analysis using the 40kb TBP cosmid pWE-TSN or the pBL3-TPO-pureo.

Mouse Ltk- cells grown in DMEM-10% fetal calf serum were electroporated with the 40kb
TBP cosmid pWE-TSN (Figure 9) or the 25kb plasmid pBL3-TPO-puro. The transfectants
were selected with either 200 mg /ml G418 (TSN) or 5 mg/ml puromycin (TPO) and single
or low copy clones were generated as outlined previously. Logarithmically growing cells
from the selected clones were treated with 0.4mg/ml colchicine for 1 h prior to harvest.
Cells were then hypotonically swollen in 0.056 M KCl, fixed in 3:1 methanol-acetic acid,
and spread on microscope slides to obtain metaphase chromosomes. The slides were
pretreated with 100 mg of RNaseA/m!l in 2XSSC (1XSSC is 0.15 M NacCl, 0.015 M sodium
citrate) for 1 h at 37°C, washed in 2XSSC, and put through an ethanol dehydration series
(70, 90, and 100% ethanol). The chromosomes were denatured at 70°C for 5 min in 70%
formamide-2XSSC, plunged into ice-cold 70% ethanol, and dehydrated as before. One
hundred nanograms of TBP probe (entire TPO plasmid carrying 25 kb of human genomic
DNA comprising the TBP gene) and 50 nanograms of mouse gamma-satellite probe (as
described by Horz et al, Nucl. Acids Res. 9; 683-696, 1981) were labelled with
digoxigenin-11-dUTP and biotin-16-dUTP, respectively, by nick translation (Boehringer)
following manufacturer’s instructions. Labelled probes were precipitated with 1 mg of cot-
1 DNA and 5 mg of herring sperm DNA, resuspended in 50% formamide-2XSSC-1%
Tween 20-10% dextran sulfate, denatured at 75°C, the TBP probe preannealed for 30 min
at 37°C and pooled and applied to the slides. Hybridization was carried out overnight at
37°C. The slides were washed four times for 3 min each time in 50% formamide-2XSSC at
45°C, four times for 3 min each time in 2XSSC at 45°C, and four times for 3 min each time
in 0.1xSSC at 60°C. After being washed for 5 min in 4XSSC-0.1% Tween 20, the slides
were blocked for 5 min in 4XSSC-5% low-fat skimmed milk. The biotin labelled probe was
detected by 30 min incubation at 37°C with each of the following: avidin-conjugated Texas

Red (Vector Laboratories Inc, USA) followed by biotinylated anti-avidin (Vector
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Laboratories Inc, USA) and avidin-conjugated Texas Red (Vector Laboratories Inc, USA).
Digoxigenin labelled probe was detected at the same time as biotin detection with each of
the following: anti-digoxigenin-fluorescein (FITC, Bochringer) followed by mouse anti-
FITC (DAXO) and horse fluorescein-conjugated anti mouse IgG (Vector Laboratories Inc,
USA). Between every two incubations, the slides were washed three times for 2 min each
time in 4XSSC-0.1% Tween 20. The slides were counterstained with DAPI (4’-6-
diamidino-2-phenyliﬁdole) and mounted in Vectashield (Vector Laboratories Inc, USA).
Images were examined with an oil 100X objective on a fluorescence microscope. The
images were capture using a Photometrics cooled charge-couple device camera and Vysis

Smartcapture software.
FISH analysis using the 16RNP-EGFP Construct.

The 16RNP-EGFP vector was constructed by inserting the EGFP-IresNeo expression
cassette and some RNP 5’ sequences from 8.5RNP into MA551. 8.5 RNP was digested
with X#ol, blunted with T4 DNA polymerase and then digested with Pacl, the resulting
fragment was ligated into MAS551 that had been cut with Nkel, blunted and then digested
with Pacl. As with 8.5SRNP expression is driven off the RNP promoter resulting in an in-
frame fusion of exon 1 of RNP with EGFP.

Clones of mouse LTK" cells transfected with 16RNP-EGFP were grown in DMEM-10%

fetal calf serum and 200 png /ml G418. Logaritmically growing cells were treated with
0.4pg/ml colchicine for 1 h prior to harvest. Cells were hypotonically swollen in 0.056 M
KCI, fixed in 3:1 methanol-acetic acid, and spread on microscope slides to obtain
metaphase chromosomes. The slides were pretreated with 100 ug of RNase A/ml in 2xSSC
(1x SSC is 0.15 M NaCl, 0.015 M sodium citrate) for 1 h at 37°C, washed in 2xSSC, and
put through an ethanol dehydration series (70, 90, and 100% ethanol). The chromosomes
were denatured at 70°C for 5 min in 70% formamide-2xSSC, plunged into ice-cold 70%
ethanol, and dehydrated as before. One hundred nanograms of 16RNP-EGFP and 50
nanograms of mouse gamma-satellite (Horz et al., Nucl.Acids Res. 9, 683-696, 1981) were
labelled with digoxigenin-11-dUTP and biotin-16-dUTP, respectively, by nick translation
(Boehringer) following manufacturer’s instructions. Labelled probes were ethanol

precipitated with 5 g of herring sperm DNA and the RNP probe with 1 pug of cot-1 DNA;
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resuspended in 50% formamide-2xSSC-1% Tween 20-10% dextran sulfate; denatured at
75°C, the RNP probe preannealed for 30 min at 37°C; pooled and applied to the slides.
Hybridization was carried out overnight at 37°C. The slides were washed four times for 3
min each time in 50% formamide-2xSSC at 45°C, four times for 3 min each time in 2xSSC
at 45°C, and four times for 3 min each time in 0.1xSSC at 60°C. After being wahed for 5
min in 4xSSC-0.1% Tween 20, the slides were blocked for 5 min in 4xSSC-5% low-fat
skimmed milk. The biotin was detected by 30 min incubation at 37°C with each of the
following: avidin-conjugated Texas Red (Vector Laboratories) followed by biotynylated
anti-avidin (Vector Laboratories) and avidin-conjugated Texas Red (Vector Laboratories).
Digoxigenin was detected at the same time as biotin with each of the following: anti-
digoxigenin-fluorescein (FITC, Boehringer) followed by mouse anti-FITC (DAKO) and
horse fluorescein-conjugated anti mouse IgG (Vector Laboratories). Between every two
incubations, the slides were washed three times for 2 min each time in 4xSSC-0.1% Tween
20. The slides were counterstained with DAPI (4’-6-diamidino-2-phenylindole) and
mounted in Vectashield (Vector). Images were examined with an oil x100 objective on a
Olympus BX40 fluorescence microscope. The images were captured with a Photometrics

cooled charge-couple device camera and Vysis Smartcaprture software.

Copy number determination

Genomic DNA was prepared from cell clones by standard procedures (Sambrook et al.,
1989). Transfected gene copy number was determined by Soutern blot analysis of Hincll
digested genomic DNA. The transgene was detected as a 2.5 kbp band by hybridization to a
1 kpb fragment from 16RNP-EGFP, comprising the neomycin resistance gene, labelled
with [o-*P] dCTP following manufacturer’s instructions (Megaprime DNA labelling
system, Amersham). For normalization, blots were simultaneously hybridized with a lkbp
Ncol fragment, labelled as above, derived from the murine vav locus (Ogilvy et al., 1998)
which gave a 1.4 kbp band. As copy number standards, DNA from several pWE-TSN
clones was digested with PstI and hybridized to the above probes. Hybridization signal

quantification was performed with a Cyclone PhorsphorImager (Packard).

Analysis of GFP expression in transfected Itk clones
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The transfected cells were maintained on G418 selection at 200 pg/ml. Cells at 80-100%
confluency were stripped off 6-well plates for expression analysis of GFP. Cells were
washed with PBS and incubated in Trypsin/EDTA (Sigma) until they had detached from
the surface of the plates. An excess of DMEM (Gibco) supplemented with 10% foetal calf
serum (Sigma) was added to the cells and transferred to 5 ml polystyrene round-bottom
tubes. The cells were then analyzed on a Becton-Dickinson FACscan for the measurement

of GFP fluorescence in comparison to the autofluorescence of an untransfected control.

Production of EBV reporter construct.

A DNA fragment containing the cytomegalovirus (CMV) promoter , the enhanced green
fluorescent protein (EGFP) and the simian virus 40 (SV40) polyadenylation sequence, was
removed from the vector, pPEGFP-N1 (Clontech), by restriction endonuclease digestion with
Ase I and Afl IT using the manufacturers recommended conditions (NEB). The DNA was
electrophoresed on a 0.5% agarose gel to separate the fragment from the vector backbone.
The DNA fragment was cut out of the gel and purified from the gel slice using the standard
glass milk purification technique. The fragment was blunted using T4 DNA polymerase
(NEB) according to the manufacturers conditions and purified by 1:1 (v/v) extraction with

phenol:chloroform:isoamylalcohol (25:24:1) followed by ethanol precipitation.

The reporter cassette was then cloned into the Epstein-Barr virus (EBV) vector, p220.2
(described in International Patent Application WO 98/07876). P220.2 was restriction
endonuclease digested with Hind III (a unique site in the multiple cloning sequence (MCS)
of the vector), blunted and purified in the same way as described above. The reporter
cassette was ligated into p220.2 using T4 DNA ligase (Promega). The ligation reaction was
performed in a 10ul volume using 200ng of the linearised p220.2 and either a molar
equivalent or 5 molar excess of the CMV-EGFP-SV40pA fragment, in 1x ligation buffer
(Promega). The reaction was incubated overnight at room temperature. 2.5ul of the
ligations were transformed into electrocompetent DH50. E.coli cells by electroporation at
2.5kV, 400Q, 25uF followed by the addition of 900ul of SOB medium and incubation at
37°C for 1 hour. 200p1 of each of the transformations were plated on LB-ampicillin agar

plates and incubated overnight at 37°C.
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The resulting colonies were screened for the presence of the reporter cassette by colony
polymerase chain reaction (PCR) with DNA primers in the CMV and EGFP sequence,
using Taq polymerase (Advanced Biotechnologies) with the manufacturers standard
conditions. Positive colonies were grown overnight in LB-ampicillin medium and were
analysed as alkaline-lysis DNA minipreparations (Qiagen). The DNAs were screened for
the correct orientation of the fragment using Bam HI restriction endonuclease digestion.

The resultant construct was named p220.EGFP.

p220.EGFP was demonstrated to express EGFP by analysis on a Becton-Dickinson
FACScan, after electroporation into K562 cells, using essentially the same method as

described below.

Production of EBV reporter constructs containing the hnRNPA2 16kb (RNP16)
UCOE fragment.

A Sall site was removed from p220.EGFP by partial restriction endonuclease digestion of
the vector with Sal I, followed by blunting and religation of the vector, thus leaving a
unique Sal I site in the multiple cloning site (MCS) of the vector which could be utilised for
the cloning of the 16kb RNP fragment. The resultant vector was restriction endonuclease
digested with Sal I, treated with calf intestinal phoshatase (to prevent recircularisation of
the vector during the ligation) and purified by phenol:chlorofom extraction and ethanol

precipitation.

The 16kb RNP fragment was removed from the vector, MAS51, using the restriction
endonuclease, Sal I, and was blunted, purified by electroelution and ligated into the
linearised vector. The ligation reactions were set up in the same way as previously
described (using a molar equivalent amount of the fragment), followed by transformation
and screening of the colonies for the presence of the fragments. Colonies were screened as
DNA  minipreparations, with positive colonies being confirmed by agarose gel
electrophoresis analysis. The correct orientation of the 16kb RNP fragment was determined
by restriction endonuclease analysis using Not I. The resultant construct was named

p220.RNP16.
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Transfection of EBV reporter constructs into Hela cells.

Hela cells were transfected in 6-well plates with p220.EGFP and p220.RNP16, using the
CL22 peptide-mediated delivery system described in International Patent Application WO
98/35984 and described below. After culture for 24 hours, hygromycin B (Calbiochem)
selection was added to a final concentration of 400pug/ml. Hygromycin B-resistant colonies
of cells were maintained in culture and analysed periodically for GFP expression on a
Becton-Dickinson FACScan. Cells were routinely split into 24-well plates the day before
analysis so that they were approximately 50% confluent on the day of analysis. For the
expression time course, a marker region was set which contained the GFP-expressing
population of cells and this marker was used to investigate the stability of GFP expression
over time. Transfected Hela cells were also taken off hygromycin B selection to investigate
the stability of GFP expression, in the absence/presence of the UCOE, without selection

pressure.

Cloning of CET200

PEGFPN1 was restricted with Nhel/Notll and the following oligos were anealed and

inserted to create the multiple cloning site (MCS):
5’ CTAGCGTTCGAAGTTTAAACGC 3’
5 GGCCGCGTTTAAACTTCGAACG 3’

The resulting plasmid was restricted with Asel blunted and the 8.3kb HindIIl fragment
blunted RNP A2 fragment inserted. The resulting orientation was then determined creating

the final vector CET200 (see Figure 49)

Cloning CET201

pUC19 was restricted with EcoRI/Arl and blunted, removing one Pvul site thus creating a
unique Pvul site for linearisation (pUC19A). The MCS was removed from pEGFPN1 by
digestion with Nhel/Agel and blunted. This creates the Nhel site. The CMV EGFP SV40
cassette was removed as a AfllI-blunt Asel fragment and inserted into pUC19A tthat had
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been restricted with Pvull and pGK puro bGH (from pGK-puro-BKS) was inserted
withNdel. The resulting vector was then restricted with Nhel/Notl removing EGFP and the
MCS inserted as described above. The MCS containing vector was then restricted with
HindIII and the 8.3kb RNP HindIII fragment inserted creating the final vector CET210 (see
Figure 49).

Preparation of Plasmid Containing a UCOE

Cloning of RNP-UCOE containing reporter constructs

p8kb Hind BKS contained a 8.3kb HindIIl genomic fragment of the RNP locus which
contained the promoters and first exons of RNPA2 and HP1H-y genes.

pCMYV EGFP-IRES was constructed by digesting pEGFP-N1 (Clontech, same as CMV-
EGFP Figure 35) with Kpnl and NotI to liberate the EGFP sequence, this was then ligated
into pIRESneo (Clontech) that had been partially digested with Kpnl and then Notl. This
created a vector with the EGFP gene 3’ to the CMV promoter and 5° to IRESneo.

IntronA-CMYV was cloned by taking the 1.5kb IntronA-CMV fragment from pTX0350 (a
pUC based CMV IntronA-MAGEI plasmid) with Nrul (blunt cutter ) and Hind III. pEGFP-
NI was digested with Asel and the ends of the fragment were then end filled with Klenow
and T4 DNA Polymerase. This was then digested with HindIII to obtain a 4.2 Kb fragment.

Both fragments were then ligated overnight.

p4.0CMV was constructed by excising a 4kb fragment from p8kb Hind BKS with
BamHI/HindII/BstEIIl digestion. The ends of the fragment were then end-filled with
Klenow and T4 DNA polymerase.

pEGFP-N1 (Clontech) was linearised with Asel, the ends blunted as above and then treated
with calf intestinal phosphatase (CIP). Both fragments were then ligated overnight. The
resultant clones were screened for both forward and reverse orientations of the 4kb UCOE

insert.
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p7.5CMV was constructed by excising the 8.3kb fragment from p8kb Hind BKS with
HindIII digestion. The ends of the fragment were then end filled with Klenow and T4 DNA
Polymerase. pEGFP-NI (Clontech) was linearised with Asel, the ends were blunted as
above and then treated with calf intestinal phosphatase (CIP). Both fragments were then
ligated overnight. The resultant clones were screened for both forward and reverse

orientations of the 8.3kb UCOE insert.

p16CMYV was constructed by excising a 16kb fragment from MAS551 (hnRNPA2 genomic
clone containing 5kb 5’ and 1.5kb 3’ sequence including the entire coding region) by Sal I
digestion. The ends of the fragment were then end filled with Klenow and T4 DNA
Polymerase. pEGFP-NI (Clontech) was linearised with Asel, the ends were blunted as
above and then treated with calf intestinal phosphatase (CIP). Both fragments were then
ligated overnight. The resultant clones were screened for both forward and reverse

orientations of the 16kb UCOE insert.

Transfection of HeL a cells using the C1.22 Peptide

The CL22 peptide has the amino acid sequence:
NH,-KKKKKKGGFLGFWRGENGRKTRSAYERMCNILK GK-COOH

The CL22 peptide was used as a transfecting agent in accordance with the methods

described in W0 98/35984.

HeLa cells are routinely cultured in EF10 media, spliting a confluent flask 1:10 every 3 to 4
days. 24 Hours prior to transfection, cells were seeded at 5x10* per well (6 well plate).
Complexes were formed 1 hour prior to transfection by mixing equal volumes of
DNA:CL22, which are at concentrations of 40pg/ml and 80pg/ml respectively in Hepes
buffered saline (10mM Hepes pH7.4, 150mM NaCl), and incubated at room temperature
for 1 hour. Media was removed from cells, which were then washed with 1% phosphate
buffered saline. 2.5ug of DNA:complex (125ul) was then added to the cells and the volume
made up to 1 ml with RAQ (RPMI media (Sigma), 0.1% human albumin, 137uM
chloroquine (added fresh)) which gives a final concentration of chloroquine of 120puM.

Cells and complex were incubated for 5 hours at 37°C. The complex was then removed and
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replaced with EF10 media (Minimal Essential medium (Sigma), 10% Foetal calf serum,

100 unit/ml penicillin/ 0.1mg/ml streptomycin, 1x Non-Essential amino acids (Sigma)).

Analysis of GFP expression in transfected HeL a cells

Cells were stripped off 6-well plates for expression analysis of GFP. Cells were washed
with phosphate buffered saline (PBS; Gibco) and incubated in Trypsin/EDTA (Sigma) until
they had detached from the surface of the plates. An excess of EF10 medium (Gibco)
supplemented with 10% foetal calf serum (FCS; Sigma) was added to the cells and the cells
transferred to 5ml polystyrene round-bottom tubes. The cells were then analysed on a
Becton-Dickinson FACscan for the detection of GFP expression in comparison to the

autofluorescence of the parental cell population.

Preparation of total DNA samples

Inorder to examine the episomal DNA content of the transfected populations, a total
preparation of cellular DNA was made. The cells were washed with PBS and then lysed
with lysis buffer [10mM tris pH7.5, 10mM EDTA pH 8.0, 10mM NaCl and 0.5% Sarcosyl
to which was added fresh Proteinase K 1mg/ml F/C]. The cell lysate was scrapped off the
plate and transferred to an eppendorf tube with a wide bore pipette. Following overnight
incubation at 65°C the cell lysate was phenol/chloroform extracted and ethanol precipitated.

The DNA pellet was resuspended in TE pHS.0.

Detection of Episomal DNA in total genomic DNA samples

Total genomic DNAs, prepared from transfected cells, 7 days after transfection, were
restriction endonuclease digested using an endonuclease that linearised the DNA constructs
used in the transfection and therefore any episomal DNA present in the sample. Apa LI
(NEB) was used for mock, CMV-EGFP, IntronA-CMV and 4.0CMV forward and reverse
samples. BspLU11 I (Boehringer) was used for 7.5CMV forward and reverse samples.

10pl (20% of the sample) of total genomic DNA were digested with 30 units of restriction
endonuclease, for 16 hours according to the manufacturers recommended conditions. The

samples were electrophoresed for 400 volt/hours on a 0.6% agarose gel along with 100pg
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or 4ng of linearised plasmid controls. The gel was then transferred to Hybond-N
Hybridisation transfer membrane (Amersham) by Southern blotting. Briefly, the gel was
incubated 1n 0.25M HC1 for 15 minutes to depurinate the DNA, followed by denaturation
in 1.5M NaCl/0.5M NaOH for 45 minutes and neutralisation in 1.5M NaCl/0.5M Tris-Cl,
pH7.0, for 45 minutes. The DNA was then transferred from the gel to the membrane by
capillary blotting in 20X SSC (3M NaCl, 0.3M Najscitrate-2H,0, pH 7.0) for 16 hours. The
filter was air-dried for 1 hour and cross-linked for 2 minutes using a UVP CL-100
ultraviolet crosslinker (GRI) at an energy setting of 1200. The membrane was probed using
a radioactive EGFP probe using “Church hybridisation conditions”. The membrane was
prehybridised in 0.5M NaPi pH7.2, 1% SDS at 65°C for longer than 2 hours. An EGFP
fragment of DNA was removed from pEGFP-N1 (Clontech) by restriction endonuclease
digestion with Bgl II/Not I (NEB), separated by electrophoresis and purified from the gel
slice using a GFX™ PCR DNA and Gel Band Purification kit (Amersham Pharmacia
Biotech). 50ng of the EGFP fragment were labelled with a->*P dCTP (3000Ci/mmol;
Amersham) using a Megaprime DNA labeling kit (Amersham). The labelled probe was
mixed with 100pl of 10mg/ml salmon: sperm DNA, incubated at 95°C for 10 minutes and
placed on ice followed by addition to the hybridisation. The membrane was hybridised for
16 hours at 65°C, followed by two 30 minute washes in 40mM NaPi pH7.2, 1% SDS at
65°C. The radiolabelled membrane was then analysed on a Cyclone storage phoshor

system (Packard) after exposure on a super resolution phosphor screen.

Fluorescence Microscopy

The transfected cells cultured in 6-well plates were viewed under fluorescence using a Zeiss

Axiovert S100 inverted microscope. Photography was carried out at regular timepoints

throughout using a Zeiss MC100 camera and Fujichrome Provia 400ASA film.

EXAMPLE 1

ANALYSIS OF THE HUMAN TBP GENE LOCUS

Mapping the TBP gene domain
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The human TBP gene is 20kb in length (Chalut ez al., 1995), located on chromosome 6q27-
tel (Heng et al., 1994) and is closely linked to the gene encoding the protein C5 which
forms part of a ubiquitous proteosome (Figure 1A and C; Trachtulec, Z. et al., 1997). The
C5 gene is divergently transcribed from a position 1kb upstream from the cap site of TBP.
TBP and C5 may therefore comprise dual promoters. This has important ramifications with
regards to the construction of expression vectors based on TBP since dual promoters do not
necessarily function with equal efficiency in both directions (see Gavalas and Zalkin,

1995).

Sequence analysis has revealed that the TBP/C5 promoter regions are contained within a
methylation-free, CpG-island of 3.4kb. This extends from a Fspl site within intron 1 of C5
and a HindIlI site within intron 1 of TBP and encompasses the most 5 1 kb sequences of
the first intron of both genes as well as the 1.4kb region between their transcriptional start

sites (Figure 1B).

The human TBP gene locus consists of 3 closely linked genes. The PSMB1 gene (also
referred to herein as C5) is divergently transcribed from a position 1 kb upstream from the
cap site of TBP. The 3’ end of a recently identified gene, PDCD2 is located 5 kb
downstream of TBP. These 3 transcription units span a total of 50 kb. Downstream of the
PSMBI1 gene in the direction of the centromere, there is a region of at least 80kb which
consists of blocks of repeat sequence DNA with no identifiable structural genes. Upstream
of the PDCD2 gene toward the telomere there is a 30 kb stretch of repeat, non-coding
sequences followed by a potential new transcription unit. The PDCD2 gene is
approximately 150 kb from the start of the telomeric repeat region. This makes the TBP

locus the first structural gene cluster from the telomere on the long arm of chromsome 6.
Pattern of gene expression from the TBP domain

The tissue distribution of expression from within the TBP gene cluster was assessed using a
commercially available dot-blot prepared with poly(A)"-RNA derived from a wide range of
human tissues and cell types (Figure 35A). Hybridisation of this dot-blot with appropriate
probes showed that the PSMB1 (Figure 35B), PDCD2 (Figure 35C) and TBP (Figure 35D)
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genes are all ubiquitously expressed. These data confirm that the TBP locus consists

exclusively of a ubiquitously expressed chromatin domain.
Mapping transgene integrity in mice harbouring pCP2-TLN

The pCYPAC-2 derived clone pCP2-TLN (Figure 1) which is 90kb in length was used to
generate transgenic mice. This clone starts at a position 46kb downstream of the C5 gene
(65kb 5° of TBP) and terminates 4.5kb 3” of TBP. This clone therefore possesses both C5
and TBP genes in their entirety.

Three transgenic lines with pCP2-TLN have been produced. The initial Southern blot
analysis with probes derived from the ends of pCP2-TLN showed that line TLN:3
possesses two copies of the transgene (Figure 2ab lanes TLN-3) in a head-to-tail
configuration (Figure 3a, lanes TLN:3). However, one copy appears to have suffered a 5’
deletion, which extends into the TBP promoter (Figure 4, lanes TLN:3). Line TLN:8 by end
fragment analysis appeared to harbour 3 copies of pCP2-TLN (Figure 2a,b lanes TLN-8).
Line TLN:28 appeared to harbour several copies at multiple integration sites (Figure 3a,
lanes TLN:28).

A summary of the initial analysis of transgene copy number and integrity in these TLN

mice is shown in Figure 3B.

Further analysis of the transgenic lines produced with pCP2-TLN has now shown that line
TLN:3 contains two deleted copies of pCP2-TLN such that a single functional copy of the
TBP and PSMBI1 genes remains intact (Figure 3C, TLN:3). Line TLN:8 harbours two,
tandem integrated copies of pCP2-TLN (Figure 3C, TLN:8). Line TLN:28 possesses 4
tandem arranged copies of pCP2-TLN (Fifure 4, TLN:28). The deletions at the 5’ and 3°
ends of the transgene tandem arrays in TLN:8 and TLN:28 still leave the PSMB1 and TBP

genes intact.
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As expected the methylation-free island of TBP/CS is preserved in transgenic mice (data
not shown) as has been observed for the 5 region of other genes which harbour a CpG-rich

domain (e.g. murine Thy-1; Kolsto et al., 1986)
Expression analysis of the TBP and C5 transgenes on pCP2-TLN in mice

An RT-PCR based assay that would simultaneously detect both the endogenous murine as
well as the human transgene TBP and C5 message was developed. Primers (TB-14 and TB-
22) for the RT-PCR reactions were selected from a region of homology between the human
and mouse TBP cDNA sequence (Figure 5b). This allows an RT-PCR product of 284 bp to
be produced from both mRNAs by a single pair of primers. In order to distinguish between
the human and mouse TBP products, minor base differences resulting in changes in the
presence of restriction enzyme sites are exploited. Digestion with Bsp14071 cleaves the
human PCR product, giving rise to a fragment of 221 nucleotides (nt) (Figure 6a).
Similarly, from a region of homology between the human and mouse C5 cDNA sequence
(Figure 5a), allowed the generation of an RT-PCR product of 350nt from both sequences.
Cleavage with Ps:I reduced the size of the product derived from the murine C5 mRNA to
173nt (Figure 7a)

Primers TB14 (Figure 5b) and CSRTF (Figure 5a) were end-labelled with %P resulting in
the generation of radioactive products after the PCR reaction. These products are finally

resolved by electrophoresis on denaturing polyacrylamide gels (Figures 6b-c and 7b).

Total RNA (1pg) from various tissues of transgenic mouse lines TLN:3, TLN:8, and
TLN:28, were subjected to the above analytical procedure and quantified by
Phosphorlmager analysis (Figure 8). All mice showed significant levels of expression of
both the human TBP and CS5 transgenes in all tissues analysed including TLN:3, which
harbours a single intact copy of these two genes. Most importantly, a reproducible level of
expression was observed between tissues in a given mouse line especially for C5. This
indicates that the TLN clone in all likelihood possesses a ubiquitous chromatin opening
capability. However, some variation in the level of expression per transgene copy number
was observed between mouse lines. In addition, expression of TBP in line TLN:8 between

tissues also varied from 5-40%. These results suggest that although TLN possesses a
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chromatin opening capability, the C5 and especially the TBP promoters are prone to
positive and negative transcriptional interference. This in turn implies that the inherent
transcriptional activating potential of the TBP and C5 regions on this clone are weak and
therefore unable to always exert a dominant effect over position effects. This is in contrast
to what seems to be a chromatin opening UCOE effect of this region, which is strong and
appears to over-ride such positon effects. This hypothesis is supported by the observation
that the weaker TBP promoter is more prone to variability; compare, for example, the ratio

of TBP levels between spleen and muscle with that for C5 in line TLN:8 (Figure 8).

Transgene expression analysis as described previously, was carried out using tissues from
mice that were between 2 and 6 months of age. The stability of transgene expression was
also assessed in 23 month old mice from lines TLN:3 and TLN:8 by analysing PSMB1
mRNA. Similar results were obtained in both lines compared to that obtained with the
younger animals. The result further demonstrates that the transgenes are maintaining a

transcriptionally competent open chromatin structure.
Expression Analysis of a 40kb sub-clone of the TBP locus

The reproducible, physiological levels of expression given by the pCP2-TLN clone in
transgenic mice indicate that it possesses a ubiquitous chromatin opening capability. As a
first step to fine mapping the region(s) of DNA responsible for this activity, we have begun
to analyse a 40kb subclone (pCP2-TSN; Figure 1a) of the human TBP locus. The pCP2-
TSN clone possesses 12kb of both 5* and 3’ flanking sequences surrounding the TBP gene.

As aresult it only harbours a complete TBP gene and a 3’ truncated mutant of C5.

Previous work with the human B-globin LCR demonstrated that an initial indication for the
presence of LCR activity may be obtained by comparing expression levels between stable
transfected tissue culture cell clones harbouring a single copy of the transgene. It has been
found that the more complete the LCR element, the higher the degree of reproducibility of
expression between independent clones. Expression analysis of pCP2-TSN was conducted

using this strategy to assess for the presence of LCR-type activity.
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pCP2-TSN was first cloned into the cosmid vector pWE15 (Clontech) which possesses a
neomycin resistance gene (Figure 9). The resulting pWE-TBP construct. was then used to
generate stable transfected clones of murine fibroblast L-cells. The transgene copy number
of 23 clones was then determined by Southern blot analysis (Figure 10). A number of
clones representing a range of copy numbers were then selected and analysed for transgene
expression as described for the transgenic mice above. The results are summarised in
Figure 11 and show that expression at or above physiological levels are obtained per copy
of the transgene up to a number of eight. With copy numbers of 20 or more, expression

levels per transgene are reduced to 30-40% of wild type.

These data demonstrate that reproducible, physiological levels of expression can be
produced by pCP2-TSN at both single and multiple transgene copy numbers. This strongly
suggests that this genomic clone possess a ubiquitous chromatin opening capability. There
are clearly a number of clones (e.g. number 4, 33 and 6), which show a pronounced
“positive” position effect giving rise to expression levels that are markedly greater than
physiological per transgene copy. This would be the anticipated outcome in certain cases
where integration of the transgene had taken place within already open, active chromatin.
The nearby presence of a strong transcriptional enhancer under these circumstances would

be expected to have a stimulatory effect on the inherently weak TBP promoter.

The stability of expression of the constructs was tested over a 60 day period. Expression
levels were found to remain constant (Figure 36). This was even the case when drug
selective pressure was removed (Figure 36, lanes marked ~G418). In addition, expression
remained stable through successive freeze and thaw cycles of the cells regardless of

whether drug selective pressure was maintained.

Expression Analysis of a 25kb sub-clone of the TBP locus

The 25 kb genomic clone (TPO) spanning the TBP gene with 1 kb 5” and 5 kb 3’ flanking
sequences (Figure 1C) was cloned into the polylinker region of a modified pBluescript
vector harbouring a puromycin resistance gene to give pBL-TPO-puro as described above.

The construct was used to generate stable transfected clones of murine fibroblast L-cells.
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The pBL-TPO-puro construct gave similar results to those obtained using the TSN
construct (Figure 37). The data demonstrate that reproducible physiological levels of
expression can be produced by both TSN and TPO at single and multiple transgene copy
numbers. The data is consistent with the genomic clones possessing a ubiquitous chromatin
opening capability. This surmise is further enhanced by the finding that TPO clone
numbers 7 (two copies), 29 (single copy) and 34 (two copies) are centromeric integration
events (data shown below) demonstrating that the genomic fragment has the ability to

express from within a heterochromatin enviroment.

There are clearly a number of clones (e.g. Figure 37, clone 11), which show a pronounced
“positive” position effect giving rise to expression levels that are markedly greater than
physiological per transgene copy. This would be the anticipated outcome in certain cases
where integration of the transgene had taken place within already open, active chromatin.
The nearby presence of a strong transcriptional enhancer under these circumstances would

be expected to have a stimulatory effect on the inherently weak TBP promoter.

Similar results have also been obtained using Hela cells instead of CHO cells (data not

shown).
Mapping DNase I hypersensitive sites

All known LCR elements have been found to be regions of high, tissue-specific DNase I
hypersensitivity, indicative of the highly open chromatin configuration which these
elements are thought to generate. We have therefore begun to analyse for the presence of
DNase I hypersensitive (HS) sites both within and around the human TBP gene. Figure 12
summaries a series of experiments using nuclei from the human myelogenous leukaemia
cell line K562, which maps DNase I HS sites over a 40kb region starting from 12kb 5’ and
extending 4.5kb 3’ of the TBP gene. The only HS sites that are evident throughout this
region map to the immediate promoter regions of the C5 and TBP genes (Figure 12, top
panel, HindlIl digest/Hindlll-Xbal probe). These HS sites correlate well to previously
1dentified promoter elements important for TBP and C5 gene expression as determined by
transient transfection assays (Tumara, T. et al., 1994; Foulds and Hawley, 1997). However,

it would appear that if LCR-type elements are present within this locus, they are at a
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considerable distance from the transcriptional start sites of both the TBP and C5 genes.
This places any LCR-type element outside of the 40kb clone spanning the TBP gene that

has given an initial indication of ubiquitous chromatin opening capability.

FISH Analysis

A total of 34 clones carrying 1-2 copies of the human TBP transgene were analyzed by
FISH. The TBP transgene and the heterochromatin component of the mouse centromere,
the gamma or major satellite, were detectéd with Fluorescein and Texas Red, respectively.
This produced green and red fluorescent signals in the clones in which the transgene had
integrated into the chromosome arm (see Figure 39A). However, in the case of centromeric
integration both signals colocalized and a mixture of both colours could be detected as a
yellow fluorescent signal. Two clones, 344-6 and 344-37, out of the 18 generated with
pWE-TSN, showed the transgenic signal in the centromeric region. In clone 344-6, the TBP
transgene had integrated in the centromere of a Robertsonian chromosome, whereas

integration in clone 344-37 was in a typical mouse acrocentric chromosome.

Three clones, 440-7, 440-29, and 440-34, out of the 16 generated with pBL3-TPO-puro,
showed centromeric integration in typical acrocentric chromosomes. Clone 440-29, which
carried a single copy of the TBP transgene, showed the TBP signal clearly surrounded by
heterochromatic satellite sequences (see Figure 39B and C). It was further shown that these
clones continued to express TBP at physiological levels for at least 12 to 14 weeks in the

absence of selection (data not shown).

These results show that a single copy of the 25kb fragment of the TBP locus (TPO) is
capable of ensuring physiological expression even in the context of a heterochromatic
location (i.e. centromeric integration), and thus provides formal proof of chromatin opening
(Sabbattini P, Georgiou A, Sinclair C, Dillon N (1999) Analysis of mice with single and
multiple copies of transgenes reveals a novel arrangement for the AS-Vep1 locus control

region. Molecular and Cellular Biology 19: 671-679).
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EXAMPLE 2
ANALYSIS OF THE HUMAN HNRNP A2 GENE LOCUS
Mapping the hnRNP A2 gene domain

The hnRNP A2 gene is composed of 12 exons spanning 10kb and is highly homologous to
the hnRNP-A1 gene in its coding sequence and overall intron/exon structure indicating that it
may have arisen by gene duplication (Biamonti et al., 1994). However, unlike the Al gene no
A2-specific pseudogenes have been found (Burd et al., 1989; Biamonti et al., 1994). In
addition, the Al and A2 genes are not genetically linked being on human chromosomes
12q13.1 (Saccone et al.,, 1992) and 7p15 (Biamonti et al., 1994) respectively. Figure 13A
depicts a genetic map of the human hnRNP A2 locus present on the 160kb pCYPAC-2
derived clone MA160. This genomic fragment possesses 110kb 5° and 50kb of 3’ flanking
sequences. The DNA sequence of the 4.5 kb region upstream of the known transcriptional
start site of the hnRNP-A2 was determined. This identified the position of the gene for the
heterochromatin-associated protein HP1y to be divergently transcribed from a position
approximately 1-2 kb 5’ of the hnRNP-A2 cap site (Figure 13C). Southern blot analysis

indicates that the entire HP1y gene is contained within a region of 10 kb (data not shown).

Therefore the TBP and hnRNP-A2 gene loci share the common feature of closely linked,

divergently transcribed promotors.

The pattern of expression of the HP1y gene within human tissues was assessed on a dot-blot
prepared with poly(A)*-RNA derived from a wide range of human tissues and cell types.
The results (Figure 38) show that the gene, like that for hnRNP-A2 is also ubiquitously
expressed. The two genes can therefore be seen to form a ubiquitously expressed gene

domain similar to that of the TBP locus.

Functional analysis of the hnRNP A2 locus in transgenic mice
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MA160 (Figure 13A) was used to generate transgenic mice. Southern blot analysis of the
two founders that have bred through to the F1 stage has shown that these lines possess 1-2

copies of the transgene (data not shown).

A similar RT-PCR based assay to that used for TBP was used to analyse expression of the
human hnRNP A2 transgene. The cDNA sequence of the murine hnRNP A2 is not known.
Therefore, we could not select a region of homology between human and mouse hnRNP A2
by sequence comparison for RT-PCR amplification. We initially chose two primers Hn9
and Hnll, which correspond to sequences within exons 10 and 12 respectively of human
hnRNP A2 (Figure 14A) and gives rise to an RT-PCR product of 270bp. However, we
found that these two primers gave an identical sized product from both human and mouse
RNA preparations (Figure 14B) indicating a region of homology between these two
species. Tests with a range of restriction enzymes also revealed that HindlIl is able to cut
the murine (Figure 14B, lane HindIII M) but not the human (Figure 14B, lane HindIII H)
product to give a fragment of 170bp.

Total RNA (1pg) prepared from various tissues of an F1 transgenic mice of line Hn35 and
Hn55, were then analysed using the above method with **P-end labelled 5° Hn9 (Figure
16). Phosphorlmager analysis was used to quantify the ratio of human to mouse RT-PCR
products. The results (Figure 17A) show that reproducible, physiological levels of

expression per transgene copy number are obtained in all tissue types analysed.

Analysis of 60kb subclone of the hnRNP A2 locus in transgenic mice

The data obtained with the MA160 pCYPAC-derived clone indicate that this genomic
fragment possesses a ubiquitous chromatin opening capability. In order to further define
the location of the DNA region(s) responsible for this activity, transgenic mice were
generated with a 60kb Aarll sub-fragment (Aa60) obtained from MA160 (Figure 13B).
This fragment possesses 30kb 5’ and 20kb 3’ flanking sequences around the hnRNPA-2

gene.
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Three transgenic mice (Aa7, Aa23 and Aa31) have been generated to date with the Aa60
fragment, two of which (Aa23 and 31) have bred through to establish lines. Estimated
transgene copy numbers are: Aa7, 3; Aa23, 1-2; Aa31, 1-2).

Total RNA (1pg) from a range of tissues was analysed for transgene expression as
described above. The results are shown in Figure 15 and quantified by PhosphorImager
(Figure 17B). These data show that all transgenic mice express at a reproducible level per
transgene copy number in all tissues analysed. This indicated that the ubiquitous chromatin

opening capacity shown by MA160 is preserved on the Aa60 sub-fragment.

Mapping of DNase I hypersensitive sites

The results of preliminary experiments to map DNase I HS sites over a 20-25kb region 5’
of the transcriptional start point of the human hnRNP A2 gene are shown in Figure 18. A
766bp probe from exon 2 on a double restriction enzyme digest with AarIl and Clal, gave a
series of three HS sites (Figure 18, upper panel) corresponding to positions -1.1, -0.7 and -
0.1kb 5° of the hnRNP A2 gene (Figure 18, lower panel). We have also extended the
analysis to 12-13 kb downstream of the transcriptional start of hnRNP-A2 and no further
HS sites where identified.

As in the case of the TBP/CS5 locus, these HS sites correspond to the 1-2kb region between
the promoter of hnRNP A2 and the HP1H-y gene. No LCR-type HS sites were detected
indicating that the chromatin opening capacity of this locus is not associated with this type

of element.

The data presented clearly show we have been able to obtain reproducible, ubiquitous,
physiological levels of expression with two different gene loci (TBP and hnRNP A2) in all
tissues of transgenic mice. This indicates that genetic control elements, not derived from an

LCR, with a ubiquitous chromatin opening capability do indeed exist.

It is important to note that the data herein presented demonstrate a totally different function
to the previously published results using promoter-enhancer combinations from other

ubiquitously expressed genes such as human B-actin (e.g. see Ray, P. et al, 1991;
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Yamashita et al., 1993; Deprimo et al., 1996), murine hydroxy-methylglutaryl CoA
reductase (Mehtali et al., 1990), murine adenosine deaminase (Winston et al., 1992 and
1996), human omithine decarboxylase (Halmekytd et al., 1991) and murine
phosphoglycerate kinase-1 (McBurney ez al., 1994). In these earlier studies high levels of
expression were observed in only a subset of tissues and a chromatin opening function was

not demonstrated or tested for.

In the case of the TBP gene, expression data from tissue culture cells (Figure 11) indicate
that this ubiquitous chromatin opening capacity is contained within a 40kb genomic

fragment with 12kb of 5’ and 3’ flanking sequences (pCP2-TSN, Figure 1a).

Transgenic mouse data with a 60kb fragment spanning the hnRNP A2 gene (Aa60; Figure
13B), indicate that the region with a ubiquitous chromatin opening capacity is contained

on this fragment (Figures 15-17).

The only DNase I HS sites that have been mapped to these regions to date correspond to
classical promoter rather than LCR-type elements. Therefore, the regions of DNA which
act as ubiquitous chromatin opening elements (UCOEs) do not meet the definition of LCR
elements which are associated with genes that are expressed in a tissﬁe-speciﬁc or restricted
manner. UCOEs and their activities can therefore clearly be distinguished from LCRs and

LCR derived elements.
Expression Vector Development

Sub-fragments of the 60kb RNP region are assayed for UCOE activity using reporter based

assays.

Expression vectors containing sub-fragments located in the dual promoter region between
RNP and HP1H-y were designed using both GFP and a Neo® reporter genes, as described
above and as shown in Figure 22. These include a control vector with the RNP promoter
driving GFP/Neo expression (RNP), a vector comprising the 5.5kb fragment upstream of
the RNP promoter region and the RNP promoter (5.5RNP), vectors constructed using a

splice acceptor strategy wherein the splice acceptor/branch consensus sequences (derived
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from exon 2 of the RNP gene) were cloned in front of the GFP gene (ensuring that the
entire CpG island including sequences from RNP intron 1 can be tested in the same
reporter-based assay), resulting in exon 1/part of intron 1 upstream of GFP (7.5RNP),
carrying 7.5kb of the RNP gene preceeding the GFP gene, and a vector comprising the
1.5kb fragment upstream of the RNP promoter region and the RNP promoter (1.5RNP).

Expression vectors comprising the heterologous promoter CMV are also described above
and are shown in Figure 23. These include control vectors with the CMV promoter driving
GFP/Neo expression with an internal ribosome binding site (CMV-EGFP-IRES) and
without an internal binding site (CMV-EGFP), a vector comprising the 5.5kb fragment
upstream of the RNP promoter region and the CMV promoter driving GFP/Neo expression
(5.5CMV), a vector comprising 4.0kb sequence encompassing the RNP and the HP1H-y
promoters and the CMV promoter driving GFP/Neo expression (4.0CMV), and a vector
comprising 7.5kb sequences of the RNP gene including exon 1 and part of intron 1, and the

CMV promoter driving GFP-Neo expression.

These constructs were transfected into CHO cells by electroporation, as described above.
Addition of the 5.5kb region in front of the RNP promoter resulted in a 3.5-fold increase in
number of G418® colonies, Figure 24. Transfection of these same constructs into COS7
cells using a nucleic acid condensing peptide delivery strategy showed an increase in

colony numbers closer to 7-fold (data not shown).

A 1.5-fold increase in colony numbers was also observed after transfection of the CMV-

based vectors (i.e. CMV vs. 5.5CMV) into CHO cells, Figure 24.

Ring cloning of colonies from these transfections resulted in stable G418® cell lines which
could then be analysed for GFP expression levels. The FACS data is shown in Figure 25.
Addition of the upstream sequences resulted in a 3.5-fold increase in GFP expression when
assayed with the endogenous promoter (RNP vs 5.5 RNP). An increase in GFP expression
is also seen with addition of the 5.5kb sequence in front of the heterologous CMV promoter

(CMV vs 5.5CMV).
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Extension of the constructs to include the entire methylation free island showed no increase
in the number of G418® colonies as compared with 5.5RNP, but there was an increase in

the average median GFP fluorescence (5.5RNP cf. 7.5RNP; see Figure 26).

GFP expression of individual clones and restricted pools (approx. 100 colonies) were
followed over time culturing the cells with/without G418 selection. Clones generated with
the RNP promoter alone showed dramatic instability, with the percentage of GFP
expressing cells rapidly decreasing over time. Clones expressing GFP from the 5.5RNP
construct in comparison were stable for more than 3 months. Although CMV-GFP pools
initially show better stability, after prolonged culturing in the absence of G418 a decrease in
the number of GFP expressing cells was evident, in comparison to the 5.5CMV populations
which remained completely stable. Figures 27 and 28 show FACs profiles of these
populations clearly indicating a shift to the left i.e. an increasing proportion of non-
fluorescent cells with the CMV-GFP construct. In contrast the 5.5CMV-GFP pools show a
stable uniform peak of expression over time. The percentage of low or non-expressing cells

is estimated from a gated population M1.

The studies on the RNP locus have narrowed in on a 5.5kb region covering the dual
promoters of the RNP and HP1H-y genes. Extension of this fragment in the 3’ direction
(7.5RNP or 8.5RNP) shows an enhancement in the level of gene expression and may relate
to maintaining the methylation free islands intact. It has also been found that minimisation
of the 5.5kb sequences to a 1.5kb region (1.5RNP, Figure 23) does not dramatically affect
the outcome of reporter transfection studies, in terms of both the numbers of G418R
colonies and expression as determined by FACs analysis (Figure 29). However, 1.5RNP
does not confer the stability of gene expression as shown by 5.5RNP and 7.5RNP. Figure

30 shows the percentage of GFP expressing cells rapidly reduces over 68 days.

The construct 4.0CMV was designed so that the entire 4kb of sequence representing the
CpG methylation free island remained intact. In addition, the cassette was inserted in front
of CMV-EGFP (4.0CMV-EGFP-F (forward) and 4.0CMV-EGFP-R (reverse)) in both
orientations. Figure 31 shows a dramatic enhancement (greater than 10-fold) of GFP

median fluorescence, as compared to the standard CMV-GFP construct, CMV-EGFP. It is
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also shown that this boost of GFP expression occurs when the 4kb cassette is in both the

forward and reverse orientations.

In terms of stability of gene expression, the vectors containing the upstream 5.5kb RNP
sequences when transfected into CHO cells and followed over time show a definite
advantage. Most importantly this stability is not only limited to the endogenous promoter

but also confers a stability advantage to the heterologous and widely used CMV promoter.

Figure 32 shows CMV based constructs 4.0CMV and 7.5CMV with control vector CMV-
EGFP transfected into CHO cells and analysed at day 13 post-transfection following G418
selection. A substantial increase (15-20 fold) in median fluorescence can be seen by adding
the 4.0 or the 7.5kb fragments from the RNP locus in front of the CMV promoter. This

increase was independent of the orientation of the fragment (data not shown).

Figure 33 shows the percentage of GFP expressing cells in the same G418 selected pools as
in Figure 32. It can be seen that inclusion of the 4.0 and the 7.5 kb fragments enhances the
percentage of GFP positive cells in the G418 selected population. In addition, the
populations appear relatively stable over time, although from previous experiments it was

evident that CMV-EGFP instability is only apparent after approximately 60 days in culture.

Figure 34 shows colony numbers after transfection if CHO cells with equivalent molar
amounts of various constructs. The 7.5CMV constructs show approximately 2.5-fold more
colonies than the control vector CMV-EGFP. These observations are consistent with
7.5CMV-F ensuring an enhanced number of productive integration events and therefore

with there being a chromatin opening/maintaining capacity to the 7.5kb fragment.

Adenovirus vector containing a UCOE

At the present time adenovirus (Ad) is the vector system giving the most efficient delivery
of genes to many cell types of interest for gene therapy. Many of the most promising gene
therapies in clinical development use this vector system, notably vectors derived from Ad

subtype 5. The utility of Ad for human gene therapy could be substantially increased by
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improving expression of the therapeutic genes in two main ways. The first involves
increasing the level of transgene expression in order to obtain the maximum effect with the
minimum dose, and this applies whichever promoter is used. The second involves
improving tissue specific or tumour-specific promoters, such that they retain specificity but
give stronger expression in the permissive cells. Although several promoters giving good

specificity for particular tissues or tumour types are known, the level of expression they
give in the permissive cells is generally too weak to be of real therapeutic benefit. An
example of this is the promoter of the mouse alpha-foetoprotein (AFP) gene, which gives
expression that is weak but very specific for hepatoma (liver cancer) cells (Bui et al, 1997,
Human Gene Therapy, 8, 2173-2182). Such tumour-specific promoters are of particular
interest for Gene-Directed Enzyme Prodrug Therapy (GDEPT) for cancer, which exploits
gene delivery to accomplish targeted chemotherapy. In GDEPT a gene encoding a prodrug
converting enzyme is delivered to tumour cells, for example by injecting the delivery vector
into tumours. Subsequent administration of a relatively harmless prodrug converts this into
a potent cytotoxic drug which kills the cells expressing the enzyme in situ. An example
concerns the enzyme nitroreductase (NTR) and the prodrug CB1954 (Bridgewater et al,
1995, Eur. J. Cancer, 314, 2362-2370). Adenovirus vectors give the most efficient delivery

of genes encoding such enzymes, for example by direct injection into tumours.

Construction of an Ad expressing NTR from the AFP promoter and a UCOE.

A recombinant type 5 adenovirus vector was made which expresses the NTR gene from the
AFP promoter preceded by the 4kb RNP UCOE (the sequence of Figure 20 between
nucleotides 4102 and 8286). The 4kb UCOE was first cloned as a Pmel fragment into
pTXO0379, an intermediate vector which carries the NTR gene preceded by the AFP
promoter (Bui ez al, 1997, Human Gene Therapy, 8, 2173-2182) and flanked by AdS5
sequences (1-359, 3525-10589), by blunt end ligation into the Clal site located 5° to the
AFP promoter. Restriction digestion was used to confirm the presence of a single UCOE
copy and to establish the orientation of the UCOE. A recombinant Ad construct was then
generated using the plasmid pTX0384 which contains the UCOE fragment in reverse
orientation and the Ad packaging cell line Per.C6, which was developed and supplied by
Introgene (Fallaux et al, 1998, Human Gene Therapy, 9, 1909-1917). The procedure
supplied by Introgene was used for viral rescue. Essentially pTX0384 was linearised with

Swal and co-transfected into



10

15

20

25

30

WO 00/05393 79 PCT/GB99/02357

Per.C6 cells with Swal-linearised backbone vector pPS1160, which carries the right end of
AdS5 and a region of overlap with pTX0384 such that a recombinant Ad is generated by
homologous recombination. Virus produced by homologous recombination in the

transfected cells was pooled and designated CTL208.
NTR expression in cell lines in vitro

Larger scale virus preparations were made using standard procedures for CTL208, and two
other recombinant Ad viruses. These were CTL203, which carries the NTR gene preceded
by the AFP promoter and minimal enhancer but no UCOE fragment, and CTL102 which
carries the NTR gene preceded by the CMV promoter. The CMV promoter is commonly
used in recombinant Ad vectors to give strong expression in a wide range of tissue and
tumour types. CTL203 and CTL102 share the same Ad5 backbone as CTL208 and were

identical to it except in the elements used for transcription of the NTR gene.

CTL203, 208 and 102 were then used to transduce two cell lines in vitro to investigate the
level and specificity of NTR expression. These were the primary human hepatoma cell line
HepG2 which expresses AFP, and KLN205, a mouse squamous cell carcinoma line which
does not express AFP. Exponentially growing cells were harvested from tissue culture
plates by brief trypsinisation, resuspended in infection medium at 1.25x10* viable cells/ml
and plated into 6 well plates. The viruses were added to the wells before attachment at a
multiplicity of 50, and for CTL203 at multiplicities of 100 and 500 also. After 90 mins the
foetal calf serum concentration was adjusted to 10% and the cells incubated for a total of 24
hours. Cell lysates were made from the infected cells by hypotonic lysis, then cell debris
cleared by centrifugation in eppendorf tubes. An ELISA was performed to quantify the
NTR protein in the supematants . This involved coating Nunc-Immuno Maxisorp Assay
Plates with recombinant NTR, adding 50 1 of each hypotonic lysate per well in duplicate
and incubating overnight at 4°C. The samples were then washed 3X with 0.5% Tween in
PBS and incubated with a sheep anti-NTR polyclonal antiserum (100 1 per well of a 1 in
2000 dilution in PBS/Tween for 30 mins at room temperature. After washing off excess
primary antibody HRP-conjugated secondary antibody was applied, this being donkey anti-
sheep (100 1 per well of 1 in 5000 in PBS/Tween). After a further 30 min incubation the
samples were washed with PBS before development with 100 1 per well of TMB substrate
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(Iml TMB solution, Img/ml in DMSO + 9ml of 0.05M phosphate-citrate buffer + 2ul of
30%v/v H;0; per 10ml) for 10 mins at room temperature. The reactions were stopped by

addition of 25ul of 2M H,SO, per well and read at 450nm using a plate reader.

Figure 46 shows the results of these ELISAs. It shows that CTL203, with NTR expressed
from the AFP promoter/enhancer, gave weak but specific NTR expression, detectable only
in the AFP positive cell line. CTL102 (with NTR expressed from the CMV promoter) gave
much higher and non-specific expression, with very similar levels of NTR in both cell lines.
Strikingly, AFP positive HepG2 cells infected with CTL208 (UCOE + AFP promoter
driving expression of NTR) expressed NTR at a higher level then CTL102 infected cells,
whereas CTL208 infected AFP negative KLN205 cells expressed significantly less NTR
than those infected with CTL102. These data show that the UCOE dramatically enhances

expression in the context of Ad, with partial retention of specificity.

NTR expression and anti-tumour effects in vivo

Tumour-specific promoters are preferable to non-specific promoters for cancer gene |
therapy from the safety viewpoint, because they will give lower expression of the transgene
in normal tissues. This is particularly important for Ad-based gene therapies because after
injection into tumours some of the virus tends to escape from the tumour and following
systemic dissemination tends to transduce normal tissues. In particular Ad gives very
efficient transduction of liver cells, such that liver damage is usually the dose-limiting
toxicity for Ad gene therapies. In the case of GDEPT the use of strong promoters able to
give expression in normal tissues, such as the CMV promoter, can lead to killing of normal
liver cells expressing NTR. This problem can potentially be avoided or minimised using
tumour-specific promoters, which would be advantageous providing these give sufficiently
strong expression in the tumour cells to give anti-tumour effects. CTL208 was therefore
compared to CTL102 for NTR gene expression in tumour cells and liver cells following
injection into tumours in mice, and for anti-tumour effects. The congenitally athymic nude
mouse strain BALB/c nu/nu was used. The mice were males free of specifc pathogens, aged
eight to twelve weeks at the commencement of the experiments, and maintained in

microisolator cages equipped with filter tops. Exponentially growing HepG2 cells cultured
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in vitro were used as tumour inocula. The cells were cultured in shake flasks, harvested by
trypsinisation and centrifugation for 5 min at 800 g, washed and resuspended in sterile
saline solution. Cell viability was estimated by trypan blue dye exclusion, and only single
cell suspensions of greater than 90% viability were used. Mice were injected sub-
cutaneously in the flank with 2-5x10° cells, under general anaesthesia, induced by
intraperitoneal injection of 0.2 ml of a xylizine (Chanelle Animal Health Ltd, Liverpool,
UK) and ketamine (Willows Francis Veterinary, Crawley, UK) mixture at a concentration
of 1 mg/ml and 10 mg/ml respectively. In the first experiment CTL102 or CTL208 were
injected into sub-cutaneous HepG2 tumours of size 25-60mm? (size expressed as surface
area determined by multiplying the longest diameter with its greatest perpendicular
diameter, length x width=mm?) growing in nude mice. Single doses of 7.5x10° particles
were used for each virus. The animals were sacrificed 48 hours later, their tumours and
livers excised, fixed in buffered 4% formalin/PBS for 24 hours and processed for paraffin-
embedding and sectioning using standard protocols. Serial 3um sections were cut and
immunostained to detect cells expressing NTR by indirect immunoperoxidase staining
using a sheep anti-NTR antiserum (Polyclonal Antibodies Ltd) and VECTASTAIN Elite
ABC kit (Vector Labs). These histological sections were examined using standard
microscopic equipment and the percentage of cells expressing NTR in the entire livers and
tumours were estimated by microscopy. Figure 47 shows the results for each mouse. It
demonstrates that the UCOE in combination with the (otherwise weak) AFP promoter gives
strong NTR expression in AFP positive tumours in mice, such that on average CTL208
gives very similar numbers of tumour cells expressing NTR at detectable levels as CTL102
following injection into tumours. Intra-tumoral injection of CTL102, however, led to NTR
expression detectable in the liver for 5 out of 6 animals for CTL102, but 0 out of 6 for
CTL208. This result confirms that in CTL208 the UCOE-AFP promoter combination gives
expression in AFP positive tumour cells similar to or stronger than the CMV promoter, but

shows much less expression in (AFP negative) normal tissues.

To confirm that the UCOE elevates expression from the AFP promoter to therapeutically
useful levels CTL208 and CTL102 were compared for their ability to confer anti-tumour
effects in combination with the prodrug CB1954. Nude mice bearing sub-cutaneous HepG2
tumours of size 25 to 60 mm? were given single injections of CTL102 or CTL208, at doses

of either 7.5x10° or 2x10'® particles. 48 hours later CB1954 administration to the mice
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commenced. CB1954 (Oxford Asymmetry, Oxford, UK) was dissolved in DMSO (Sigma,
St Louis, Mo, USA) to give a concentration of 20 mg/ml. Immediately prior to dosing this
solution was diluted 1:5 in sterile saline solution to give a final concentration of 4 mg/ml.
Mice received five equal daily doses intraperitoneally without anaesthesia. For a control
group of mice the tumours were injected with PBS instead of virus 48 hours before
commencing prodrug administration. Tumour size was measured daily using vernier
calipers for the next 27 days. Figure 48 shows the results. For the control group given
CB1954 and neither virus, 7/7 tumours continued to grow rapidly. Tumour regressions
were observed in some of the mice in all the groups given both NTR expressing virus and
CB1954. With CTL102 regressions were observed in 3/8 mice given the lower dose, and
4/8 mice given the higher dose. With CTL208 regressions were observed in 5/8 and 6/8
mice respectively. These results confirm that, in CTL208, the UCOE elevates NTR
expression from the AFP promoter in permissive tumour cells to levels which exceed those
given by the strong CMV promoter and this results in a superior anti-tumour effect in a

mouse model of the clinical situation for GDEPT.

These results demonstrate two important and useful properties of the UCOE. First, it
substantially improves expression in the context of Ad, a non-integrating vector of great
potential in gene therapy. Second, it elevates expression from weak but specific promoters

to much more useful levels with retention of useful specificity.

FISH Analysis

Copy number was determined in 31 16 RNP-EGFP clones in mouse Ltk cells. Due to the
low amount of DNA used in the transfection (0.5-1.0 pg), the percentage of single copy
clones was very high (83%). Moreover, EGFP expression varied more than two-fold within
the single copy clones, indicating that the transgene was susceptible to positive and
negative position effects. Nonetheless, three single copy clones had integrated in
centromeric heterochromatin (Figure 42), indicating that this construct is able to open
chromatin. Clones F1 and G6 showed the 16RNP-EGFP transgene had integrated in one of
the centromeres of mefacentric chromosomes originated by Robertsonian translocations
(Figure B, C), whereas in clone I3, integration had occurred in the centromere of a typical

mouse acrocentric chromosome (Figure D).
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Expression of Erythropoietin (EPO) In Vectors CET300 and CET301
Construction of EPO expression vectors CET300 and CET301.

The erythropoietin (EPO) coding sequence was amplified by polymerase chain reaction
(PCR) from a human fetal liver Quick-Clone™ cDNA library (Clontech, Palo Alto, US.)
using  primers  EP2  (5-CAGGTCGCTGAGGGAC-3) and EP4  (§5-
CTCGACGGGGTTCAGG-3"). The resulting 705 bp product, which included the entire
open reading frame, was subcloned into the vector pCR3.1 using the Eukaryotic TA
cloning kit (Invitrogen, Groningen, The Netherlands), to create the vector pCR-EPO. The
EPO sequence was verified by automated DNA sequencing on both strands. A 790 bp
Nhel-EcoRV fragment, containing the EPO coding sequence, was excised from pCR-EPO
and subcloned between the Nhel and Pmel sites of the vectors CET200 and CET201
(containing the 7.5 kb RNP fragments in the forward and reverse orientations respectively),
to generate the vectors CET300 and CET301 respectively. A control vector, pPCMV-EPO,
was generated by excising the EGFP coding sequence from pEGFP-N1 as a Nhel-Nofl
fragment and replacing it with a Nhel-No#l fragment from pCR-EPO containing the EPO

coding sequence.
Expression of erythropoietin in CHO cells.

Plasmids CET300, CET301 and pCMV-EPO were linearised using the restriction
endonuclease Dralll. Restricted DNA was then purified by extraction with phenol-
chloroform followed by ethanol precipitation. DNA was resuspended in sterile water and
equimolar amounts of the plasmids were electroporated into CHO cells. Viable cells were
plated in 225 cm’ culture flasks and stable transfected cells were selected by replacing the
medium after 24 hrs for complete medium containing 0.6 mg/ml G418. Cells were grown
in this medium until G418-resistant colonies were present (about 10 days after
electroporation). The flasks were then stripped and cells were seeded at 10° cells/well in a
6 well dish containing 1ml of complete medium. After 48 hrs the medium was removed
and the levels of erythropoietin in the media were quantitated by enzyme linked

immunosorbent assay (ELISA) using a Quantikine® IVD® Human EPO immunoassay kit
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(R & D systems, Minneapolis, US). The levels of EPO produced by the constructs
CET300, CET301 and pCMV-EPO were 1780 U/ml, 1040 U/ml and 128 U/ml respectively
(Figure 40). Therefore, constructs CET300 and CET301, containing the 7.5 kb RNP
fragment in forward and reverse orientations, produced EPO in the above experiment at
levels approximately 14-fold and 8-fold higher, respectively, than the control plasmid
pCMV-EPO which contains the strong ubiquitous CMV promoter to drive expression of
EPO.

GFP expression in Hela cells transfected with EBV reporter constructs with or

without the 16kb UCOE fragment of hnRNPA2.

In the initial experiment with cells maintained on hygromycin selection, the RNP16 UCOE-
containing construct (p220.RNP16) gave high level, homogeneous expression of EGFP by
day 23, whereas a more heterogeneous pattern of EGFP expression was observed with
p220.EGFP (construct without the UCOE). EGFP expression in the p220.EGFP-
transfected pools was gradually lost, whereas expression remained stable for 160 days with

the p220.RNP16-transfected pools.

Three repeat experiments demonstrated the same pattern of high level, homogeneous EGFP
expression 1n p220.RNP16-transfected pools, with heterogeneous expression again
observed in the p220.EGFP-transfected pools. As with the initial experiment, the
expression of EGFP was stable with the RNP16 UCOE and was unstable without the
UCOE, with expression dropping dramatically by 30-40 days (Figure 43).

A further experiment was performed wherein hygromycin selection was removed at day 27.
The results show that even without selection EGFP expression is stable with the RNP16

UCOE and was unstable without the UCOE (Figure 44).

EXAMPLE 3

Plasmid Containing A UCOE
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Figure 50 shows the constructs generated and fragments used in comparison to the

hnRNPA2 endogenous genomic locus.

Figure 51 shows a graph of the FACs analysis with median fluorescence of the transiently
transfected HeLa populations. The cells were transfected using the CL22 peptide
condensed reporter plasmids as indicated above. It can be seen that the duration of
expression of the control CMV-GFP reporter construct is short-lived and dramatically

decreases from 24 to 48 hours post-transfection.

In contrast to the control, the UCOE containing plasmid 7.5CMV-F continues to show
significant GFP expression over an extended period of time, at least 9 days post-
transfection. In repeat experiments GFP expression can be seen at 14 days post-

transfection.

Figure 52 shows representative low magnification field of views of the 'transiently
transfected HeLa cell populations. The data correlates with the FACs analyses and enables
the cells to be visibly followed over a similar time-course. At 24 hours post-transfection
significant numbers of GFP positive cells are visible in both the control CMV-GFP and
7.5CMV transient populations (Figure 52 A and B). In fact it can be seen that at 24 hours
there were more GFP positive cells in the control population than in the 7.5CMV
transfected population. This is due to the fact that the quantity of input DNA in both cases
was not gene dosage corrected, resulting in significantly more copies of the control plasmid
per transfection. However, at 6 days post-transfection there were very few if any positive
fluorescent cells left in the CMV-EGFP control population (Figure 52C). In contrast 6 days
post-transfection the 7.5CMV transfected Hela cells continued to show significant numbers
of GFP expressing cells (Figure 52D). In fact even 14 days after transfection positively

fluorescing cells could easily be detected (data not shown).

Total DNA was recovered from various time points throughout the experiment, linearised,
run on a gel and blotted (see Matetrials and Methods). Interestingly at day 6 even in the
control population of cells where little or no expression of GFP was detected, the plasmid
could be readily detected in an unintegrated state (data not shown). This would suggest that

the rapid loss in gene expression seen with the CMV-GFP control plasmid is not due to
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chronic loss of the plasmid template but rather to a mechanism of chromatin shut-down of

gene expression.
Transient Transfection of CHO cells with erythropoietin expression vectors.

Supercoiled forms of plasmids CET300, CET301 and CMV-EPO were electroporated into
CHO cells using standard conditions (975uF, 250V). Viable cells were then seeded at 10°
cells in a 6-well dish containing 1 ml of complete CHO medium. The medium was then
removed at 24 hr intervals and replaced with 1 ml of fresh medium. Media samples were
céllected in this fashion for 9 days and erythropoietin levels were then quantitated by
ELISA using a Quantikine® IVD® Human EPO immunoassay kit (R & D systems,
Minneapolis, US). The attached figure shows a time course of erythropoietin expression by
cells transfected with CET300, CET301 and CMV-EPO plasmids. Erythropoietin
expression continued to rise for 48 hrs in all cell populations. Thereafter, erythropoietin
expression by cells transfected with CMV-EPO fell on a daily basis. Whereas, levels of
EPO expression by cells transfected with CET300 or CET301 continued to rise throughout
the 9-day period (Figure45).
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Claims

A polynucleotide comprising a UCOE, which opens chromatin or maintains
chromatin in an open state and facilitates reproducible expression of an operably-
linked gene in cells of at least two different tissue types, wherein the polynucleotide

is not derived from a locus control region.

The polynucleotide of claim 1 which facilitates reproducible expression of an

operably-linked gene non-tissue specifically.

The polynucleotide of claim 1, which facilitates reproducible expression of an

operably-linked gene in all tissue types where active gene expression occurs.

The polynucleotide of any one of the previous claims which facilitates expression of

an operably-linked gene at a physiological level.

The polynucleotide of any one of the previous claims wherein the UCOE comprises

an extended methylation-free, CpG-island.

The polynucleotide of any one of the previous claims wherein the UCOE is derived
from a sequence that in its natural endogenous position is associated with a

ubiquitously expressed gene.

The polynucleotide of any one of the previous claims wherein the UCOE comprises

dual or bi-directional promoters that transcribe divergently.

The polynucleotide of any one of the previous claims wherein the UCOE is a 44kb
DNA fragment spanning the human TATA binding protein (TBP) gene and 12kb
each of the 5’ and 3’ flanking sequence, or a functional homologue or fragment

thereof.
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The polynucleotide of any one of claims 1 to 7 wherein the UCOE is a 60kb DNA
fragment spanning the human hnRNPA2 gene with 30kb 5° flanking sequence and
20kb 3’ flanking sequence, or a functional homologue or fragment thereof.

The polynucleotide of any one of claims 1 to 7 wherein the UCOE comprises the
sequence of Figure 21 between nucleotides 1 to 6264 or a functional homologue or

fragment thereof.

The polynucleotide of any one of claims 1 to 7, wherein the UCOE comprises the
sequence of Figure 21 between nucleotides 1 to 5636 and the CMV promoter, or a

functional homologue or fragment thereof.

The polynucleotide of any one of claims 1 to 7, wherein the UCOE comprises the
sequence of Figure 21 between nucleotides 4102-8286 or a functional homologue or

fragment thereof.

The polynucleotide of any one of claims 1 to 7, wherein the UCOE comprises the
sequence of Figure 21 between nucleotides 1 to 7627 or a functional homologue or
fragment thereof.

The polynucleotide of any one of claims 1 to 7, wherein the UCOE comprises the
sequence of Figure 21 between nucleotides 1 to 9127 or a functional homologue or

fragment thereof.

The polynucleotide of any one of claims 1 to 7 wherein the UCOE is a 25kb DNA
fragment spanning the humanTBP gene with 1kb 5’ and 5kb 3’ flanking sequence

or a functional homologue or fragment thereof.

The polyncucleotide of any one of claims 1 to 7 wherein the UCOE is a 16kb DNA
fragment spanning the human hnRNP A2 gene with 5kb 5’ and 1.5kb 3’ flanking

sequence, or a functional homologue or fragment thereof.

RECTIFIED SHEET (RULE 91)
ISA/EP
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The polynucleotide of any one of claims 1 to 7, wherein the UCOE comprises the
nucleotide sequence of Figure 20 or Figure 21, or a functional fragment or

homologue thereof.

The polynucleotide of any one of claims 1 to 7, wherein one or more of the

promoter of the UCOE is a heterologous promoter.

Use of the polynucleotide of any one of the previous claims, or a fragment thereof,

in an assay for identifying other UCOEs.

A method for identifying a UCOE which facilitates reproducible expression of an

operably-linked gene in cells of at least two different tissue types, comprising:
1. testing a candidate UCOE by transfecting cells of at least two
different tissue types with a vector containing the candidate UCOE

- operably-linked to a marker gene; and

2. determining if reproducible expression of the marker gene is

obtained in the cells of two or more different tissue types.

A vector comprising the polynucleotide of any one of claims 1 to 18.

The vector of claim 21, which additionally comprises an expressible gene operably-

linked to the polynucleotide.

The vector of claim 21 or claim 22 wherein the vector is an episomal or integrating

vector.

The vector according to claim 21 or 22 wherein the vector is a plasmid.

The vector of any one of claims 22 to 24 wherein the operably-linked gene is a

therapeutic nucleic acid sequence.
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The vector of claim 21 comprising the sequence of Figure 20 between nucleotides 1
and 7627, the CMV promoter, a multiple cloning site, a polyadenylation sequence

and genes encoding selectable markers under suitable control elements.
Vector CET200 as shown schematically in Figure 49.

Vector CET210 as shown schematically in Figure 49.

A host cell transfected with the vector of any one of claims 21 to 28.

The polynucleotide of any one of claims 1 to 18, the vector of any one of claims 21

to 28 or the host cell of claim 29 for use in therapy.

Use of the polynucleotide of any one of claims 1 to 18, the vector of any one of
claims 21 to 28 or the host cell of claim 29 in the manufacture of a composition for

use in gene therapy.

A method of treatment, comprising administering to a patient in need of such
treatment an effective dose of the polynucleotide of any one of claims 1 to 18, the

vector of any one of claims 21 to 28 or the host cell of claim 29.

A pharmaceutical compositionv comprising the polynucleotide of any one of claims
1 to 18, the vector of any one of claims 21 to 28 or the host cell of claim 29 in

combination with a pharmaceutically acceptable excipient.

Use of the polynucleotide of any one of claims 1 to 18, the vector of any one of
claims 21 to 28 or the host cell of claim 29 in a cell culture system in order to obtain

a desired gene product.

Use of the polynucleotide of any one of claims 1 to 18 to increase the expression of
an endogenous gene comprising inserting the polynucleotide into the genome of a
cell in a position operably associated with the endogenous gene thereby increasing

the level of expression of the gene.
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A transgenic non-human animal containing cells which contain the polynucleotide

of any one of claims 1 to 18.

Use of the polynucleotide of any one of claims 1 to 18 to obtain expression of an
antisense gene sequence to inactivate expression of the corresponding endogenous

gene sequence.

Use of the polynucleotide of any one of claims 1 to 18 in the preparation of an

expression library.

Use of the polynucleotide of any one of claims 1 to 18 in a method for identifying
expressible genes in a non-human animal comprising inserting a construct
comprising the polynucleotide into embryonic stem cells of the non-human animal
wherein the construct only allows drug selection following insertion into expressed

genes.
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PRIMERS USED FOR RT AND PCR REACTIONS

Ilnf?

CAAGTGGARR TTACAATGAT TTTGGAAATT ATAACCAGCA ACCTICTAAC
TACGGTCCAA TGRAGAGTGG ARACTTTGST GGTAGCAGGA ACATGGGGS
ACCATATGGT GGAGGTAATT TATAAAAATT GAGGTTATTC AGATTTTTCT
GATTAMAGGR TTAGCCTTTT GGACTTAAR GGGAAGATAR CATACTAAGY
AGTTTGTACT GTGGGCAGTG CTCCATGTAC GGTCTTAGTG AARATARAGA
ARTTTTGCAT ARATCTCCAC AGAAGTACTC AGCARGCAGT TATGACATCA
AATTGGGATT AGGTAGTTGG AGGTGGGTGT CAGTAGTTTA ATTTCTGGIG
GGACTCATAA ACAGCTAAAT ACAGTTGCAA CCCACATTGC AAGTGGTATA
CATTGGARTG AGGGTCTTTG AAGTTAAATC CTTARACCAT GATTCARACC
ATTGCTTAGC TTATTTTTGA GGTTTTTAGC TAGGAGTARA CTAGCTTTGT
CTTGGGCTTG ATGTACTTTT ARRRARATCC CTTACTCAGT CCARATGAGG
ATGAGAGGGT GAAAGGACCC TTTATTTARA AGAATAGGGT CAGCCACGAA
ATARARATGT CTATGAACCC GAGTAATTTA TCTCCTGAGT AATTCTGCTA
ACTGGCTGCA AAGGATTAGG ATCTGCTTGT TTAAAAGACT GGATGGATAT
AARATAGRAT CRACTGTAGT GITAGGCTGA TCATGGGARR TCARAGTAAG
TTTGITTICT CTIGCTGTTC CAACRATTAT AGGARACTAT GGTCCAGGAG
GCAGTGGAGG RAGTGGGGGT TATGGIGGGA GGAGCCGATA CTGAGCTICT
TCCTATTTGC CATGGGTARG TAGCTTTTGA GTTTTACAAT TATTATTATC
TTGGGAGACA TAGCTGCAGG AGTAARAGCT TTTTAGGATC ATGGTTATCT
TTCCTTARBA TCTGGITAGR TGGATAATTT CATAACCCAT TTTTTITTTA
CCCTTTACTT CTGITGARAC AGECTICACT GTATARATAG GAGAGGATGA
GAGCCCAGAG GTAACAGRAC AGCTTCAGGT TATCGAANTA ACAATGTTAA

GGAAACTCT? ATCTCAGTCA TGCATRARTA TGCAGTGATA TGGCAGAAGA
CACCAGAGCAWGATGCAGAGA’GCCATTTTGTAGAATGGATTG GATTATTTAA
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AMGCTTAGTTCTAGGTCAGCCCCACAGGACGTCRGATGAGGGATATATACAGGCATTOGTTAATGCTGCA 70
TTGTTCTTATTCTCTATCTCTATATCTGACGTGTTTCACAAAARAARAAAAAAAAAAAAANAGTGCTCAC 140
TTCACCAGCAAACGTAACTAAAGCAATATTTAAAAGATGAGTAAAAGCTAGTACAAGGATGGTATCCATA 210
ANGTTGITTTAAAATCTTATTTCTAATATTTACTACT TTCAAGTTGTACAAGTGTOGTCCTTIGAGGAGAA 280
ARAANGGTAACACAAGAGCACCATAAACAGAAGCAGAAAGGGGGETATCAAAAGATGCAACTGGAGAGAR 350

360 370 380 390 400 410 420
lllllllllllllllJllllllllllllllllllllljllllllllllllllll'llll'll|l|l|lll
ACAGAACTGGGAAGACGARAACAAACTTCATTGCTTTT TAAGATGTGGGCCATCOCTAGGAGCAGGAANG 420
ACAACGTATCTTTTCTTCTGTACCTACTICCTACAATACAAGGAGGGETOCATCCARAGGACCTAAACCTC 490
GTAAGTCCCATTCCTATTACAATTCAAGTTTAATTAACCCAGGARTTCATGACCATTTATARGCATTTCC 560
ARANCTGGTAAATACAGACCACTGCCAATCTGCAGTATGTATTCAGTATTTATGCAGGCTTITIGITTITT 630
TTAAGTTTTGGCTTTATTTTCATGT TTTAGGAAARACATAGCTAGCCTATTAARACTGAGCTGTGGACAT 700

710 720 730 740 750 760 710
lllIIIllllIllllllllljllllllllllllllllllllllllllllllllllllllllllllll|l'
ARTTGCTTAGGATATTTCTAAAACGAATGTTTCAGGTAARAAAAAAMAGTGTGGGGAGGCAGATTTAAAA 770
ARAATATCATTTAATGGATTAATCGTCCTCIGGTTTGAATATTCOCTTCAAAACTCATGTTGAAATTTAA 840
TTGOCATTGTGATGGTACTGGGAGTTCCGACCAGGTGTTTAGGTCCTAGGGCTCAGCTTTCATGAATGEA. 910
CATTATCACAGCAGTGGGTTCECTTGCTCTICTTICTTTCTCTGGOCTTCCACCATGTTARGACACAGCA. 980
GGAAATTTTTCATGGTAAAATGCTCEGGETGAACACATTTAGGTTACCGAAAGCACTTTIGETACCCTGAA 1050

1060 1070 1080 1090 1100 1110 1120
lllllllllllllllllllllllllllll[lllllllljllll]'llllllllllll|l|ll]l|Illll
TACAGCAAATATTATTAAGACTCCACATTAAAT TATTAGGARACATTAACTTAGARARTGGTTTICTAAT 1120
ARRAATGCTOCCAACAGCAACTTAAAAACTCATCAAACAAATCATTTAGAAGTAGAAACTCTCACAACAT 1190
TAARTCATTACAANGGCATTGTGAAATGTCT T TAGAAATATTTACTTACAATTTGTAACATTTGARGCTA 1260
TCOCGOGTATGAATTGAAAACCCTTCACTCAATCGAGTATCACAAGCAACAATTGCAAARTCTTCTOCAG 1330
CAATTGCCAGTATAGTACTGAGGRAAARAGAAAAAANTTARTTCTCCAGGGTGGTAATCCTATOCCTACA 1400

1410 1420 1430 1440 1450 1460 1470
ETI RRUTI RUSNE RRNTI RRNTI RNUTE ANRNE NUTI SN NNUTI ANATE ANUTY FAUTI AATTY
(GGGAAGAGGARAGATGAGCCGEAAGAGAATGAACGCCTGECTACGAGTTGTCTGRGARAAAAAAATTATT 1540
ACATTAAATACTTACTOGOGCAAGGTACTACTAATACAGAACAACTAAATACCOCATCTGIGOCCTTGAG 1680
GATCAGGTATAGACAGTGGTACTACAACGCAAGCTCTATGAGT TTAGAGAAGATGAGATTTTTTTTTCTT 1750
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FIG. 20(1) |
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GCTTCATTTCTTTATATCCAAGTCCTTATATAACGCCTATATAATGCTTATTTCTTTATACCCAATCCCT 1820
TATATAATGACAAATAGATCGACAANCAGTARATTTTTCCCTCTGIGGCTGTACAATTIGACAGCTTATC 1890
ANGAGACTTACAGTAGRATTCCAAAAGCAGACTGCCTGRGTTCTAATTCTGGCTTTOCCGTTIORCAGA 1960
TATGAGACTGTGGGTAAGTTACTTCTCAAAGCGTCAATTTCATCATATATACAACAGAGATCACTGCAGT 2030
TGCTACCTCATTAGGGTGTTCAAAGGATCAAATATGTAAGCCCTTATAGCAGTCOCTGACATGTAACTGE 2100

2110 2120 2130 2140 2150 2160 2170
lllllllllllllllllll]lllllllllllllllllll[lllJJllllIllll[llllllllllllljl
TOCTCTAGTAAGTGTTAGCTATAA TG TATGOCACTGGAGTATGACTAAGCACCTORGCTCTCGAATTA 2170
CATGAGACAGAGACCCACTCTTGCTACTTACTAGGTATG IGATCTTGRACARATCCTCCARATGCARGTT 2240
GATGATAACAGTACCTGTGTCACAAGATG TG TATATATATTTGRGTGTGTATATTTTAATGTACAAGRCT 2310
TGACTGATAACTATAACCACTGCTTCAATCCARTAGTGGARATTANAGGCATGRTGOCTCACAGACGTRA 2380
(CACTCAGARACTTANGOCACTATTTTTACTGAGGAGGGATTTGTGCTARACTCTCAAGAAGRANAGG 2450

2460 2470 2480 2490 2500 2510 2520
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ATGGCATTOCAGGTARTATAAACAGCAAGCAATGGCARACAGGTAATTATTCAAATAGTACATACATTCA 2520
AGCAACTCAT TCAGGCAGCCCTTTT TGCATAAGCACATGTAGTGACGTTAAGGT TTATGTGATGGACAGS 2590
GTTCCTACTGTAGRAAATCCCAAATGCCAAGCTAAAGAT TTTGGAATTTTAGCAAGAANTCATGAAGGTA 2660
TTCTGAGCAAGAATGATCTGTAGTTGTAACTACTCAAGAGGCTGAGGTGEGAGGACTCCTTGAGOCCAGE 2730
TGTTCAAGGCTGCAGTGAGCTATGATCGTGCCTRECATTACAGTGAGACCTGGTCTTTAAAAANGGAAT 2800

2810 2820 2830 2840 2850 2860 2870
|11||||||l|||||lllllllllllllllllllllllllnllllnll|||||tlJ!Illllllllll
GCAAGAGAGAGAAANGT TOCATTTACAAAGTGRGGTTTTAGGAAGACTCCTCTGACAACAACATAGTATG 2870
CAAARTCATCACAARCACACAAAA TAGACAAATTTTTATATCTACGCARATGTTTTAGGAACTGGGAARA 3010
CCAATTATGACATCCAAGAT T TAGAACTTAGATGAGCAGAATGATGGCATAATTATAAGTATTTTARAGG 3080

AGAGAGGCCGEGECACGE TG TCACACCTGTAATCOCAACACTTTGREAGCCTRAGGRRRGEEERRGIC 3150
3160 3170 3180 3190 3200 3210 3220
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AATTGOCTGAGATCAGGAGT TCGAGACCAGCCTGGCCAACATGGTGAAACCCATCTCTACTARRAATACA 3220
AAARTTAGCCAGGOGTGETGECAGGCACCTETAATCCCAGCTACTOGGGAGCCTGAGGCAGARATGOGTG 3290
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GAGGRACTCATGARACCCAGAAC TOGARAACCAGHTTTGGGAGTARTCCTOCCAGCANTGAGACATGARA. 3570
GAGTGCTGAGCGATAAACAAGA0G TARTGACTTAACTACKTTTARAGACAAGTAGGAAAAGAGANTGAG 3640
GOCTCATTTTGOGGAACCGAARCTOCCTGAGAROCARCTRCAGTARTCACTARAGAAAAAGAACRATGA 3710
CTGAGRARAAGTAATCAGAAAGATC TAAGTAAT T TTTAGGGCAGTAR TG TTAAACTGGATTACAAGEA. 3780
TTARANGTGAGTAACGAGTAGIGCATACTGAACACTGARATTCTTATTTATAGAGAATACCCTTACGA. 3850

3860 3870 3880 3890 3900 3910 3920
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WMTAWMTMAWWMWMMM 3990
WMAATATAAMA&AMTMTAMMAMW 4060
GA@AMTWMMAMMWM 4130

4210 4220 4230 4240 4250 4260 4270
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TGOGTC TG AT AT T T T AN T T ACAAGGCTTGAT TGGTAACTATAACCACTGT TTCAATTTACAGCTCTTC 4550
4560 4570 4580 4590 4600 4610 4620
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CCIGNAAGAGNPTAAPCAGAGCMCMCPATAACWPAAATCICTGGCGIGCCA&ACGGAAAMTA 4620
TACPAMCAAGATAAMWPAATTAAAATAAAAAWAMACPMAACATAACATACAAGAPEA@CAT 4690

4910 4920 4930 4940 4950 4960 4970
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FIG. 20(1V) |
C5 ATG 5470 5642 of 9081
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CTGCAGGAGCOCGEGGCAGCGCCATCACGGCGETGACTCCTAAATAGGCTTCAGCAGATGRGREAAGREC 5320
GAAAGTGAAAGCCGCAGCTCTCTGGGET TTTTACCCTCOGTTGAAAAGTACGECGAARATOGCAGCTTG 5390
CAAAGGGOCCROGGCTCTGTGOGGTTOCATCCCCAAGTCTCTGCCAGCAGCCCGAATACATGGCTTGTAG 5460

BAMHT
AGGACAR AT GCACGGCTTG0G0CTO0REATCOGACACTTAC TG TCTCACGACGAGATGACTGOCTTGA 5530

C0GGACGTTACGCCACTTCCGGCTTCTCCTGAAGTTCRCTTCCCGGCCTCTCTATCTCACGCTAGTOGTT 5600
5610 5620 5630 5640 5650 5660 5670

gl beeee b b e b b b b brgaa b g

GCI&IGGAGGCHGCACGGCGG@TMUCHTGGPAA@GA}tcccgccattcwaaaagcgctgam 5670
gggatgtaaagggttttttttgtttgttttttgttttttteccectogaagaaaacattggaatteacee 5740
caatggacaaaaatttaagtctgaccatacaaaaaaattgtcagaactatggegcaacggeaactegaat 5810
aacggtgggaacgtt:aattgtcctggctaataaaaaatgtatataacatttcctatcct 5880
caacctcactgataataaaaagtacaaagaaaacaagcagtataacatatgattacgccacaatgaacta 5950

5960 5970 5980 5990 6000 6010 6020
JlllJlllllllllllllllJllllllllJllllllllllllllllllllllll'lllllllll'lllll
cagaagggeaaatcaaggogtgctgaagteccactaagaaacaactgcggaaagagecatgtgacaacag 6020
tgcatgaactgggagtggcagaactgaatataaatgcatgtgtaaacacaagetgtttgttttgettagt 6090
gttecttgteattctacacgettgaagatcagetagogttettgetgacaggtaaggaggacgegettac 6160
tgagtgccaagcactgetcaggeactgattetgteaatetetgteaatetecogacageccaagggtaag 6230
cactgttatcattattcaattttacagaaaaaaaatgogggggagaggtcaggtaacttgtogaaggtaa 6300

6310 6320 6330 6340 6350 6360 6370
NI RTTTI T ANUNE RARTIUETI RRRT NATIRNRVE ENURE ANERI ANTE ANURINUNTY
cgecgetagttgetttaaacaacaacaacaacaacaacaaaacacactcacacatatacacacacacgee 6370
~ atttaaaaatcgatctttectacgtccageaagggccaattagagatggetgtggcacggoggeccagee 6440
ccggaactectcaagagetteogeecctecttacctatggaaacacaggaagtgacctatgstcacactt 6510
ctcacggecteggecctagtgggageaactogetgaagecgagggcagaactggoggaagtgacattate 6580
aacgcgagecaggggtteagtgaggtegggeaggttogetgtggogagegectgggeogeaggetgttta 6650

6660 6670 6680 6690 6700 TBP G710BHON 1720 NON-
bbb b b b b b b b b Ly | G
acttegcttecgetggeccatagtgatetttgeagtgacccaggtaacagattgtactettttetgacgg 6720
ttcgggogaaggecaccactgcactgaggectgggggcaatggtggggaagagactaggaattggogoge 6790
gtgcaggecectegggggacgttecteecttttegtgetgecgeogtteoggectgtaacggecactagg 6860
cegecactecegectggtgecctactetgetgtgtttegeaggeagetteccatogtacgattgtagage 6930
tcagggtactactggetggctgggoggcggcaggcgggacaggacagteecttgeatogaagaceetaag 7000
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FIG. 20(v
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tttaccctgecctgtectgecateegettettetocatgttagaageagattcaceeagatetgtgeceg 7070
cctgttttgctgecaacattgagacttaaatattttgtcagaagectgagacagegggcacggtageget 7140
taagatataatacacaccactttatttgeagggtctecegteteteggttcaggecateatggttttaca 7210
aatctctagggtagacttttctotgaaaagactgtgctteatttagttatacagacactagaaggetatg 7280
cagaattaatttgattgcctccaaaaaatatoggatttgatgtttcaatttecaggagatgaagatacee 7350

7360 7370 7380 7390 7400 7410 7420
YRS T AT Y1 BN ST ENETI NUAT1 AURT1 ANATI AYATI ANETI AT IAYIT 1SRRI OUEY
agcasacaactcttttctgaggatasattagtocagtaateactgtgegtttettctytagacttactty 7420
caaaaagtggcctgaagecacyaagtecctggatasatetetaateatact tataatggetttaaatee 7490
tgccgtcattatctettgectcaaccttagattectgaaacgaaacttecgtectecagttttactecte 7560
tcaaattcatctagtettoccaaattagatetgtteatactgeacttocaaaattocataactgttatta 7630
ttgcctatgcaataacattgaaaactcectgatagtatgageccaccaatatgtgetatetcatetgetge 7700

7710 7720 7725 7730 7740 7150 7760 1710
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agtgaccttctatacagtcatactaagettgtegectgeatactgeatgettttteaatetgtetettte 7770
tgcttgatttctettttgtetgaagecctgatgtgtaaattectacteaccttgtgagaccraagttaga 7840
tggtecctgetttgtgaaaacactgegecacagtgattggetgttagtetatattgtettotettecagy 7910
ggtgtatatgggctcatteatgatcacatactgtattecaggcatagtgctagatgcagagatcacaaag 7980
acatgtaggctggtttctgcattcaaggaacttagettagaccatacctgetgttataatactatgtttt 8050

8060 8070 8080 8090 8100 8110 8120
ETTIETITI RETI REUTI ANETI RRSRI RANTY FUTE] NUTTY AVETI RATRUANIT FOATI UAY
acagtagttatttgcatacccttcatattgaacactttgatgecaaggactatatectectatetttata 8120
tectcatetgeaggacttotgttattgttattataggataactgtcaaaaaaaaagtatattttasasaa 8190
tatctctgatatatttatttocagaageagagettgetttettttttogtetgtttttcagtaatgagta 8260
tgtaggatagatagtctttgggggcatttgeectttcaaagtgategteagagtettteatacattcage 8330
aaatatctgagtgtctgttetgtaccageacatgcttgaagtgcatatgectgaaggatetttggacata 8400

8410 8420 8430 8440 8450 8460 8470
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taatttgtaactttgagacctctaagttcetatgtgagaatatgttgttataaatcattteagatgtgtag 8470
tgagtaaagogatgtoatttagaaaagtcagataacaggcacagtttgcattaatgtgttctaaagaggt 8540
aaggttattacatttataaaaattcagggetttatetttgtgoggetttttttttttacagttteattac 8610
agtaggagcttgataaatgatcactctgaagtatattggattgaatttgatatttacttaattttttgee 8680
caagacattgtagaggatgtasaattggaatatttasagatctaaactttgcctaacagtgetgtgtata 8750
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FIG. 20(VI)
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cagtgcttagtgaatattctgctctgatattacattttgcttaggaattatttttctctaggtgtttttc 8820
ctcaaaagtttttaatgctggttatgacagctcgattttgagcattttccgattatttaaacatgtaaca 8890
aaatgatttttgttttgttggogattttacatgcaatcgccggaaacatggaaggaataaaactttagga 8960
ttataaggtaaaaacaaatgtattccaaaatagcttcattggttttcatgtttgtgttttgtatagccat 9030

agaactggcttataggactgtacaggttacctggatccttaaattaaactttagacttttttccaaag 9098
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FIG. 21())
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ANGCTTCAATGTTTTTAGCACCCTCTGTGTCGAGGAAAATAATGCAGATTATTCTAATTAGTGTAATATC 70
TAACCACATTAAAATATATTACATAGTAAACTACACTCCATAATTTTATARATTTGACTCCCCAGGGTAR 140
TAAACTAGTCTCTAGTCTGCTCACCTTCAACTGTACAATAAAGTCTTGGTTCTTTTGARATAGACCTCAA 210
ATGAGACACCTARAAT TCAAAGTGTCTTTACATTTAAAGACACCTACAGGARAGCAGGTAAAAGAGOCAG 280
GITAAAAACAARTTCTAARACCACTTAGCTGCAGTTAANCATATAGTAAAGATGCACTARAGTTTCTTAC 350

360 370 380 390 400 410 420
JJlllllllIllll'lllllllll'IlllllllllllllllllljlllllIllllllllllllllIllll
TCTGTAAATCCCTTOCACTTCAGGAAATAT TCCACTTTCCCATTCACTACACGTCGATCTAGTACTTTTT 420
CCACGACAAAT TCTTCAGGCTCTGCCTCT TCAACTTTTTTACTCTTTCCATTCTGT TTTTTTIOCCATTTIT 490
TTGCTARRATAAAACARAAGRGAANTTAAGAAATATTCCTCTTGAATTTTGAGCACATTTICAAGGCTCR. 560
ATTGCTTATATTATTATCACAT TCGACATAAATTTTTACTTCTATATOOCAGGGCAGACACCTTCTGRAR 630
AGATTARAAGTCAACAGACARTAAAATAANAGANTGCTTTATCTTGTTCATTTAGTTCAAACTTACAACC 700

710 720 730 740 750 760 TI0

Jllllll]llIllllIlle_lllllJlllllllllllll'JllllllllIlIll'lIllIllllIll]ll

CAOCACCAAAATARTACAATAAANAAACACTATCTGGARACAGTTATTTTTTICCAGTCTTTTTTTTIGA 770
GACAGGGTCTCACACTCT TG TOGCOCAGGCTGGAGTRCAGTAGCGTGATCTCAGCTCACTGCARCCTONG 840
CCTOCCCAGGT TCAAGCAGT TCTCATROCTCAGCCTOCAGAGTAGCTGRGATTATAGGOGGATGOCACA 910
TGO AR T T TTT T T TG TG TTTTAT TAGAAACAGGGTTTCACCATGTTGACCAGGCTGETCTCAAR 980
CTOCTGACC TGAAGTGAT TCACCAGCCTGEGCCTOCCARAGTGCTRGCATTACAGGOGTGAGCCACTAOG 1050

1060 1070 1080 1090 1100 1110 1120
J]llllJllJllllllllllIJII'IIII']III'lllllllllllljllllllllllllllllllllll
OGO TCTAGTCT TAAAAGACCAAGT TTACTAATTTTCACTCATTTTAACAACACTGCAACARACAA 1120
CT A TG AGGAAGTACCTAAAGGTGATOCAGAGARGCAAGTAGTAGTGACAGGTCTTAGGTGAACCTATG 1190

ACAGACCTTGTATCCACCCCCAGATGGTAAANGCCCCARCCOCCTTCTCAATTCARATATTAATGTCARA 1260
AGCATCARTGATACAGAGAARAGATAAATGCAGAATGAARACATGGTTCAAAATCCTGATACCAACTGCE 1330
GGETCAACTATAGAGACCACTAGAGGTTCAATTAAAGGACAAGATTATTTTTCCATAATCTCTGTAGAT 1400

1410 1420 1430 1440 1450 1460 1470
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FIG. 211
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TTCATCTTAAAGCAAATGCTATTGOCGEEEECACTGACTCATACCTGTAATOCCAGCACTTTARGAGACC 1820
GAGGTGRGCAGATCATCTGAGGTCAGGAGTTTGAGACCAGCTGACCAACATAGAGAAANCCOGTTICTA 1890
CTAAAMATACAAATTAGOCAGGCATAGTGETGCATGCCTETAATCCCAGCTACT TRRGAGGCTGAGGCA. 1960
(GAGAACTGCTTGAACCCAGGAGGCTTAAGTTOGGTGAGCCAAGATCACGCCATTGCACTCTAGOCTAE 2030
ACAACAAGAGAAAAACTCTGTCTCAARAAAACACAAAAACAAAAAACCCARATACTATTTAAAAAAGATA 2100

2110 2120 2130 2140 2150 2160 2170
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AACCTTAATTGCTCAATCATTAAAGCCATCCCACAAGTARAGCAGCAAGCAGAARAAAGTTAAGAACATC 2170
TCAAGGCTACAGAAGGACATTTCAAGCTATGCAGGCATATGAAGTGTGCAGACAGATATGTANGARAGEC 2240
CTCAAGACTGCAAAAGGGCATTTCAAGCTATGCANGCATATAGGTAACACATACACACACACANANTAAR 2310
ATOOCCTGAAATACAAAAACATGCAGCARACACCTGACGTTTTTGGATACCATTICTAAGTCAGGIGTTA 2380
TGATTCTCATTAGTCAAGATACTTGAGTACTGRRCCCARACAGCTTTCTGCCACTGTACAGTACAAGAAG 2450

2460 2470 2480 2490 2500 2510 2520
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GTAGGAATAATGGTGECAGGAGCAAAGACARACTGTAATAGACAGAAGTGTATCAGATACCTATACTACA 2520
TGARAAACAAAACAGCTACTGOCACAAAGGGAGAAGGCTAACARAATAARAGTCAACAATAARTACAGANA 2590
ATGAAANGGATACACACTAAGGTTTACAAARAAAANARGCAGACAAAATGOCATACAGTATTCATTCAC 2660
TACTATGGCATTCATAAGCTAGTTTCAAATGCTCACTATTTTCTTTTATAGTATATATTTGOCTTAACCC 2730
AGCACTTTTTTCCAAARAGTGGATGAGTCAARATAAATTTCCCATTATTTAAGTGAAATTAACAGCACACA 2800

2810 2820 2830 2840 2850 2860 2870
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TATCTCACAACACTAATGAATTTTTAARATGGARAGT TAAGAACTTTTAAAGTCGCCAACCTGTGATCCT 2870
TCACAAARTAAACTAAATACAATAACAGACCOCAANGGCTATCAATTGOGTGCAAAAACAACTTCTGTTT 2940
TOCAGGGTAAACAGAATCTAATGCAGAATCTAATGCAGGGTAAACAGACTTAATGCAGAATCTAATGATG 3010
GCACAAATTAARAATCACTAACGTGCCCTTTTTAGTGTGAAACCCAGAGAGAGCACATACAAGCCARANA 3080
CAAATGCTTTATTTTACCTAGGAGACATTAACATTCACCTTTACGTGTTTAAGATTAATGCAATGTTAAA 3150

3160 3170 3180 3190 3200 3210 3220
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TATTGTGAAAACTGTAACT TTGAATTTCATGATTTTTATGTGAATATTCCAGSGTTTAAAARAACTTGTA. 3220
ACATGACATGGCTGAATAAGATAAAAAAARAATCTAGCCTTTTCTCCCTTCTGGCTCATATTTGOGATTT 13290
CGATCATTTTGITTAAAAAACAAAACACTGCAATGAATTAAACTTAATATTCTTCTATGTTTTAGAGTAA 3360
GTTAAAACAACGATAAAGTGACCAAAGTAATTTGAAAGATTCAATGACTTTTGCTCCAACCTAGGTGCACA 3430
AGTACCTTGTTCTTTAAATTGGGCTTTAATGAAARTACTTCTCCAGAATTCTGGGGATTTAAGAAAART 3500




WO 00/05393 PCT/GB99/02357

37/83

FIG. 21()

3686 OF 15071

3510 3520 3530 3540 3550 3560 3570

Jnnlnnl|||1|1||l|lllllllnllnllnnl||11||||||||||||n|||1u|nnl

T GOCAACCAA AR T T TACCA T T TTATGTAACATTTTTCAACGCTGCARAAATGTGTGTATTTCT 3570
ATTTGAAGATARAAATCCTCAGCARAATOCACATTGCACTGTCCTTCARAGATTAGOCTTCTTIGAACTA 3640
G AAGACACT AT TAAGOCAAGCCAGTATCTOOCTGTAATGARTTOGT T TICTC T TAATTTTCCOCTGT 3710
WMWANMMMWWATM 3780
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T TGGASGCCAT T T T T T T T TGCAGACTTGAAGAGCTATTACTAGAARARTICATGACAGTTARGGTAAG 3920
T TGCATGACACARAAAAGGTAAC TAANTACAAATTCTGT TTGGATTCCARCCOOCAAGTAGAGAGOGCA. 3090
CACTTTCAAACGTGANTACAANTCCAGAGTAGATCTGOGCTOCTACCTACATTGCTTATGATGTACTTAR 4060
GTACGTGTCCTAACCATGTGAGTCTAGANAGACTTTACTGOGGATCCTGGTACCTAAAACAGCTTCACAT 4130
GGCTTAAAATAGGGGACCARTGTCTTTTOCANTCTAAGTCOCATTTATAATANAGTCCATGTTCCATTTT 4200

4210 4220 4230 4240 4250 4260 4270
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GGECOCTAGGEGEACEECCEAGEGCCEACGACCGCGEECACTTACCGETTORCGGECCTRR0RCCCERTART 5320
(COCCAAGGEGAGEGAAGEEEGAGEGEG0GAGGACAGTGACCEGAGTCTCCTCAGCGRTGECTTTTCTG 5390
CTTGGCAGCCTCAGCRECTEECGCCARAACCGGACTCOGRCCCACTTCCTOGCCOGCOGETROGAGRRTET 5460
GGARTCCTOCAGACGCTCEEGAGGEEGAGT TCHGACCTTARAAACTAGTACCCCTTTRGGACCACTTIC 5530
AGCAGOGAACTCTCCTGTACACCAGGRGTCAGT TOCACAGACGCREECCAGGAGTGRAGTCATTEOREAGT 5600

5610 5620 5630 5640 5650 5660 5670
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CACGGAAAACAAAAAGEAAGGCTACTAAGAT TTTTCTGGCGGERGGTTATCATTGECCTAACTGCAGGGA 5740
CCACCTOOCGEAGT TGAGGEGECTGGATCTCCAGGCTGOGGATTAAGCCCCTCOCGTCRGOGTTAATTTCA 5810
AACTGOGCGACGT TTCTCACCTGCCTTCROCAAGGCAGRRECOGGGACCCTATTCCAAGAGETAGTANT 5880
AGCAGGACTCTAGCCTTOOGCAATTCATTGAGCGCATTTACGGAAGTAACGTOGGETACTETCTCTRAC 5950

5960 5970 5980 5990 6000 6010 6020
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GCAAGGGTCGGAGGAGTACGCATTTGROGTAAGGCTCRAECGTAGARCCTICCOGCCATTGROGGOGGATA 6020
GGECGTTTACGCGACGGECCTGACGTAGCEGAAGACGCGTTAGTGEGGECGAAGGTTCTAGRAAAGOGGOG 6090
GCAGOGGCTCTAGCEGCAGTAGCAGCAGCEOCEEETCCCETEOGEAGGTGCTCCTCGCAGAGTTGITICT 6160
CGAGCAGCGECAGTTCTCACTACAGCGCCAGGACGAGTCCGETTOGTGTTORTCOGCGRAGATCTCICIC 6230
ATCTCGCTORGCTEOREGARA O TRARGCGACTGAGTOOGCGATGGAGGTAROGAGTTTGARRTCA 6300

6310 6320 6330 6340 6350 6360 6370
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ATGAGTTATTGAAAAGCATGRCGACCET TEE0GCCTCAGTGRAAGTORECCAGO0GICTOGTARE 6370
AGAGAGGCAGGAARTCGGACCAATTCAGT AGCAGTCRGECTTAAGT TTATGAACGGAGTCTTGAGORGA 6440

GGCCTGAGCGTACAAACAGCT TCCCCACCCTCAGCCTCCOGGECGCCATTTOCCTTCACTGRGERTARERS 6510

ATGGGEGAGCTTTCACATAECGGEACGC TEOCCCGECTGEAGTEAAAGTRRRECGCEGACGIRGEAATTCTTA 6580

TTOCCTTTCTAAAGCACGC TG T TOREEEECCACGEGTCTOCTOGGOGAGOGT TTORECRAGCAGCAGS 6650
6660 6670 6680 6690 6700 6710 6720
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TCCTOGTGAGCGAGGCTECEGAGCTTCCCCTOOCCCTCTCTCCOGEGAACCGATTTGEOGAC0GCCATTT 6720
TCATGGCTOGCCT TCCTCTCAGOGT TTTCCTTATAACTCTTTTATTTICTTAGTGTGCTTTCTCTATCAR 6790
GAAGTAGAAGTGGTTAACTAT TTTTTTTTICTICTCGGGCTGTTTTCATATOGTTTOGAGGTGRATTTGS 6860
AGTGTTTTGTGAGCTTGGATCTTTAGAGTCCTGCGCACCTCATTARAGGOGCTCAGCCTTOOCCTOGATG 6930
AARATGGEOGCCATTGOGT TCGGAAGCCACACCGAAGAOEGGEARGEGAEEETECTCORRETTTGOREENC 7000
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SYTI ETTI ENTR1 RURTE RERTY RRRY ARANI NURTI AAT1 NRTTI FTATI FRUTI FAATIONIT
GGTTTCAGAGARGATATCACCACCCAGGGOGTORE0CGAGTTCARTGOGAGCOGTAGGACARNGARACC 7070
ATTTTATGTTTTTOCTGICT T T T TICCT T TGAGTARCGRT T TATCTERCTCTGCAGTCAGTARAACE 7140
ACAGATGARCGCGGCARAATAAACATARATTGGAAGCCATCRGOCACGAGARACAGGRACGANGGTGRT 7210
T TCTGRG0GEEAGGATATICCGTCAGARTOCTTTACTGTTCTTAAGGATTCCGTTTAAGTTGTAG 7280
AGCTGACTCATTTTAAGTAATGTTGT TACTGAGAAGT TTAACCCTTACGGGACAGATCCATGRACCTTTA 7350

7360 7370 7380 7390 7400 7410 1420
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TAGATGATTACGAGGAAAGTGAAATAACGATTTTGTCCTTAGTTATACTTOGATTARAACATGGCTTCAG 7420
AGGCTCCTTCCTGTAATGCGTATGGAT TGATGTGCAAAACTGT TTTREGCCTERECOGCTCTGTATTTGR 7490
CGAAGGGGETCTACCTGGT TAT T TTCTTTGACCCTAAGCACGTTTATARAATAACATTGTTTARAATCG 7630

7710 77120 1730 7740 7150 7760 7770
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TGTAAAACTTGT TATAARTGTACAT TATCCGTAATTTCAGTTTAGAGATAACCTATGTGCTGACGACAAT 7770
TAAGAATAAAAACTAGCTGAAARAATGAAAAT AACTATCGTGACAAGTAACCATTTCARAAGACTGCTTT 7840
GIGTCTCATAGGAGCTAGT T TGATCATTTCAGT TAATTT TTTCTTTAATTTTTACGAGTCATGAAAACTA 7910
CAGGAAAAAAAATCTGAACTGGGT TTTACCACTACTTTTTAGGACT TRGGAGCATGOGAATGCAGGEAR 7980
GCTOCGTAGAACTGRGATGAGAGCAGCAATTAATGCTGCTTGCTAGGAACAARAANTANTTGATTGANAA 8050

8060 8070 8080 8090 8100 8110 8120
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T ACGTGIGACT T TTTAGT T TGCAT TATGOGT TTGTAGCACTTGETCCTGGATATCACTTTCTCTCRTIT 8120
GAGGTTTTTTAACCTAGT TAACTTTTAAGACAGGTTTCCTTAACATTCATAAGTGOCCAGARTACAGCTG 8190
TGTAGTACAGCATATAAAGAT TTCAGCTCTGAGGTTTTTCCTATTGACTTGGARAATTGTITIGTIGOCTG 8260

HIND III

TCGCTTGOCACATGG AR TCAAGTAAGCTTCAGCTTTCAGTAATTGTTATCTTAGAGATTATGCOCACGT 8330

GARTGTATTTTATTGTACATATGGT TAAGCTGAGTAATTCATATTCTGTATTGTCATATATCAAATATAG 8400
8410 8420 8430 8440 8450 8460 8470
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ACATGTCCACCARAART TAAACTTTTTAAGCTTCGAGTGCTCCTAETCATAAARATTAATTIGTOCTGAT 8470
TATAAGAGTAATTTTTAAGGT TATTTCTAATGCATATCTTTAAATATTTTOGTAACTGAGAGTCATATGG 8540

AGAAACTTAGTGT T TG TCTAAAAAGT TGTGTTTTTTTGGCTGAGATACTTAGAATCACCACCAGAGGS 8610
GCAGTTARGGGARAATAAATGATACTTTTCAGATATTGAATAGTGARATAAANACTTTGGGTCATAAGTA 8680

ATGAACCAAGAGTTAT T TTCTGATGT TTAAAARTAGAARTTTGOGTTTTTAGGTTGTAGGGTTGARATTT 8750
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TTGGTAAAGATTCTTTAATAATCCTTTGATAATCACGGTCTACATTTGT TTATTTTTCCTTAGAAAGTTT 8820
TTTTTTTAATTAATAATTTAAGATAAT TTARTGT TGAGTARATTTATATCAAGCATTARTGACTTTGAAR 8890
CTTGIGTAGATCAGCTGAGGCAATTTTTTGETGTAACACAACTARTATGCAGT TTAACATATGGTTTARA 8960
TTTGATGTAAGTTTTTTTTTCOCCCCAGAARACTTTAGARACTGTTCCTTTGGAGAGGAAAAAGGTACTC 9030
TGOCAGCAGGTCACCTCATATTTANGAATTTAATTTOCTGCATACAAAGAGGAAANTGTARATARAANTT 9100

9110 9120 9130 9140 9150 9160 9170
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CAANTGGTATTTICCTT I ACAGAGAAAGGAACACTTO0GTAAGCTCT TTATTGRTARCTTAAGCTTT 9170
GAAACCACAGARGAAAGTTTGAGGAACTACTACGAACAATGGGGARAGCTTACAGACTGTGTGGTATCTA 9240
AATTACTGAATTGTTACTGGATATTAGTCTTTTAGCTGTATGTTAAGTGAATCATGGAGGAATAACTATC 9310
AGCATAGTAAAAAATTCTATTATGACTTCACT TATAAGCTATAATGAGATTAAATGCTAAAGTTTACCCT 9380
TTGGTTTGAAAGTAATGAGGGATCCTGCAAGCAARAGATCAAGAGGATTTGGTTTTGTAACTTITTCAT 9450

9460 9470 9480 9490 9500 9510 9520
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CCATGRCTGAGGTTGATCCTGCCATGGCTGCAAGACCTCATTCAATTGATGEGAGAGTAGTTGAGCCAAR 9520
AOGTGCTGTAGCAAGAGAGGTANGCARACAATGACTGTCTTGTGCATTAACATGAAGAACGCTGOCCTGC 9590
TGAAAATCAGAAACTAT TTCTGAAT TTAGTTTTAACTCAAGATTTTTTCTCTTATTARAGGTGTGTTGRS 9660
TTTCTGGACCATTTTCTTAAGCTAGCTTATTTTTCAAANGCTAGGTCCCTARAAGCTATTTTATATCTGS 9730
TAGTTTTAAGGTGGATACAACCGAAGTATGETACTACGETTCGETGCTTTGAATTATGCTIGIGTTTTTT 9800

9810 9820 9830 9840 9850 9860 9870
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TCTGTTTGGATGACTTTTACCCCACCACTATTTTAGGARTCTGGAARACCAGRGGCTCATGTARCTGTGA 9870
AGANCTGTTTGTTGECGGAATTAAAGAAGATACTGAGGAACATCACCTTAGAGATTACTTTGAGGAATA 9940
TGGARAAATTGATACCATTGAGATAATTACTGATAGGCAGTCTGGARAGAAAAGAGGCTTTGECTTTGIT 1001
ACTTTTGATGACCATGATCCTGTGGATAAARTCGTATGTAAGTGTCTAACCACAAATGTACTGTITITTIT 1008
CCAGTGTATCAATTTTGTGTATG T TAACATCTGT AACTTTATTGARAGGTAAACTTTTGAAGCTGCTTAA 1015

10160 10170 10180 10190 10200 10210 10220
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TATTGTTGATTTAATTTAAAAGGAGTCTGAATTTTTCATTCCAGTGCAGAAATACCATACCATCARTGRT 1022
CATAATGCAGAAGTAAGAARGGCTTTGTCTAGACAAGARATGCAGGAAGTTCAGAGTTCTAGGAGTGEAA 1029
GAGGAGGTAATTTAATTCTGT TCTCTTTATTTTTGT TCATATATAAGGGCTTIGCTTCTAACTGGRGCATT 1036
TATTGTAGGCAACTTTGGCT T TCGEGATTCACGTGETERCGETEGARAT TTCGGACCAGGACCAGGAAGT 1043
ARCTTTAGAGGAGGATCTGGTGAGT T TCAAGTTCTACGIGT TTAAAGGATGAGTGTGCTTTTATITTAAA 1050
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AETIRNRTI ARTINNETL ETIRERT] ARATI RNENE ARUTE RERTINURTI RNATE FANIOUTT
TATGATTAGGTTTTCAT TAGTAGAATCAAGAAATCCARCCTAAGTCARTTTTCCTAAGACTTCAAATAGA 1057
TTTATCTGGAT TAATAATGTAACATGAAGTGTCATCOGAAAACCTTTGACCOOCATCAAGTGTCATTCTT 1071

10860 10870 10880 10890 10900 10910 10920
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GCTGAGGTAGTARGAGAACTGAANRTGARTAT TAGCAATARTGCTGAACAGTTTATAGTAAACGTAATCT 1092
T T T TTGGO0CCTAACAGAT AT ATGRCAGTAGACGTRGATTTGRGGATCCCTATAATGACTATGGAGE 1099
AGGACCTGGAGGTCAGTTTTCCTCTACGTTT TG T TTGTTTATGTGACTAATACTTAACTATATOGTATA 1106
T TACTTCATTTATAT T T TGAGT TTTTAAACATTTTATATTAGTGTCTATAAATGGCTTRAGTGATAGTG 1113
GIOCAGTTATTTCTAAGTAGTTTTGCCATCTTAGCTGT TATAGCCTAAGGAATAGAGTGOCATTTTARAT 1120

11210 11220 11230 11240 11250 11260 11270
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TTARACATGAAGTGTGATATATCAT TGGOGTACAGAAAAGGCTGATACACACTGACAGATTTTGTAACAA 1155
11560 11570 11580 11590 11600 11610 11620
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GGGACAT T TAAARC TGACTCGTAATAGACTTGAT TTCTGGTGTTGOCACTCAATAGGCATGACTARATA 1162
GTGTATC AT TCTACT T T TTATAATTAAART TTTAGAGGAAGCTGAGTTCTTGTATTTAACTACAR 1169

G TAGAGAC TCAGCOCACARGCTTTT T T T TT T TTTTTAATATGGTTICTTTTTTTTTITTTTTITICGAGA 1176
CGGAGCCTTGCTC TG T CACCCARGC TRGAGTGTAGTRCGOGTCTCTRCTCACTGCARTCTCTGOCTTO 1183
CGGTOCARGTGAT TCTCCTGCCTCAGCCTCCTGAGTAGCTRAGATTACCRGOGTGCACCACCACGOCAGC 1190

11910 11920 11930 11940 11950 11960 11970
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CTGGETAGCTGEAACTACGERETGTGCCACCATGACCECTAATTTTGIGI T T T TTGTAGAGCTCTARE 1232
GETTTTGCTGTGTTGCCCTGECTGGICTTRAAT TOC TR  TCAAGCARTCCACCOGCCTCAACTTONG 1239
TACTGCTGGRAT TACAGGTGTGAGC TR TGOGOCCAGCCAAGAACATTGTTTOGTTTTTTGAGAGGGAGT 1246
CTCTCTCTETOG0CCAGGCTORACTRCAGTGETCTGATC TCAGCTCACTGCAACTCTGOCTOCOGARTT 1253
CACGCCATTCTOCTGOCTCAGCCTCCAGAGTAGCTAGTACTACAGGTTRCTROCACCATGTCOGECTAAT 1260

12610 12620 12630 12640 12650 12660 12670
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GITTTGTATTTTTAGTAGAGATGGGGETTTCACCETGTTAGCCAGGETEETCTCAATCTCTTGACCTORIG 1267
ATCCGTCOGCCTCEGCCT TOCCAAAGTGC TAGGAT TACAGGCATGAGCCACTGTGOCCAACOGAGARCAT 1274
TGTTTTAAGATATGTAAT TCGTAGAGAGACATAATAGAAACTTTATCTTTTGRGOCAGTAGGAGGAAGTG 1281
CICTTTTACTTTCCCTCTAGOCCACACTACTAGTCTAGCCTCACAGTCCTTACCCACAATATACATGAAG 1288
TATTTCAAGATACTTAAGAT TT T TAGT TTTGAGGGARAGCTGTCGAATTACAGGTATTTAACTGTGTGCA 1295

12960 12970 12980 12990 13000 13010 13020
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CATGGTGTTATCCATTTGGCTGAGTAACCCCAGCCACCAAATGTTTACCAAGGATAGTTATTCAGICCTT 1302

GAAGCTATTTTAGAGGAATTTCATTAAATATTTCACATGGAAACTTGGAAAGCTGGARATGEATGTGASG 1309
AGACAGTTCAAAATGGTAT TGAAAAT AT TAAGTGATTACTTAAAGGCTTATTTTATARTAGGTGGCAATT 1316

T TGGAGGTAGCCCCGET TATCGAGGAGGAAGAGGAGGATATGC TG TGGAGGACCTGEATATGGRCAACCA. 1323
G3GTGEEEECTACGEAGGTGGTTATGACAACTATGGEAGGAGGTAATAAATTCACCTGCARCCTTTATGIG 1330

13310 13320 13330 13340 13350 13360 13370
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GGAATTTGGAAT TAATGTCT T TGTAACACTTGATCTTTTGT TTOCATGTTTGTCACTAGATGOCCATARA 1337
AT TGTGGATAAGTGT T TGCT T T TAT TTGTTTTTATGGGAGCTTTGTCCTAAGTCCTTGGTTTAATGTTT 1344
GTATTGT TCTGAGTATTCCAAT TTT T TAATAGGAAAT TATGGAAGTGGAAATTACAATGATTTTGGAAAT 1351
TATAACCAGCAA CTTCTAACTACGGTCCAATGAAGAGTGGARACTTTGETGGTAGCAGGAACATEAGAE 1358
GRACCATATGGTGGAGGTAAT TTATAAAANTTGAGGTTATTCAGAT TTTTGTGATTAAAGGATTAGCCTTT 1365

13660 13670 13680 13690 13700 13710 13720
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TGTGACTTAAAGGGAAGATAACATACTAAGTAGTTTGTACTGTGGECAGTGCTCCATGTACGGTCTTAGT 1372
GRAAATAARGARAT TTTGCATAAATCTCCACAGAAGTACTCAGCAAGCAGTTATGACATCARATTGRGAT 1379
TAGGTAGT TGGAGGTGGGTCTCAGTAGT TTAATTTCTGGTGGGACTCATARACAGCTARATACAGTTGCA 1386
ACOCACAT TGCAAGTGGTATACATTGGARTGAGGGTCTTTGAAGTTAAATCCTTAAACCATGATTCARAC 1393
CATTGCTTAGCTTAT T TTGAGGT TTTTAGCTAGGAGTARACTAGCTTTGTCTIGEGCTTGATGTACTTT 1400
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ARRGGATTAGATCTGC TG TTAAARGACTCGATGGATATARRATAGAATCAACTGTAGTGTTIAGRCIG 1401
ATCATGGGAARTCAARGTAAGTTTGT TTTCTCTTGCTGTICCAACAATTATAGGARACTATGGTOCAGGA. 1428
CGCAGTEAGGAAG GGG TATGG TG GACGACCOGATACTGARCTICTTOCTATTIGOCATGAGTAR 1435

14360 14370 14380 14390 14400 14410 14420
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GTAGCT T T TGAGT T T ACAA T AT TAT TATC T TGGGAGACATACTCCAGGAGTAAANGCT T TTAGGAT 1442
TCTGT TGAAACAGGCTTCAC TG AT AAAT AGGAGAGGATGAGAGCOCAGAGGTAACAGAACAGCTTCAGG 1456
NAWWWAMWMWW 1463
WWMWMAATMW 1470

4710 14720 1470 14740 W50 14760 14770
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AGAAGGATTGTARAAARAANTGCCTTTGAGACAGTTTCTTAGCTTTTTARTTGTTGTTTCTTICTAGIG 1477
GTCT T TG AAGAGTGT AGAANGCATICCT I T TTGATAATGT TAAATTTGTAAGTTTCAGGTGACATGTGA 1484
AACCTTTTTTAAGAT TTTTCTCAAAGT TTTGAARAGCTATTAGCCAGGATCATGGTGTAATAAGACATAR 149]
CGTTTTTCCTTTAAARAAAT TTAAGTGCGTGTGTAGAGT TANGANGCTGTTGIACATTTATGATTTAATA 1498
AARTAATTCTAARGGARRT TGTGTAAT TATAGACTTTTTATTTT TAAATARGTTAAGGAGTCGGTAGTAT 1505

15060 15070 15080 15090 15100 15110 15120
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FIG. 35(A)
1 2 3 4 5 6 7 8
/ AMYGDALA| GAUDATE | CERRE- (CEREBREL | FRONTAL | HIPPO- | MEDULLAN
NUCLEUS | BELLUM | CORTEX | LOBE | CAMPUS |0BLONGATA
135 161 109 99 SU889 % 118 124
PUTAMEN {SUBSTANTIA| TEMPORAL | THALAMUS ' INAL
WGRA |~ LOBE THEANE | CoRD
202)  132|  117| 125|197 169
HEART | AORTA Shlﬂ(ﬁg%ﬁt COLON | BLADDER | UTERUS | PROSTATE | STOMACH
410 106 210 177 100 114 190 293
TESTIS | QVARY | PANCREAS | PITUITARY | ADRENAL | THYROID | SALIVARY | MAMMARY
GLAND | GLAND | GLAND | GLAND | GLAND
213 205 514 331 349 169 393 93
KIDNEY | LIVER | SMALL | SPLEEN | THYMUS PERIPHERAL| LYMPH | BONE
INTESTINE LEUKOCYTE[  NODE | MARROW
213| 429| 275! 175| 209 04|  164| 147
APPENDIX| LUNG | TRACHEA |PLACENTA
152 243 235 361
fEAL | FETAL | FETAL | FETAL | FETAL | FEAL | FETAL
BRAIN | HEART | KIDNEY | LNER | SPLEFN | THYMUS | LUNG
137 135 210 243 149 104 245
YEAST | YEAST | Ecoli | Ecoii | POLYR(A) [ HUMAN | HUMAN | HUMAN
TOTALRNA| tRNA | (RNA | DNA Got1DNA [ DNA DNA
NJ00ng | 100ng | 100ng | 100ng | 100ng | 00ng | 100ng 500 ng
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FIG. 35(D) (t8p)
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FIG. 36(a)
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FIG. 36(b)
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FIG. 38(A)
1 2 3 4 5 6 7 8
/ WHOLE \AMYGDALA| CAUDATE | CERRE- (CEREBRAL | FRONTAL | HIPPO- T MFDULLAN
BRAIN NUCLEUS | BELLUM | CORTEX | LOBE | CAMPUS [0BLONGATA
100 135 161 109 99 SUB89 SPIN}\Eg 124
OCCIPIGAL| PUTAMEN SUBSTANTIA{TEMPORAL | THALAMUS \
OB WGRA | L0BE THLANE | CoRD
100 202 132 117 125 127 169
HEART | AORIA2 S%EECTLAEL COLON | BLADDER | UTERUS | PROSTATE | STOMACH
410 106 210 177 100 114 190 293
TESTIS | OVARY | PANCREAS { PITUITARY | ADRENAL | THYROID | SALIVARY [MANMARY
GLAND | GLAND | GLAND | GLAND | GLAND
213|  205| 514 331| 349| 169! 393 03
KIDNEY | LIVER | SWALL | SPLEEN | THYMUS [PERPHERALl LYMPH | BONE
INTESTINE | LEUKOCYTE|  NODE | MARROW
213 429 275 175 209 94 164 147
APPENDIX] LUNG | TRACHEA | PLACENTA
152 243 235 361
AL | FETAL | FETAL | FETAL | FAL | FEAL | FEAL
BRAIN | HEART | KIDNEY | LNER | SPLEFN | THYMUS | LUNG
137 135 210 243 149 104 245
VEAST | YEAST | Ecoli | Ecoi | POLYY(A)| HUMAN | HUMAN | HUMAN
TOTALRNA| RNA | (RNA | DNA Got1DNA | DNA DNA
\J0ng | 100ng | 100ng | 100ng | 100mg | 00ng | 100ng a0 ng
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FIG. 39(A)
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FIG. 42(D)

FIG. 42(A)
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