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(57) Abstract

The present invention provides eukaryotic cells capable of
replicating recombinant expression vectors that produce heterologous
proteins, wherein the cell comprises a polynucleotide encoding a
repressor protein that is capable of repressing production of the
heterologous protein.  The invention also provides recombinant
vectors, such as viruses (for example, adenoviruses) comprising (i)
a first polynucleotide sequence encoding a heterologous protein and
(ii) a second polynucleotide sequence operably linked to the first
polynucleotide in order to permit repression of the expression of the
first polynucleotide gene.
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REPRESSOR PROTEINS PRODUCING CELL LINES FOR THE PROPAGATION OF VECTORS

REFERENCE TO RELATED APPLICATION

The subject matter of U.S. provisional patent application serial number
60/094.,681 filed July 30, 1998 is incorporated herein by reference. The
present application claims priority to provisional patent application serial

number 60/094,681.

The present invention relates to various cell lines, including
derivatives of the 293 cell line. The present invention also relates to

recombinant viruses, such as recombinant adenoviruses.
BACKGROUND OF THE INVENTION

Human adenoviruses have become one of the vectors of choice for
the delivery and expression of foreign or exogenous proteins for gene
therapy, immunotherapy and vaccination. For a recent review, see Hitt ef
al., Adv. Pharmacol. 40: 137-206 (1997). Human adenoviruses have been
shown to be effective vaccines, for example, for the delivery of rabies
glycoprotein antigens to non-human hosts. Protective immune responses
have been induced in animals immunized with either infectious or defective
vectors of this type delivered either by parenteral or oral routes. Prevec et
al., J. Infect. Dis. 161, 27-30 (1990); Charlton et al., Arch. Virol. 123: 169-
179 (1992); Yarosh et al., Vaccine 14, 1257-1264 (1996); Xiang et al.,

Virology 219, 220-227 (1996).
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Replication-defective vectors generally have disrqptions/deletions of
the early transcription E1 region and optionally the E3 region and inserts of
cassettes containing an appropriate exogenous promoter and the gene(s) to
be expressed. Vectors of this type are produced and grown on E1
complementing cell lines such as the human 293 cell line, which is a human
embryonic cell line. Graham et al., J. Gen. Virol. 36: 59-72 (1977).
Through established procedures employing plasmid shuttle vectors (Graham
& Prevec, Molec. Biotech. 3: 207-20 (1995)), the foreign gene (or promoter-
gene cassette) is inserted into convenient restriction sites in the shuttle
plasmid(s) and co-transfection of 293 cells with the appropriate pair of
plasmids results in the rescue of a recombinant adenovirus vector which
contains and expresses the desired exogenous protein. This procedure has
been successfully used to produce many recombinant viruses expressing

different types of proteins from a range of different sources.

However, there are instances where exogenous protein expressed by
the virus seems to interfere with the subsequent development of viral
progeny. As a result, rescue of virus by transfection and viral growth may be

severely compromised in some cases.

There have been cases where there is a reduction in glycoprotein
expression as a consequence of transcriptional suppression or "squelching."
For example, the activity of the Herpes Simplex Virus VP16 transactivation

domain on the LAP348 protein. Natesan et al., Nature 139: 349-350 (1997)
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have shown that transcription of episomal DNA is preferentially inhibited by

"squelching".

A number of solutions to the problem of over expression of
inactivating genes by viral vectors have been explored. Yoshida and
Hamada, Biochem. and Biophys. Res. Comm. 230: 426-430 (1997) placed
the VSV glycoprotein gene under the control of a minimal HCMV promoter
fused to several tetracycline operator sequences. The operator sequences
serve as potential binding sites for a chimeric transactivator protein
consisting of the C-terminal domain of the herpes simplex virus protein
VP16 fused to the tetracycline repressor protein. In the presence of
tetracycline, the transactivator cannot bind to the promoter region, while in
its absence, expression of transcripts from this promoter is a function of the
amount of transactivator present. In order to provide adequate levels of
transactivator, Yoshida and Hamada used a second recombinant Ad vector.
Massie et al., J. Virol. 72: 2289-2296 (1998) also exploited the tetracycline
regulatable expression system, developing 293 cells that expressed the tet-
regulated transactivator to obtain high level expression of a inactivating
protein. In yet another approach, Tomanin er al., Gene 193, 129-40 (1997)
developed Ad vectors containing cassettes regulated by a T7 promoter in
combination with vectors expressing the T7 RNA polymerase to express

proteins having an inactivation potential.

These approaches, while potentially useful for the production of

proteins in cell culture, do not lend themselves to an in vivo expression
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system, such as those implicated in genetic therapy and vaccination. In
contrast to the efforts of the art, the approach described herein utilizes
repression of transgene expression during vector isolation and growth, and
has proved to be very successful in producing recombinant adenoviruses
capable of expressing heterologous proteins, such as rabies glycoproteins, at
high levels in host cells and in animals. Studies in mice indicate that a very
high level of rabies neutralizing antibody can be induced by the intron-

containing vectors following a single intraperitoneal injection.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a technique for
increasing expression of heterologous proteins by recombinant viruses, such

as adenoviruses.

It is also an object of the present invention to provide cells for the

production of certain viruses.

It is a further object of the present invention to provide cells useful in

the production of adenoviruses.

It is a further object of the present invention to provide cells in which
certain heterologous foreign protein products from certain adenoviruses is

inhibited.

It is a further object of the present invention to provide cells based on

human embryonic cell lines, such as embryonic kidney cell lines, that are
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capable of producing a protein or other entity capable of binding with a
binding site on the genome of certain adenoviruses to inhibit production of
certain proteins whose overexpression interferes with the production of those

adenoviruses.

These and other objects are accomplished by the present invention,
which provides, in accordance with one aspect of the invention, a eukaryotic
cell capable of replicating a recombinant expression vector that produces a
heterologous protein, wherein the cell comprises a polynucleotide encoding
a repressor protein that is capable of repressing production of the
heterologous protein. The cell can be a mammalian cell. Moreover, the
vector can be a plasmid or a virus, such as an adenovirus. The cell can
complement a virus, for example, the cell can express the protein product of
a defective region of the virus. For example, the cell can express the E1
product (or its functional equivalent) that cannot be expressed by an E1
functionally deleted virus. The vector can be a defective virus. For
example, the virus can have a functionally disrupted E1 and optionally the
E3 region can be functionally disrupted as well. The cells can be derived
from embyonic kidney cells, such as 293 cells. The polynucleotide encoding
the repressor can be integrated in the genome of the cell. The repressor can
be a Lac repressor or a repressor derived therefrom. One source for a
repressor-encoding polynucleotide is plasmid pHMCVLAP3438. Cells
according to the invention include cell line 293Lap10 (ATCC Accession No.

CRL-12586) and cell line 293Lap13 (ATCC Accession No. CRL-12587).
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In accordance with another aspect of the invention, there are
provided recombinant vectors, such as viruses (for example, adenoviruses)
comprising (i) a first polynucleotide sequence encoding a heterologous
protein and (ii) a second polynucleotide sequence operably linked to the first
polynucleotide in order to permit repression of the expression of the first
polynucleotide gene. The recombinant vector, such as an adenovirus,
includes those wherein the second polynucleotide sequence is an operator
that can be bound by a repressor. Representative sequences include a lac
operator sequence and sequences derived therefrom (all are types of

~ polynucleotides). In the case of a recombinant adenovirus, the adenovirus
can have a functionally disrupted E1 and optionally the E3 region can be
functionally disrupted as well. A recombinant vector, such as an adenovirus,
can encode a variety of heterologous proteins, such as the rabies
glycoprotein G. A recombinant vector, such as an adenovirus, also can

include an intron sequence to facilitate protein production.

In accordance with still another aspect of the invention, there are
provided eukaryotic cells according to the invention that are infected or

transfected with vectors according to the invention.

In accordance with yet another aspect of the invention, there are
provided methods of propagating vectors encoding a heterologous protein,
comprising transfecting or infecting eukaryotic cells according to the

invention with vectors according to the invention.
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These and other aspects of the present invention will become
apparent to the skilled person in view of the teachings contained herein.
Modifications may be made without departing from the scope and spirit of

the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 depicts the construction of plasmids having the rabies
glycoprotein gene (Fx) under the control of the MCMV promoter, an intron
(I) sequence with or without a copy of the lac operator sequence (0) just
downstream of the transcription start site. Unlabelled portions of the circles
comprise plasmid or Ad5 sequences. The sequences of linkers AB9483 and

AB9484, cdmprising the operator sequence, are set forth below.

FIGURE 2A concerns probing for the inserted genes in 293LAP
cells. DNA extracted from 293LAP10 (lanes 1, 4 and 7), 293LAP13 (lanes
2, 5 and 8) or 293 (lanes 3, 6 and 9) cells was digested with Hind III (lanes 1,
2 and 3), Xba I (lanes 4, 5 and 6) or Pst I (lanes 7, 8 and 9) and fragments
separated by agarose gel electrophoresis. The DNA was analysed by
Southern blot hybridization (as shown in FIGURES 2B and 2C) using
respectively, probe A, the BamHI to Bgl II fragment of pMPG2, or probe B,
the Ndel to HindIII fragment of pMPG3. The proposed structure of the
insert in 293LAP cells is indicated at the bottom of the FIGURE 2D. The
markers were generated by digestion of pMPG2 with HindIII and SacI (B) or
of pMPG3 with BamHI and SacI (C). FIGURES 2E and 2F are schematic

representations of plasmids pMPG2 and pMPG3 respectively.
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FIGURE 3 depicts expression of LAP348 protein .in 293LAP13 cells
and induction following infection with an E1-deleted Ad5 virus. Whole cell
extracts, analyzed by Western blot, were prepared from uninfected
293LAP13 cells (lane 1) or at 24 hours (lane 2), 48 hours (lane 3) and 72
hours (lane 4) following infection with Ad d170-3 at an m.o.i. of 5 pfu/cell.
As controls, extracts also were prepared from uninfected 293 cells (lane 5)
and from 293 cells at 72 hours following infection with Ad d170-3 (lane 6).
The LAP348 protein was detected with commercial anti-Lac repressor
antibody as described in the text. Two exposure times, 15 min.(top) and 1

min (bottom) are shown for comparison.

FIGURE 4A depicts expression of rabies glycoprotein by different
vector viruses in 293 and 293L.AP13 cells. Monolayer cultures of 293 or
293LAP13 cells were infected at 2 pfu/cell with one of the following
viruses: AASBHGE3MHS5Fx, which lacks intron or operator sequences but is
otherwise identical to the other vectors (lanes 1,4,7 and 10);
AdMHS5(1)E3Fx, which has the intron but no operator sequences (lanes 2,5,8
and 11) and AAMHS(I)E3Fx(0), which has the intron and one operator
sequence (lanes 3,6,9 and 12). The infected monolayers were radiolabelled
with **S-methionine from 8 to 10 hours or from 17 to 19 hours post-
infection and the cells harvested, cell extracts prepared, immunoprecipitated
with anti-rabies glycoprotein antibody and analysed by PAGE, all as
described in the text. Lane 13 has extracts from uninfected 293LAP13 cells.

Two different exposures (18 hr and 2 hr) are presented for comparison.
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FIGURE 4B depicts operator-dependent inhibition of rabies glycoprotein
expression in 293LAP13 cells and reversal by IPTG. Monolayer cultures of
2931.AP13 cells, without (lanes 3 and 6) or with pretreatment with IPTG
(lanes 4 and 7) were infected with AAMHS(DE3Fx, the vector lacking an
operator sequence (lanes 3 and 4) or with AAMHS5(I)E3Fx(0), the vector
having one operator sequence (lanes 6 and 7). As a control, 293 cells were
also infected with AAMHS5(I)E3Fx (lane 2) or AAMHS(I)E3Fx(o) (lane 5).
All infections were at 2 pfu/cell and all infected cultures were radiolabelled
with **S-methionine between 8 to 10 hours post-infection and analysed as

described herein.

FIGURE 5 depicts expression of rabies glycoprotein by different
vectors in non-complementing human (MRCS) or canine (MDCK) cell lines.
Monolayer cultures of MDCK cells (lanes 1 to 5) or MRCS cells (lanes 6 to
10) were infected at 10 pfu/cell with one of the following:.
AdSBHGE3MHS5Fx (lanes 1 and 6) or 50 pfu/cell (lanes 2 and 7);
AdMHS5(DE3Fx (lanes 3 and 8); AAMHS(I)E3Fx(0) (lanes 4 and 9); or were
not infected (lanes 5 and 10). The infected cultures were labeled from 8 to
10 hours post-infection and harvested, immunoprecipitated and analyzed on
PAGE. The long exposure is 20 hours (top) and the short exposure is 4

hours (bottom).

FIGURE 6 contains growth curves of recombinant adenoviruses
expressing rabies glycoprotein in either 293 or 293LAP13 cell lines.

Replicate monolayer cultures containing approximately 1x10° cells each
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(either 293 or 293LAP13 cells) were infected with the reqombinant viruses
at a moi of 1 pfu/cell. At the indicated times post infection duplicate cells
and supernatants were harvested and assayed for pfu on 293LAP13 cells.
Titres are plotted on an exponential scale. Open symbols represent yields
from 293 cells for AAMHS5(DE3Fx (0) and AAMHS(I)E3Fx(o) ({I). Closed
symbols represent yields from 293LAP13 cells for AdAMHS5(I)E3Fx (0) and

AdMHS5(1)E3Fx(o0) (0).
FIGURES 7A-C depict the sequence of plasmid pMPG2.
FIGURES 8A-D depict the sequence of pMPG3 type of plasmid.
FIGURES 9A-B depict the sequence of plasmid pDCSVFx.
DETAILED DESCRIPTION OF THE INVENTION

As will be described below, there are provided cells, including cell
lines, for use as hosts for replicating recombinant expression vectors, such as
viruses and plasmids, wherein the cells comprise a gene encoding a repressor
protein capable of repressing expression of certain heterologous proteins of

the vector and which otherwise deleteriously impact replication thereof.

The term “repressor,” particularly in the context of proteins, is
intended to refer to entities (e.g., proteins) having the capacity to inhibit,
interfere, retard and/or repress the production of heterologous protein
product of a recombinant expression vector. For example, by interfering

with a binding site at an appropriate location along the expression vector,
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such as in an expression cassette. One appropriate repressdr for use
according to the invention is the repressor that interacts with the lac operator
(which is a type of interaction partner for the repressor). See, e.g., Watson et
al, MOLECULAR BIOLOGY OF THE GENE (4™ ed. 1987)
(Benjamin/Cummings Publishing Co.) Other appropriate repressors and
interaction partners are available in the field. Thus, examples of repressors
include the lac repressor, the trp repressor, the gal repressor and the lambda
repressor. Other appropriate repressors can be employed as well.

The cell line can be derived from 293 celis and the polynucleotide
inserted therein encodes a lac repressor derivative. According to one
embodiment, the gene includes a nuclear localization signal from a SV40
large T antigen, along with a transcription activation domain from herpes
simplex type 1 VP 16, as well as a portion of plasmid pHMCVLAP348,

which is described in U.S. Patent 5,674,730.

The vector can be an adenovirus, more preferably a defective
adenovirus with a functionally disrupted E1 region and optionally the E3
region can be functionally disrupted as well. In the context of the present
invention, the term “heterologous” connotes a difference in origin, source,
form, structure, activity or location between two or more entities. The
referents and effect of the term “heterologous” depend upon the context in
which it is used. For example, in the context of recombinant viruses, a
heterologous protein typically is a protein encoded by a recombinant virus

wherein that protein does not naturally occur in a native or source virus, or
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the protein is changed in a manner that is distinct from the form which

naturally or usually occurs in the native or source virus.

In other aspects, the invention provides a system for replicating a
recombinant protein expression vector, comprising a cell, such as from a cell
line, comprising a gene which encodes a repressor protein capable of
repressing certain heterologous protein products of the vector, which vector-

encoded proteins otherwise inhibit production of the virus.

The vector can be an adenovirus, such as a defective adenovirus.
Defective adenoviruses can have a functionally disrupted E1 region and
optionally the E3 region can be functionally disrupted as well. Functional

disruptions can be undertaken by insertions and/or deletions in a given

region

A particular feature of the vector used in the present system is that it
contains a binding site, such as an operator sequence. For example, the
vector contains a /ac operator sequence which serves as a binding site for the
repressor protein, preferably within the expression cassette of the vector.
The repressor protein can be the lac repressor, a derivative thereof, or other
repressors available in the art. In the case of defective adenovirus, the
binding site may be placed in the E1 region, the E3 region and/or another

region where the binding site can be operably linked.

In another aspects, the invention also provides a method of

replicating a recombinant protein expression vector.

SUBSTITUTE SHEET (RULE 26)

PCT/1B99/01349



10

15

20

WO 00/06751

13

Repressor proteins for use according to the inventidn can repress
production of the heterologous protein. For example, the vector has an
expression cassette containing a gene (a type of polynucleotide) encoding the
heterologous protein, the method further comprising the step of locating the

binding site within the expression cassette.

In another of its aspects, the present invention provides cells,
including cell lines, that produce a repressor protein and a vector for
transforming that cell line, the vector comprising an expression cassette in
which DNA encoding for a heterologous protein product is operably linked
for expression to a promoter sequence or the like that is disfunctional or
impaired in the presence of the repressor protein. The phrase “operably
linked” in the context of the present invention refers to a first sequence(s)
being positioned sufficiently proximal to a second sequence(s) such that the
first sequence(s) can exert influence and/or control over the second
sequence(s) or another sequence(s) under control of the second sequence(s).
Operably linked includes, but is not limited to, sequences that are

contiguous.

The vector can be an adenovirus, such as a defective adenovirus, and

the cell line complements the defect to allow the adenovirus to replicate.

In still another aspect of the present invention, the invention provides
methods of producing cells, such as cell lines, useful as a host for replicating
expression vectors, comprising the step of introducing into the host a

polynucleotide sequence encoding a repressor protein capable of repressing a
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heterologous protein of the vector which otherwise inhibits replication of
that vector. Preferably, the introduction comprises integration of the

repressor encoding sequence into the genome of the host cell.

The expression vectors can include a promoter sequence and a
polynucleotide sequence encoding the heterologous protein product, the
binding site being located therebetween, which is one example of operably
linked. Alternatively, the expression cassette includes a promoter sequence
and a sequence encoding the heterologous protein product, the binding site
being located upstream of the promoter sequence, which is another example

of being operably linked.

In still another embodiment, the method includes the step of

providing a plurality of binding sites.

As will be described below, the present cells, in particular when used
in conjunction with expression vectors such as adenovirus, are capable of
repressing the production of certain heterologous protein products from such
vectors, and thereby minimize the interfering effects of the presence of
certain proteins on the further replication of the vector itself. This capability
is particularly advantageous in adenovirus-based recombinant vector systems
whose protein products, such as rabies glycoprotein, have been shown to

interfere with further replication of the adenovirus vector itself.

The present invention also provides a combination of cells that

produce a repressor protein and a vector for transforming those cells, the
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vector comprising an expression cassette in which DNA (g type of
polynucleotide) encoding for a heterologous protein is operably linked to a
promoter sequence that is disfunctional or at least substantially impaired in
the presence of the repressor protein. In this case, the cell line and the
adenovirus can, if desired, be made available in a single package. The
package also can include instructions for the user on how to use the
combination, such as explaining how to infect and/or transfect the
adenovirus into the cell line under conditions suitable for transfection and
then to select for and then to culture under suitable conditions for adenovirus
replication. The instructions also may instruct the user how to rescue the

adenovirus or to recover the protein of interest.

The invention can utilize a cell line which is a derivative of the
human 293 cell line, commonly used as a host for the replication of
adenovirus-based expression vectors. Other appropriate cells useful
according to the invention are disclosed in Fallaux et al., Hum. Gene Ther.
7: 215-22 (1996); Fallaux et al., Hum. Gene Ther. 9: 1909-17 (1998). In the
context of cells, the term “derived” in its various grammatical forms
connotes a degree of similarity that is indicative of an archetype. For
example, the cell that is derived is based upon or obtained from a naturally
occurring cell or other type of cell. Cells that are “derived” can be obtained
by screening cells for desired properties, conducting mutations on cells
and/or transforming cells with DNA to impart a desired trait or property on

the recipient cell. Other approaches also are available.
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Two examples of cell lines according to the present inventions are
described in more detail below and are 293-based cell lines, designated
293LAP10 and 293LAP13, which contain and express a repressor protein in
the form of a derivative of the lac repressor protein, viz: LAP348 (Labow ef
al., 1990). In the context of polynucleotide sequences and regions, genes
and plasmids, the term “derived” in its various grammatical forms connotes
a degree of similarity that is indicative of an archetype. For example, a DNA
sequence that is derived is based upon or obtained from a naturally occurring

DNA sequence or other type of source DNA sequence.

The lac operator sequence, to which the repressor protein binds, is
incorporated into a transcription unit, where it is operably linked, controlling
rabies glycoprotein expression. In one case, the operator sequence is located

immediately downstream of the transcription start site.

Cell lines made according to the invention are provided. Cell line
293LAP10 was deposited with the American Type culture Collection
pursuant to the Budapest Treaty and was assigned Accession No. CRL-
12586. The 293LAP13 cell line was deposited with the American Type
culture Collection pursuant to the Budapest Treaty and was assigned
Accession No. CRL-12587. The invention is not limited to these cell lines,
however. Following the teachings of this application, the skilled person will
be able to readily attain other cell lines in accordance with the present

invention,
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The operator-containing adenovirus of the present ihvention, can be
grown to higher titres in 293LAP10 and 293LAP13 and has been shown to
produce plaques more efficiently in 293LAP10 and 293L.AP13 cells than in

293 cells not modified in accordance with the teachings of the invention.

In accordance with another embodiment, adenovirus expression
vectors are provided with a promoter-intron expression cassette for
expressing rabies glycoprotein. This vector has been shown to express the
rabies glycoprotein with enhanced synthesis kinetics in non-complementing

human and canine cell lines compared to vectors lacking the intron.

Furthermore, it has been shown that the repressor protein produced
by the 293LAP10 and 293LAP13 cell line is effective at repressing the
expression of rabies glycoprotein by the operator-containing adenovirus
vectors . Moreover, it has also been shown that the repressing effect of the
repressor protein is at least partly relieved by isopropylthio-B-galactoside

(IPTG).

Therefore, it is believed that cell lines according to the present
invention, including, for example those based on the 293 cell line, still more
particularly the 293LAP10 and 293LAP13 cell lines, are useful for the
rescue and propagation of other expression vectors in which expression of

the desired protein prevents vector rescue in the host cell.

Although the cell lines disclosed herein are based on 293 celis, other

cell lines are contemplated which have utility as a host for adenovirus or
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other expression vectors capable of producing a heterologous protein

product.

Based on published observations showing that the presence of an
intron can significantly increase the expression of some gene sequences
(Petitclerc et al., J. Biotech. 40, 169-178 (1995); Yew et al., Gene Therapy
8: 575-584 (1997)) and observations that expression of a number of
glycoprotein antigens in adenovirus vectors can be greatly amplified by the
presence of an intron upstream of the gene, attempts to produce defective
adenovirus vectors were undertaken in which the expression of a rabies
glycoprotein gene was driven by the highly effective murine
cytomegalovirus promoter (MCMYV) (Dorsch-Hasler et al., Proc. Nat’l Acad.
Sci. USA 82: 8325-29 (1985); Addison ef al., 1997) in combination with an
intron sequence previously used in adenovirus vectors (Berkner & Sharp,
1985). The construction detail for plasmid pMHS5(I)Fx is shown in Fig. 1.
Numerous attempts, to rescue a defective adenovirus vector containing the
rabies glycoprotein gene under the control of this promoter construction
were unsuccessful following standard co-transfection protocols in 293 cells.
These unsuccessful attempts amounted to over a dozen independent
experiments including some with slightly modified constructs and
representing over 300 transfected plates of 293 cells in total (data not
shown). The only successful rescue of vectors of this type resulted from a
plasmid which had a fortuitous deletion of 59 nucleotides from the start of

the rabies glycoprotein open reading frame as a result of EcoR1 STAR
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endonuclease activity (data not shown). Since these rescuéd vectors were
unable to express the rabies glycoprotein, this suggested that the failure to
rescue functional vectors may be due to the inactivation potential of the
overexpressed rabies glycoprotein. To overcome this problem, a 293-based
cell line was constructed which gxpressed a repressor protein and could
therefore be used to reduce glycoprotein expression, and its attendant

interfering capabilities, in transfected, infected and/or transformed cells.

These and other aspects of the invention will become apparent to the
skilled person in view of the disclosure contained herein. Modifications
may be made to the various teachings contained herein without departing

from the scope and spirit of the invention.

EXAMPLE I: Cells, Viruses and Plasmids.

The 293 cells (Graham ef al., 1997) and 293 cell derivatives, were
maintained as previously described by Graham and Prevec. Isolated
colonies of cells transformed to G418 resistance (described below) were
maintained in a-MEM supplemented with Fetal Bovine Serum (10% v/v; a
supplier), Penicillin (100 U/ml), Streptomycin (100 pg/ml) and G418 (400
ug/ml, Gibco BRL). Control adenovirus Ad d170-3 is derived from Ad5 but
with the E1 region deleted and a deletion and/or substitution in the E3 region
(Bett et al. Proc. Nat’l Acad. Sci. USA 91: 8802-06 (1994)). In the context
of viruses, the term “derived” in its various grammatical forms connotes a
degree of similarity that is indicative of an archetype. For example, the virus

that is derived is based upon or obtained from a naturally occurring virus or
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other type of virus. Viruses that are “derived” can be obtained by screening
virally-infected cells for desired properties, conducting mutations on virally-
infected cells and/or genetic manipulation of viral genomes with
polynucleotides to impart a desired trait or property on the recipient virus.
Other approaches also are available, including in vivo homologous
recombination and the the direct in vitro insertion of polynucleotide
sequences. The term polynucleotide can encompass DNA, RNA and
synthetic entities, such as peptide nucleic acids. In the context of the vectors
and eukaryotic cells according to the invention, the term polynucleotide can

be considered synonymous with DNA.

The rescue, isolation, propagation, gradient purification and titration
of recombinant viruses described herein can be done according to known
techniques. See Hitt ef al., Meth. Molec. Genet. 7, 13-30 (1995). The virus
particle number in gradient purified stocks, was determined from the OD¢
of an aliquot in buffer containing 0.1% SDS using the relationship ODago =
1.1 x 10 '? pfw/ml (Mittereder et al., J. Virol. 70, 7498-7509. (1996)).

Turning to plasmids, the molecular cloning techniques described
herein below are described by Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2" ed.. Cold Spring Harbor , NY: Cold Spring Harbor
Laboratory (1989). All DNA fragments were separated from contaminants
by agarose gel electrophoresis and eluted from the agarose using GeneClean
(Bio 101 Inc.). Plasmid pMPG2 (Figure 2E) contains a neomycin resistance

gene under the control of an HCMV promoter all flanked by a Bam HI site
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and a Bgl II site as shown in Fig 2A. The sequence of plasmid pMPG2 is
depicted in FIGURE 7. Plasmid pHCMVLAP348 (Labow et al., Molec.
Cell. Biol. 10: 3343-3356 (1990) (NRRL.B-18664)) comprises a modified
lac repressor gene containing a nuclear localization signal from the SV40
large T antigen and the transcription activation domain from herpes simplex
type 1 VP16 (LAP348). This plasmid was cut with Hind III and the 2.5 kbp
fragment containing the HCMV promoter and the LAP348 gene was ligated
in a series of steps with other plasmids to produce plasmid pMPG3 (figure
2F). Plasmid pMPG3 contains the HCMV promoter, the gene for protein
LAP348, an SV40 derived polyA addition sequence and a copy of the
Adenovirus inverted terminal repeats (known as “ITRs”), representing the
sequences from nt37,628 to nt195 from plasmid pFG140 (Graham, EMBO
J. 3:2917-2922 (1984)). This entire insert is flanked on one side by a
unique Bam HI site and on the other side a unique Bgl I site as shown in Fig
2B. The sequence of a pMPG3 type of plasmid is depicted in Figure 8.

The gene encoding a rabies glycoprotein, cloned from a red fox
isolate (Nadin-Davis et al., Gen. Virol. 74: 829-837 (1993)) was modified by
removing the ATG sequence immediately preceding the probable protein
initiating ATG and cloned into plasmid pDCSVFx. The sequence of
plasmid pDCSVFx is depicted in Figure 9. Plasmid pMHS5(I) was derived
from pMHS5 (Addison et al., J. Gen. Virol. 78: 1653-1661 (1997)) by
insertion into the EcoR1 site of an intron sequence obtained by PCR
replication of the adenovirus-immunoglobulin hybrid intron present in

plasmid pMLPspla (Kaufman & Sharp, Mol. Cell. Biol. 11, 1304-1319
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(1982); Berkner & Sharp, Nucl. Acids Res. 13: 841-857 (1»985)). As shown
in Fig. 1, the rabies glycoprotein gene was cloned into pMH5(I) downstream
of the MCMYV promoter and intron to produce plasmid pMHS(DFx. A
derivative of pMHS5(I)Fx, namely pMH5(I)Fx(0) contains one copy of the
Lac operator inserted at the unique Kpnl site located just downstream of the
transcription start site (Fig 1). Synthetic primers

C :5' GCGGTACCGTCGGAATTGTGAGCGGA-
TAACAATTGGTACCCG 3' (AB9483) and

D: 5 CGGGTACCAATTGTTATCCGCTCACAATTCCGACGGTACCGC
3' (AB9484) were synthesized and annealed together to achieve the desired
construction. The annealed primers were then restricted with Kpn I and
ligated to similarly restricted pMHS5(I)Fx plasmid. Recombinants containing
one (pMH5(1)Fx(0)) copy of the repressor binding sequence were identified
by restriction enzyme digestion and fragment analysis on agarose gels. The
orientation of the near palindromic operator sequence in pMHS5(I)Fx(o) was

verified by sequencing.
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EXAMPLE 2: Transient transfection assays.

Plasmids pMH5(1)Fx, pMHS5(I)Fx(0), and pMPG3 were assayed for
expression of the appropriate proteins by transient transfection in various
cells lines followed by Western blotting analysis of total cell lysates. Briefly,
1 ug of purified plasmid DNA was transfected into approximately 1x10°
cells using the calcium phosphate technique (Graham and Van der Eb,
Virology 52, 456-467 (1973)). Two days post transfection, the total cell
monolayer was harvested, and the expression of the relevant protein assayed
by Western blotting, as discussed herein below. A sample of cells similarly

transfected with pElspla (Bett ef al., 1994) was used as a control.

EXAMPLE 3: Generation of cell lines expressing the LAP348

protein.

Plasmids pMPG?2 (6 pg) and pMPG3 (60 pg) pMPG3 were cut with
restriction enzymes Bam HI and Bgl II and the appropriate fragments were
isolated. The pMPG3 fragment was then ligated on its own for 30 minutes in
a volume of 20 pl at 16°C. The mixture was then restricted again with Bam
HI and Bgl II for 60 minutes at 37 C before heat inactivating the mixture at
65°C for 15 minutes. This cycle was repeated once more before adding the
pMPG?2 fragment and ligating overnight at 16°C. Samples were examined
by agarose gel electrophoresis and the remaining mixture was transfected
into 60mm diameter dish of confluent 293 cells by the calcium phosphate

method (Graham and Van der Eb, 1973). After 24 hours, the cells were
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divided amongst 10 similar 60mm diameter dishes and th§: media
supplemented with G418 at a concentration of 400 ug/ml. After 2 weeks of
selection, colonies of G418 resistant cells were evident and 12 were isolated
and expanded. The procedure was repeated a second time (i.e., fresh DNA
was prepared, examined and transfected) and a further 15 colonies were
isolated. No more than two colonies from an individual dish thus reducing
the possibility that identical clones would be isolated.

EXAMPLE 4: Antibodies. Polyacrylamide gel electrophoresis
(PAGE)

and Western blotting.

All Western blot analysis and PAGE was performed as previously
described (Matthews and Russell, J. Gen. Virol. 75: 3365-3374 (1994)).
Rabbit anti-Lac repressor serum was purchased from Stratagene and used
according to supplier’s protocols. Bound primary antibody was detected
using a secondary anti-rabbit serum linked to Horse Raddish Peroxidase
(HRP) and chemiluminescent detection was performed using ECL

(Amersham) according to the manufacturer’s instructions.

EXAMPLE 5: DNA preparation and Southern Blotting

Approximately 5x10” cells were harvested and treated with SDS
(0.5% w/v) and Pronase (0.5 Og/ml) at 37°C overnight in a final volume of
10 ml. The lysed cells were then extracted twice with buffered phenol and
once with chloroform before precipitating the DNA with lithium chloride

and ethanol. The precipitated DNA was washed twice with 70% ethanol, air
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dried and resuspended in 0.5 ml 0.1xSSC. The resuspension of the DNA was
facilitated by placing on an end-over-end roller for 20 hours at 4°C. The
DNA was quantified by spectroscopy and 10 Uig samples digested with
appropriate restriction enzymes before agarose electrophoresis on 0.8%
(w/v) agarose gels. The agarose gels were prepared for DNA transfer as
described by Sambrook et al. (1989) then transferred to positive charge
nylon membranes (Boerhinger Mannheim) using a pressure blotter
(Stratagene) over two hours. The nylon membranes were then UV cross-
linked using a Stratalinker (Stratagene) and used immediately or stored at -
20°C for up to 5 days. DNA fragments were derived from plasmids pSV2neo
(Smal to Bgl Il fragment containing the neomycin gene open reading frame)
and pHCMVLAP348 (Sac I to Pvu II fragment containing the LAP348 open
reading frame) and used to generate ‘DIG’ labelled probes using the ‘DIG
HighPrime’ system (Boerhinger Mannheim) according to the manufacturer’s
protocols. Detection of DNA bound to the membranes was performed using
“High SDS buffer” and the ‘DIG detection kit’ (Boerhinger Mannheim)
according to the manufacturer’s protocols except that the high temperature

stringency wash time was reduced from 2 x 15 minutes to 2 x 10 minutes.

EXAMPLE 6: Isolation and screening of cells

The approach was to produce a 293-based cell line which expressed a
lac repressor derived protein (LAP348) for use, in one instance, in
conjunction both with vector precursors which contained the /ac operator or

other operators or DNA sequences, to which the repressor binds, within the
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promoter-transcription region so as to inhibit synthesis of ‘the rabies
glycoprotein in this cell line. Low passage (pass 29) 293 cells were
transfected with Bam HI - Bgl II fragments from pMPG2 and pMPG3 and
resistant clones were selected in the presence of G418. After 3 weeks of
selection, 28 resistant colonies were isolated and expanded. All 28 cell lines
were assayed for expression of the LAP348 protein by Western blotting and

two were identified as suitable for further investigation.

EXAMPLE 7: Characterization of LAP cell lines by Southern
blotting Because the 293L AP cells had been transfected with a

ligation mixture containing Bglll-BamHI fragments from pMPG2 and
pMPG3 it was of some interest to determine the structure of the integrated
sequences in these lines. DNA was extracted from 293 cells and 293LAP10
and 293 LAP13 and analyzed by Southern blot hybridization using as probes
the Bam HI - Bgl II fragment of pMPG2 (probe A) and the Nde I - Hind III
fragment of pMPG3 (probe B) (Fig. 2A). The pattern of fragments detected
in both 293LAP10 and 293LAP13 cells corresponded to that predicted by
the non-homologous integration of a DNA segment with the structure
indicated in Fig 2D. Both probes detected an Xbal fragment of about 8.6 kb
in 293LAP10 cells and one of about 7.4 kb in 293LAP13 cells. Since Xbal
does not cut within either the pMPG2 or pMPG3 derived fragments these
bands suggest a single insertion at distinct sites within the two cell lines. As
shown in Fig 2B, probe A primarily detects different fragments in the

HindIlII digestion products of 293LAP13 and 293LAP10 cells. These are
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believed to be the fragments resulting from HindIII cleavage at the site
depicted at nt1592 in Fig 2D and a HindIll site, unique to each cell line, in
DNA sequences leftward of the insertion site. The fragments at about 2.3 kb
in lanes 1 and 2 of Fig. 2B are believed to represent the 2333 kb HindIlI
fragment (from 1592 to 3925 in Fig 2D) which is detected by the HCMV
sequences present in probe A. These HindIII fragments are more strongly
detected by probe B (Fig. 2C) as expected. As predicted by the structure
indicated in D, probes A and B hybridized to a Pstl fragment of
approximately 2.7 kb generated by cleavage at 634 bp and 3401 bp in Fig.
2D as well as Pstl fragments unique to each cell line due to cleavage at 634
bp and at sites in cell DNA sequences leftward of the insertion site. Probe B
consistently detected DNA fragments of 10 kb or larger but these fragments

were also detected in 293 DNA.

Both LAP cell lines therefore appeared to contain a single copy of the
LAP348 expression cassette (from pMPG3) linked to a single copy of the
neomycin resistance gene expression cassette (from pMPG2) as
schematically depicted in Fig 2D. This combined cassette is integrated into
distinct sites within the 293LAP10 and the 293LAP13 cell lines. The

293L.AP13 cell line was chosen for most of the subsequent studies.

EXAMPLE 8: LAP348 protein expression increases after infection of

293L AP cells by adenovirus.

Both 293 and 293LAP13 cell lines were infected with Ad d170-3 and

samples of infected cells were harvested at various times post infection.
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Levels of LAP348 protein expression were assayed by Westgm blotting and
compared to protein levels present in uninfected cells. Figure 3 shows that at
24 hours post infection there is significantly more protein LAP348 present
than in the uninfected samples. The levels of LAP348 remain high for 3 days
post infection. Furthermore, levels of an unknown cellular protein which
cross-reacts with the antiserum have dramatically declined as would be
expected for a cellular protein with a relatively short half life since

adenovirus would shut off mRNA transport.

EXAMPLE 9: Rescue of recombinant viruses in 293LAP 13 cell

line.

Co-transfections of plasmids pMHS5(I)Fx or pMHS5(I)Fx(0) with
either plasmids pBHG10 or pPBHGES3 into both 293 and 293LAP13 cell lines
were performed to determine if recombinant adenoviruses could be
generated containing the expression cassette in the E1 region, along with
either a deleted (pBHG10) or wild type (pBHGE3) E3 region (Bett ef al.,
1994). Table 1 presents the results of one experiment in which the relative
efficiency of rescue of recombinant vectors was compared in 293 and
293LAP13 cells employing different plasmid combinations and using
standard protocols as outlined in Methods. After 12 days the number of
plaques on each dish were recorded. As can be seen from the table,
recombinant virus constructed from pMHS(I)Fx(o) in combination with
either pPBHG10 or pPBHGES3 could be efficiently rescued in 293LAP13 cells

whereas they could not be rescued in 293 cells. When the operator sequence
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was absent from the construct, rescue of virus was very inefﬁcient as
evidenced by only one AAMHS5(I)E3Fx rescue in combination with pBHGE3
in 293LAP13 cells. These results agree with earlier, failed, attempts to
rescue the pMH5(I)Fx construct in 293 cells in combination with either
pBHG10 or pBHGE3 as mentioned above. Table 1 presents the results of
transfections in 293LAP13 cells alone which again demonstrate the higher
efficiency of rescue, in this cell line, of vectors containing an operator

sequence compared to that lacking the operator.

In the studies detailed in Table 1, the relative efficiency of rescue of
adenovirus recombinants expressing rabies glycoprotein on 293LAP13 cells.
Monolayer cultures of 293LAP13 cells were cotransfected with plasmid
pBHGES3 and one of pMHS5(I)Ex, or pMHS5(I)Fx(0) at the total DNA
concentrations shown. The control plasmid pFG140 was also included. The
total number of plaques observed after 12 days was counted and is presented
in column 2 along with the number of dishes represented. The average
number of plaques per dish is presented in column 3. Some representative
plaques were picked and the virus in these plaques was screened by
restriction enzyme analysis to confirm the expected virus DNA structure as

shown in column 4.
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Table 1: The relative efficiency of rescue of adenovirus recombinants with
and without the operator sequence and expressing rabies glycoprotein on

293LAP13 cells.

Plasmid Quantity (pg) of Number of Average number Number of
combinati | each plasmid per | Plaques observed | of plaques per plaques
on dish (number of dish analyzed
dishes) having correct
structure
pMHS(DF 5+5 4(5) 0.8 2(2)
X+
pBHGE3
pMHS(DF 5+5 68(8) 8.5 4(4)
x(0) +
pBHGE3
pMHS(DF 10+10 45(6) 7.5 ND
x(0) +
pBHGE3
pFG140 1 129(4) 32.3 ND

The fact that vectors lacking the operator sequence could be rescued
in the 293LAP13 cell line was in contrast to an inability to do so in 293

cells.

SUBSTITUTE SHEET (RULE 26)



10

15

WO 00/06751 PCT/IB99/01349

31

In addition to the recombinant plasmids, 293LAP‘1‘3 cells also were
tested for their ability to generate plaques from the infectious plasmid
pFG140 which does not require a recombination event to generate E1
deleted adenovirus (Graham, 1984). As shown in Table 2, both 293 and
293LAP13 cell lines are equally capable of generating plaques from this

plasmid.

The studies detailed in Table 2 concern the relative efficiency of
rescue in 293 and 293LAP13 cells of recombinant adenoviruses expressing
rabies glycoprotein. Plasmids pMHS5(I)Fx or pMHS5(D)Fx(0) were
contransfected onto monolayers of 293 or 293LAP13 cells along with either
plasmid pBHG10 or pBHGES3 as described by Bett et al., 1994. All plasmid
DNA was used at 5 pg per dish. As a control, cells also were transfected
with the infectious plasmid pFG140 but in this case only one pg of DNA
was used. The number of plaques observed after 12 days was counted and
the total number observed as well as (the number of dishes per experiment)

are presented in the table.
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recombinant adenoviruses expressing rabies glycoprotein.

Plasmids used in Total # of plaques observed (number of dishes
Transfection transfected)
293 cells 293LAP13
cells
PMHS5(I)Fx + pBHG10 0(8) 0(3)
PMHS5(I)Fx(o) + pBHG10 0(8) 16(3)
PMH5(I)Fx + pPBHGE3 0(10) 1(3)
PMHS5(I)Fx(o) + pBHGE3 0(10) 17(3)
pFG140° 42(3) 42(3)
a: all plasmid DNA at 5 pg/dish except pFG140 which is at 1 pg/dish
EXAMPLE 10: Rabies glycoprotein expression in 293 and 293L.AP13

cell lines

To determine the kinetics of synthesis of rabies glycoprotein by the

vectors isolated as described above, 293LAP13 cells or 293 cells, infected at

2 pfu/ml, based on titrations in 293LAP13 celis, with AAMHS5(I)E3Fx,

AdMHS(DE3Fx(0) or with the control ‘intron-less’ virus

Ad5BHGE3MHS5Fx, were labelled with *°S methionine at 8 to 10 or at 17 to

19 hours post infection. The infected culture was harvested at the end of the

labelling period and the expressed rabies glycoprotein was

immunoprecipitated and analyzed by SDS-PAGE, and the resultant

autoradiograms presented in Figure 4A.

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 00/06751 PCT/IB99/01349

33

To conduct the study, approximately 1x1 0° cells were infected with
the indicated recombinant adenovirus (or PBS as a control) and at the
indicated time post infection the media was supplemented with *°S labeled
methionine. After two hours further incubation the cells were harvested and
the radiolabeled rabies glycoprotein immunoprecipitated as previously
described (Graham and Prevec). When required, isopropylthio-f-
galactoside (IPTG), purchased from Gibco BRL, was used at final
concentration of 10 mM in medium and was added to cells 24 hours prior to
infection. The anti-rabies glycoprotein mouse monoclonal antibody (Mab)
used was kindly provided by Dr Alex Wandeler, Canadian Food Inspection
Agency, Napean, Ontario. Other such antibodies are readily attained by the
person having skill in the art. The immune precipitated proteins were
separated by SDS-PAGE, the gel dried and exposed for various time to

Kodak XARS X-ray film.

AdMHS5(DE3Fx and AAMHS(I)E3Fx(0) show comparable amounts
of radiolabelled rabies glycoprotein in 293 cells at either §-10 hours or 17-19
hours post infection. However, in 293LAP13 cells the expression of the
rabies glycoprotein by AUMHS(I)E3Fx(0) is markedly reduced compared to
AdMHS5(E3Fx at 8-10 hours. Moreover, pre-treatment of the 293LAP13
cells with IPTG relieves this block on expression of rabies glycoprotein by
AdMHS5(DE3Fx(0) (Fig. 4B). This is consistent with the results of the
transient transfection experiments, described above, using the plasmids from

which the recombinant adenoviruses were created. It is possible that the
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two, self-annealing palindromic operator sequences in the transcript mRNA
encoding the rabies glycoprotein in this construct inhibits normal processing
and translation. The other observation apparent from these results is that the
presence of the intron sequence in AAMHS(I)E3Fx and AAMHS(I)E3Fx(0)
allows increased rabies glycoprotein expression over that produced by the
comparable but intron-less vector, AASBHGE3MHSFx. Because the

2931 AP13-derived titre was used as a standard in this experiment, as will be
seen below, the particle number of AAMHS(I)E3Fx is about six-fold higher
than that of the other viruses in this experiment, and direct quantitative
comparisons for this virus cannot be made. Nevertheless, comparisons
between AdSBHGE3MH5Fx and AAMHS(1)E3Fx(0), where the particle

numbers are not significantly different, show that this conclusion is valid.

EXAMPLE 11: Rabies glycoprotein expression in non-complementing

cell lines

To determine if the presence of the intron increased protein
expression in non-complementing cell lines as well, purified virions were

used to infect human (MRC-5) and canine (MDCK) cells which cannot

- complement the adenovirus E1 deletion defect present in the recombinant

viruses under study. Levels of expression achieved by viruses without
(Ad5SBHGE3MHS5Fx) were compared to those with (AJMHS(I)E3Fx and
AdMHS5(DE3Fx(0)) an intron between the transcription start site and the
start codon for the glycoprotein. The cells were infected at an m.o.i. of 20
pfu (based on titre in LAP13 cells) and 8 hours later pulsed for 2 hours with

3S. As shown in Fig. 5, a comparison of rabies protein expression kinetics
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after infection with approximately equal numbers of virus particles of
Ad5BHGE3MHSFx or AAMHS(DE3Fx(0), proves that the presence of the
intron greatly increases the amount of rabies glycoprotein synthesized.
While the level of rabies glycoprotein produced by the operator containing
virus, AAMHS5(I)E3Fx(0), appears to be less than that of AAMHS(I)E3Fx, a
direct comparison is not possible since there are some six times as many
particles of the latter virus per infected cell. Nevertheless, it is clear that
expression of rabies glycoprotein can be achieved in non-complementing
cells, both human and canine, by the recombinant adenoviruses containing

the intron sequence.

EXAMPLE 12: Comparative plaquing efficiency on 293 cells and

293LAP13 cells

It is believed that high level expression of the rabies glycoprotein
results in inhibition of virus replication and hence prevented efficient rescue
of vectors. To confirm whether this effect manifests during plaque
formation, the relative plaquing efficiency of the recombinant viruses was
measured on both 293 cells and 293LAP13 cells. Table 3 shows the results
of titrations on 293 and 293LAP13 cells of CsCI gradient banded viruses
AdAMHS5(DE3Fx, AAMHS(I)E3Fx(0) and a control vector lacking the intron
sequence, AASBHGE3MHSFx. The particle to pfu ratios of the control
vector and of the vector containing two Lac operons were essentially
identical on both 293 and 293LAP13 cells. Interestingly, as predicted, both

of the high level glycoprotein expressors, AAMHS(I)E3Fx and
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AdMHS()E3Fx(0), are an order of magnitude less efﬁcient in inducing
plaques on 293 cells, as measured by the inverse of particle to pfu ratio, than
is the control virus. More importantly, the AAMHS(I)E3Fx(0) vector, which
contains the operator sequence, is as efficient on 293LAP13 cells as is the
control virus. Thus decreasing the level of glycoprotein expression by this
vector, through binding of the repressor present in 293LAP13 cells, results
in a plaquing efficiency for this vector equal to that of control virus. Thus,
these results support a correlation between the level of glycoprotein
expression and the level of inactivation potential exhibited by the adenovirus
vectors. The vector lacking the operator sequence also had an increased
plaquing efficiency on 293LAP13 cells of approximately three-fold
compared to the result on 293 cells. This suggests that the small reduction in
rabies glycoprotein synthesis in the 293LAP13 cells compared to 293 cells,
as observed in Fig. 4, may be sufficient to allow adenovirus replication to
escape some of the inactivation potential associated with rabies glycoprotein
overexpression. Also consistent with this explanation is the finding (Table
3) that the vector containing the operator sequence was almost threefold
more efficient than the vector lacking this sequence when both are plaqued
on 293 cells. The presence of the nucleotides comprising the operator
sequence near the transcription start site may reduce the level of expression
of rabies glycoprotein from the former vector and thus allow more

adenovirus synthesis.
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The studies detailed in Table 3 concern the relativ¢ plaque forming
titre and particle to pfu ratios on 293 or 293LAP13 cells of recombinant
adenoviruses expressing rabies glycoprotein. The following recombinant
adenoviruses: AdSBHGE3MHSFx, which lacks intron or operator
sequences but is otherwise identical to the other vectors, AAMHS5(I)E3Fx,
which has the intron but no operator sequences, AAMHS5(I)E3Fx(0), were
grown in large scale cultures in 293LAP13 cells (except for
AdSBHGE3MHS5Fx, which was grown in 293 cells) and were purified on
CsCl density gradients. An estimate of the virus particle number in the
purified stock was obtained by OD;¢o as described in the text. The virus was
titrated in duplicate by standard plaque assay on monolayers of 293 or
293LAP13 cells and the plaques counted after 12 days. The particle to pfu
ratio of each recombinant vector was determined for 293 cells and
293LAP13 cells from this data and the ratio of the relative titre on

293LAP13 to that on 293 cells is presented in the last column.
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Table 3: The relative plaque forming titres and particle to pfu ratios on 293

or 293LAP13 cells of recombinant adenoviruses expressing rabies

glycoprotein.
Virus 293 Cells 293LAP13 Ratio
Titre particle/pfu Titre (particle/pfu) of
(pfu/ml) ratio (pfu/ml) ratio Titres
AdBHGE3- | 5.0x10" 120 5.0x10" 120 1
MHS5Fx
AdBHGE3(D)- | 1.3x10’ 2300 3.5x10" 860 2.7
MHS5Fx
AdBHGE3(D)- | 3.5x10° 1000 2.4x10'"° 150 6.9
MHS5Fx(0)
EXAMPLE 13: Growth curves on 293L.AP13 cells and 293 cells

In view of the effect on transfection and on plaque formation, studies
were made to determine whether the growth of these recombinant vectors
was substantially different in 293 or 293LAP13 cells. Figure 6 shows one
step growth curves for the two viruses AAMHS5(I)E3Fx, AAMHS5(I)E3Fx(0)
grown on 293 and 293LAP13 cells with all virus yields assayed on
293LAP13 cells. As expected, AAMHS5(I)E3Fx and AAMHS(I)E3Fx(0), that
produce the highest levels of glycoprotein, also produced the lowest titres on

293 cells by 48 hours, a time at which cytopathic effect is essentially

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 00/06751 PCT/IB99/01349 .

39

complete in the infected cell monolayer. On 293LAP13 (;ells the
AdMHS(I)E3Fx(0) vector attains a final yield some 20-fold higher than that
obtained in 293 cells. The virus lacking the operator sequence,
AdMHS(I)E3Fx, also showed a ten fold greater virus yield on 293LAP13
cells compared to the parental 293 cell line. Assuming a comparable
particle to pfu ratio as determined for gradient purified viruses, the amount
of AAMHS5()E3Fx virus and AAMHS(I)E3Fx(o) virus synthesized in
293LAP13 cells is approximately the same. It is believed that the enhanced
growth on 293LAP13 cells of viruses expressing excess rabies glycoprotein
whether the virus does or does not carry the lac operator sequence is due to
the relative reduction of rabies glycoprotein expression in the LAP348

expressing cell line.

Inhibition might be most pronounced during transfection with
plasmids, permitting the generation of virus in co-transfected 293LAP13
cells and might be sufficiently strong early in virus replication to account for
the enhanced replication evident in Figure 6. As a consequence the
293LAP13 cell line may be preferred over 293 cells for rescue of transgenes
even without incorporation of the operator, though presence of the latter in
the expression cassette clearly results in the highest efficiency of virus

rescue and growth.

It is to be understood that the description, specific examples, data,
tables and figures, while indicating exemplary embodiments, are given by

way of illustration and are not intended to limit the invention in any manner.
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Various changes and modifications within the present invention *
will become apparent to the skilled person from the disclosure contained

herein, and thus are considered part of the invention.
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WHAT IS CLAIMED IS:

1. A eukaryotic cell capable of replicating a recombinant

expression vector that produces a heterologous protein, wherein the cell

5 comprises a polynucleotide encoding a repressor protein that is capable of

repressing production of the heterologous protein.

2.

10 3.

4.

The cell according to claim 1, wherein the cell is a mammalian cell.

The cell according to claim 1, wherein the vector is an adenovirus.

The cell according to claim 1, wherein the cell produces the protein

encoded by an E1 region.

15 5. The cell according to claim 4, wherein the vector is a defective
adenovirus.
6. The cell according to claim 5, wherein the adenovirus has a

functionally disrupted E1 region.

20

cells.

The cell according to claim 5, wherein the cell is derived from 293
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8. The cell according to claim 7, wherein the polynucleotide encodesa  *
lac repressor.
9. The cell according to claim 7, wherein the polynucleotide encodes a

lac repressor derivative.

10.  The cell according to claim 9, wherein the polynucleotide includes a

portion of plasmid pHMCVLAP348.

11.  Cell line 293Lap10 (ATCC Accession No. CRL-12586).

12. Cell line 293Lap13 (ATCC Accession No. CRL-12587).

13. A recombinant adenovirus comprising (i) a first polynucleotide

sequence encoding a heterologous protein and (ii) a second polynucleotide

sequence operably linked to the first polynucleotide in order to permit

repression of the expression of the first polynucleotide.

14. The recombinant adenovirus of claim 13, wherein the second

polynucleotide sequence is an operator that can be bound by a repressor.

15. The recombinant adenovirus of claim 13, wherein the adenovirus has

a functionally disrupted E1 region.
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16. The recombinant adenovirus of claim 14, wheréin the second

polynucleotide sequence is a lac operator sequence.

17.  The recombinant adenovirus of claim 13, wherein the heterologous

protein product is rabies glycoprotein G.

18. The recombinant adenovirus of claim 13, wherein the adenovirus

comprises an intron sequence.

19. A eukaryotic cell capable of replicating a recombinant expression
vector that produces a heterologous protein, wherein the cell comprises a
polynucleotide encoding a repressor protein that is capable of repressing
production of the heterologous protein, and wherein the cell is transfected
with or infected by a recombinant adenovirus comprising (i) é first
polynucleotide sequence encoding a heterologous protein product and (ii) a
second polynucleotide sequence operably linked to the first polynucleotide

in order to permit repression of the expression of the first polynucleotide.

20.  The cell of claim 19, wherein the second polynucleotide sequence is

an operator that can be bound by a repressor.

21. The cell of claim 19, wherein the adenovirus has a functionally

disrupted E1 region.
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22 The cell of claim 19, wherein the second polynucleotide sequence is

a lac operator sequence.

23.  The cell of claim 19, wherein the heterologous protein product is

rabies glycoprotein G.

24. A method of propagating an adenovirus vector encoding a
heterologous protein, comprising

transfecting or infecting eukaryotic cell with a recombinant
adenovirus comprising (i) a first polynucleotide sequence encoding a
heterologous protein and (ii) a second polynucleotide sequence operably
linked to the first polynucleotide in order to permit repression of the
expression of the first polynucleotide, wherein the eukaryotic cell comprises
a polynucleotide encoding a repressor protein that is capable of repressing
production of the heterologous protein.

harvesting recombinant adenovirus propagated in the eukaryotic

cells

25 The method of claim 24, wherein the adenovirus has a functionally

disrupted E1 region.

26.  The method of claim 24, wherein the second polynucleotide

sequence is a lac operator sequence.
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27.  The method of claim 24, wherein the heterologous protein productis *

rabies glycoprotein G.
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Plasmid pMPG2

1 aattcaagct tgtcgactcg aagatctggg cgtggttaag ggtgggaaag aatatataag
61 gtgggggtct tatgtagttt tgtatctgtt ttgcagcage cgeegecgece atgageacca
121 actcgtttga tggaagceatt gtgagctcat atttgacaac gcgeatgece ccatgggeeg
181 gggtgcgtca gaatgtgatg ggctccagea ttgatggteg cecegtectg ccegeaaact
241 ctactacctt gacctacgag accgtgtctg gaacgeegtt ggagactgea geetecgecg
301 ccgctteage cgetgeagee accgecegeg ggattgtgac tgactttget ttectgagee
361 cgcttgcaag cagtgcagct tceegttcat ccgecegega tgacaagttg acggetettt
421 tggcacaatt ggattctttg acccgggaac ttaatgtegt ttctcageag ctgttggatc
481 tgcgecagca ggtttetgee ctgaaggctt ccteceetee caatgeggtt taaaacataa
541 ataaaaaacc agactctgtt tggatttgga tcaagcaagt gtcttgctgt ctttatttag
601 gggttttgcg cgcgeggtag gecegggace ageggteteg gtegttgagg gtectgtgta
661 ttttttccag gacgtggtaa aggtgactct ggatgttcag atacatggge ataagccegt
721 ctctgggatg gaggtagcac cactgcagag cttcatgetg cggggtggtg ttgtagatga
781 tccagtcgta gcaggagegce tgggegtggt gectaaaaat gtetitcagt agcaagetga
841 ttgccagggg caggeccttg gtgtaagtgt ttacaaageg gttaagetgg gatgggtgea
901 tacgtgggga tatgagatgc atctiggact gtatttttag gttggctatg ttcccageca
961 tatcccteeg gggattcatg ttgtgcagaa ccaccageac agtgtatceg gtgeacttgg
- 1021 gaaatttgtc atgtagctta gaaggaaatg cgtggaagaa cttggagacg cccttgtgac
1081 ctccaagatt ttccatgeat tegtccataa tgatggcaat gggeccacgg geggeggect
1141 gggcgaagat atttctggga tcactaacgt catagttgtg ticcaggatg agatcgtcat
1201 aggccatttt tacaaagege gggeggaggg tgccagactg cggtataatg gttccatceg
1261 geccaggggce gtagttacce tcacagattt geatttccca cgetttgagt tcagatgggg
1321 ggatcatgtc tacctgcggg gegatgaaga aaacggtttc cggggtaggg gagatcagcet
1381 gggaagaaag caggttcctg agcagetgeg acttaccgea geeggtggge cegtaaatca
1441 cacctattac cgggtgcaac tggtagttaa gagagctgea getgeegtea tecctgagea
1501 ggggggcecac ttegttaage atgtcectga ctegeatgtt ticcctgace aaatcegeca
1561 gaaggcgctc geegeccage gatageagtt cttgcaagga agcaaagttt ticaacggtt
1621 tgagaccgtc cgecgtaggce atgettttga gegtttgace aageagttee aggeggtecc
1681 acagcteggt cacctgctet acggeatcte gatccagceat atctectegt ticgegggtt
1741 ggggeggctt tegetgtacg geagtagteg gtgetegtee agacgggeca gggteatgtce
1801 titccacggg cgcagggtec tegtcagegt agtetgggte acggtgaagg ggtgegetee
1861 gggctgcgeg ctggecaggg tgegettgag getggteetg ctggtgetga agegetgecg
1921 gtcttcgeee tgegegtcgg ccaggtagea titgaccatg gtgtcatagt ccagececte
1981 cgcggegtgg cecttggege geagettgee cttggaggag gegecgeacg aggggeagty
2041 cagacttttg agggegtaga gettgggege gagaaatace gattccgggg agtaggeate
2101 cgegeecgeag gececgeaga cggtetegea ttccacgage caggtgaget ctggecegtte
2161 ggggtcaaaa accaggtttc ccceatgett tttgatgegt ticttaccte tggtttccat
2221 gageeggtgt ccacgetegg tgacgaaaag getgteegtg teceegtata cagacttgag
2281 aggectgtee tcgaccgatg cecttgagag cettcaacce agtcagetee ttecggtagg
2341 cgeggggcat gactategtc geegeactta tgactgtett ctttatcatg caactegtag
2401 gacaggtgec ggcagegcete tgggteattt teggegagga cegetttege tggagegega
2461 cgatgategg cctgtegett geggtatteg gaatettgea cgeecteget caagectteg
2521 teactggtee cgecaccaaa cgtttcggeg agaageagge cattatcgee ggeatggegg
2581 ccgacgeget gggetacgte ttgetggegt tegegacgeg aggetggatg gectteeeca
2641 ttatgattct tetegettee ggeggeateg ggatgecege gttgeaggee atgctgteca
2701 ggcaggtaga tgacgaccat cagggacagc ttcaaggate getegegget cttaccagece

FIG. 7A
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2761 taacttcgat cactggaccg ctgatcgtca cggegatita tgccgecteg gegageacat
2821 ggaacgggtt ggcatggatt gtaggegceeg cectatacct tgtetgecte coegegttge
2881 gtcgeggtge atggageegg gecacctega cetgaatgga agecggegge acctegetaa
2941 cggattcace actccaagaa ttggagecaa tcaatictty cggagaactg tgaatgegea
3001 aaccaaccct tggcagaaca tatccatcge gtecgecate tccageagee geacgeggeg
3061 catctcgggc agegttgggt cctggecacg ggtgegeatg ategtgetec tgtegttgag
3121 gacceggeta ggctggeggg gttgecttac tggttageag aatgaatcac cgatacgega
3181 gcgaacgtga agcgactgcet getgcaaaac gtetgegace tgagcaacaa catgaatggt
3241 ctteggtttc cgtgtitcgt aaagtetgga aacgeggaag tcagegecect geaccattat
3301 gttccggate tgcategeag gatgetgetg getaceetgt ggaacaccta catctgtatt
3361 aacgaagcgc tggcattgac cctgagtgat ttttctetgg tccegeegea tecatacege
3421 cagttgttta ccctcacaac gttccagtaa ccgggceatgt tecatcatcag taaccegtat
3481 cgtgagcatc ctetctegtt tcateggtat cattacceee atgaacagaa attceeectt

3541 acacggaggc atcaagtgac caaacaggaa aaaaccgccc ttaacatgge cegetttate
3601 agaagccaga cattaacget tctggagaaa ctcaacgagce tggacgegga tgaacaggea
3661 gacatctgtg aatcgcttca cgaccacgct gatgagctit accgeagetg cctegegegt
3721 ttcggtgatg acggtgaaaa cctetgacac atgcagetec cggagacggt cacagettgt
3781 ctgtaagcgg atgccgggag cagacaagcece cgteagggeg cgtcageggg tgttggeagg
3841 tgtcggggeg cagcecatgac ccagtcacgt agegatageg gagtgtatac tggettaact
3801 atgcggcatc agagcagatt gtactgagag tgcaccatat gcggtgtgaa ataccgcaca
3961 gatgcgtaag gagaaaatac cgcatcaggce getcttcege ttectegete actgactege
4021 tgegeteggt cgtteggetg cggegagegg tatcagetea ctcaaaggeg gtaatacggt
4081 tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggce cagcaaaagg
4141 ccaggaaccg taaaaaggcc gegttgetgg cgtttttcca taggetcege ceeectgacg
4201 agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat
4261 accaggegtt tcceectgga ageteecteg tgegetetee tgtteccgace ctgeegcetta
4321 ccggatacct gtccgecttt cteecttegg gaagegtgge gettteteaa tgetcacget

4381 gtaggtatct cagttcggtg taggtegttc getccaaget gggctgtgtg cacgaaccee
4441 ccgttcagee cgaccgcetge gecttatceg gtaactateg tettgagtce aacccggtaa
4501 gacacgactt atcgccactg gcagcageca ctggtaacag gattagcaga gcgaggtatg
4561 taggceggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag
4621 tatttggtat ctgegetetg ctgaagecag ttaccttcgg aaaaagagtt ggtagetett

4681 gatccggcaa acaaaccacc getggtageg gtggtittit tgtttgcaag cageagatta
4741 cgcgcagaaa aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctce
4801 agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca
4861 cctagatect tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa

4921 cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcageg atctgtctat

4981 ttegttcate catagttgec tgacteeeceg tegtgtagat aactacgata cgggagggct
5041 taccatctgg cceceagtget geaatgatac cgegagaccee acgetcaceg getccagatt
5101 tatcagcaat aaaccagcca gccggaaggg ccgagegeag aagtggtect geaactttat
5161 ccgectecat ccagtetatt aattgttgee gggaagcetag agtaagtagt tcgecagtta
5221 atagtttgcg caacgttgtt gccattgetg caggcategt ggtgtcacge tegtegtttg

5281 gtatggcttc attcagetee ggttcccaac gatcaaggeg agttacatga teccecatgt
5341 tgtgcaaaaa agcggttage tectteggte cteegategt tgtcagaagt aagttggeeg
5401 cagtgttatc actcatggtt atggcageac tgcataattc tettactgte atgecateeg

5461 taagatgctt tictgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatge

5521 ggcgaccgag ttgctettge ceggegtcaa cacgggataa taccgegeca catagecagaa
6581 ctttaaaagt gctcatcatt ggaaaacgtt cttcggggeg aaaactctca aggatcettac

FIG. 7B
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5641 cgctgttgag atccagttcg atgtaaccea ctegtgcace caactgatcet tcageatett
5701 ttactttcac cagegtttct gggtgagcaa aaacaggaag gcaaaatgec gcaaaaaagg
5761 gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa

5821 gcatttatca gggttattgt ctcatgageg gatacatatt tgaatgtatt tagaaaaata

5881 aacaaatagg ggttccgege acatttcece gaaaagtgee acctgacgtc taagaaacca
5941 ttattatcat gacattaace tataaaaata ggcgtatcac gaggcecctit cgtcttcaag
6001 aattgatccg ggeecccatt tececteecet tecagetcete tgeeectttt ggattgaage

6061 caatatgata atgagggggt ggagtttgtg acgtggcgeg gggegtggga acggggegag
6121 tgacgtagta gtgtggcgga agtgtgatgt tgcaagtgtyg gcggaacaca tgtaagcgac
6181 ggatgtggca aaagtgacgt ttttggtgtg cgecggtgta cacaggaagt gacaattttc
6241 gegeggtttt aggeggatgt tgtagtaaat ttgggegtaa ccgagtaaga tttggecatt
6301 ttcgcgggaa aactgaataa gaggaagtga aatctgaata attttgtgtt actcatageg
6361 cgtaatctct agcatcgatg tcgaggatee ctcgagtcta gagatatcga attcggatee
6421 ctcgagtcta ggatctaatt ccetggeatt atgeccagta catgacctta tgggactttc

6481 ctacttggca gtacatctac gtattagtca tcgctattac catggtgatg cggttttgge

6541 agtacatcaa tgggegtgga tageggtttg actcacgggg atttccaagt ctccacceca
6601 ttgacgtcaa tgggagtttg ttttggcacc aaaatcaacg ggactttcca aaatgtcgta
6661 acaactccgc cccattgacg caaatgggeg gtaggegtgt acggtgggag gictatataa
6721 gcagagctcg tttagtgaac cgtcagateg cctggagacg ccatccacgc tgttttgace
6781 tccatagaag acaccgggac cgatccagece tggggateag tettcgagte gacaagetga
6841 tctgatcaag agacaggatg aggategttt cgcatgattg aacaagatgg attgcacgea
6901 ggttctcegg cegettgggt ggagaggceta tteggetatg actgggcaca acagacaatc
6961 ggctgctctg atgeegeegt gtteeggetg tcagegecagg ggegeccggt tetttttgte
7021 aagaccgacc tgtccggtge cetgaatgaa ctgcaggacg aggcagegeg getategtgg
7081 ctggccacga cgggegttee ttgegeagcet gtgetegacy ttgtcactga agegggaagg
7141 gactggctgc tattgggcga agtgcegggg caggatetee tgtcatetea cettgetect
7201 gccgagaaag tatccatcat ggetgatgea atgeggegge tgeatacgcet tgatcegget
7261 acctgcecat tcgaccacca agcgaaacat cgecatcgage gagcacgtac tcggatggaa
7321 gceggtettg tegatcagga tgatctggac gaagagceate aggggcetege gecagecgaa
7381 ctgttcgcea ggctcaagge gegeatgeee gacggegagg atctegtegt gacccatgge
7441 gatgcctgct tgecgaatat catggtggaa aatggeegcet tttctggatt catcgactgt
7501 ggceggcetgg gtgtggegga cegetatcag gacatagegt tggctaceeg tgatattget
7561 gaagagcttg gcggcgaatg ggetgaccge ttectegtge titacggtat cgecgceteec
7621 gattcgcagce geategectt ctatcgectt cttgacgagt tettctgage gggactetgg
7681 ggttcgaaat gaccgaccaa gcgacgeeca acctgecate acgagatttc gattccaccg
7741 ccgecttcta tgaaaggttg ggcetteggaa tegttttceg ggacgecgge tggatgatee
7801 tccagegegg ggatcteatg ctggagttct tegeccacee caacttgttt attgcagett
7861 ataatggtta caaataaagc aatagcatca caaatttcac aaataaagca ttittttcac
7921 tgcattctag ttgtggtttg tccaaactca tcaatgtate ttatcatgtc tggatcatcg

FIG. 7C

SUBSTITUTE SHEET (RULE 26)



WO 00/06751 PCT/1B99/01349

14/19

pMPG3-type plasmid

1 agcttggeec attgcatacy ttgtatccat atcataatat gtacatttat attggeteat
61 gtccaacatt accgecatgt tgacattgat tattgactag ttattaatag taatcaatta
121 cggggtcatt agttcatage ccatatatgg agttcegegt tacataactt acggtaaatg
181 geecgectgg ctgacegece aacgaccece geccattgac gtcaataatg acgtatgtte
241 ccatagtaac gccaataggg actttccatt gacgtcaatg ggtggagtat ttacggtaaa
301 ctgcecactt ggcagtacat caagtgtatce atatgccaag tacgececct attgacgtca
361 atgacggtaa atggccegec tggcattatg cccagtacat gaccttatgg gactttecta
421 cttggcagta catctacgta ttagtcatcg ctattaccat ggtgatgegg tttggcagt
481 acatcaatgg gcgtggatag cggtttgact cacggggatt tccaagtcte caccecattg
541 acgtcaatgg gagttigttt tggcaccaaa atcaacggga ctttccaaaa tgtcgtaaca
601 actccgeccc attgacgcaa atgggeggta ggegtatacg gtgggaggte tatataagea
661 gagctcgttt agtgaaccgt cagatcgect ggagacgeca tecacgctgt tttgacetee
721 atagaagaca cgttatcatg ccaaaaaaga agagaaaggt aaacatgaaa ccagtaacgt
781 tatacgatgt cgcagagtat gccggtgtet cttatcagac cgtttcecge gtggtgaace
841 aggccagceca cgtttctgeg aaaacgeggg aaaaagtgga ageggegatg geggagetga
901 attacattcc caaccgcgtg gcacaacaac tggegggeaa acagtegttg ctgattggeg
961 ttgccaccte cagtetggee ctgcacgege cgtegeaaat tgtegeggeg attaaatete
1021 gcgecgatca actgggtgec agegtggtag tgtcgatggt agaacgaage ggcgtcgaag
1081 cctgtaaage ggeggtgcac aatcttcteg cgecaacgegt cagtgggetg atcattaact
1141 atccgcetgga tgaccaggat gecattgetg tggaagetge ctgcactaat gttceggegt
1201 tatttcttga tgtctctgac cagacaccca tcaacagtat tattttetce catgaagacg
1261 gtacgcgact gggcgtggag catetggteg cattgggtca ccageaaatce gegctgttag
1321 cgggceccatt aagttetgte tcggegegte tgegtetgge tggetggeat aaatatctca
1381 ctcgcaatca aattcagecg atageggaac gggaaggega ctggagtgece atgtceggtt
1441 ticaacaaac catgcaaatg ctgaatgagg gcategttce cactgegatg ctggttgeca
1501 acgatcagat ggcgcetggge gcaatgegeg ceattaccga gtcegggetg cgegttggtg
1561 cggatatctc ggtagtggga tacgacgata ccgaagacag cteatgttat atccegecgt
1621 caaccaccat caaacaggat tttcgectge tggggeaaac cagegtggac cgettgetge
1681 aactctctca gggccaggeg gtgaagggea atcagetgtt geecgtetca ctggtgaaaa
1741 gaaaaaccac cctggegece aatacgcaaa ccgectetee cegegegttg gecgatteat
1801 taatgcaggg getgcaggaa ttcgatacga aaaacaatta cgggtcetace atcgagggec
1861 tgctcgatct cccggacgac gacgececeg aagaggeggg getggegget cegegecetgt
1921 cctitctcce cgegggacac acgegcagac tgtcgacgge cececcgace gatgtcagee
1981 tgggggacga gctccactta gacggegagg acgtggegat ggegeatgee gacgegetag
2041 acgatttcga tctggacatg ttgggggacg gggattccee ggggecggga tttacceece
2101 acgactcegce cecctacggce getctggata tggecgactt cgagtttgag cagatgttta
2161 ccgatgcecct tggaattgac gagtatcaag ctetggecacg acaggtttce cgactggaaa
2221 gcgggeagtg agcgcaacge aattaatgtg agttagcetea cteattagge accecaggcet
2281 ttacacttta tgcttccggce tegtatgtga cecatgattac gaatggtega cectgcaggea
2341 tgcaagcttc gatctagaga tgacttcgag caacttgtit attgcagctt ataatggtta
2401 caaataaagc aatagcatca caaatttcac aaataaagca titttttcac tgcattctag
2461 ttgtggtttg tccaaactca tcaatgtate ttatcatgte tggatcgtct agcatcgaag
2521 atccggegeg gtacaccgge gcacaccaaa aacgteactt ttgecacate cgtegettac
2581 atgtgttccg ccacacttge aacatcacac ttcecgecaca ctactacgtc accegeceeg
2641 ttcccacgece cegegecacg tcacaaacte cacceectea ttatcatatt ggcttcaate
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2701 caaaataagg tatattattg atgaatatac cttattttgg attgaagcea atatgataat
2761 gagggggtag agtttgtgac gtggegeggg gegtgggaac g99g9cgagtg acgtaggttt
2821 tagggcggag taacttgtat gtgttgggaa tigtagttit cttaaaatgg gaagttacgt
2881 aacgtgggaa aacggaagtg acgatttgag gaagttgtgg gttttttggc titcgtttct
2941 gggcegtaggt tegegtgegg tittetgggt gtttttgtg gactttaacc gttacgtcat
3001 tttttagtct cgaattcaag cttgtcgact cgaagatetg ggegtggtta agggtgggaa
3061 agaatatata aggtgggggt cttatgtagt titgtatctg tittgcagca gcegeegecy

. 3121 ccatgagcac caactcgttt gatggaagca ttgtgagcte atatttgaca acgcgeatge
3181 ccccatggge cggggtgegt cagaatgtga tgggetecag cattgatggt cgeeceegtee
3241 tgcccgeaaa ctctactace ttgacctacg agacegtgte tggaacgcecg ttggagactg
3301 cagecteege cgecgcttea geegetgeag ccaccgeceg cgggattgtg actgactttg
3361 ctttcctgag ccegettgea ageagtgeag ctteeegtte atcegeecge gatgacaagt
3421 tgacggctct tttggcacaa ttggattctt tgacceggga acttaatgtc gtttctcage
3481 agctgttgga tctgegecag caggtttetg cectgaagge ttecteeect cccaatgegg
3541 titaaaacat aaataaaaaa ccagactctg tttggatttg gatcaagcaa gtgtcettget
3601 gtctttattt agggatttty cgcgegeggt aggeceggga ccagcggtet cggtegttga
3661 gggtectgtg tattttttcc aggacgtggt aaaggtgact ctggatgttc agatacatgg
3721 gcataagecc gtcetetgggg tggaggtage accactgeag agcttcatge tgeggggtag
3781 tgttgtagat gatccagtcg tagcaggage getgggegtg gtgectaaaa atgtctttca
3841 gtagcaagct gattgccagg ggcaggeect tggtgtaagt gtttacaaag cggttaagct
3901 gggatgggtg catacgtggg gatatgagat geatcttgga ctgtattttt aggttggcta
3961 tgttcccage catateccte cggggattea tgttgtgeag aaccaccage acagtgtatc
4021 cggtgcactt gggaaatttg tcatgtagct tagaaggaaa tgcgtggaag aacttggaga
4081 cgcecttgtg acctccaaga tittccatge attcgtecat aatgatggea atgggcecac
4141 gggcggeggce ctgggegaag atatttetgg gatcactaac gtcatagttg tgttccagga
4201 tgagatcgtc ataggccatt titacaaage gcgggeggag ggtgccagac tgcggtataa
4261 tggttccatc cggcecaggg gegtagttac cctcacagat ttgeatttee cacgctttga
4321 gttcagatgg ggggatcatg tctacctgeg gggegatgaa gaaaacggtt tccggggtag
4381 gggagatcag ctgggaagaa agcaggttce tgagcagcetg cgacttaccg cagecggtgg
4441 gccegtaaat cacacctatt accgggtgea actggtagtt aagagagctg cagctgecgt
4501 cateectgag caggggggec acttegttaa geatgteect gactcgcatg ttttcectga
4561 ccaaatcege cagaaggegce tegeegecca gegatageag ticttgcaag gaagcaaagt
4621 ttttcaacgg tttgagaccg tccgeegtag geatgctttt gagegtttga ccaagcagtt
4681 ccaggcggte ccacageteg gtcacctget ctacggeate tcgatccagce atatctectc
4741 gtttcgeggg ttggggeggce tttcgetgta cggeagtagt cggtgetegt ccagacggge
4801 cagggtcatg tctttccacg ggegeagggt cctegtcage gtagtctggg tcacggtgaa
4861 ggggtgeget cegggetgeg cgetggecag ggtgegetty aggetggtee tgctggtget
4921 gaagcegetgce cggtettcge cetgegegte ggecaggtag catttgacca tggtgtcata
4981 gtccagecce tecgeggegt ggeecttgge gegeagettg cecttggagg aggcgecgea
5041 cgaggggcag tgcagactit tgagggcegta gagettggge gegagaaata ccgattcecgg
5101 ggagtaggca tccgegeege aggeccegea gacggteteg cattccacga gccaggtgag
5161 ctctggeegt tcggggtcaa aaaccaggtt tcceccatge titttgatge gtttettace
5221 tetggtttce atgageeggt gtecacgete ggtgacgaaa aggetgteeg tgtcceegta
5281 tacagacttg agaggcctgt cetegacega tgeecttgag agecttcaac ccagtcagct
5341 ccttecggtg ggegegggge atgactateg tegeegeact tatgactgtc ttctttatca
5401 tgcaactcgt aggacaggtg ccggeagegce tetgggteat tttcggecgag gaccegctttc
5461 gctggagcege gacgatgate ggectgtege ttgeggtatt cggaatcttg cacgcecteg
5521 ctcaagcctt cgtcactggt ccegecacca aacgtttegg cgagaageag gccattateg
5581 ccggeatgge ggeegacgeg ctgggctacy tettgetgge gttegegacg cgaggctgga
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5641 tggccttece cattatgatt citctegett ceggeggeat cgggatgece gegttgeagg
5701 ccatgetgtc caggcaggta gatgacgace atcagggaca gettcaagga tegetegegg
5761 ctcttaccag cctaacttcg atcactggac cgcetgategt cacggegatt tatgecgect
5821 cggcgageac atggaacggg ttggcatgga ttgtaggege cgeoctatac ctigtetgee
5881 tcccegegtt gegtegeggt geatggagee gggecaccte gacctgaatg gaagecggeg
5941 gcacctcget aacggattca ccactccaag aattggagcee aatcaattct tgcggagaac
6001 tgtgaatgcg caaaccaacc cttggcagaa catatccatc gegteegeea tetccageag

- 6061 ccgeacgegg cgcatctegg geagegttgg gtectggeca cgggtgegea tgategtget
6121 cctgtcgltg aggacceggc taggetggeg gggttgectt actggttage agaatgaatce
6181 accgatacgc gagcgaacgt gaagcgactg ctgctgcaaa acgtetgega cetgageaac
6241 aacatgaatg gtcttcggtt tecgtgttte gtaaagtctg gaaacgegga agtcagegec
6301 ctgcaccatt atgttccgga tetgeatege aggatgetge tggetaceet gtggaacace
6361 tacatctgta ttaacgaagc gctggceattg accctgagtg atttttctct ggtceegeeg
6421 catccatacc gecagttgtt taccetcaca acgttccagt aacegggeat gttcateatce
6481 agtaacccgt atcgtgagcea tecteteteg tttcateggt atcattacee ccatgaacag
6541 aaattcceee ttacacggag geatcaagtg accaaacagg aaaaaaccgc cettaacatg
6601 geecgcttta tcagaageca gacattaacg cttctggaga aactcaacga gctggacgceg
6661 gatgaacagg cagacatctg tgaatcgctt cacgaccacg ctgatgagct ttaccgcage
6721 tgcctegege gttteggtga tgacggtgaa aacctetgac acatgcagcet cceggagacg
6781 gtcacagctt gtctgtaage ggatgeegag agecagacaag ceegtecaggg cgegtcageg
6841 ggtgttggcg ggtgtegggg cgcagecatg acceagteac gtagegatag cggagtgtat
6901 actggcttaa ctatgcggcea tcagagcaga ttgtactgag agtgcaccat atgeggtgtg
6961 aaataccgca cagatgcgta aggagaaaat accgcatcag gegctettee gettectege
7021 tcactgactc getgegceteg gtegttegge tgeggegage ggtatcaget cactcaaagg
7081 cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatg tgagcaaaag
7141 gccagcaaaa ggccaggaac cgtaaaaagg ccgegttget ggegtttttc cataggcetee
7201 geeccectga cgagceatcac aaaaatcgac getcaagtca gaggtggega aaccegacag
7261 gactataaag ataccaggcg tttcccectg gaagcteect cgtgegetet cetgtteega
7321 cectgecgcet taccggatac ctgteegect tteteectte gggaagegty gegctttete
7381 aatgctcacg ctgtaggtat ctcagttcgg tgtaggtegt tegotccaag ctgggetatg
7441 tgcacgaacc cceegttcag cocegaceget gegecttate cggtaactat catcttgagt
7501 ccaacceggt aagacacgac ttatcgecac tggcageage cactggtaac aggattagea
7561 gagcgaggta tgtaggeggt getacagagt tettgaagtg gtggectaac tacggcetaca
7621 ctagaaggac agtatitggt atctgegetce tgctgaagec agttacctic ggaaaaagag
7681 ttggtagctc ttgatccgge aaacaaacca ccgcetggtag cggtgattt tttgtttaca
7741 agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tectttgatc ttttctacgg
7801 ggtctgacge tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa
7861 aaaggatctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca atctaaagta
7921 tatatgagta aacttggtct gacagttacc aatgcttaat cagtgaggcea cctatctcag
7981 cgatctgtct atttcgttca tecatagttg cctgactcee cgtegtgtag ataactacga
8041 tacgggaggg cttaccatct ggccecagtyg ctgcaatgat accgegagac ccacgceteac
8101 cggctccaga tttatcagea ataaaccage cagecggaag ggecgagege agaagtggte
8161 ctgcaacttt atccgectee atccagtcta ttaattgttg ccgggaaget agagtaagta
8221 gttcgccagt taatagtttg cgcaacgttg ttgecattge tgcaggeate gtggtgtcac
8281 gctegtegtt tggtatggct teattcaget ceggttecea acgatcaagg cgagttacat
8341 gatcceecat gttgtgcaaa aaageggtta geteettegg tectecgate gttgtcagaa
8401 gtaagttggc cgcagtgtta tcactcatgg ttatggcagce actgeataat tetcttactg
8461 tcatgccatc cgtaagatgce ttttetgtga ctggtgagta ctcaaccaag teattetgag
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8521 aatagtgtat gcggegaceg agttgetctt geceggegte aacacgggat aataccgege
8581 cacatagcag aactttaaaa gtgcteatea ttggaaaacg ttcttegggg cgaaaactet
8641 caaggatctt accgetgttg agatecagtt cgatgtaace cactegtgea cccaactgat
8701 cttcagcatc ttttactitc accagegttt ctgggtgage aaaaacagga aggcaaaatg
8761 ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatactc ttectttttc
8821 aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta

8881 tttagaaaaa taaacaaata ggggttccge geacatttcc ccgaaaagtg ccacctgacg
8941 tctaagaaac cattattatc atgacattaa cctataaaaa taggegtatc acgaggecct
9001 ttcgtcttca agaattgatc cgggecceea ttteeectee cttecagete tetgeeectt

9061 ttggattgaa gccaatatga taatgagggg gtggagtttg tgacgtggeg cggggegtag
9121 gaacggggcg ggtgacgtag tagtgtggeg gaagtgtgat gttgcaagtg tggcggaaca
9181 catgtaagcg acggatgtgg caaaagtgac gtttttggtg tgcgeeggty tacacaggaa
9241 gtgacaattt tcgcgeggtt ttaggeggat gttgtagtaa atttgggegt aaccgagtaa
9301 gatttggcea ttttcgeggg aaaactgaat aagaggaagt gaaatctgaa taattttgtg
9361 ttactcatag cgcgtaatct ctagcatcga tgtcgaggat cectega
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Plasmid pDCSVx

1 atggttcctc aggetctitt gtttgtgeee cttctggett ttccaatgtg tttegggaaa

61 ttccccatct acacaatace agacaaactt ggtcectgga gcccgattga catacateat
121 ctcagetgee caaataactt ggttgtggaa gacgaaggat gecaccaactt gtctggtitc
181 tcctacatgg aacttaaagt gggatacatt tcagecataa aagtgaacgg gttcacgtge
241 acaggtgtgg tgacagaggc tgagacttac actaactttg tcggttatgt caccactacg
301 ttcaagagaa agcatttccg cccaacacca gatgceatgtc gtgetgetta caactggaaa
361 atggcecggeg aceccagata tgaagaatct cttcataatc cgtaccetga ctaccattgg
421 cttcgaacca taaaaaccac gaaggagtcc ctcatcatca tatcccctag tgtagcggac
481 ctagacccat atgacaaatc ccttcattcg agggtctttc ctagcgggaa gtgettggga
541 ataacaatat catctaccta ctgctcgact aaccatgatt acaccatetg gatgcecgag
601 aatctgagat tagggacatc ttgtgacatc tttaccaata gtagagggaa gagagcatcc
661 aaagggagca agacttgegg atttgttgac gaaaggggct tgtataagte tttgaagggg
721 gcatgcaagce tcaaattatg tggggtictg ggacttagac ttatggacgg aacgtgggtc
781 gcgacgcaaa catcggatga gaccaagtgg tgtcceectg atcagttggt gaatctacac
841 gactttcgct cggacgaaat cgagcatctt gtcgtggagg agttggtcaa gaaaagagag
901 gagtgtttgg atgccctaga gtccatcatg actaccaagt ctgtgagttt tagacgtetc

961 agccacttga gaaaacttgt ccctgggttc ggaaaagceat acaccatatt caacaaaace
1021 ctgatggagg ctgatgctca ctacaagtca gtccggacct ggaatgagat catcccctea
1081 aaggggtgtc tgagagttgg agggaagtgt catccecatg taaacggagt gttttttaac
1141 ggcataatac tggggectga cggcecatgtt ctgatcccag agatgeaate ateceteett
1201 cagcagcata tggagttgtt ggaatcatca gttatcecte tgatgceatcc tttagcagac
1261 ccgtctacag tcttcaagga cggtgatgaa gcagaggatt ttgttgaggt tcaccttcee
1321 gatgtgcaca aacaaatctc aggggttgac ctgggtctce ctaactgggg aaagtatgte
1381 ttaataattg caggggtect gattgccatg atattgacaa tettcttgat gacatgttgt

1441 ggaagaggta atcgacccaa gtccacacaa cacagtctty gagggatagg aaggaagatg
1501 tcagccactt cccaaagegg gaaggtcata tettcgtggg agtcatataa aagegggagt
1561 gagaccagac tgtgaaggcc ggttatcect tccaaacttc aagtccegaa gategectee
1621 ctcgggggct cgagcaactt gtttattgca gettataatg gttacaaata aagcaatage
1681 atcacaaatt tcacaaataa agcatttttt tcactgcatt ctagttgtgg titgtccaaa

1741 ctcatcaatg tatcttatca tgtctggatc gtctagacaa ticttgaaga cgaaagggee
1801 tegtgatacg cctattttta taggttaatg tcatgataat aatggtttct tagacgtcag

1861 gtggcacttt tcggggaaat gtgcgeggaa ceectatttg titatttttc taaatacatt

1921 caaatatgta tccgetcatg agacaataac cctgataaat gettcaataa tattgaaaaa
1981 ggaagagtat gagtattcaa catttccgtg tegeccttat tecctttttt gcggeatttt

2041 gecttectgt tittgetcac ccagaaacgce tggtgaaagt aaaagatget gaagatcagt
2101 tgggtgcacg agtgggttac atcgaactgg atctcaacag cggtaagatc cttgagagtt
2161 ttcgccecga agaacgtttt ccaatgatga geacttttaa agttctgcta tgtggegegg
2221 tattatceeg tgttgacgee gggcaagage aacteggteg cecgeatacac tattctcaga
2281 atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggce atgacagtaa
2341 gagaattatg cagtgctgee ataaccatga gtgataacac tgcggecaac ttacttctga
2401 caacgatcgg aggaccgaag gagctaaccy cttttttgca caacatgggg gatcatgtaa
2461 ctegecttga tegttgggaa ceggagetga atgaagecat accaaacgac gagegtgaca
2521 ccacgatgcc tgcagcaatg gcaacaacgt tgcgcaaact attaactgge gaactactta
2581 ctctagettc ccggeaacaa ttaatagact ggatggagge ggataaagtt gecaggaccac
2641 ttetgegcete ggecctteeg getggetggt ttattgetga taaatctgga geeggtgage
2701 gtgggtctcg cggtatcatt gcagcactgg ggccagatgg taagecectee cgtatcgtag
2761 ttatctacac gacggggagt caggcaacta tggatgaacg aaatagacag atcgetgaga
2821 taggtgcctc actgattaag cattggtaac tgtcagacca agtttactca tatatacttt
2881 agattgatft aaaacttcat ttttaatita aaaggatcta ggtgaagatc ctitttgata
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2841 atctcatgac caaaatcect taacgtgagt tttegtteea ctgagegtca gaccecgtag

3001 aaaagatcaa aggatctict tgagatcctt ttttictgeg cgtaatetge tgcttgecaaa

3061 caaaaaaacc accgctacca geggtggttt gtitgecgga tcaagagcta ccaactctit
3121 ttccgaaggt aactggcttc agcagagege agataccaaa tactgtectt ctagtgtage
3181 cgtagttagg ccaccacttc aagaactctg tagcacegec tacataccte getctgctaa
3241 tcctgttace agtggetgct gecagtggeg ataagtegtg tettaccggg ttggactcaa

3301 gacgatagtt accggataag gecgcageggt cgggetgaac ggggggttcg tgcacacage
3361 ccagcttgga gcgaacgacc tacaccgaac tgagatacct acagegtgag cattgagaaa
3421 gcgecacgct tcccgaaggg agaaaggegg acaggtatee ggtaagegge agggtcggaa
3481 caggagagcg cacgagggag cttccagggg gaaacgcctg gtatctttat agtcetgteg
3541 ggtttcgeea cctetgactt gagegtegat ttttgtgatg ctegtcaggg gggeggagece

3601 tatggaaaaa cgccagcaac geggectttt tacggtteet ggecttttge tggecttitg

3661 ctcacatgtt ctttcctgeg ttatccectg attetgtgga taaccgtatt accgectttg

3721 agtgagctga taccgetcge cgcagecgaa cgaccgageg cagegagtea gtgagegagg
3781 aagcggaaga gegectgatg cggtatttte tecttacgea tetgtgeggt atttcacace

3841 gcatagtcta gactatggtg cactctcagt acaatctgct ctgatgecge atagttaage

3901 cagtatacac tccgcetateg ctacgtgact gggtcatgge tgegececga cacecgecaa
3961 caccegetga cgegecctga cgggcettgte tgetcecegge ateegettac agacaagetg
4021 tgaccgtctc cgggagcetge atgtgtcaga ggttttcace gteatcaccg aaacgcegega
4081 ggcagtctag acttaagacc
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