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VIRAL VECTOR MANUFACTURE
RELATED APPLICATIONS

[6001] This application is associated with and claims priority from Australian patent
application no. 2013904242 filed on 1 November 2013 and Australian patent application
no. 2014900370 filed on 7 February 2014, the entire contents of each of these applications

are incorporated herein by reference.
FIELD OF THE INVENTION

[6002] The present invention relates to the development of cells and cell lines suitable
for propagating and therefore manufacturing poxvirus-based medicaments. In particular,
the specification relates to recombinant modified cellular substrates for propagating such

poxviruses for the manufacture of therapeutic or prophylactic agents.
BACKGROUND

[0003] Bibliographic details of references in the snbject specification are listed at the

end of the specification.

[0004] The reference in this specification t0 any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from i) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.

[(005] All publications mentioned in this specification are herein incorporated by

reference in their entirety.

[0006] The pox virus family comprises two subfamilies, the Chordopoxvirinae and the
Entomopoxvirinage.  The Chordopoxviringe comprises eight genera ifocluding the
Orthopoxviridae comprising species which infect man  (for example, variola virus, the
causative agent of smallpox, cowpox virns (which formed the original smallpox yaccine
reported by Jenner in 1796), vaccinia virus (used as a second generation smallpox vaccine)
and monkeypox virus), and the Avipoxviridae viruses comprising species that infect birds,
sunch as fowlpox and canarypox virnses. In addition to their use as antigens in smallpox

vaccines, there is much interest i the ase of recombinant vaccinia-based viruses and
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avipox viruses as a "backbone” vectors. As intra-cytoplasmic vectors, the Orthopoxviridae
are able infer alia to deliver foreign antigens to the host cytoplast and antigen processing

pathways that process antigens to peptides for presentation on the cell surface. Such

‘4

veetors expressing foreign antigens are used in the development of vaceines for disgases
such as AIDS, tuberculosis, malaria and cancer which have proven difficalt to treat by

other vaccination strategies.

[6007] The Chordopoxvinnae have linear double-stranded DNA genomes ranging 1o
size from 130kb in parapoxviruses to over 300kb in avipoxviruses and their life cycle in
the host is spent entirely in the host cell eytoplasm. The poxviruses operate substantiatly
independently of their host cell and host cell molecules, especially for processes involved
in carly mRNA synthesis. However, host molecules appear to be used for the initiation or
termination of intermediate and late viral transcription.  The poxviruses produce
structurally diverse "host range factors" which specifically target and manipulate host
signaling pathways to permit cellular conditions allowing viral replication.  Most
poxviruses can bind and infect mammalian cells, but whether or not the subsequent
infection is penmissive (able to produce infectious virions) or non-permissive (substantially
unable to produce infectious virions) is dependent upon the specific poxvirus and specific
cell type involved. There is currently a relatively poor understanding at the molecular
level of pox virus-host interactions, in particular host-range genes, and which factors are
necessary to modulate the relationship to facilitate both viral and cellular propagation. For
a review of host range genes reference may be made to Werden et al. 2008 incorporated

herein in its entirety.

[6008] Observations on strains of vaccinia relevant to their use as small pox
vaccines and subsequently as viral vectors, have been published {rom the carly 1960
through to the present day. Certain strains of vaccinia, including strains employed as small
pox vaccines. are able to propagate tn human cells and therefore represent health risks,
such as the development of viral encephalitis. With a view to developing a safer vaccine, a
vaceinia strain from Ankara (referred to as "CVA™ was passaged more than 500 times in
non-homan cells. During this process the vaccinia genome changed substantially involving
the development of al least six major deletions compared to the original CVA genomge.
The modified virus was less pathogenic in man but still able to engender a protective
immune response. This attenuated vaccinia virus is referred to as MVA (Modified

Vaccinia Ankara) and is also categorized by passage number, as viruses with different
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passage numbers were found to be geoetically and phenotypically distinet. However, by
passage number 515 MVAS15 was understood to be genetically stable. In the early 1990s,
il was observed that MV A strains, sach MVAS72, and its derivative, MVA F6 were able 1o
express vaceima proteins and heterologous {recombinant) profeins at high levels in non-
permissive cells (in which the virus will not propagate), enabling the development of MVA
as a vector for heterologous molecules of interest, such as those encoding antigens for

vaccine or therapy delivery.

[6009] More recently, attempts have been made to produce a modified vaccinia
virus with the qualitics of MV A by introducing the six large known deletions of MVA into
CVA, Interestingly, this did not resnlt in a virus with the attenuated qualities of MVA. It
was proposed that the absence of host range genes might be responsible for the observed
attenvation, however this has not been substantiated (see for example. Meyer et al,

Jowrnal of General Virology (1991) 72:1031-1038.

[6016] The poxyiruses constitute a large family of viruses characterized by a large,
linear dsDNA genome. a cytoplasmic site of propagation and a complex virion
morphology. Vaccinia virus is the represenfative virus of this group of virus and the most
studied in terms of viral morphogenesis. Vaccinia virus virions appear as "brick shaped"
or "ovoid” membrane-bound particles with a complex internal structure featuring a walled,
biconcave core flanked by "lateral bodies®. The virion assembly pathway involves a
fabrication of membrane containing crescents which develop into immature virions (IVs),
and then evolve into mature virions (MVs). Over 70 specific gene products are contained
within the vaccinia viros virion, where the effects of mutations in over 50 specific genes on

vaccinia virus assembly are now described.

[6011] Vaceinia virus enter cells by fusion of s surface membranes with the
plasma membrane of the host cell, releasing the cote (and lateral bodies) into the
cvtoplasm and activating the virus’ transeripfional program. The virion cores contain the
full complement of virus-coded enzymes reguired for synthesis and wmodification of early
mRNA. Early genes encode enzymes required for DNA propagation, and thus as early
gene expression peaks, viral DNA propagation ensues i cyloplasmic sites termed
“factories.” Early genes also encode intermediate transcription factors, and intermediate
genes, in turn, encode late transcription factors, so that intermediate and late genes are
expressed in succession afler the prerequisite ymitiation of viral DNA propagation. Thus,
the full complement of viral genes are transcribed in a temporal cascade, with the early,
3
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infermediate and late classes bemng distinguished by class-specific  transcriptional
promoters and virally encoded transcription factors. Purthermore, only propagated
genomes are competent templates for intermediate and late transcription. These two classes
of genes together encode virion structural proteins, virion enzymes, and assembly factors

and are required [or assembly of new progeny virus particles.

[6012] Shortly after viral uptake and early expression  infection-specific
cytoplasmic domains form within the cell that are uniform in density and are sometimes
surronnded by endoplasmic reticnlum (ER} derived cisternae which increase in size with
time. These domains represent sites of viral DNA propagation and are often called "viral

o

factories",

[0013] Viral assembly starts with the formation of rigid crescent-shaped structures
(cupules in three dimensions) within the viral factories. In high resolution clectron
micrographs the outer layer of these crescent shaped structures are composed of regnlarly
spaced projections termed “spicules”. Crescents apparently grow in length while
maintaining the same corvatere until they become c¢losed circles (spheres in three
dimensicns) called immature virions (V). IV are filled with "viroplasm” material that is
uniform in density but discernibly more electron dense than the sarrounding factory. As
the 1Vs form uptake of encapsidated DNA also takes place: these are seen in electron
micrographs as electron dense, round or ovoid sobdomain within the 1Vs called a
“nucleoid”. 1Vs that contain nocleoids of condensed DNA that are often referred to as
“IVIN." Maturation of several virion protein precursors via proteolytic cleavage is required
for the morphogenesis of IVN o mature virions (MV). The majority of matore virions are
found outside lactories and may exist in clusters either at the periphery of a factory or

apparently sepavaled by a significant distance from the nearest factory.

(€114 Poxvirus virions exist in three infectious forms: mature virions {(MV).
wrapped virions {WV), and extracellular virtons (EV). MV, the simplest form of the virus,
arc membraned particles containing a biconcave, DNA-containing core flanked by lateral
hodies, which fill the concavities of the core. MV are pormally found exclusively inside
cells and are liberated only by cell lysis. WV consist of MV which are surrounded by two
additional lipid bilayers devived from trans-Golgi ¢isternae. WV, whose outer membranes
contain characteristic viral proteins, are precursors of EV and are also found within the
cell. EV consist of WV which have been exocyiosed via fusion of the outermost WV

membrage with the plasma membrane, leaving an MV wrapped in one additional
4
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membrane. A fraction of EV are found aitached to the cell surface, while some are found
free in the extracellular medinm. EV are thought to be important for spread of the virus

within an organism.

[6015] Removal of essential genes from viruses and complementation in host cells
is know in the art as a general proposed strategy for generating safe and effective viral
vectors for treatment and therapy. There is a need for improved attenuated orthopox
vectors with enhanced safety, expression and/or immunoegenicity and a commensurate need
for methods of propagating and manufacturing such orthopox vectors safely and

economically.

[0016] A number of mammalian cell lines are wnsed for the manufacture of
recombinant proteins for research purposes. These include, rabbit, hamster, primate and
homan  derived cell lines such as, without limitation, and as known in the art, HEK293,
293T, 143B, CHQO, Hela, Vero and BHK, HepG2, and 3T3 cells. Notably, however, the
GMP manufactare of the majority of recombinant therapeutic proteins have heen made in
CHO cells making this cell line the most well studied and approved cell line for human
therapeuntics. CHO cells can grow (o very high densities in suspension cultures, and down
stream processes for purifying products are very well developed. Of relevance, is that
neither vaccinia, such as vaccinia~-COP or vaccinia-WR nor its derivatives such as MVA

and NYVAC will propagate in CHO cells.

[6017] Expression of viral host range genes from within the pox virus under the

contrel of local viral promoters and pox viral RNA polymerase is known in the art.

[0018] Expression of certain viral host range genes from the genome of a mammalian
cell in a timely fashion to rescue or permit viral replication and permit host cell survival

has not previously been described.
SUMMARY

[6019] The present specification describes in vitre cultured mammalian cells,
transformed to express a poxviral host range factor and a method for propagating viral

vectors, comprising culturing such cells.

[6026] In a first aspect the present invention provides a modified mammalian cell in

which the genome of the cell is modified to comprise a sequence encoding CP77 under the
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control of a promoter such that the modified cell line sustains propagation of a poxviras

that is less able or unable to propagate in the vnmodified cell.

[6021] In a second aspect the present invention provides a process for propagating an
orthopoxviras that does not propagate in CHO cells, the process comprising propagating
the pexvirus in vitro 1n a mammalian cell line wherein the cell line i3 modified to encode

and express CP77 under the control of a promoter.

[06022] In various alternative embodiments the modified cells are further meodified to
comprise a sequence encoding D131 snder the control of a promoter and/or to comprise a

sequence encoding K1L under the control of a promoter

[(023] Reference herein to "CP77", "KIL" and "D13L" includes functional orthologs

and lunctional variants.
DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

[0024] The subject invention is not limited to particular procedures or agents,
specific formulations of agents and varions medical methodologies, as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only and
is not jntended to be limiting. Unless defined otherwise, all technical and scientific terms
used herein have the same meanings as comnoenly understood by one of ordinary skill in

the art to which this invention belongs.

[0025] Any materials and methods similar or equivalent to those described herein
can be used to practice or test the present invention. Practitioners are particularly directed
to: Sambrook e al., (1989) Molecular Cloning: A Laboratory Manual, 2nd ed., Cold
Spring Harbor Press, Plainsview, NJY.o Auosubel er @l (1999} Current Protocols in
Molecular Biology (Supplement 47), John Wiley & Souns, New York: Murphy et al. (1995)
Virus Taxonomy Springer Verlag:79-87, Mahy Brian W and Kangro O Hillar (Eds):
Virology Methads Manual 1996, Academic Press; and Davison AJ and Elliott RM (Eds):
Molecular Virology, A practical Approach 1993, IRL Press at Oxford University Press;
Perkus et af., Virelogy (1990) 179(13:276-86 or definitions and terms of the art and other

methods known to the person skilled in the art.

[0026] Although any methods and materials similar or equivalent to those

described herein can be used in the practice or testing of the present invention, preferred
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methods and materials are described. For the purposes of the present invention, the

following terms are defined below.

[8027] Throughout this specification, unless the context requires otherwise, the

"o

words "comprise,” "comprises” and "comprising” will be understood to imply the inclusion
of a stated step ar element or group of sieps or elements but not the exclosion of any other
step or element or group of steps or elements. Thus, use of the term “"comprising” and the
like indicates that the listed elements are required or mandatory, but that other elements are
optional and may or may not be present. In the context of attenuated orthopox vectors, the
subject vectors are modified for aftenuation by comprising deletion of an essential
maturation or assembly gene however, further modification such as 1o vector an antigen or

other protein is encompassed.

[0028] By "consisting of” is meant including, and limited to, whatever follows the
phrase "consisting of". Thus, the phrase "consisting of" dicates that the listed elements
are required or mandatory, and that no other elements may be present. By "consisting
essentially of” is meant including any elements listed after the phrase, and limited to other
clements that do not interfere with or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase "consisting essentially of " indicates that
the listed elements are required or mandatory, but that other elements are optional and may
or may not be present depending apon whether or not they affect the activity or action of

the listed elements.

¥

[H29] As used herein the singuolar forms "a”, "an" and "the" include plural aspects
unless the context clearly dictates otherwise.  Thus, for example, reference to "a cell”
includes a single cell, as well as two or more cells; relerence to "an organism” includes one
H

organism, as well as two or more organism; and so forth. In some embodiments, "an

means "one or more than one”.

[(H¥36] As used herein, "and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed Mems, as well as the luck of

cambinations when interpreted in the aliernative (or).

[0031] "Attenuation” or “aitenuated" as used herein means a reduction of wviral
vector virulence. Virulence is defined as the ability of a vires to capse disease i a

particular host. A poxviral vector that is unable to produce infectious viruses may initiafly
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infect cells but is unable substantially to replicate itself fully or propagate within the host
or canse a condition. This is desirable as the vector delivers its protein or nucleic acid to

the host cell cytoplasm, but does not harm the subject,

[6032] By "control element” or "control sequence” is meant nocleic acid sequences
(e.g.. DNA) necessary for expression of an operably linked coding sequence in a particular
poxvirus, vector, plasmid or cell. Control sequences that are suitable for eukaryotic cells
nclude transcriptional control seguences such as promoters, polyadenylation signals,
transcriptional enhancers, translational control sequences such as translational enhancers
and internal ribosome binding sites (IRES), nucleic acid seguences that wodulate mRNA
stability, as well as targeting sequences that target a produoct encoded by a transcribed
polynucleotide to an intracellular compartment within a cell or to the extracellular

environment.

[6033] Where sequences are provided, corresponding sequences are encompassed.
By "corresponds to" "corresponding” or "corresponding 0" i3 meant a nucleic acid
sequence that displays substantial sequence identity to a reference nucleic acid sequence
(e.g.. at least about 30, 51, 52, 53, 54, 55, 36, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70, 71, 72, 73. 74,75, 76, 77, 75. 79, 80, 81, 82, 83. 84, 8§, 86, 97, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97. 98, 99% or even up to 100% sequence identity 1o all or a portion of the
reference nucleic acid sequence) or an amino acid sequence that displays substantial
sequence similarity or identity to a reference aminoe acid sequence (e.g., at least 50, 51, 52,
33, 54, 55,56, 57, 58, 59, 60, 61, 62, 63. 64, 63, 66, 67, 68, 69, 70, 71, 72, 73. 74, 75, 76,
77,78, 79. 80, 81, 82, 83, 84, 85, 86, 97, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97. 98, 99% or
even up to 100% sequence similarity or identity to all or a portion of the reference amino

acid sequence).

[6034] By "effective amount”, in the context of {reating or preventing a condition
or tor modulating an immune response to a target antigen or organism is meant the
administration of an amount of an agent {¢.g., an attenuated orthopox vector as described
hereinn) or composition comprising same to an mdividual in need of such treatment or
prophylaxis, either in a single dose or as part of a series, that 15 effective for the prevention
of incwrring a symptom, holding in check such symptoms, and/or ueating existing
symptoms, of that condition or for modulating the immuoe response to the target antigen or
organism. The effective amount will vary depending upon the health and physical
condition of the individual to be treated. the taxonomic group of individual to be treated,
8
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the formulation of the composition, the assessment of the medical sitvation, and other

relevant factors. It is expected that the amount will fall in a relatively broad range that can

be determined through routine trials.
35] § used herein, the termis "encode,” "encoding” and the like refer to the
[0035] A d h the " fe," " jing" and the like refer to th

capacity of a nucleie acid to provide for another nucleic acid or a polypeptide. For
example, a nucleic acid sequence is said to "encode” a polypeptide if it can be transeribed
and/or translated o produce the polypeptide or if il can be processed into a form thal can
be transcribed and/or translated to produce the polypeptide. Such a nucleic acid sequence
may include a coding sequence or both a coding sequence and a non-coding sequence.
Thus, the terms "encode,” "encoding” and the like include an RNA product resulting {from
transcription of a DNA molecule, a protein resulting from translation of an RNA molecule,
a protein resulting from transcription of a DNA molecule to form an RNA product and the
subsequent translation of the RNA product, or a protein resulting from transeription of a
DNA molecule to provide an RNA product, processing of the RNA product to provide a
processed RNA product (e.g.. mRNA) and the subsequent translation of the processed
RNA produoct.

[6036] The term "endogenous” refers to a gene or nucleic acid sequence or segment

that is normally found in a host organism.

[4(37] The terms "expressible," "expressed,” and variations theveof refer to the
ability of a cell to transcribe a nucleotide sequence to RNA and optionally translate the
mRNA {o synthesize a peptide or polypeptide that provides a biological or biochemical

function.

[438] As used herein, the term "gene” includes a nucleic acid molecule capable of
being used to produoce mRNA optionally with the addition of elements to assist in this
process. Genes may or may not be capable of being used to produce a functional protein.
Genes can include both coding and non-coding regions (e.g.. introns, regulatory elements,

promoters, enhancers, termination seguences and 3' and 3" pntransiated regions).
P ; i {

L

[01139] The terms "heterologous nucleic acid sequence,” "heterclogous nucleotide

i

sequence,” heterologons  polynucleotide,” "foreign polynucleotide,” Texogenous
polynacleotide” and the like are used interchangeably to refer to any nucleic acid {e.g., a

nucleotide sequence comprising an IRES) which is introduced into the genome of an
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organism by experimental manipulations and may include gene sequences found in that
organism so long as the introduced gene contains some modification {e.g.. a point
mutation, deletion, substitution or addition of at least one nucleotide, the presence of a
endonuclease cleavage site, the presence of a loxP site, efe.) relative to the viral genomic

sequence before the modification.

[(044] The terms  “heterologous polypeptide,” "foreign polypeptide” and
"exogenous polypeptide” are used interchangeably to refer to any peptide or polypeplide

o

which is encoded by an "heterologous nucleic acid sequence,” "heterologous nucleotide
sequence,”  "heterologous  polynucleotide,” "oreign polynucleotide” and "exogenous

polynucleotide,” as defined above.

[(H)41] The term "mammalian cell” means a cell into which a vector including the
attenuated orthopox vector of the invention may be introduced for the purpose of
propagating the poxvirus vector. In one embodiment. the cell is a continuouns cell line. It is
less imperative that the meodified cell is a cell line able to divide continuonsly. A
mammalian or higher eukaryotic cell may be modified in accordance with the present
invention and subsequently transformed or immortalised to become a continuously
dividing cell line. However, the cell prior to maodification is conveniently a well
characterised and continuously dividing biotechnology compatible continuous cell line
known in the art. Such cells are convenently available [rom depositing organisations such
as the American Type Culture Collection {ATCC) or European Collection of Cell Cultures
(ECACC).

[06042] Suitable mammalian cell lines include, but are not limited to, RK18, BHE,
VERO, HBOC-143B, HaCat, HepG2, Hela, HT1080, HEK-293, RD, COS-7, CHO,
Jurkat, HUT, SUPT, C8166, MOLT4/clone8, MT-2, MT-4. H9, PM1, CEM, myeloma
cells (e.g.. SB20 cells) and CEMX 174 are available, for example, from the ATCC,

[0043] Any art tecognised genome engineering method for producing modified cell
lines expressing heterologous genes may be employed. Reference is made to use of
transposon technology to insert genes into the cellular genome by using piggyBac vectors.
However, many method are recognised for infroducing gene into cells, including, without
limitation, retrovirns transduction (e.g., MoMLYV, efc), lentivirus transduction, plasmid
transfection and integration, other viral system f{or transducing cell lines such as

Adenovirus, AAV (Adenovirus Associated Virus), EBV and genome editing technigues

10
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for site specific insertion by homologous recombination with linear DNA, engineered
meganucelases, transcription-activator like effector nucleases {TAL-nuclease), Zinc-

finger-nucleases (ZFNs) and CRISPRs,

[0044] In oite embodiment, the mammalian cell is a CHO cell. Prior art CHO cell
lines, which do not encode viral host name genes, do not support manufacture of vaccinia
or vaccinia derivatives substantially unable to propagate in man, As known to those of skill
in the art, Chinese hamster ovary (CHQO) cells, derived from the ovary of the hamster,
Cricetulus griseus, are the most commonly used mammalian cell for bio-industrial and
GMP production of recombinant protein therapeutics, including antibodies. The populacity
of CHO cells for this purpose stems, in part, from their rapid growth and high protein
production. As a result, CHO cell lings have been well characterized. Suitable CHO cell
lHnes inclode without limitation A2, A2H, XrS6, CHO-K1, CHO/dOfT, RR-CHO-K1, UT-
1. P22, CHO-1C6, Lecl, Lee2, Lec8, Pro-5 an CDKXBI1 lines. The CHO-K1 cell line
deposited with the ATCC under Accession Number ATCC CLL-61 or ATCC CRL-9618 is
frequently employed. The CHO-K1 cell line was derived as a subelone from the parental
CHO cell line initiated from a biopsy of an ovary of an adult Chinese hamster by Puck T.

(1957). The present specification describes modified cells other than medified CHO cells.

[0045] In some embodiments, the mammalian cell is a human cell, a primate cell, a

hamster cell or a rahbit cell.

[0046] Cells may be unicellular, or can be grown in tissue culture as liguid
cultures, monolayers or the like. Host cells may also be derived directly or indirectly from

tissucs or may exist within an organism including animals.

[6047] It will be understood that "inducing” an imimune response as contemplated
herein includes eliciting or stimulating an immane response and/or enhancing a previoosly

existing Immune response.

[6048] As used herein, the term "internal ribosomal entry site” or "IRES” refers to
a viral, cellular, or synthetic {e.g., a vecombinant) nucleotide sequence which allows for
initiation of translation of an mRNA at a site internal to a coding region within the same
mRNA or at a site 3" of the 5" end of the mRNA, to provide for translation of an operably
linked coding region located downstream of (i.e., 3" of) the internal ribosomal eniry site.

This makes translation independent of the 5' cap structure, and independent of the 5" end of

11
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the mRNA. An IRES sequence provides necessary cis-acting sequences required for

initiation of translation of an operably linked coding region.

[6049] As used herein the term "isolated” 15 meant to deseribe a cell. a compound
of interest {e.g.. a recombinant poxvirus, & nucleic acid molecule soch as a genome, a
polypeptide, et} that is in an environmeni different from that in which the compound
naturally occurs. "Isolated” is meant (o include compounds that are within samples that are
substantially enriched for the compound of interest and/or in which the compound of

interest is partially or substantially purified.

[G056] The term "operably connected” or "operably linked” as used herein refers to
a juxtaposition wherein the components so described are in a relationship permitting them
to function in their intended manner. For example, a transcriptional control sequence
"operably linked" to a coding sequence refers to positioning and/or orientation of the
transcriptional control sequence refative to the coding sequence to permit expression of the
coding sequence under conditions compatible with the transcriptional control sequence. In
another example, an IRES operably connected to an orthopox virus coding sequence refers
ta positioning andf/or orientation of the IRES relative to the orthopox virus coding

sequence to permit cap-independent translation of the orthopox virus coding sequence.

[8051] As wused here the terms "open reading frame” and "ORE" are used
interchangeably herein to refer to the amino acid sequence encoded between translation
initiation and termination codons of a coding sequence. The terms "initiation codon™ (e.g..
ATG) and "termination codon” (e.g., TGA, TAA, TAG) refer to a unit of three adjacent
nucleotides (‘codom’) in a coding sequence that specifies initiation and chain termination,

respectively, ol protein synthesis (mRNA translation).

[0032] As osed herein, the term "parent virus” will be understood to be a relerence
to a virus that is modified to incorporate heterologous nucleic acid sequence to form a

recombinant virus of the present invention.

[B053] The terms “polynucleotide,” "polynucleotide sequence,” "nucleotide
sequence,” "nucleic acid” or "nncleic acid sequence as used hercin designate mRNA,
RNA, cRNA, cDNA or DNA. The term typically refers to polymeric form of nucleotides

of at least 10 bases 1n length, either ribonucleotides or deoxynucleotides or a modified

12
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form of either type of nucleotide. The term includes single and double stranded forms of

RNA or DNA.

[6054] "Polypeptide,” "peptide,” "protein” and "proteinaceous molecule™ are nsed
interchangeably herein to refer to molecules comprising or consisting of a polymer of
amino acid residues and to variants and synthefic analogues of the same. Thus, these lerms
apply to amino acid polymers in which one or more amino acid residues are synthetic non-
naturally occwrring amino acids, such as a chemical analogue of a corresponding naturally

occurring amino acid, as well as to naturally-occurring amino acid polymers.

[G055] As used herein the term "recombinant" as applied to "nucleic acid
molecules,” "polynucleotides” and the like is understoed to mean artificial nocleic acid

structures (f.e., non-replicating ¢BNA or RNA; or replicons, self-rephicating cDNA or
RNA} which can be transcribed and/or translated in host cells or cell-free systems
deseribed herein. Recombinant nucleic acid molecules or polynucieotides may be mserted
into a vector. Non-viral vectors such as plasmid expression vectors or viral vectors may be
used. The kind of vectors and the technigue of msertion of the nucleic acid construct
according o this invention is known to the arfisan. A pucleic acid molecule or
polynucleotide according to the invention does not occur in nature in the arrangement
described by the present invention. In other words, an heterologous nucleotide sequence is
not naturally combined with elements of a parent virus genomie (e.g., promoter, ORF.

polyadenylation signal, ribozyme).

[(H}56] As used herein, the term "recombinant virus" will be onderstood o be a

reference to a "parent virus" comprising at least one heterologous nucleic acid sequence.

[6057] The ferm "sequence identity” as used herein refers to the extent that
sequences are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino
acid basis over a window of comparison. Thus, a "percentage of sequence identity” is
calculated by comparing two optimally aligned sequences over the window of comparison,
determining the number of positions at which the identical nucleic acid base {e.g., A, T, €.
G, D or the identical amino acid residue (e.g., Ala, Pro, Ser. Thr, Gly, Val, Leu, Ile, Phe,
Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both sequences to
yield the number of matched positions, dividing the number of matched positions by the
total number of positions in the window of comparison (ie.. the window size), and

nultiplying the result by 100 (o yield the percentage ol sequence identity. For the purposes

13
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of the present invenlion, "sequence identity” will be understood to mean the "match
percentage” calculated by the DNASIS computer program (Version 2.5 for windows;
available from Hitachi Software engineering Co., Ltd., South San Francisco, California.

USA) using standard defaults as used o the reference manual accompanying the software.

[0)58] The terms "signal sequence” or "signal peptide refers {0 a short {about 3 (o
about 60 amino acids long) peptide that directs co- or post-transiational transport of a
protetn from the cytosol to certain organclles such as the nucleus, mitochondrial ratrix,
and endoplasmic reticulum. for example. For proteins having an ER targeting signal
peptide, the signal peptides are typically cleaved from the precursor form by signal
peptidase after the proteins are transported to the ER, and the resulting proteins move
along the secretory pathway to their intracellular (e.g.. the Golgl apparatus, cell membrane
or cell wall) or extracellolar locations. "ER targeting signal peptides,” as used herein
inchude amino-terminal hydrophobic sequences which are usually enzymatically removed
following the insertion of part or all of the protein through the ER membrane into the
lumen of the ER. Thus, it is known in the art that a signal precursor form of a sequence can
be preseni as part of a precursor form of a protein, but will generally be absent from the

mature forin of the protein.

[6059] "Similarity” refers to the percentage number of amino acids that are
identical or constitute conservative substitutions as defined in Table A below. Similarity
may be detenmined using sequence comparison programs such as GAP (Deveraox et gl
1984, Nucleic Acids Rescarchl2: 387-393). In this way, sequences of a similar or
substantially different length to those cited herein might be compared by insertion of gaps
into the alignment, such gaps being determined, for example, by the comparison algorithm

used by GAP.

TABLE A: Exemplary Conservative Amino Acid Substitutions

Ala Ser
Arg Lys
Asn Gln, His
Asp Glu
Cys Ser
Gln Asn
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Glu “Asp

Gly Pro

His Asn, Gln

fle Leu, Val

Leu He, Val

Lys Arg, Gln, Glu

Met Leu, lle,

Phe Met, Leu, Tyr

Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe

Val He, Leu
[0068] Optimal alignment of sequences for aligning a comparison window may be

conducted by computerized implementations of algorithms (GAP, BESTFIT, FASTA, and
TEASTA in the Wisconsin Genelics Software Package Release 7.0, Genetics Computer
Group, 573 Sciencg Drive Madison, W1, USA) or by inspection and the best alignment
{i.e., resulting in the highest percentage homology over the comparison window) generated
by any of the various methods selected. Reference also may be made to the BLAST family
of programs as for example disclosed by Altschul et al., 1997, Nucl. Acids Res.25:3389. A
detailed discussion of sequence analysis can be found i Unit 193 of Ausubel ef al.
“Current Pratocols in Molecular Biology”, John Wiley & Sons Inc, 1994-1998, Chapter
15.

[0061] The terms "subject.,” "patient,” "host” or "individual” osed interchangeably
herein, refer to any subject, particularly a vertebrate subject, and even more particularly a
mammalian subject, for whom therapy or prophylaxis s desired. Suitable veriebrate
animals that fall within the scope of the invention inclode, but are not restricted to, any
mernber of the subphylum Chordata incloding primates {(e.g., hurnans, monkeys and apes,
and inclades species of monkeys such (rom the genus Macaca {e.g.. cynomologus
monkeys such as Macaca fascicularis, sndfor fhesus monkeys (Macaca sudatta)) and

baboon (Papio ursipns), as well as marmosets (species from the genus Callitheix), squirrel
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monkeys {species from the genus Saimiri) and tamaring (species from the genus Saguirnus),
as well as species of apes such as chimpanzees (Pan troglodvies)), rodents {e.g., mice, rats,
guinea pigs), lagomorphs (e.g.. rabbits, hares}, bovines (e.g., cattle), ovines {(e.g., sheep),
caprings {e.g., goats), porcines {e.g.. pigs). equines {e.g., horses), canines {e.g., dogs),
felines (e.g., cats), avians {e.g., chickens, turkeys, ducks, geese, companion birds such as
canaries, budgerigars efr.), marine mammals (e.g., dolphins, whales), reptiles (snakes,
frogs, lizards erc.), and fish, A preferred subject is a human in need of freatment or
prophylaxis of a condition. However, 1t will be anderstood that the aforersentioned lerms

do not imply that symptoms are present.

[64}62] The term "transgene” Is vsed herein to describe genetic material that has been
or 18 about to be artificially introduced into a genome of a host organismn and that is
transinitted to the progeny of that host. In some embodiments, it confers a desired property
to a mammalian cell or an orthopox vector into which it is introduced, or otherwise leads (o

a desired therapeutic or diagnostic outcome.

[(H63] As used herein, the terms "wreatment”, “treating”, and the like, refer to
obtaining a desired phammacologic and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially preventing a disease or symptom thereof
and/or may be therapeutic in terms of a partial or complete cure for a disease and/or
adverse effect attributable to the disease. “Treatinent”, as used herein, covers any treatment
of a disease 10 a mammal, particnfarly in a human, and includes: (a) preventing the disease
from occurring in a subject which may be predisposed to the disease but has not vet been
diagnosed as having it; {(b) inhibiting the disease, i.e., arresting its development: and (¢)

relieving the disease, i.e., causing regression of the disease.

[0064] The terms "wild-type.” "natural,” "native” and the like with respect to an
organism, polypeplide, or nucleic acid sequence, that the organism polypeptide, or nucleic
acid sequence is naturally occurring or available in at lcast one naturally occurring

organism which is not changed, mutated, or otherwise manipulated by man.

[6065] Variants include nueleic acid molecules sufficiently similar to a referenced
molecule or their complementary forms over all or part thereof such that selective
hybridisation may be achieved wnder conditions of mediurmn or high stringency, or which
have about 60% to 90% or 90 io 98% sequence identity to the nucleotide sequences
defining a referenced poxvirus host range factor over a comparison window comprising at
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least about 15 nucleotides. Preferably the hybridisation region is about 12 to about 18
nucleobases or greater in length. Preferably, the percent identity between a particular
nucleotide sequence and the reference sequence is at least about 80%, or 85%. or more
preferably about 909 similar or greater, soch as about 953%, 96%, 97%, 8%, 99% or
greater. Percent identities between 809% and 100% are encompassed. The length of the
nuclectide sequence is dependent apon its proposed function. Homologs are encompassed.
The term "homolog” "homologous genes" or "homologs” refers broadly to functionally and
structurally related molecules including those [rom other species. Homwologs and orthologs

are examples of variants.

[6)}66] Nucleic acid sequence ideuntity can be determined in the following manner.
The subject nucleic acid sequence is used to search a nucleic acid sequence database, such
as the GenBank database (accessible at web site hitp//www.nebinln.nih.gov/blast/), psing
the programi BLASTM version 2.1 (hased on Altschul ef all (1997) Nucleic Acids Research
25:3389-3402). The program is used in the ungapped mode. Default filtering is used to
remove sequence homologies due to regions of low camplexity. The defaull parameters of
BLASTM are nsed.

[0067] Amino acid sequence identity can be determined in the following manner. The
subject polypeptide sequence is used to search a polypeptide sequence database, such as
the GenBank database (accessible at web site http://www.ncbi.nln.nih.gov/blast/), using
the BLASTP program. The program is used in the ungapped mode. Default filtering is
used to remove sequence homologies due to regions of low complexity. The default

parameters of BLASTP are utilized. Filtering for sequences of low complexity may use

the SEG program.
[(068] Preferred sequences will hybridise under stringent conditions to a reference

sequence or s complement. The term “hybridize under stringent conditions”. and
grammatical equivalents thereof, refers to the ability of a nucleic acid molecule to
hybridize to a target nucleic acid molecule (such as a target nucleic acid molecule
immobilized on a DNA or RNA blot, such as a Souothern blot or Northern biot) under
defined conditions of temperatore and salt concentration.  With respect to nucleic acid
molecules greater than about 100 bases i length, typical stringent hybridization conditions
arc no more than 25°C to 30°C {for example, 10°C) below the melting temperature (Tm) of
the native duplex (see generally, Sambrook er al., (supra); Ausubel et al., (1999)). Tm for
nucleic acid molecules greater than about 100 basesx can be calculated by the formula
17
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Tm=81.5+0.41% (G+C-log (Na")). With respect to nucleic acid molecules having a length
less than 100 bases, exemplary stringent hiybridization conditions are 5°C to 10°C below

Tm.

[6069] The term "deletion” in the present context removal of all or part of the eoding
region of the target gene. The term also encompasses any form of mutation or
transformation which ablates gene expression of the target gene or ablates or substantially

down regulates the level or activity of the encoded protein.

[(070] Reference to "gene” includes DNA corresponding to the exons or the open
reading frame of a gene. Reference herein to a "gene” is also taken to include: a classical
genomie gene consisting of transcriptional and/or translational regulatory sequences and/or
a coding region and/or non-translated sequences (i.e. introns, 5~ and 3'- untranslated
sequences); or mRNA or ¢cDNA corresponding to the coding regions {i.e. exong) and 5'-

and 3'- untranslated sequences of the gene.

[0071] By "regulatory element” or "regulatory sequence” is meant nucleic acid
sequences (e.g., DNA) necessary for expression of an operably linked coding sequence in a
particular host cell. The regulatory sequences that are suitable for prokaryotic cells for
example, include a promoter, and optionally a cis-acting sequence such as an operator
sequence and a ribosome binding site. Control sequences that are suitable for eukaryotic
cells include promoters, polyadenylation signals, transcriptional enhancers, translational
enhancers, leader or trailing sequences that modulate mRNA stability, as well as targeting
sequences that target a product encoded by a transcribed polynucleotide to an intracellular

compartment within a cell or to the extracellular environment.

[072] Chimeric constructs suitable for effecting the present modified marmmalian
cells comprise a nucleic acid sequence encoding an orthopox host range factor, which is
operably linked to a rcgulatory sequence. The regulatory sequence suitably comprises
transcriptional and/or translational control sequences, which will be compatible for
expression m the cefl. Typically, the transeriptional and translational regulatory control
sequences include, but are not limited to, a promoter sequence, a 5° non-coding region, a
cis-regulatory region such as a functional binding site for transcriptional regulatory protein
or translational regulatory protein, an upstrearn open reading frame. ribosomal-binding
sequernices, transcriptional start site, translational start site, and/or nucleotide sequence

which encodes a leader sequence, termination codon, translational stop site and @ 3° non-
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translated region.  Constitiive or inducible promoters as known in the art are
contemplated. The promoters may be either naturally occurring promoters, or hybrid

promoters that combine elements of more than one promoter.

[6073] Promeoter sequences contemplated may be native to mammalian cells or may be
derived from an alterpative source, where the region is functional in the chosen organism.
The choice of promoter will differ depending on the intended host cell.  For example,
promoters which could be used for expression in mammalian cells include the
metallothionein promoter, which can be induced in response to heavy metals such as
cadmium, the B-actin prowoter as well as vival promoters such as the SV40 large T antigen
promoter, human cytomegalovirus (CMV) immediate early (1E) promoter, Rous sarcoma
virus LTR prometer, the mouse maramary tumor virus LTR promoter, the adenovirus
major late prometer (Ad MLP), the herpes simplex virus promoter, and a HPV promoter,
particularly the HPV upstream regulatory region (URR), among others.  All these

promoters are well deseribed and readily available in the art.

[HF74] Enhancer elements may also be used herein Lo increase expression levels of the
mammalian constructs. Examples include the SV40 carly gene enhancer, as described for
example in Dijkema er al. (1983) EMBQ J. 4:761, the enhancer/promeoter derived from the
long terminal repeat (LTR) of the Rous Sarcoma Virns, as described for example in
Gorman ef al., (1982) Proc. Nuil. Acad. Sci. USA 79:0777 and elements derived from
human CMV, as described for example in Boshart er gl (1983) Cell 41:521, such as

elements included in the CMYV intron A sequence.

[0075] The chimeric construct may also comprise a 37 non-translated sequence. A 37
non-translated sequence refers to that portion of a gene comprising a DNA segment that
contains a polyadenylation signal and any other regulatory signals capable of effecting
mRNA processing or gene expression. The polyadenylation signal 1s characterized by
effecting the addition of polyadenylic acid tracts to the 3° end of the mRNA precursor.
Polyadenylation signals are commonly recognized by the presence of homology to the
canonical form 5" AATAAA-3 although variations are not uncommon. The 37 non-
translated regulatory DNA sequence preferably includes from abouwt 50 to 1,000 nts and
may contain franscriptional and translational fermination sequences in addition to a
polyadenylation signal and any other regulatory signals capable of effecting mRNA

processing or gene expression.
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[6076] In some embediments, the chimeric construct further contains a selectable
marker gene to permit selection of cells containing the construct. Selection genes are well

known in the art and will be compatible for expression in the cell of interest.

[6077] In one embodiment, expression of the orthopox structural or assembly gene 18
under the control of a promoter. In one non-limiting embodiment the promoter 1s a cellutar
canstitutive promaoter, such as buman EF1 alpha (human elongation factor 1 alpha gene
promoter), DHFR (dibydrofolate reductase gene promoter) or PGK (phosphoglycerate
kinase gene promoter) that direct expression of a sufficient level of CP77 to sustain viral
propagation in the absence of significant toxic effects on the host cell. Promoters may also
be inducible, such as the cellular inducible promoter, MTH (from a metallothionein gene)
viral promoters are also employed in mammalian cells, such as CMV, RSV, SV-40, and

MoU3,

[6078] In a first aspect the present invention provides a modified mammalian cell in
which the genome of the cell 1s modified to comprise a sequence encoding CP77 under the
control of a promoter such that the modified cell line sustaing propagation of a poxvirus

that 1s less able or unable to propagate in the unmedified cell.

[6079] In a second aspect the present invention provides a process for propagating an
orthopoxvirus that does not propagate in CHO cells, the process comprising propagating
the poxvirus in vitro In a mammalian cell line wherein the cell line is modified to encode

and express CP77 under the control of a promoter.

[6086] In an cmbodiment the genome of the cell lorther comprises a sequence
encoding D13L under the control of a promoter and/or further comprises a sequence

encoding K11 under the control of a promoter.

[6081] In another embodiment the cell is a continuous cell line, preferably a CHO cell.
[0082] In other embodiments the cell may be a human cell, a primate cell, a hamster

cell or a rabbit cell.

[0083] In another embodiment the CP77 gene, DI13L gene andfor the KIL gene is

under the control of a mammalian promoter.
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[6084] In another embodiment the expression of the CP77 gene supports propagation
of the virus to generate virus yields equivalent to that observed in a permissive cell line

and preferably supports a virus replication amplification ratio of more than 500.

[(085] In another embodiment the CP77, D13L and/or KIL is/are encoded by a

contiguous sequence of nucleotides codon optimised for expression in mammalian cells.
[6)86] An example K1L sequence s provided 1n SEQ ID NO:6 and SEQID NG:7.

[(087] The specification relates broadly to modified (recombinant or transformed)
cells and to a process for in vitreo manufacture of virus vectors in cultured higher
eukaryotic host cells, wherein the cell is genetically modified in such a way as to enhance
or facilitate moltiplication of the virus vector within or vig a population of the cells in
vitro. In one non-limiting emboediment, the specification provides for the propagation of

vaccinia-based poxviruses in modified Chinese hamster ovary (CHO) cells.

[§4)}58] As known to those of skill in the art, Chinese hamster ovary (CHO) cells,
derived from the ovary of the hamster. Cricetulus griseus, arc the most commonly nsed
mammalian cell for bio-industrial and GMP production of recombinant proiein
therapeutics, including antibodies. The popularity of CHO cells for this purpose stems, in
part, from their rapid growth and high protein production. As a result, CHO cell lines have
been well characterized. Suitable CHQ cell hnes include without limitation A2, A2H,
X1Sh, CHO-K1, CHO/dhir, RR-CHO-K 1, UT-1, P22, CHO-1C6. Lecl, Lec2. Lec, Pro-3
an CDKXB1 lines. The CHO-KI1 cell line deposited with the ATCC under Accession
Number ATCC CLL-61 or ATCC CRL-9618 15 frequently employed. The CHO-K1 cell
line was derived as a subcelone {rom the parental CHO cell line initiated from a biopsy of
an ovary of an adult Chinese hamster by Puck T. (1957). The present specification

describes modified cells other than modified CHO cells.

| 6089 ] To maximise the yield of virus produced, cell lines such as CHO cells may be
adapted to suspension culture using standard technigues. Reference to a recombinant or
modified cell includes s progeny. Cells may be sold in any form, including {rozen or in

liquid suspension form. Cells may be sold infected with a poxvirus vector.

[(H}99] Reference herein to CP77 means the cowpox host range gene referred to in
Sphener et al. (1988), and Hsiao er af. (2006) and to functional orthologs and madified
forms thereof able as determined herein to support pox viral growth when expressed as a
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heterologous gene in the genome of a mammalian host cell.  Reference to "modified
forms" includes a variation (such as a deletion, substitution or addition) from the wild-
type or relerence sequence. A reference nucleotide sequence is provided in SEQ ID NO:
1. Modified forms share at least 80% sequence identity over the coding region or one or
more portions thereof comprising at least 200 contiguous basepairs. Modified forms
include codon optimised forms as described herein that are optimised for expression in a
mammalian or ather higher eukaryotic cells including CHO cells. Reference to CP77
includes orthologs 1.e.. genes with the same function present in other species or identified
by different names. The cowpox host range factor, CP77 is also referred to as VHRI,
CHOhr. and CPXV025. The CHOhi/CP77 gene in the Western Reserye (WR) strain of
vaccinia is substantially fragmented and fails to produce a functional factor. CP77 is

absent in MV A and the Copenhagen strain.

[091] Reference herein to "CP777, "D13L" and "K1L" includes functional orthologs
and functional variants. "Fonctional” refers to the herein described quality of expression,
(i.c., transcription and translation} directed from the mammalian genome of a cultured cell,
to support poxvirus propagation within the expressing cell cytoplasm. The term
"propagate”  includes intracellular propagation and intercellular propagation and

encompasses the production of mature viral particles.

[6092] In one embodiment, a population of the modified cells sustains propagation of
a poxvirus that 1s less able or substantially unable to propagate in an unmodified control
cell. The inability to propagate means that cell to cell or subject to subject transmission

does not typically occur.

[0093] Reference to "unmodilied control cell” includes the modified cell as i existed
prior to medification to encode at least one viral host range factor selected from the group
consisting of CP77, KIL and SPI-1 and to express same from its genome under conirol of

a promoter, as well as other suitable control cells known in the art.

[(4194] For example. poxviruses such as MVA and vaccinia are unable {0 propagate in
CHO cells. However, as surprisingly determined herein, CHO cells that are recombinantly
modified to express CP77 from their genome under the control of a promoter are able to
sapport. propagation of not only vaccinia but also derivatives of vaccinia soch as MVA.
After propagation in the subject modified CHO-CP77 cells, MVA and vaccinia are still

unable 1o propagate in unmodified CHO cells or other suitable control.
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[6095] Reference herein to "poxvirus” includes a recombinant poxvirus vector
encoding a heterologous molecule of interest (such as an antigen of interest) as a
medicament, prophylactic. diagnostic or therapeutic agent. Such recombinant poxvirus
veetors are typically for nse as vaccines against non-poxviral induced diseases or
conditions. Alse, the term poxvirus includes isolated poxviruses and derivatives thercof
proposed for use as a therapeutic or prophylactic vaccine against a poxvirus infection, such

as variola or small pox infection.

[0096] Reference herein to "vaccinia-based" includes vaccinia and derivatives and
modified Torms of vaccinia virus. Vaccinia based derivatives include. but are in no way
limited to, MVA and NYVAC. Reference 1o MVA and NYVACU includes strains or
derivates of these poxviruses known in the art. Modified forms may have modifications in
one to ten or mare genes. The term "modification” is intended to mean a variation (such as
a deletion, substitution or addition} from the wild-type or reference sequence. Relerence to
"attenuated” includes poxvirus that do not propagate or which propagate to a snbstantially
lesser degree in a relevant subject compared to a non-attenuated forny of the same virus.

The term also includes viruses that are non-pathogenic in a subject.

[0097] In one embodiment, the cell is a continuouns cell line. It is less umperative that
the modified cell is a cell line able to divide continuonsly. A mammalian or higher
eukaryotic cell may be modified in aceordance with the present invention and subsequently
transformed or immeartalised to become a confinuously dividing eell line. However, the
cell prior to madification is conveniently a well characterised and continuounsly dividing
biotechnology compatible contimuous cell line known in the art.  Such cells are
conveniently available from depositing organisations such as the American Type Culture

Collection {ATCC) or European Collection of Cell Cultures (ECACO).

[(HIO8] Suitable manunalian cell lines include, but are not limited to, RK18, BHK.
VERO, HBOC-143B, HaCat, HepG2, Hela, HTIO80, HEK-293, RD, COS-7, CHO,
Jurkat, HUT, SUPT, C8166, MOLT4/clonc¥, MT-2, MT-4, H9, PM1, CEM, myeloma
cells (e.g., SB20 cells) and CEMX174 are available, for example, from the ATCC.

[8099] 1o one embodiment, the cell 15 a CHO cell. Prior art CHO cell lines, which do
tot encode viral host name genes, do not support manufacture of vaccinia or vaccinia

derivatives substantially unable to replicate in man.
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[G106] In some embodiments, the cell is a human cell, a primate cell, a hamster cell or

a rahbit cell.

[0101] Chimeric constructs suiiable for effecting the present wodified mammalian
cells comprise a nucleic acid sequence encoding a poxviral host range factor, which is
operably linked to a regulatory sequence. The regnlatory sequence suitably comprises
transcriptional and/or translational control sequences. which will be compatible for
expression in the cell. Typically, the transcriptional and translational regulatory control
sequences inclade, but are not limited to, a promoter sequence, a 5° non-coding region, a
cis-regulatory region such as a functional binding site for transcriptional regulatory protein
or translational regulatory protein, an upsiream open reading frame, ribosomal-binding
sequences, franscriptional start site, translational start site, andfor nucleotide sequence
which encodes a leader sequence, termination codon, translational stop site and a 3" non-
translated region.  Constitutive or inducible promoters as koown in the art are
contemplated. The promoters may be either naturally occurring promoters, or hybrid

promoters that combine elements of more than one promoter.

[6102] Promoter sequences contemplated may be native to mammalian cells or may be
derived from an alternative source, where the region is functional in the chosen organism.
The choice of prometer will differ depending on the intended host cell. For example,
promoters which could be wsed for expression i mammalian cells include the
metallothionein promoter, which can be induced o response to heavy metfals such as
cadmium, the §-actin promoter as well as viral promoters such as the SV40 large T antigen
promoter, human cytomegalovires (CMV) immediate early (IE) promoter, Rons sarcoma
virus LTR promoter, the mouose mammary tumer virus LTR promoter, the adenovirus
majar late promoter {Ad MLP), the herpes simplex virus promoter, and a HPV promoter,
particularly the HPV upstream regulatory region (URR), among others. All these

promoters are well described and readily available in the art.

[0103] Enhancer clements may also be used herein to increase expression levels of the
marmmalian constructs. Examples include the SV40 early gene enhancer, as described for
example in Dijkema ef al, (1985) EMBO J. 4:761. the enhancer/promoter derived from the
long terminal repeat (LLTR) of the Rouns Sarcoma Virus, as described for example in
Gorman er al., (1982) Proc. Natl. Acad. Sci. USA 79:6777 and clements derived from
homan CMV, as described for example in Boshart er al. (1985 Cefl 41:521. such as
clements included in the CMV intron A sequence.
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[0104] The chimeric constroct may also comprise a 3" non-translated sequence. A 3°
non-translated sequence refers to that portion of a gene comprising a DNA segment that
contains a polyadenylation signal and any other regulatory signals capable of effecting
mRNA processing or gene expression.  The polyadenylation signal is characterized by
effecting the addition of polyadenylic acid tracts to the 3" end of the mRNA precursor.
Polyadenylation signals are commonly recognized by the presence of homology to the
canonical form 537 AATAAA-3" although variations are not uncommon. The 37 hon-
translated regulatory DNA sequence preferably includes from about 50 to 1,000 nts and
may contain transcriptional and translational termination sequences in addition to a
polyadenylation signal and any other regulatory signals capable of effecting mRNA

Processing or gene expression.

[(1053] In some embodiments, the chimeric construct further contains a selectable
marker gene to permit selection of cells containing the construct. Selection genes are well

known in the art and will be compatible for expression in the cell of interest.

[6106] In one embodiment. expression of the viral host range gene i under the control
of a promoter. In ane non-limiting embodiment the promoter is a cellular constitutive
promoter, such as homan EF1 alpha (human elongation factor | alpha gene promoter),
DHFR (dihydofolate reductase gene promwoter) or PGK (phosphoglycerate kinase gene
promoter) that direct expression of a sufficient level ol CP77 to sustain viral propagation in
the absence of significant toxic effects on the host cell. Promoters may also be inducible,
such as the cellular inducible promoter., MTH (from a metallothionein gene) viral

promotlers are also employed in mammalian cells, such as CMV, RSV, SV4, and MoU3.

[€107] Conveniently, in one embodiment, the expression of the viral host range gene
supports propagation of the virus to generate virus vields equivalent to that observed in
permissive cell lines. The expression of the viral host range gene, for example, supporls a
virus replication amplification ratio of morg than 300, The expression of the viral host
range gene supports viral propagation in the absence of significant host cell toxicity.
Significant host cell toxicity refers to a level of viral host range faclor expression that
reduces viral yield due o premature host cell death or failure to divide. The skilled artisan
is familiar with methods for qualitatively or gnantitatively assessing host cell parametors
such as host cell survival and multiplication, and viral parameters, such as viral host range

gene expression, viral replication and viral yield.
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[0108] In one embodiment, the poxviras is a chordopox virus, other than an orthopox
virus that encodes a functional CP77 or CP77 ortholog. Cowpox virus encodes CP77 and
is therefore not encompassed in this aspect. Orthopox viruses include, buffalopox virus,
cowpox  virms, camelpox virus, ectromelia virus, monkeypox virus, rabbitpox virus,
racconpox virus, telerapox virus, vaceinia virus, volgpox viros, skunkpox virus, and Uasin
Gishu disease virus of horses. Dther genus mclude the parapoxviruses, avipoxviruses,
capripoxviruses,  leporipoxviruses,  swingpoxviruses,  molluscipoxviruses  and

yalapoxviruses.

[G109] In one embodiment, the poxvitus 18 MVA or a derivative of MVA that s

substantially unable to replicate in man/ a subject.

0110 n one embodiment, the poxvims is vaccinia or an derivative of vaceinia that is
[0118] In on bodiment, the y 3l ¥ derivat f cinia that i

substantially non-replicative in wive in man.

[0111] In another embodiment, the poxvirus is suitable for use as a poxviral vaccine.
[0112] In one further embodiment, the poxvirus is a recombinant poxviral vector

which encodes and expresses a heterologous molecule of interest, such as an antigen of
medical interest, wherein the recombinant poxviral vector is for use as a diagnostic,

therapeutic or prophylactic agent in a subject.

[(113] Reference herein to KIL means the gene described by Shisler and Iin (2004)

and orthologs or modified forms thereof,

[0114] Reference herein to SPI-1 means the host range gene described by Brookes et

al. (1995) or orthologs and modified forms thereof.

[0115] In some embodiments, and for the avordance of doubt, the instant enhanced
viral propagative process does not reguire addition of genes to the poxviral genome. This
does not, of course, exclude modifications of viral vectors for other purposes, such as,
without limitation, to encode heterologous molecules as antigens of interest for vaccine

purposes or fo engender an iimmune response i a subject.

[#116] Transcription of the poxviral host range gene from within the hest cell nucleus
and translation of the encoded product takes place in the infected cell and is sufficient for
pox viral propagation in the host cell cytoplasm. Without Himitation to any particular mode
of action, it 1 proposed that CP77 is a viral protection agent.
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[6117] In one dlustrative embodiment, the poxviral host range gene expressed by the
infected cell line is CP77. As shown in Example 4, when a CHO cell nucleus is modified
to encode and express CP77 it is able to sustain viral amplification as if it were a
permissive cell line such as 143B. Typically, conlluent plaques are observed within two

days from infection.

[6118] In another embodiment, the level of viral propagation in the modified cell
provides an amplification ratio of at least 10 to S000. Amphfication ratios are, in some

embodinents, between 500 and 3000, or between 1000 and 4000,

[6119] In another embodiment, the promoter driving expression of the heterologouns
pox viral host range gene provides a level of pox viral host range heterologous gene
expression in the cell. The level of CP77 expression can be similar to or exceed that

produced by cowpox virus in permissive cells.

[0120] In another embodiment, the promoter driving expression of the heterclogous
pox viral host range gene provides a level of heterologous gene expression in the cell
sufficient to allow viral propagation at least to the level of viral propagation in a

permissive cell.

[6121] In one ewmbodiment, poxviral production in a CHO cell line s equal to or

exceeds the level of poxviral production in a positive control cell.

[98122] In one embodiment, the level of MVA viral production in CHO cells is

substantially equal to or exceeds the level of MV A viral production in CEF cells.

[0123] In one embodiment, CP77, K1L and/or SPI-1 is/are encoded by a contiguous

sequence of nucleotides that 1s codon optimised for expression in mammalian cells.

[0124] As described [further herein, the codon oplimised nucleic acid sequence
encoding CP77 may have less than 80% or less than 75% nucleotide sequence identity to
the sequetce encoding the cowpox CP77 protcin of the Brighton Red strain
(UniprotKB/Swiss-Prot:P12932.1). In some embodiments the codon optimised sequence
has the sequence set forth in SEQ D NO: 1 or is a functional variant comprising a nucleic
acid sequence that has at least 70% sequence ideality to the sequence set forth in SEQ) ID

NO: 1. In some cmbodiments, the CP77 virus host range factor has an amino acid
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sequence set forth in SEQ ID NO: 2 or has at least 70% amino acid sequence identity to

the amino acid sequence set forth in SEQ 1D NO:2.

[6125] In some cmbodiments, a kil is contemplated comprising or consisting
essentially of a population, sach as a clonal population, of medified maminalian cells
expressing CP77 from their genome as described herein.  In some embodiments, the

madified cell does not contain a vaccinia virus.

[0126] The present description further describes a process for or method of
manufacturing a poxvirus that does not propagate in CHO cells, the process comprising
propagating the poxvirus iz vitre in a mammalian cell line wherein the cell line is modified
to encode and express CP77 under the control of a promoter. The process may further

comprise isolating viral particles.

[127] The ¢ell line is conveniently a mammalian cell line known to those of skill in
the art to be suitable for the manuafacture of a medicament or therapeutic, diagnostic or

prophylactic agent.

[0128] The specification describes a modified CHO cell, wherein the CHO cell is

modified to encode CP77 and express same from its genome under control of a promoter,

[0129] In one embodiment, the modified CHO cell line sustains propagation of a virus
that is less able or unable 1o propagate in an unmodified control CHO cell which is one that

does not express CP77.

[0136] In one embodiment, the virus 1s an orthopox virus other than an orthopox virus

that encodes CP77. As known in the art, cowpox virus is a pox virus that encodes CP77.

[0131] In some embodiments, the virus is vaccinia or a derivative of vaccinia that is

substantially non-replicative in vive in manfa subject.
[0132] 1o some embodiments, the virus is MV AL

[0133] In another embodiment, the specification provides a method of propagating a
poxvirys which is substantially non-replicative in nuan, the method comprising: (i)
culturing ¢ CHO cell which has been transformed to express CP77; and (i) infecting the

culiured CHO cell from (1) with the poxvirus which is substantially non-replicative in man.
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[0134] In another embodiment, the specification provides a method of propagating a
poxvirus which is substantially non-replicative in man, the methed comprising: (i)
culturing a CHO cell which has been transformed to express CP77 and D13L and/or K1L,
and (i1) infecting the cultured CHO cell from (1) with the poxvirus which is snbstantially

non-replicative in man.

[0135] In another embodiment, the specification provides a method of propagating
MVA, the method comprising: (i) culiuring a CHO cell which has been transformed to
express CP77 and D13L and/or K1L and (ii} infecting the cultured CHO cell from (i} with
MVA,

[0136] In another embodiment, the specification provides a method of propagating, a
vaccinia derivative which is substantially non-replicative in man, the method comprising:
(i) culturing a CHO cell which has been transformed to express CP77 and D131 andfor

K 1L and (i1) infecting the cultured CHO cell from (i) with the vaccinia derivative.

[6137] In another embodiment, the specification provides a method of propagating
MVA encoding a heterologouns protein, the method comprising: (i) culturing a CHO cell
which has heen transformed to express CP77 and D13L and/or K1L and (i) infecting the

cultured CHO cell from (1) with the MVA,

[6138] In another embodiment, the specification provides a method of propagating, a
vaccinia derivative encoding a heterologous protein, which is substantially non-replicative
in man, the method comprising: (i) culturing a CHO cell which has been transforned to
express CP77 and D13L and/or K1L and (i) infecting the cultured CHO cell from (1) with

the vaccinia derivative.

[6139] In another embodiment, the present specification provides an artificially
created vector, polynucleotide or plasmid comprising the nucleic acid sequence of a virus
host range gene operably connected to regulatory elements such as a promoter for
expression in a manunalian cell line. In some embodiments, the virus gene is cowpox
ankyrin repeat domain-containing protein CP77 gene (UniProtKBSwiss-Prot P12932.1
{U2SL.BR CP77 protein]. In one embodiment the viruas host range gene, such as CP77, is
codon optimised for expression in a manwmalian cell line. Suitable vectors and plasmids

are known in the art,
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[G146] In one embodiment, the polynucleotide encodes CF77. In some embodiments,
the polynucleotide comprises the nucleotide sequence set forth in SEQ 1D NO: 1 {codon
optimised for expression in mammalian cells such as CHO). In some embodiments, the
isolated polynucleotide comprises the nucleotide sequence set forth in SEQ ID NO:1 or a

variant thercof that encodes the amino acid sequence set out in SEQ ID NO: 2.

[141] In anather embodiment, the present specification described a transposition

delivery vector for stable insertion of & vivus host range gene into a marnmalian cell,

[0142] The present description also provides a method of transforming a mammalian
or higher eukaryotic culture cell which is substantially non-permissive to a virus, into a cell
which is permissive to the vitus, the method comprising transforming the cell to express

P77,

[6143] In some embodiments, the method includes transfecting the cell with a vector
capable of directing expression ol an encoded CP77 under the control of a mammalian

promoler,

[0144] In some embodiments the vector is a transposition delivery vector encoding

CP77 under the control of a mammalian promoter.

[0145] In one non-limiting embodiment the promoter is a cellular constitutive
promoter. soch as human EF1 alpha ¢human elongation {actor 1 alpha gene promoter).
DHFR (dihydofolaie reductase gene promoter) or PGK {phosphoglycerate kinase gene
promotery that direct expression of a sufficient level of CP77 to sustain viral propagation in
the absence of significant toxic effects on the host cell. Promoters may also be inducible,
such as the cellular inducible promoter, MTH (from a metallothionein gene) viral

promoters are also employed in mammalian cells, soch as CMV, RSV, §V4, and MoU3.

[(¢146] In somie embodiments, the cell 18 a CHO cell.

[0347] In some embodiments the vivus is a poxvirus.
[O148] In some embodiments the poxvirus is a vaccinia derivative which is non-

pathogenic or non-replicating in man.

[(¥149] By "isolated” i3 meant material that 1s substantially or essentially free from

camponents that normally accompany it in its native state. For example an "isolated

30



WO 2015/061858 PCT/AU2014/050330

polynacleotide” or an "isolated polypeptide” and the hike, as used herein, refer to in vitro
isolation and/or purification of a polynucleotide or polypeptide molecule from its natural
cellular environment, and from association with other components of the cell. Without
limitation, an isolated composition, complex, polynucleotide, peptide, or polypeptide can
refer to a native sequence that is isolated by purification or to a sequence that is produced

by recombinant or synthetic means.

[0158] Variants include nucleic acid molecules sufficiently similar to a referenced
molecule or their complementary forms over all or part thereof such that sclective
hybridisation may be achieved nnder conditions of medium or high stringency, or which
have about 6% to 90% or 90 lo 98% sequence identity to the nucleotide sequences
defining a referenced poxvirus host range factor over a comparison window comprising at
least abont 13 nucleotides. Preferably the hybridisation region is about 12 to abount 18
nucleobases or greater in length. Prelerably, the percent idemtity between a particular
nucleotide sequence and the reference sequence 18 at least about 80%., or 85%. or more
preferably about 90% similar or greater, such as about 95%, 96%, 97%, 98%. 99% or
greater. Percent identities between 80% and 100% are encompassed. The length of the
nucleotide sequence is dependent upon Hs proposed function. Homwologs are encompassed.
The term "homolog” "homologous genes” or "homologs” vefers broadly to functionally and
structurally related molecules including those from other species. Hontologs and orthologs

are examples of variants.

[0151] Nucleic acid sequence identity can be determined in the following manner.
The subject nocleic acid sequence is used to search a nucleic acid sequence database, such
as the GenBank database (accessible at web site http/fwww.ncbinln.nih.gov/blast/), using
the program BLASTM version 2.1 {(based on Altschul e gl (1997} Nucleic Acids Research
25:3389-3402). The program is used in the ungapped mode. Default filtering is used to
remove sequence homologies due to regions of low complexily. The defanlt parameters of

BLASTM are used.

[0152] Amino acid sequence identity can be determined in the following manner. The
subject polypeptide scquence is used (o search a polypeptide sequence database, such as
the GenBank database (accessible at web site hitp://www.nebinln.nih.gov/blast/), using
the BLASTP program. The program is used in the ungapped mode. Default filtering is

used lo remove sequence homologies due to regions of low complexity. The default
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parameters of BLASTP are wtilized. Filtering for sequences of low complexity may use

the SEG program.

[6153] The term "hybridize under stringent conditions”, and grammatical equivalents
thereot, refers to the ability of a nucleic acid molecule to hybridize te a target nucleic acid
molecule (such as a target nucleic acid molecule immobilized on a DNA or RNA hiot,
such as a Southern blot or Northem blot) under defined conditions of temperature and salt
concentration.  With respect to nucleic acid molecules greater than about 100 bases in
length, typical stringent hybridization conditions are no more than 25°C to 30°C (for
example, 10°C) below the melting temperature {(Tm) of the native duplex (see generally.
Sambrook er af., (supra); Ausubel ef ¢l., (1999)). Tm for nucleic acid molecules greater
than about 100 bases can be calculated by the formula Tm=81.3+0.41% (G+C-log {(Na")).
With respect to nucleic acid molecules having a length less than 100 bases, exemplary

stringent hybridization conditions are 5°C to 10°C below Tm.

[0154] By "vector” is meant a polynucleotide molecule, snitably a DNA molecule
derived, for example, from a plasmid, bacteriophage, yeast, virus, mammal, avian, reptile
or fish into which a polynucleotide can be inserted or cloned. A veetor preferably contains
one or more unigue restriction sites and can be capable of autonomons replication in a
defined host cell including a target cell or tissue or a progenitor cell or tissue thereof, or be
integrable with the genome of the defined host such that the cloned sequence is
reproducible. Accordingly, the vector can be an autonomously replicating vector, fe., a
vector that exists as an extrachromosomal entity, the replication of which is independent of
chromosomal replication, e.g., a linear or closed circular plasmid, an extrachromosomal
clement, a minichromosome, or an artificial chromosome. The vector can contain any
means tor assuring self-replication. Alternatively, the vector can be one which, when
introduced into the host cell, is integrated into the genome and replicated together with the
chromosome(s) into which it has been integrated. A veclor system can comprise a single
vector or plasmid, two or more vectors or plasmids, which together contain the total DNA
to be introduced into the genome of the host cell, or a transposon. The choice of the vector
will typically depend on the conipatibility of the vector with the host cell into which the
vector is 10 be introduced. The vector can also include a selection marker such as an
antibiotic resistance gene that can be used for selection of suitable transformants.

Examples of such resistance genes are known to those of skill in the art.
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[0155] Reference to "gene” includes ¢cDNA corresponding to the exons of a gene.
Reference herein to a "gene” is also taken to include: a classical genomic gene consisting
of transcriptional and/or translational regulatory sequences and/or a coding region and/or
non-translated sequences (i.e. introns, 5~ and 3- untransiated sequences); or mRNA or

cDNA corresponding to the coding regions (i.e. cxons) and - and 3 untranslated

sequences of the gene.

[0156] By "regulatory element” or "regulatory sequence” is meant nucleic acid
sequences (e.g., DNA) necessary for expression of an operably linked coding sequence in a
particular host cell. The regulatory sequences that ave suitable for prokaryetic cells for
example, include a promoter, and optionally a ¢is-acting sequence such as an operator
sequence and a ribosome binding site. Control sequences that are suitable for eukaryotic
cells include promoters, polyadenylation signals, transcriptional enhancers, translational
enhancers, leader or trailing sequences that modolate mRNA stability, as well as targeting
sequences that target a product encoded by a transcribed polynucleotide to an intracellular

compartment within a cell or to the extracellular environment.

[6157] Complementary sequences and parts of these sequences are encompassed. The
term "complement” and "complementary" when used in connection with a nucleic acid
molecule refers to the complementary nucleic acid sequence as determined by Watson-
Crick base pairing. For example, the complement of the nucleic acid sequence SCCATG3'

18 SCATGGS

[158] The phrase "hybridizing specifically to" and the like refer to the binding,
duplexing, or hybridizing of a molecule only to a particular nucleotide sequence under
stringent conditions when that sequence is present in a complex mixture (e.g.. total

cellulary DNA or RNA.

[0159] The terms "subject” or "individual” or "patient”, used interchangeably berein,
vefer to any subject. particularly a verlebrate subject, and even more particularly a
mammalian subject, for whom therapy or prophylaxis is desired. Suitable vertebrate
animals that fall within the scope of the invention include, but are not restricted to,
primates, avians, livestock animals {(e.¢., sheep, cows, horses, donkeys. pigs), laboratory
test animals (e.g.. rahbits, mice. rats, guinea pigs. hamsters), companion animals (e.g., cats,

dogs) and caplive wild animals {e. g., foxes, deer, dingoes). A preferred subject i a primate
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such as a human in need of treatment or prophylaxis. However, it will be understood that

the aforementioned terms do net imply that svmptoms are present.

[@168] The various embodiments eoabled herein are further described by the

following non-limiting examples.
EXAMPLE 1

VACV-COP fails to grow in CH(} cells
Materials and Reagents
- VACV-COP, V85802, SEM120213, Titre: 1.6x10(8) pfu/mL
- Vero: WHO-VERO-MCB passage No 141, 08/08/2003. Virax Holdings Limited
- CHO: SA-Pathology 7.05.2004
- Growth medium: RPMI, 10% FBS, Pen/Strep
- Maintenance medium; RPMI, 2%FBS, Pen/Strep

[0161] CHO and Vero cells were cnltured to confluency in one 6-Well plate (6-WP)
per cell line. Each well was infected with 4x10¢4} pfa of VACV-COP VSS02 for 45
minute at room temperature and then incubated at 37°C/5%C0O2 therealter. From cach cell
line, the contents of 2 wells where harvested and pooled at 24h, 48h, 72h post infection.
Viral extracts were made by freeze thawing three times and storing at -80°C until ready for
titrations. Each exiract was titred nsing Vero cells as described in the Protocol described

in Example 4.

[0162] After freeze-thawing a homogenation probe may be used to break up these
large insoluble elumps. Each well to be harvested contains 2mL of MM. For each time
poiat, 2 wells were pooled to give a total volume of 4ml. per time point. 'TE buffer may be

added to give a total volume of 6mi per time point.

[0163] The titration rvesults, viral yield results and production yields are tabulated in
Table 1. The results show that VACV-COP is unable to propagate from a low moi in CHO
cells, unlike Vero cells where viral production increases with time. VACP-COP is non-

permissive in CHO cells.
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EXAMPLE 2

Multiple-step growth for VACV+PH22 [CP77{ in CHO verses Vero
- CP77 is active in VACV

[6164] The propagation potential in CHO of a recombinant VACUV-COP expressing
the cow pox virus BRO25L gene encoding CP77 (VACV-PH22 [CP77]) was determined in

comparison to Vero cells 1o a mulisiep growth study.

[165] VACV-PH22 is a recombinant vaccinia vitus Copenhagen strain expressing the
native 0251 ORF from the Brighton strain of cowpox virus that codes for the CHO host
range protein, CP77. This ORF in vaccinia is also under the control of the BRO25L native
promoter. The native BRO25L. gene (native promoter and ORF) was cloned to create
pPH22 which also codes for a red fluorescent protein, DsRed-Express2. pPH22 is an
integration vector that will insert the BRO25L, gene and the DsRed gene into the BI9R
ORF of VACV-COP, which codes for the soluble and cell surface IFN alpha/beta receptor
protein.  Insertion of the BRO23L and DsRed into VACV-COP was achieved by
homologous recombination as a result of infecting CHO with a low multiplicity of VACV.-
COP and transfection with pPH22, Only virus containing the BRO25L gepe will be
amplified further in CHO cells which can be visually verified by the presence of red

fluorescent infected cells or plaques.

[0166] Virus extracted 3 days after homologous recombination was amplified three
times 1n CHO and then titred 1 Vero cells before using in this multistep growth study in

CHO cells.

Materials and reagents

- VACV-COP, VSS02, SEM120213, Titre: 1.6x108pfuw/mL
- VACV-PH22 [CP77], Titre: 8x106pfu/mi

- Vere: WHO-VERO-MCB passage No 141, 08/08/2005

- CHO: SA-Pathology 7.05.2004

- Growth mediunr: RPMI 10% FBS, Pen/Strep for CHO and Vero
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- Maintenance medium; RPMI, 29%FBS. Pen/Strep for CHO and Vero

[0167] CHO and Vero cells were cultured to confluency in 2 x T23 flasks per cell line.
1 flask of cach cell line was infected with 1x10°pfu of VACV-COP VS802 and one cach
with lxlf}spfu of VACV-PH22 for 45 minutes at room temperature and then incubated at
37°C/59%CO02 thereafter. From each cell line, the contents of each flask where harvested
96h post infection. Viral extracts were made by freeze thawing three times and storing at -
80°C ontil ready for titrations. Each extract was titred using Vero cells as desceribed in the

protocol detailed in Example 4 in 24 well plate formats.

[8168] Infections were done in T25 tlask, 2 {lask per cell line where lask 1 was
infection with VACV-COP and flask 2 infection with VACV-PH22. Harvesting was only
performed at 96h post infection. The results are tabulated in Table 2. From Table 2 it can
be seen that: CHO cells cannot support VACV-COP viral progeny production.  This
confirms the results described in Example 1. Further, VACV-COP was viable as infection
of a permissive cell line, Vero cells in this study, amplified the inoculum level to aver 200
fold, therefore the results seen in CHO where due to host cell restriction. However, when
the CP77 was expressed by a recombinant vaccinia virus, VACV-PH22, amplification of
the inoculum was achieved by about 700 fold. Expression of the CP77 did not limit
vaccinia host range to only CHO cells, as infection of vero cells with VACV-PH22 also
amplified the inoculum. However, the level of amplification may not be as good as
vaccinia without CP77. Since the standard error of the titration results are so large the

difference in vield may not be significant.

[616%9] These results show that CP77 expressed from the viral genome is more than
adequate at enabling VACV-COP to amplify in the non-permissive CHO cell line by

producing vields similar to that expected from a permissive cell substrate such as Vero.

[0170] A possible function for the CP77 protein during vaccinia virus infection of
CHO cells has been reported by Hsino et af. (20065, They propose that CP77 binds to and
removes the HMG20A from the newly synthesized vacecinia genome located in the viral
factories. thus enabling the vaccinia life cycle to continue in CHO cells. Tt is postulated
herein that CP77 enables the newly syothesized genome to be available for packaging
which otherwise would not be available in CHO cells due to HMG20a binding to and
“locking up” the genome. Since the function of CP77 is oot required for viral

amplification in pernussive cell lines, such as Vero, it is proposed hergin that there is an
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alternative equivalent profein, even a cellular protein, that has this function which maybe
be inactive or absent in at least CHO cells but active or present in permissive cell lines.
The alternative protein could render CP77 not required and thus over the evolation of
vaceiia it was subsequently deleted or rearranged, as its foss of function was nof essential

for the broad host range.

EXAMPLE 3
Construction of p-£LO7-CHO (polyclonal cell line expressing CP77)

[6171] A CHO cell line was constructed {o express the CP77 protein. A VACV-COP
recombinant virus expressing a green fluorescent protein (EGEFP) forms plagues which

develop into a confluent infection within a few days of infection.

[8172] Vaceinia-COF (SCV4(Q1C}) is a recombinant vaccinia virus of the Copenhagen
strain {(VACV-COP) that has inserted into the A39R ORF an expression cassette consisting
of a strong vaccinia virus early/late promoter operatively linked to the protein coding
sequence of Enhanced Green Fluorescent Protein (EGFP) and terminated by the poxvirus
carly transcriptional stop sequence. Upon infection of non-permissive and permissive
cells, EGFP will be expressed within the infected cells which can be visualised using a
fluorescent microscope. In permissive cells, the green fluorescence can be seen to spread

from cell to cell as the virus spread throughout the population of cell.

[6173] The CP77 protein coding sequence was synthetically made by GeneArt GmbH
(Germany) by recreating (back iranslation or reverse translation} the DNA sequence from
the amino acid of the CP77 encoded by the 0251 ORF of the cow poxvirus Brighton Red
strain - UniProtk B/Swiss-Prot:  P12932.1, and codon optimised for expression in
mammalian cell (CHO) cells. See SEQ ID NO; 1 for the codon optimised nucleotide

sequence for the expression of the protein coding sequence of CP77.

[0174] The codon optimized CP77 profein coding sequence from pPHS1 (a cloning
plasmid harbouring the codon optimized CP77 protein coding sequence} was PCR
amplified using PCR primers where the 57 primer was designed to add a kozak sequence
around the start codon and the 37 primer was designed to add the flag-Tag sequence prior

to the stop codon. The amplified PCR product was subcloned into the transposon piggybac
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vector pJ507-2 (Hyg+) purchased from DNA2.G Inc (USA) via the Bsa I cloning site.
Cloning into the Bsal effectively replaces the comet GPF coding sequence with the CP77
protein coding sequence to create pLLO7. The CP77 now becomes under control of the
huran constitutive Elongation Factor 1 alpha promoter (EF1a) and is co-gxpressed with
the hygromycin resistance gene once both have been stably integrated into the genome of

transfected cells.

[0175] Transduction of CHO by transposon aided stable insertiom of the CP77 and
hygromycin resistance expression cassettes: CHO cells were seeded into wells of a 6 well
plales so thal after an overnight incubation they were around 509% conflluency, Using the
Effectene transfection reagent from Qiagen, lug of pLLO7 was transfected into T well of
50% confluent CHO cells following the manufacturer’s instructions. The transfected cells
were then incubated overnight in growth medium. The next day, the medium was changed
with growth mediuvm coptaining 500ug/ml. hygromyein B {or selecting transduced cells.
The selection medimm was change every 2~3 days and when the transduced cells start to
grow in nunibers they were recovered using TrypLE Select (Life Technologies) and seeded

info a T25 flask for further cell expansion.

Verification of CP77 expression by western blotting {Flag Tageed)

[€76] Raising rabbit anti-CP77 sera: Rabbits were injected with a 15 amino acid
peptide linked to KHL. protein that represented a short internal aminoe acid sequence of the
CP77 protein. This amino acid sequence was: SGSDVNIRSNNGYTC - amino acid
positions 481 to 4935 of UniProtKBSwiss-Prot P12932.1 {025LBR CP77 protein] SEQ ID
NO: 2.

[(177] A total of three injections, 1 month apart, were carried out to raise antibodies to
this KHL conjugated amino acid sequence. Blood {rom the injected rabbit were tested by
western blot against bacterial expressed and Ni-NTA purified N-terminal His-tagged CP77
protein. The rabbil anti-CP77 serum was shown o clearly recognise recombinant CP77

protein.

[(M178] Testing for CP77 expression by p-LLO7-CHQ: Two T25 flasks were seeded
with CHO and p-LLO7-CHO and cultured until the cell monolayers in each flask reached
100% confluency. Cells from each flask were harvested, washed with PBS and then

resuspended in 200ul. To this, 530 pl of 5X SDS-PAGE loading buffer to each tube of
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resuspended cells and then incubated at 98°C for 5 min. 15aL of each cell protein extract
was loaded into two 10% SDS-PAGE gels, electrophoresed and then blotted onto Hybond

ECL nitrocellulose by electro-blotting.

[0179] The electro-blotted membranes were then treated with 5% skimmed milk
powder dissolved In Tris Buffer Saline containing Tween 20 (TBST) for 1 hour at voom
temperature to block all available non-specific antibody binding sites on the membrane.
The membranes were then washed several times in TBST before probing with antibodies.
Membrane 1 was probed with 1:5000 dilution of anti-DDDDK tag antibody [M2]
conjugaled in HRP (ab49763. Sapphire Bioscience) overnight at 4°C. Membrane 2 was
probed with 1:100 dilution of anti-CP77 antisera overnight at 4°C, washed 3 times with
TBST. and then probed with secondary antibody, 1:3000 dilution of HRP conjugated anti-
rabbit antibody (GE Healthcare) for 2 hours. Both membranes were then washed 3 times
in TBST and treated with ECL western blotting detection reagents (GE Healtheare) and

exposed to X-ray film as instructed by the nser manual.

[0186] Plague assay in CHO and p-LL7-CHO: CHO and p-LL7-CHO cells were
sceded Into multiple 6 well plates and were ciltured until the cell monolayers were 100%

confluent.

[8181] A recombinant Vacciota virus (Copenhagen strain) harbouring an EGEFP
expression cassette (green fluorescent protein) under the control of an early/late vaccinia
virus promoter (SCV401C) was used to infect the cells. Due to the unknown titre of
SCV401C, 10 ul of the stock virus was {irstly diluted in 1ml of MM medium (Dil 1: 1:100
dilution). and then infected cach well with 300 ul of the viral diluent. Day 1 postinfection,
high moi infection was noticed where most cells were fluorescing green. It was decided to
perforin a further 1:20 dilution of Il 1, by adding 100 pl Dil 1 into 2ml of MM medium
(Dil 2). Then this was used io infect each well with 500 ul of Dil 2.

[0182] The viral infections were viewed under the [luorescent microscope (Olympus
IX31) with GFP filter (Cat#U-MGFPHQ, Olympus). The image was captured using

cellSens Digital Imaging Soltware (Olympus).

[6183] It was seen from the results that VACV-COP expressing green fluorescent
protein (SCV401C) does not propagate in CHO cells as expected. The single cells

fluorescing green are the result of virus entering the cell, expressing its gene including
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EGFP but unable to produce new infectious viral particles and therefore unable to spread
the infection to the neighbouring cells. However, in a CHO cell line expressing CP77, the
vaceinia virps is able to produce new infectious viruses that spreading to the neighbouring
cells for form a foci of infection by day 1 post infection. These foci of infection becamie a
confluent infection by the next two days post infection where by day 3 the entire cell
monolayer was nfected with SCV401C. CHO cells expressing the host range protein,

CP77. are permissive to vaceinia virus infections unlike the parental (native) CHO cells.

[0184] HMG20A belongs to a family of proteins containing the HMG box domain.
HMG proteins are chromosome remodeling proteins that recognive distorted DNA
structures, such as cruciforms. They can also induce DNA bending by binding to the minor
groove in DNA. HMG box-containing proteins are therefore considered important in
chromosome remodeling during DNA replication, recombination. or repair. In addition,
certain HMG box-containing proteins can affect gene transcription by interacting with

transcription factors at the promoter site.

[6185] Work published by Hsiao et al. 2006 had shown that CP77 binds HMG20A in
CHO-K1 cells. This host cell protein, HMGZ0A, scems to bind the viral PNA in the viral
factories of vaccinia infected CHO cells and 1t was postnlated that this host cell protein
"locks up” the DNA in viral factories and prevents then next stage of the vaceinia life eycle
and thus preventing the prodaction of progeny infectious virus. Expression of CP77 by the
cowpox virus seems to remove host HMGZ20A off the viral DNA and allow the viral life

cycle to recommence with the eventnal production of progeny infectious virus particles.

[0186] However, with the expression of CP77 in CHO in the absence of a viral
infection, one would expect this protein to sequester the newly synthesized HMG20A
present in the cytoplasm before it translocate to the nucleus. If this was the case, the
function of the HMG20A in the nucleus would be lost, and as it plays a critical role during
DNA replication, recombination and repair plus its function during gene transcription, one
would expect expression of CP77 would harm the integrity of the CHO cell during cell
multiplication and maintenance. This wnexpectedly does not seem to be the case as the
CHO cell line expressing CP77 was readily mainlained as a continuous culture with no
noticeable effects on is ability to replicate over many generation compared to the parental

CHO cell line.

40



WO 2015/061858 PCT/AU2014/050330

EXAMPLE 4
Multistep growth studies

[0187] Multistep growth kinetic stady was conducted in p-LLO7-CHO: The
permissive nature of a CHO cell line expressing the host range gene CP77 Lo vaccinia virus
infection was assessed and the level of viral production to the production levels attained in

a naturally permissive human cell line — 1438 was compared.

[(188] The aim was 1o compare the propagation characteristic of VACV-COP in
p-LLO7-CHQ, CHO and 143B cell lings, In this study, the functionality of the expressed
CP77 by p-LLO7-CHO was lested by examining the amphification characteristic of
VACV-COP within this cell line compared to its amplification characteristic in CHO {non-

permissive) and 1438 {permissive) cells.
Materials and Methods

Cell Line setup

[(1189] CHO setup: One 6-Well Plate {(BWP) was seeded with CHO cells and was

cultured uatil confluent in growth medium (RPMI+1G% FBS).

[196] {438 semp: One 6-Well Plate (6WP) was seeded with 143B cells and was

cultured until confluent in growth medium (RPMI+10% FBS).

[€H191] P-LLO7-CHO setyp: 6-Well Plate (6WP) was seeded with p-LLO7-CHO cells
and was cultured ontil confluent in growth mediwm (RPMI+10% FBS+500 ug/ml

HygromycinB).

[6192] Dilution of VACV-COP: Each well of each 6WP was infected with 0.01 pfu in
a total volume of 500ul. 1t was assumed the cell count per well at 100% confluency was
4x10%ells. For an infection rate of 0.01 pfaswell, 4x10*plfu per well was required and so

the stock virus was diluted to 8x10%pfua/mL in maintenance medium (RPMI/2% FBS).

[0193] Infections: Culture medinm was removed from cach well of each plate where
S00 pL of diluted virus was added and left to incubate at room temperature for 1 hr for cell
to adsorb the virns. Viros inocolum was then removed and each infected well was washed

once with TmL sterile PBS and then incubated tn 2mL of MM per well at 37°C/5%CO,.
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[0194] Harvesting: Two sets of wells from each plate where harvested at the lollowing
times post infection: 24h, 48h. and 72h.On the day of harvesting, cells were scraped into
the culture medium where (wo set of wells from gach cell line was combined and the cells
pelleted by centrifugation at 1000g for 5 min. Each cell pellet was resuspended in TmL of
10mM TrisHCT pHS. The resuspended cell pellet was then subjected to three cycles of

freeze-thawing and stored at -80°C oniil ready for titration.

[0195] Titrations were done 1n Vero and {43B cells cultured to 100% confluency in

24-well plates.

[0196] Dilution: The viral extracts were removed from the freczer, thawed and
sonicated to homogenise any visible clumps. The viral extracts were serial diluted to 107

in maintenance medium.

[6197] Infections: Growth medium was removed from each well and infected with

4 N g% . . - . . )
ImL of each dilation (4 wells per dilution, one plate for each virus starting from 107
dilution) for lh at room temperature. After the incubation, each plate was move to the

incubator and incubated at 37°C/5%CO2 for 3 days for plaques to develop.

[0198] Calcdation of Tiire: the dilation that contains 20 to 50 plaques, the plaques
were counted and then averaged. This average count was multiplied by the reciprocal of
the dilution and because 1mL infection were used, the resulting figure will be the titre in

pfu/ml.

[6199] Caleulation of standard Error: Standard error (SE) at 95% confidence was
caleplated from the 4 titration values that constituted the mean using the following
formula: 1.95 x (SD/¥n) where: SD is the standard deviation from a small sample, n is the

number of titration replicates (4 in tlhis case).

(2067 Caleulation of yield: This is the total amount of virus within the viral extract

that was being titred: Mean Titration {(pfu/mL) X Total volume ol Viral Extract = pfu.

[9201] Calculation  of Amplification  Ratio:  This  figure represents the fold

amnplification over the amount used as inoculum; Yield in pfu/Tnoculum size in pfo.

[0202] Multistep growth kinetic studies were carried out in 6 well plates — two wells

per cell line per time point. Each well was infected with 4x10%pfu of VACV-COP and for

harvesting the 2 well for each cell ling and time point was harvested and combined from
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which a viral extract was prepared. This viral extract, total volume of 1mL represent 2
combined infection resulting from an inoculum size of 8x10*pfu (4x10%pfu X 2) was then

titred. Titration was carried oot using two indicator cell lines 1438 and Vero.

[0203] The ttration and viral yield results are tabulated in Tables 3 and 4 respectively.
VACY-COP did not amplify iu the non-permuissive CHO cells, Le. it produced less virus
than the amount used in the input inoculum. However, virus amplification in the CHO cell
line expressing the host-range gene CP77 was about 2000 times more than the input
inoculum (based on fitration results using 143B cells as the indicator cell line).
Amplification from the permissive cell was abont 3000 times more than the input
inpculum. Because the standard errors overdap the difference in amplification between the

p-LLO7-CHO and 143B cells are not statistically significant.

[0204] If viral amplification between the two cell lines are compared using the
titration results from the Vero mdicator cells it would seem amplification was marginally
more in the p-LLO7-CHO than in the 143B cells, however this was not statistically

significant.

[6205] In this study it was further confirmed that vaccinia virus is not permissive in
CHO cells as the level of viral production was very much less that the amount of virus
used as inoculum. However, if CHO express the cowpox virus host range gene encoding
CP77 protein, it now becomes permissive to vaccinia virus and support the production of
virus to the same levels seen in a permissive cell line. It 15 also noteworthy that it only
required expression of one host range gene, CP77, to convert this cell line into a "usable”
permissive cell substrate for the production of vaccinia. Producing vaccinia from CHQ is
very desirable as CHO is a hiotechuology friendly cell line in that it grows as fast as
bacteria, it can be cultured in defined synthetic culture medinm without the requirement for
biological additives such as Foetal Bovine Serum and can be cultured as a cell suspension
in biorcactor, CHO also has a history of producing biological medicinal products, has
been well characterised and is known and liked by the biomedical control agencies such as

FDA and EMEA.

[0206] A transgenic CHO cell line expressing the CP77 protein under the control of a
constitutive cellular promoter is permissive to vaccinia virus replication and propagation to
the same levels seen in a naturally permissive cell line that yields high levels of progeny
virus.
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MVA prepagation in CHO-CP77 cells
MVA+GFP Propagation in CHOQ, 1438 and p-1LO7-CHO
Materials and Methods

[0207] Growth Medium (GM): RPMI-1640, supplemented with 10% FBS. 2iaM L-

Gluotamine, Penicillin and gentamicin, Hepes

[0208] Maintenance Mediiom (MM): RPMI-1640, supplemented with 2% FBS, 2mM

L-Glutamine, Penicillin and gentamicin, Hepes

[0209] Notes on cultwring p-LLO7-CHO: General propagation and maintenance of the
p-LLO7-CHO cell line was carried out in GM plus S00ug/mL of hygromycin B but
however, for plating oot and cultaring to 100% confluency prior to infection, cells were

cultured in GM without hygromycin B.

[0216] Cell setup: 1438, CHO and P-LLO7-CHO cells were seeded into multiple 6-
well plates and were coltured i growth medinm (GM) at 37°C/5% COauntil the cell

monolayers were 100% confluent. One plate per cell line was cultured.
Infection

. A recombinant MVA harbouring a GFP expression cassette (green fluotescent
protein) was used to infect cells cultured in the 6-well plates. Due to the unknown
titre of MV A-GFP, the virus was senially diluted in maintenance medium (MM) as

follows:

o Dil 1; 20 ul of the stock virus was diluted in 2ml of MM mediun (1:100

dilution) and mixed by vigorous vortexing.

o Dil 2: 500 ul of I3l 1 was added to 4.5 ml of MM (1:1()3 dilution) and

mixed by vigorous vortexing.

o Dil 3:500 ul of Dil 2 was added fo 4.5 ml of MM (1.1 0* ditution) and mixed
by vigorous vortexing.
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o) il 4: 500 ul of Dil 3 was added to 4.5 ml of MM (1:1()5 dilutton) and

mixed by vigorous vortexing.

. One well of each plate was infected with 500 ul of the following virus dilutions Dil
2, Dil 3, and Dil 4.
. Each plate was incobated over a 5 day period and examioe for the development and

spread of foci of fluorescent cells. 1n this study, Dil 4 produced discernable foci of
fluorescent cells aver a three day period. The uninfected wells of cach plate were

controls for anto-fluorescence.

Microscope Viewing

[6211] The viral infection was viewed under the fluorescent microscope (Olympus
IX51) with GFP filter (Cat#lU-MGFPHQ, Olympus). The bmage was captured using

cellSens Digital Imaging Software (Olympus).
Results

[6212] The results showed that MVA expressing green fluorescent protein (GFP) does
not propagate in CHO and 143B cells as expected. The single cells fluorescing green are
the result of virus entering the cell, expressing it’s gene including GFP but unable to
produce new infectious viral particles and therefore nnable to spread the infection to the
neighbouring cells. However, in a CHO cell line expressing CP77. MVA is able to
produce new infections viruses that spreads to the neighbouring cells to form a foci of

infection by day 1 post infection with further development by day 3.

EXAMPLE 6
Confirmation of host range restriction of MVA harvested from p-LLO7-CHO infection
Cell setup

[6213] 1438, CHO apd BHK-21 cells were seeded into multiple 6-well plates and
were cultured in growth medium (GM} at 37°C/3% CO2 uatil the cell monolayers were

100% confluent. One plate per cell line was cultored.
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Virus harvesting from Example 3

[0214] The MVA+GFP [rom Dil 3 infected P-LLO7-CHO well in Example S5 was

harvested afier 5 days of infection as follows:

o Both supernatant and cells were collected from the well and centrifuge for 5 min at

1000 g to pellet the infected cells.
. The cell pellet was resuspended in 500 ul of 100 mM Tris-HC1 pHS bulfer.

° The resuspended cell pellet was freeze and thawed at least three times to release

virus from the infecied cells,
Infection

. Pue to the unknown fitre of the erude viral extract the virus was serially diluted in

MM medium in the same manner as in Example 5.

. One well of ecach plate was infected with 500 pl of the following virus dilutions

il 2, Dil 3, and Dil 4.

o Each plate was incubated over a 5 day period and examine for the development and
spread of foct of fluorescent cells. In this experiment, Dil 3 produced discernable

foel of {luorescent cells over a three day period.

Microscope Viewing

[6215] The viral infection was viewed under the fAuvorescent microscope (Olympus
IX51) with GFP filter (Cat#U-MGFPHQ, OClympus). The image was capiured using

cellSens Digital Imaging Soltware (Olympuos).
Results

[0216] MVA that was harvested from the CHO cell line expressing CP77 still
maintained its restricted host range by not being able {o propagate in the non-permissive
cells line CHO (hamster) and 143B cell (human). The lack for green fluorescent foci over
the three day peried post infection of CHO and 143B cells demonstrates that no infectious

progeny virus was produced in these cell lines. However, this MVA still maintained its
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host range for BHK21 cells (hamster) as green {luorescent foci of infection could be seen

by day 1 post infection which grew in size over the next 3 days.
Conclusions

o CHO cells expressing the host range protein CP77, are permissive to MVA

infections unlike the parental (native) CHO cells.

. MVA that was propagated in a CHO cell line expressing CP77 did not increase its

host range to non~permtissive cell lines such as CHO and 143B (human).

EXAMPLE 7
Construction of pl.LO7

[6217] Background Information: CP77 (CHO codon optimised) CDS PCR product
from pPHS1 DNA template was cloned into pl507-2 (Hyg+) PiggyBac system by
Clontech’s InFusion cloning system {o create pLLO7. The flag-tagged CP77 sequence was
inserted into the Bsal of pJ507-2 thereby removing the comet GFP sequence (SEQ ID
NO:3).

[0218] PCR primer pair used to PCR amplify CP77-CHO gene from pPH51 plasmid
DNA:
AACACGTCTCGGGGGeegecaccATGTTCCGACTACCTGGAAAATGAGGAAGTG
(SEQ ID NQ: 4) and
CAGGAAGACGCTTTTIcaCTTGTCATCGTCATCCTTGTAATCCTGCTGCTCGAA
GATCTTGTACT (SEQ 1D NO: 5). The Flag Tag sequence 1s shown in bold in the Inf-
LLO7-CP77-Ry primer.

[219] The Plasmid INSERT/CASSETTE Configuration is as follows. Insert/Cassette

Map. pLL7 clone #3 was sent for sequencing.

[6228] 15 ABI scquencing [liles together with the pLLO7 reference file
"pLLO7 _ref.shd" where entered into Lasergene’s DNAstar Seguiman compuater program and
assembled into 1 consensus contig. The alignment sequences where trimmed to match the

start and end of the reference sequence thereafter the reference sequence was deleted from
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the alignment so as have no nfluence on the establishment of the consensus sequence.
The consensus sequence of the contig was saved as a DNA sequence file named
"pLLAO7_#3 consensus.seq”. The reading direction of the conlig was determined and found
to represent the same reading direction as the reference sequence.  Using Megalign
{DNAstar) "pLLO7_#3 consensus” was manually aligned to "pLLO7_refsbd" reference
sequence to help identify discrepancies between the reference sequence and the sequence
in pLLO7_#3. Assembling the 15AB1 files for pLLO7Clone#3 from AGRF-sequencing
service using Seqman (default settings) resulied i one consensus contig that covered the
full length of the pLL(7insertion reference sequence. There was no discrepancy between
the sequence in pLLO7_#3 and the reference sequence. The insertion sequences In

pLIO7_#3 contig consensus are identical to the reference sequence.
EXAMPLE &
Expression of G111 and I7L. in mammalian cells

[0221] Expression plasmids encoding Flag-tagged-GlL, or Flag-tagged-171. were
constructed and used to make fransgenic 143B cell lines expressing these proteins. Even
though these cells had been amplified in the presence of Genelicin o posifively select
transduced cells and PCR analysis had confirmed the presence of these protein coding
sequences within the genomes of these cell hines, western blot analysis failed to detect the

presence of expressed Flag-tagged-proteins when probing with an anti-DDDDK antibody.

[6222] The protein coding sequences of C-terminal Flag-tagged COP-G1L and COP-
I7L where synthesized by GeneArt (Life Technologies) and subcloned into the Bsa | site of
pJ303-2 (piggvBac — neomyein antibtotic selection) purchased from DNA2.O Inc (USA).
This cloning procedure exchanges the cometGFP with the Flag-tagged-G1L or -I7L protein
coding sequences. The resulting clones were designated pLLOB for the G1L piggyBac

vector and pLL10 for the 171 piggyBac vector,

[0223] The key features of these two plasmmd vectors are: the flag-tagged protein
coding sequences are under the confrol of constitutive human promoter EFlaplha, these
expression cassette together with the NPT I expression cassette (neomycin resistance
gene) are flanked by Leflt and Right Transposon borders to form an artificial transposon
element. External to the artificial transposon element but contained within the same

plasmid s the Transposon enzyme expression casselte that mediates irreversible
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integration of the transposon element info the host genome. Cells carrying these
transposon elements can be positively selected for by including G418 (Geneticin) into the

cell growth medium.

[0224] The plasmid vector pLLO8 (Flag-tagged-GIL) and pLL10 (Flag-tagged-I7L)
were transfected into 143B cells to create two transduced transgenic cell lines: GIL-143B
(containing the G1L expression cassette), and I71-143B {(containing the 171 expression
cassetfe).  Cells with successful transposon infegration were amplified to workable
amounts by the inclusion of Geneticin in the growth medinm. To verify successful
integration. total cellular DNA was extracted frow these transgenic cells using the DNeasy
DNA extraction kit from Qiagen following the tostructions from the kit’s instruction
manual, Extracted DNA was then used as template for PCR amplification reactions using
PCR primer pairs specific for PCR amplification of GIL and I7L. Both cell line were

positive for the presence of Gl and I7E DNA sequence i their genomes

[0225] To test for G1L and 17L expression by these cell lines Western blot analysis
was carried ont by detecting the presence of each Flag-tagged protein using an anti-Flag
Tag antibody [M2] conjugated to HRP (anti-DDDDK antibody, Abcam #ab49763). The
results of these western blot analysis using total protein extracted from the G11-143B and
I71-143B cell lines showed that the anti-Flag-tag antibody does not recognise any proteins
extracted from 143B as expected and that if can recognise a Flag-tag protein expressed i a
Flag-tag-CP77 transgenic CHO cell line (CP77-CHM) confirming the anti-flag-tag
anfibody can recognise flag-tagged proteins, However, no Flag-tagged-G1L protein could
be detected in the protein extract from the G1L-143B sample. Bacterially expressed Flag-
tagged-I7L protein can be detected by the anti-Flag-tag antibody but the antibody could not

detect Flag-tagged-I7L expression by the 171.-143B cell line.

[6226] Since the GIL and I7L expression cassettes could be detected in their
respective cell line, the conclusions could be either the expressed proteins are rapidly
degraded after synthesis in the absence of a vaccinia infection, ie, both the Gl and 17
proteins are virns specific enzymes and could be unstable without their vaceinia specific
enzyme substrates, or the promoter driving thesc two expression cassetie are defective.
Another hypothesis, expression of these proteins in the absence of a vaccinia infection are
“toxic” to the cclls and during the Geneticin selection process, cells that had silenced the
transgenic G1L and I7L expression casseties but not the NPT II expression casseile
enabled the amplification of Geneticin resistant cells that did not expressed the G1L or I7L
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proteins. Since pJ503-2 piggyBac plasnud has beenr used successtully in ouar lab for the
expression of COP-DI3L in 1438 cells it is proposed that the EFlalpha promoter was
fumctional and these proteins were unstable in the absence of a vaccinia infection or the
promoter driving the expression of these proteins where selectively silenced to prevent the

expression of “toxic” proteins during cell amplification in the presence of Geneticin.

EXAMPLE 9

DI3L as an example of an essential structural maturation or assembly protein is
expressed by mammalian cell and rescues vaceiniq with deletion of the DI3L gene and

D131 deleted vaccinia expresses protein in infected cells

[6227] Construction of DI3-Rescite Cell Line - As an example of attenuating vaceinia
by blocking the assembly/mataration process, the DI3L ORF of the Copenhagen strain
was targeted for deletion. In doing so, a cell line expressing this protein would first have
to be constructed so that a COP-D131L-deleted virus can be propagated. For construction
of the rescue cell line the Chinese Hamster Ovary cell line, often referred to as CHO, was
chosen as this cell line is "biotechnology” friendly. In order to rescue infectious vaccinia
virus with a COP-D13L deletion, this cell line must express the D13-protein from its
nuclear genonie using the transcription machinery of the cell and not of vaccinia virus.
The protein amino acid sequence of the cellular expressed D13-protein containing a C-
terniinal lagged amino acid sequence of DYKDDDDK (Flag-tag, Hopp et al. 1988) and
was CHO codon optimized to produce the camresponding nucleotide sequence,  Stable
imtegration of this tagged DI3L-CHO codon optimised expression cassette consisting of a
niammmalian promoter and a mammalian poly-adenylation signal sequence into the nuclear
DNA was achieved by Transposon integration technology of the type reported by Urschitz
et al. 2010 and Matasci et al. 2011, Transduction of CHO was achieved by using the piggy

Bac vector system purchased from DNAZ2.0 Inc (USA).

[0228] Construction of DI3E protéin coding sequence - The DI3L protein coding
sequence was synthetically made by GeneArt of LifeTechnologies by recrcating the DNA
sequence from the D13-amino acid encoded by the DI13L ORF of the Vaccinia virns
Copenhagen strain and codon optimised for expression in CHO cells. The protein coding

sequence of the VACV-COP DI13L ORF is shown in the Sequence listing.
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[6229] Construction of DI3L cell transducing vector - The codon optimized D13-
protein coding sequence (D13LchoTagged) from pLL17 was PCR amplified and
subcloned into the transposon piggyBac vector pI503-2 (pHULK piggyBac Mammalian
Expression Vector with CometGEP and Neo+) purchased from DNAZ2.O Inc (Cat # pI303-
2) via the Bsa I cloning sites to produce pLL19. Cloning between the Bsal by In-Fusion
cloning (Clontech: ligase free cloning) removes the comet GPF coding sequence and
replaces it with the tagged DI13-protein coding sequence by in virre homologous
recombination. The DN 3LchoTaggedprotein coding sequence 18 now under control of the
human Elongation Factor 1 alpha promoter (EFla) and will be co-expressed with the
Neomycin resistance gene once both have been stably integrated into the genome of
transfected cells.  Stable integration o the host genome is mediated by Transposon
integration of the DNA scquence bound by the Left and Right Transposon boarder of the

piggyBac vector.

[0230] PCR amplification of the D13LchoTagged sequence was done using the

following primer pair:
Forward Primer sequence:

Inf-LLA9-D13LC-Fw: 5 AACACGTCTCG G GGG recaceacc ATGAACAACACCATCATCAA-Y

[0231] The sequence in uppercase, bold and underline texi represent sequence
homologous to the Bsa I site up-stream of the comet GFP in pl503-2 (Neo+) necessary for
In-fusion cloning. The sequence in lowercase red and vnderlined text 18 a modified Kozak
sequence. The sequence in normal uppercase text is homologous to the 5 end of the

D13LchoTagged sequence in pLL17.
Reverse Primer sequence

Inf-LL19-DI3LC-Rv: 57- CAGGAAGACGCTTITITCACTTGTCGTCGTCGTCCTTGTAG- 3

[6232] The sequence in uppercase, bold and underline text represent sequence
homologous to the Bsa I sile down-stream of the comet GFP in pJ503-2 (Neo+) necessary
for In-fusion clomng. The sequence in normal uppercase text is homologous to the 37 end
of the D13LchoTagged sequence in pLL17. The expected 1719bp PCR product was cloned
into Bsal cut pJ503-2 (Neo+) by lnFusion cloning (Clontech) following the manufacturer’s

instructions to create pLIL10.
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[6233] Construction of a CHO cell line expressing DI3-protein: p-LLI9-CHO ~CHO
cells were seeded into wells of a &-well plate so that after an overnight incubation they
were around 50% confluency. Using the Effectene transfection reagent from Qiagen (Cat
# 3014253, lug of pLL19 was transfected into 1 well of 50% confluent CHO cells
following the manufacturer’s instructions. The transfected cells were then incubated
overnight i growth mediom (RPMI 1640/10% FBS/2mM Glutamax/Pen-Strep). The next
day. the medium was changed with growth medium containing 1000ug/ml. Geneticin for
selecting transduced cells. The selection medinm was changed every 2 to 3days. When the
transduced cells grew to over 90 to 100% confluency, they were recovered using TrypLE
Select (Gibeo-Invitrogen Corp, Cat #12563-029) and seeded into a T25 flask for further

cell expansion,

[0234] Verificaiion of D13 expression by Western bloiting ~ Rabbii anti-DI3 antisera
production: Rabbits were injected with a 16 amino acid peptide linked to KLH protein that
represented the C-terminal amino acid of the native DI3-protein.  This amino acid
sequence was: CYDQGVSITKIMGDNN. A total of three injections, 1 month apart, were
carried out to raise antibodies to this amino acid sequence. Serum from the injected rabbit
were tested by western blot analysis against the following cell extracts: 1438 whole cell
extract, whole extract from [43B transgenic cell line expressing Flag-tagged-D13L {p-
LLQ6-143b) and VACV-COP infected 143B cell extract. The results clearly demonstrated

that the rabbit anti-D13 serum can clearly recognise specifically the D13-protein.

[0235] CHO-transduced  cell preparation - DI13LchoTagged transduced CHO
polyclonal expanded cell line (p-LL19-CHQ) was cultured to 100% confluency in a T25
flask as was normal CHO cells. Cells from each flask were harvested with TrypLE Select
(Gibco-Invitrogen Corp, Cat #12563-029), pelleted by low speed centrifugation (300g for

5 minuvtes) washed with PBS and resuspended in 200uL. of PBS.

[0236] Western Blot anglysis - 30ul. of 5x SDS-PAGE loading buffer was added to
cach cell suspension and then incubated at 98°C for 5 min. 15ul. of cach cell protein
extract was loaded into two 10% SDS-PAGE gels, electrophoresed and then blotied onto
Hybond ECL nitrecellulose by cleetro-blotting. The electroblotted membranes were then
treated with 5% skimmed milk powder dissolved in Tris Buffer Saline containing Tween
20 (TBST) for 1 hour at room temperature fo block all available non-specific antibody
binding sites on the membrane. Membranes were washed several times in TBST before
probing with antibodies. Membrane 1 was probed with 1:5000 dilution of anti-DDDDX tag
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antibody [M2] conjogated in HRP (Abcam, Cat # ab49763) overnight at 4°C. Membrane 2
was probed with 1:2000 dilution of Rabbit D13-antisera overnight at 4°C, washed 3 times
with TBST, and then probed with secondary antibody, 1:5000 dilution of HRP conjugated
anti-rabbit antibody (Abcam, Cat # ab97069) {or 2 hours. Both membranes were then
washed 3 times in TBST and treated with ECL western blotting detection reagents (GE

Healthcare) and exposed to X-ray film as instructed by the user manual.

EXAMPLE 10
Attenuation of VACV-COP by DI3L ORF deletion

(62371 To attenuate vaccimia virps, the conserved late promoter sequence together
with the majority of the protein coding sequence of the COP-DI3L ORF was carmarked
for deletion by homologous recombination and in its place, a selection/reporter casscite
was inserted so that successful deletion by homologous recombination can be selected for
in a CHO cell line expressing D13-protein and where infection can be visualised by red
fluorescence. The selection/reporter cassette consist of the CHO host range gene
expressing CP77 and the DsRed-Express2 sequence under the control of a vaccinia

promoier.

[0238] Counstruction of COP-DI3L deletion homologons recombination vector - For
deletion of the DI3L ORF from VACV-COP by homologous recombination, two
homologous recombination arms were design flanking each side of the COP-D13L ORF.
However, since the promoter sequence of the COP-D12L ORF might lays within the 37
end of the COP-D13L ORF, approximately 200 bp of the 3" end of COP-DI3L ORF was

left intact.

[0239] Construction of homelogons recombination arms FI and F2 - The homologous
recombination arms were PCR amplified from VACV-COP genomic DNA using the
primer pairs shown below., The bold and woderine text represent In-Fusion arms for
joining the F1 and F2 arms to the selection/report cassette and the linearized pUCIY
supplied in the In-Fusion kit from Clontech. In-Fusion ligation will result in civcularized

plasmid designated pLLLOY.
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PCR primer puair used to PCR amplify DI13L-F1 arm from VACV-COP DNA:

Inf-PCR-D13L-F1-Fw: ¥ CCGGTACCCCGCGATCACGAAAAATAATAGTAACCA -3, The

bald and underline text (15bp) represents sequence homologous to the left end of the

linearized pUC19Y plasmid supplied by the ClonTech In-Fusion kit.

Inf-PCR-DI13L-F1-Rv: S-AATTTAGTGTGUGOGTGOAAAAAGCTTACAATAAACTC -3°.

The bold and underlive text (15bp) represents sequence homologous to the 5 end of the

Selection/Reporter cassette. Expected PCR product sizer 657 by
PCR primer pair used to PCR arplify DI3L-F2 arm from VACV-COP DNA:

Inf-PCR-DI3L-F2-Fw: S-ATATTTAAATGCGCGCAATAATGGAACAAGAACCCT-3. The

bold and underline text (15bp) represents sequence homologous to the 3° end of the

Selection/Reporter cassette.

Inf-PCR-D13L-F2-Rv: 3'- CGACTCTAGAGGATCGCGCTGAGGTCGGCAACTACG -3,

The bold and underline text (13bp} represents sequence homologous to the right end of the
linearized pUCL9 plasmud supplied by the ClonTech In-Fusion kit. Expected PCR product

size: 621p

[6246] Construction of selectionfreporter casseite - The selection/reporter expression
cassette consist of the CP77 CHO host-range gene from cowpox virus 0251 ORF
(Brighton Red strain) and the red fluorescent protein coding sequence of DsRed-Express2.
This expression cassette was synthetically made by Life Technologies GeneArt so that
CP77 protein coding sequence is under the control ol its pative promoter (100bp of
sequence upstream of the CP77 ATG start codon) and terminated with the poxvirus carly
transcriptional stop sequence (TsNT). The DsRed profein coding sequence is under the
control of & vaccinia virus carly/late promoter and alse terminated in the poxvirus carly

transcriptional stop sequence.

[6241] Assembly of pLLO9 - The D13L-F1 and D13L-F2 PCR products together with
the Selection/Reporter cassette was assembled into pUCEY supplied in the lnFusion Kit
from ClonTech by In-Fusion cloning following the manufacturer’s instructions to produce

pLLO9.

[0242] Deletion of COP-DI3L by homologous recombination and plague purification
to produce SCVI04 - The COP-D131. ORF was made inactive by deleting the majority of
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the protein coding sequence and the conserved late promoter element "TAAAT". COP-
D13L ORF is under the control of a vaccinia virus late promoter where the conserved late
promoter element is eritical for promoter activity (Moss, 2007) — deletion of this will result
i the COP-D13L ORF becoming stlenced. Deletion of the protein coding sequence and
conserved promoter element is effected by homologous recombination between VACV-
COP and pLL0OY where the result of homelogous recombination is the insertion of the
CP77/DsRed expression cassette into the deleted region.  Insertion of this expression
cassette enables the recombinant virus, now designated as SCV 104, to propagate in CHO
cells but only cells that express a functional D13-protein such as p-LL19-CHO, Afver
homologous recombination contaminating "carryover” parental virus {VACV-COP) was
eliminated by successive rounds of plaque purification. The presence of contaminating

parental virus was monitored for by PCR analysis of the insertion site.

[0243] Homologous recombination - Three T25 flasks containing growth medinm
(RPMI-1640/10% FCS/2ZmM Glutamax/Pen-Strep and 1000ug/ml. Geneticin) were seeded
with p-LL19-CHO and culture untit 100% confluent at 37°C/5%C02.  On the day of
infection, two flasks were infected with VACV-COP at an moi (.01 pfufcell, where the
other flask was not infected (uninfected control). After infecting flask 1 and 2 for 45 min at
room temperature, the virus inoculums were removed and the monolayer of cells washed
twice with PBS. After washing, 4 ml of Maintenance Medium (MM: RPMI-1640/2%
FCS/2mM Glutamax/Pen-Strep) was added to each flask including [lask 3 that had also

gone through the same washing step.

[0244] Transfection was carried oul using Effectene Transfection reagent (Qiagen, Cat
No 301425) and following the manufacturer’s instructions. Briefly, 16uL. of Enhancer was
added 1o 2ug of linearized pl.l09 in 150ul. of EC buffer and left to stand for 5 minutes at
room teniperature after thoroughly mixing. To this 25ul of Effectence Transtection reagent
was added and left to stand al room temperature for 10 minutes. Finally, 1 mi of MM
(RPMI-1640/2% FCS/2mM Glotamax/Pen-Strep) was added to the mix and thoroughly
mixed gently together. This transfection mix was then added to flask 1 that had previously

been infected with VACV-COP.

[0245] Flasks 1 (homologous recombination), 2 {infection only control), 3 {uninfected
control) were incubated overnight at 37°C/5%C0; where the following day each flask had
a media change with fresh MM - SmL per flask and [urther incubated at 37°C/5%CO, until

gross CPE can be seen in Flask 1 only. There should be no signs of infection in Flask 2 as
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VACV-COP 1s non-infections to CHO cells and the monolayer should look healthy in
Flask 3.

[6246] After the overnight infection red fluorescent cells conld be clearly
distinguishable under examination with an inverted fluorescent microscope. It was
decided to harvest the cells in {lask 1 by scraping the cells into the culture medium, then
pelleted by low speed centrifugation (500g for 5 minuies al room temperature) and
resuspending the cell pellet in ImE of 10 mM Tris-HCI pHS. A viral extract was prepared
by multiple frecze and thaw cvcles and then stored at ~-80°C ready for plaque purification

phase. The viral construct was designated SCV104.

[06247] Plague purification process - The rationale is to serially dilute the homologous
recombination extract and use each diletion to infect one row of p-LL19-CHO cells
cultured in a 48 well plate. The aim is to dilute the virus down to 1 pfu infection per well
and then looking for wells that contain only | fluorescent plague after approx. 30hr of

infection belore harvesting.

[0248] p-LL19-CHO cells were seeded into cach well of a 48-well plate and culture to
100% in growth medium (RPMI-1640/10% FBS/ZmM Glutamax/pen-stiep) containing
1000ug/mL Geneticin at 37°C/53% COs.

[6249] For infection, the homologous recombination extract (SCV104) was thawed
and briefly sonicated to break up lumps and aggregates. Ten-fold serial dilution down to
107 of the viral extract was performed using MM (RPMI/2% FBS/Glutamax/PenStrep} in
lml volumes. For ¢ach dilution, one row of the 48-well plate was seeded with 500uls of
diluted virus after removing the growth medium from each well and washed once with
PBS. The 48-well plate was left at roomn temperature for 43 minute for viral adsorption to
occur.  After viral adsorption, the virus inoculum was carefully removed from each well
where residual inoculum was removed by a washing step consisting of 5300ul. of PBS per
well,  After washing, 500ul. of MM (RPMFE2% FBS/Glutamax/PenStrep) was added to
cach well and then incubated at 37°C/CQs until fluorescent red foci of infections can be

clearly seen ander a {luorescent microscope.

[6250] For harvesting only wells containing 2 single fluorescent foci at the lowest
dilution possible was selected. The mediom {tom selected wells were carefully removed

and 100ul of 10mM TrisHC] pHS8 was added. The plate was freeze thawed three times
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and then the contents of the selected wells were recovered. For each recovered plaque, the

plaque purification process was repeat another five times.

[6251] A selected clone was then forther amplitied by infecting 1 well of a 6-well
plate containing p-LL19-CHO cells at 100% confluency by removing the growth mediaom
from the well and adding 10ul. of viral extract diluted to 500ul. in PBS. Aflier 45 min at
room temperature 2mL of MM was added to the well and incubated further at
37°CH%CO, for 3 days until majority of the cells fluoresce red under a fluorescent
microscope. The cells within the infected well were scraped into the culture medium and
then pelleted at 500g for 5 minntes. The pelleted cells were resuspended in 500ul. of

10mM TrisHCT pHE and briefly sonicated to make a viral extract.

[0252] PCR verification of CP77/DsRed expression casseile insertion inio the DISL
ORF of SCVIO4 - PCR analysis was carried to determine if after homologous
recombination and plague purification that the D131, ORF had in fact been substituted with
the CP77/DsRed expression cassette. A PCR primer pair was designed to bind outside the
region of the two flanking homologous recombination arms so that they would bind to
“native” DINA sequence rather than "infroduced™ DNA. Designing the primer pair in such
a manner means that this primer pair could use VACV-COP and SCVI104 as DNA
templates for PCR amplification and the size of the PCR products will be indicative for
insertion of expression cassette into the DI3L ORF or the detection of the virus with no
nsertion, e, VACV-COP. This PCR assay not only indicates the presence of insertion but
also can identily if residual contaminating parental virus (VACVY-COP) is still present after
multiple roonds of plaque purification. The presence of unwanted trace contamination of
VACV-COP is highly undesirable as this contaminant can provide in frans D13 help o

SCV 04 and thereby reduce the attermation of SCV 104,

[(:253] DNA extractions using the QHAGEN DNeasy Tissue Kit (Cat # 69504) -~ Viral
DNA was extracted from 200ulof the abave SCV104 amplified virus using the DNgasy
Tissue kit following the manutacturer’s instruction. Briefly this was done by adding 20ul
of Proteinase K to 200uL of viral extract and mixing well. To this, 200ul of buffer AL was
added and thoroughly mixed-in belore incubating at 56°C (heating block) for 10 minutes.
After incubation, 200ul of 100% cthanol was added and mixed-in well and then the total
volume was added (o a spin column. The liguid was passed through the spin column by
centrifugation as instructed by the manufacturer’s user handbook followed by spin column
washes with AW1 and AW2 buffers. DNA bound to the spin column was eluted off with
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two time 100ul of AE buffer. The eluted DNA was combined into a single tube and was

ready for PCR analysis or stored at 4°C until ready for PCR analysis.

[6254] PCR amplification - DNA extracted from SCV104 (see section 4.2.3.1 above)
was used a template for PCR amplification to determine if insertion had taken place within
the D13L ORF. The PCR primers describe below binds to sequences flanking outside the
D131, ORF so that amplification from SCV104 DNA should amplify a PCR product of
4360bp as appose to a PCR product of 2881bp amplified [rom the parental virus, VACV-
COP. PCR analysis showed that the 6™ plague purified clones of SCV104 only amplify a
product corresponding to greater than 4000bp less than 5000bp indicaling SCV104
contains CP77/DsRed cassette 1n the DI3EL ORF. The lack of a PCR product of around
3000bp means that there are no detectable levels of parental virns contamination in the

SCV104 amplified stocks.
Details of Primer pair
ID_D12L_LLO4 _Fw: 5*-TACAAAATCAAATAATGGTCGAAAC-Y

ID_A2L_LLO4 _Rv: ¥-TGCCAAGAAAACACTCCTTCTAAGACAAT-Y

EXAMPLE 11
Testing SCVI04 for attenuation by Plague Infectivity Assays

[0235] As the protein enceded by the D13L ORF is essential for viral assembly one
would expect that cell entry of an SCV104 rescued vitus would not be able to produce
infectious progeny virions in normal cells permissive for vaccinia viros and hence the
inability of the initial infection to spread to neighbouring cells to form an ever expanding
foci of infection. To confirm if this is the case, the DI3L deleted virus descrbed m this
mvention (SCV104) was serally diluted to a point where low number of plaque forming
units can be used to infect cells cultured in a 6-well plate so that cell to cell spread of the
infecting virus can be monitored over a period of days. In this stedy three cell lines were
studied: 143B cell which are permissive to vaccinia virus, CHO cells which are not
permissive to vaccinia virus but can be if vaccinia virns express CP77 protein and p-LL19-
CHO which is a recombinant cell line expressing D13L protein. The virns describe in this
invention which has had a CP77/DsRed expression cassetie inserted into the D13L ORF so
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that no function D13-protein can be expressed should only form infectiouns foci of infection
in the p-LL19-CHO cell line. The presence of foci of infections within the 143B cell
monolayer indicates the presence of conlaminating vaccinia virug within the viral
population mix as the contaminant will be providing D13L help in trans. The presence of
foci of infections within the CHO monelayer means that insertion of CP77/DsRed cassette

had not inactivated the DI13L ORE.

[0256] Cell setup - 1438, CHO and p-LL19-CHO cells were sceded into multiple 6
well plates and were cultured in growth medium {(RPMI1640/10% FBS/2mM
Glutamax/pen-strep, and only for p-LL19-CHO 1000ug/ml. Geneticiny at 37°C/5% CO-

until the cell monolayers were 100% confluent.

[6257] Infection - Amplified 3" plaque purified viral extract was used to infect the
cells, Duoe to the unknown titre of this virus, 10-fold serially diluted of the stock virus was
done to 107 as follows: firstly, 60 ul of stock virus was diluted in 6ml of MM medinm (Dil
1; 1:100 dilution), and then further dilations prepared by adding 800 ul Dilution 1 to 7.2l
of MM medium {Dilution 2; 107 dilution), and then repeated to make a 107 dilation. For
infection, 500ul. of cach dilution was added to cach well of a 6-well plate — one plate per
cell line used. Viral adsorption was carried ouf at room temperaiure for 45 min where after
the viral inoculum was removed from each well and each well washed with PBS before
MM was added at 2mL per well. The plates were incubated at 37°C/53% CO;y and observed
daily under a fluorescent microscope. 10 dilution produced the best viral infection rate for

chservation.

[0258] Microscopy viewing - The viral infection was viewed under the fluorescent
microscope (Olympus 1X51) with DsRed filter (Cag#flUU-MRFPHQ, Olympus). The tmage

was captured using CellSens Digital Imaging Software (Olympus}).

[0259] Results - 107 dilution infection produced the best results for observing initial
single cell infection and the spread of infection to neighbouring cells. Examination of the
143B cell shows the presence of single cell infections at day 1 in which the virus was
unable to spread o neighbouring cells by day 2 and day 3 indicating that the virus entry
into singles cells had oceur but no infectious viral progeny had been produced by day 2
and day 3. The same is true for the CHO single infected cells, i.e., no infectious viral

progeny was produced from the initial single cell infections.
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[6260] Examination of the p-LL19-CHO cell line shows that the initial single cell
infection had produced progeny infectious virus as seen as small foci of infection by day L.

These focl of infections had rapidly increase in size by day 2 and day 3 indicating viral

amplification is taking place with time.

[0261] Accordingly, removal of a functional vaccimia crescent scaffold protein coding
sequence rom any vaccinia virus will grossly attenuate this virus. Even though this virus is
unable to produce infections progeny virus upon initial infection, expression of s protein,
especially the DsRed, does occur in the initial single infected cells as evidence from the
visual sight red [lnorescence. This virus can be rescued from a cell line expressing the
vaccinia crescent scaffold protein independently of the wvaccinia virus  infection.
Constitntive expression of the vaccinia crescent scaffold protein by the transgenic cell line

has no adverse effect on the growth or physiology of this cell line.
EXAMPLE 12
Construction of C11-LLID-HeLa cell line expressing DI3L

[0262] In order to titrate a non-fluorescent SCV with a D131 deletion, a rescue cell
line expressing D13 protein consisting of a vaccinia permissive cell line which supports
lytic plaque formation was made. ln CHO cells, vaccinia virus expressing CP77 or cell
line expression of CP77 does not support lytic plaque formations that can be stained with
crystal violet and counted by eve. In order to create a titration cell line, Hel.a cells were
transduced to express [313 protein by stable integration of an expression cassetie consisting
of a constitutive mammalian promater, D13-protein coding sequence containing the Kozak
sequence around the start codon and terminating in a polyadenylation signal sequence.
This cassette was then cloned into a plasimid vector that enable stable gene transfer into the
host cell genomic DNA and selection for successful integralion by antibiotic selection.
Transduced cclls were then amplified by using antibiotic selection to select for cells
containing the D13 expression casscile and then a plague assay carried out with SCV104
{D13L ORF deletion) by infecting monolayers of cells af an moi of 0.001 pfu per cells and
selecting for cell-line clone that produced the largest plague size over a 3 day periad.
SCV104 has had its DI3L ORF replaces with two expression cassctte: one for the
expression of CP77 protein and the other for expression of a red [luarescent. protein.
Infection of a Hela cell line expressing D13 protein with SCV104 will result in red

{Tuorescent lytic plaques.
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[6263] Construction of pLLIY — D13 cell transducing vector: the construction of
pLL19 is described above. In this plasmid the C-terminal Flag-tagged D13~protrein coding
sequence is under the control the constitutive human Elongation Factor 1 alpha promoter
and stable gene transfer into the cellular genomic DNA 1s mediated by transposition.
Transposition also inserts a Neomycin antibiotic sclection expression cassette so that
transduced cells can be posifively selected for by adding G418/Geneticin into the growth

medivm.

[6264] Stable insertion of the D13-Flag tagged expression cassette into Hel.a cells
by transduction with pLL19: Hel.a cells were seeded into a T25 Hask, and cullured o
approximately 50% confluency in RPMIE-1640/10% FBS/2mM Glutamax/pen-strep growth
medium. Using the Effectene transfection reagent from Qiagen (Cat # 301425), lug of
pLLI9 was transfected into the T25 flask of 50% confluent Hela cells following the
manulacturer’s instructions. The translected cells were then incubated overnight in growth
medinm (RPMI 1640/10% FBS/2mM Glutamax/Pen-Strep).  The next day, the medinm
was changed to fresh growth medium comtaining 1000ug/mL Geneticin {or selecting
transduced cells. When most of the cells died the remaining cells were recovered by
detaching them from the flask surface with TrypLE Select (Gibeo-Invitrogen Corp, Cat
#12563-029) and single cell sorted into 96-well plates containing growth medium and
1000ug/mL Geneticin. These plates were incubated at 37°C/3%CO; until colonies of cells
could be seen in each well. The selection medium was changed every 2 to 3 days. Each
colony of cells were recoveraed and serially expanded by culturing in to the following: 48-
well plate to 24-well plate to 6-well plate to T7S flask and maintained in T73 flask by 1:5

split ratio until ready for making a frozen cell stock.

[265] Sereening for a monoclonal cell line that best support SCV104 plaque
formation: SCV104 15 a vaccinia virus that has had its D13L ORF replaced with cow
poxvirus 025L promoter plus ORF which codes for the CP77 protein, and a red fluorescent
protein expression cassetfe (DsRed Express2). The CP77 expression is not important or
teeded for plague formation in Hela cells but this virus will not propagated in the absence
of cell line expression of 13 protein. However, in HeLa cell hne expressing D13-protein
SCV104 should be able to amplify and spread to other neighbouring cells and in doing so
form red fluorescent Iytic plagues i the cell monolayer. This virus was used in a plaque
formation study in clonal LL19-HeLa cell lines to sclect the clone that best supports plague

formation.
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[6266] Cell line setup: a number of cell line clones of LL19-HeLa were seeded into
wells of & well plates and cultured in growth medium containing 1000ug/mL Geneticin to

100%: confluency at 37°C/5% COq:

[0267] Virus infection: SCV104 was nsed to infect the cells at 0.001 pfu per cell by
diluting the virus in MM (RPMI-1640/2% FBS/2mM Glutamax/pen-strep) to 10° plu/ml.
Tml of diluted virus was added to each well for infection. Each well of a 6-well plate
contains approximately 1x10" cells when confluent, therefore tml of 107 pfu/mi results in
an moi 0.001. An moi of 0.001 will ensure plaque formations from single infected cells.
All plates were incubated at room temperature for 1 hour so the virus can adsorb to the
cells and there after 1ml. of MM was added to each well and all plates were then incubated
at 37'C/5%CO, promoting  synchronons viral entry into cells followed by viral
amplification resulting in cell to cell spread over time. Red fluorescent plagoe formation

was observed daily under a fluorescent microscope.

[6268] Microscopy viewing: viral infection and plaque formation over a three day
period was viewed under the fluorescent microscope (Olympus IX51) with DsRed filter
(Cat# U-MRFPHQ. Olympus). The image was captured using CellSens Digital Imaging
Software (Olympus).

[0269] Results: A day 1 post infection all infections resulted in sporadic small foct of
red tluorescence. By day 3. all clonal cell lines produced sizable red fluorescent Ivtic
plague where clone 11 {C11) produced the significamtly largest plague sizes of all clones

tested.

[0278] Conclusion: These results demonstrate that the C11 clone (C11-LL19-Hela)
was expressing enough D13 protein to support largest plaque formation of all the clones
tested from an SCV 104 infection. This cell line clone (C11) is excellent for gnantifying a
D13L deleted vaccinia virus using lytic plaque counting method of titration commonly

used to titrate vaccinia virus.
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EXAMPLE 13
Counstruction of p-LLO7-LL29-CHQ cell line expressing CP77and DI3L

[0271)] In order to rescue a VACV-COP virns with a DI3L ORF deletion in CHO
cells, a CHO cell line expressing the D13 and CP77 proteins would have to be constructed.
This was done by constructing a D13 mammalian expression cassette and CP77
mammalian expression cassette consisting of a mammalian promoter to drive expression, a
CHO preferred codon optimised DNA sequencing coding for the D13 or CP77 proteins
followed by a polyvadenylation signal sequence. These cassettes where then cloned into
plasmid vectors that cnable stable gene transfer into the host cell genomic DNA and
selection for successful integration by antibiotic selection. Transduced cells were then
amplified by vsing antibiotic selection to select for cells that contain both D13 and CP77
expression cassettes. To verify expression of CP77 a vaccinia virus expressing Enhance
Green Fluorescent protein (SCV303) was used to infect the transgenic cell line where
fluorescent plaque development was monitor over 4 4 day period. Ever expanding green
fluorescent plaque size over the 4 day period conflirmed CP77 expression by the cell line.
To verify expression of D13 protein and a D131 deleted vaccinia virus expressing CP77
(SCV104) and DsRed fluorescent protein was used to infect the transgenic cell line where
plagoe development was monitor over a 4 day period. Ever expanding red {lnorescent

plague size over the 4 day period confirmed D13 protein expression by the cell line.
Construciion of pLLO7 — CP77 gene transfer plasmid

[6272] Construction of CP77 protein coding sequence: the CP77 protein coding
sequence was synthetically made by GeneArt GmbH (Germany) by recreating (back
translation or reverse translation) the DNA sequence from the amino acid sequence of the
CP77 encoded by the 025L ORF of cow poxvirus Brighton Red strain UniProtKB/Swiss-
Prot: P12932.1 and codon optimized for expression in Chinese Hamster Ovary (CHO)

cells.

[B273] Construction of CP77 cell transducing vector: the codon optimized CP77
protein coding sequence from pPHST (a cloning plasmid harbouring the codon optimized
CP77 protein sequence) was PCR amplified using PCR primer pair where the 5° primer
was designed to add a Kozak sequence around the start codon and the 3 primer was

designed to add the Flag-tag sequence prior to the stop codon. The amplified PCR product
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was subcloned into the transposon piggybac vector pI507-2 (Hyg") purchased from
DNA2.0 Inc (USA) via the Bsal cloning site. Cloning into the Bsal sites effectively
replaces the cometGEFP coding sequence with the CP77 protein coding sequence lo create
pLLU7. The CP77 now becomes under the control of the constitutive human Elongation
Factor 1 alpha promoter (EFla) and is co-expressed with the hygromycin resistance gene
once both have been stably integrated into the genome of the transfected cells. Stable
infegration into the host genome is mediated by Transposon integration of the DNA

sequence bound by the Left and Right Transposon boarder of the piggyBac vector,
PCR primer pair used to PCR amplify CP77-CHO gene from pPH51 plasmid DNA:
Forward Primer sequence:

AACACGTCTCGGGGGReegecacc ATGTTCGACTACCTGGAAAATGAGGAAGTG
(SEQ ID NO: 4)

Reverse Primer sequence:

CAGGAAGACGCTTTTteaCTTGTCATCHTCATCCTTGTAATCCTGCTGCTCGAAG
ATCTTGTACT {SEQ ID NO: 5). The Flag Tag sequence is underiined followed by the

stop codon (in lowercase).
Construction of pLL29 — D13 gene transfer plasmid

[0274) The CHO-codon eptinized D13 protein coding sequence was PCR amplified
from pLL1Y (as described previously) to exchange the C-termianl Flag-tag sequence to the
HA-tag sequence belore cloning into pI503-02 (pHULK piggyBac Mammalian Expression
Vector with CometGEP and Neo+) purchased from DNAZ2.0O Inc (Cat # pJ503-2) via the

Bsa I cloning sites.

[0275] Construction of DI13L-HA eell transducing vector: the codon optimized
DI3-protein coding sequence without the C-ermimal Flag-tag sequence was PCR
amplified from pLL19 and subcloned into the transposon piggyBac vector pi503-2
(pHULK piggyBac Mammalian Expression Vector with CometGFP and Neo+) purchased
from DNAZ2.0 Inc (Cat # pJ503-2) via the Bsa I cloning sites to produce pLL29. Cloning
between the Bsal sites by In-Fusion cloning (Clontech: ligase free cloning) removes the
cometGPF coding sequence and replaces it with the newly HA-tagged D13-protein coding
sequence by in vitro homologous recombination. The Di3LchoHA-Tagged proiein ecoding
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sequence is now under control of the constitutive human Elongation Factor 1 alpha
promoter {EFla) and will be co-expressed with the Neomycin resistance gene once both
have been stably integrated into the genome of transfected cells. Stable integration into the
host genome is mediated by Transposon integration of the DNA sequence bound by the
Left and Right Transposon boarder of the piggyBac vector. A plasmid map of pLL29 is

shown below.

PCR amplification of the D13Lcho-HA tagged seguence was dong using the following

primer pair:
Forward Primer sequence:

Inf-LL19-DI3LC-Fw:
FLAACACOTCTCOGGOGOCCGUCACCATOAACAACACCATCATCAA -3

Reverse Primer sequence:

Inf-LL27-D13L-Rv:
SCAGGAAGACGCTTTTits AGCATAATCTCGAACATCATATGGATAGTTGTTATCGCCC
ATGATCT - %

The sequence in underline text represent HA coding sequence. “tta” represents the stop

codon

[0276] Stable double insertion of the CP77-Flag tagged and D13-HA tagged

expression cassettes info CHO cells by simultaneous transduction with pLLO7 and pLL29

[6277] CHO cells were seeded into a T25 flask, and cultured fo approximately 50%
confluency in RPMI-1640/10% FBS/2mM Glutamax/pen-strep growth mediom. Using the
Effectene transfection reagent from Qiagen (Cat # 301423), lug of pLL0O7 and lug of
pLL2Y were transfected into the T25 flask of 30% confluent CHO cells following the
manufacturer’s instructions. The translected cells were then incubated overnight in growth
medinm (RPMI 1640/10% FBS/2ZmM Glutamax/Pen-Strep).  The next day, the medinm
was changed fo fresh growth medinm containing 300ug/ml. Geneticin and 250 ug/mi
Hygromycin B for selecting transduced cells. The selection medium was changed cvery 2
to 3 days until most of the cells died and detached leaving colonies of cells that were

derived from single cells. When the transduced cells grew to over 90 to 100% confluency,
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they were recovered using TrypLE Select {Gibeo-Invitrogen Corp, Cat #12563-029) and
seeded into a T75 flask for further cell expansion. This new polyclonal cell line was

designated p-LLO7-LL29-CHO.

[6278] Verification of P13 and CP77 expression by rescuing vaccinia virus and
vaecinia virus deleted of DI13L ORF

[1279] SCV3035 is a vaccinda virus that expresses the Enhanced Green Fluorescent
Protein (EGFP) and only propagate in CHO cells in the presence of CP77 protein. This
virus was used in a plaque infectivity study in p-LLO7-LL29-CHO to verify CP77
expression by this cell line. SCV104 is a vaceinia virus that has had its D131 ORF replace
with cow poxvirus 0251 prometer plus ORF which codes for the CP77 protein, and a red
fluorescent protein expression cassette (DsRed Express2). This virns will not propagated
in the absence of cell line expression of D13 protein. This virns was used in a plague

infectivity study in p-LLO7-LL29-CHO to verify D13 expression by this cell line.
[628¢] p-LLA7-LL29-CHO cell line plague-infectivity study

[0281)] Various cell lines were used in this study to help qualify the expression of D13
and CP77 by p-LLO7-LL29-CHO from infection by SCV305 (D13* CP77 EGFP") and
SCV104 (D137 CP777 DsRed’). The expected results in the following cells lines are as

follows:

[1282] Vero: This cell line is normally permissive to vaccinia virus infection. Plaque
formation indicating cell to cell spread of amplified virus over time as detected by GREEN
fluorescence for SCVS05 infection as this virus is normally infectious in this cell line.
However, no plaque formation as detected by the lack of or enly single cell RED
fluorescence for SCV104 infection should be seen indicating there is no cell to cell spread

of amplified virus over time due to the lack of D13 protein expression by cell line or virss.

[0283] C11-LL19-HeLa: this is a vaccinia virus permissive cell line expressing D13
protein via pLL19 wansduction. Plaque formation from SCV30S infection is expected
indicating cell to cell spread of amplified virus over time as detected by GREEN
fluorescence regardless of cell line expression of D13, Plaque formation from SCV104
infection is expected since this virus can now amplify in this cell line due to cell line

expression of D13 protein,
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[0284] CHO: this cell line is non-permissive to vaccinia virus infection. No plaque
formation from SCVS505 and SCV1(M4 infections is expected to be seen as detected by the
lack of or only single cell RED or GREEN fluorescence. This indicates that there is no cell
to cell spread of amplified virus over time due to the fack of D3 protein expression by cell
line needed to rescue SCVI04 event thongh this virns can express CP77 and the lack of

CP77 protein expression by cell line needed to rescue SCV3035.

[0285] p-LLO7-LL29-CHO: this is a CHO cell line expressing both D13 and CP77
proteins. Plagque formation from SCV5035 infection is expected indicating cell to cell spread
of amplified virus over time as detected by GREEN Huorescence indicates the cell line
expression of CP77 protein. Plaque formation from SCV1(4 is expected indicating cell to
cell spread of amplified viros over time as detected by RED fluorescence indicates the cell

line expression of D13 protein.

[8286] Cell line setups: Vero, CHO, C11-L1L19-HeLa, and p-LLO7-LL29-CHO cell
lines were seeded into two sets of multiple 6 well plates {one for SCV505 infection and the
other for SCV104 infection) and were cultured in corresponding growih medium (as

follows) to 100% confluency at 37°C/5% COy:

s  Vero, CHO: RPMI-1640/10% FBS/2mM Glutamax/pen-strep
*  (C11-LL19-Hela: RPME1640/10% FBS/2mM Glutamax/pen-strep, plus 1000ug/mL
Geneticin
*  p-LLO7-LL29-CHO: RPMI-1640/10% FBS/2mM Glutamax/pen-sirep, plus
S00ug/ml Geneticin and 250 ug/ml Hygromycin B
[0287] Virus infection: 5CV1I04 and SCV503 were used to infect the cells at 0.601
plu per cell by diloting the viras in MM (RPMI-1640/2% FBS/2mM Glutamax/pen-strep)
to 10° pfu/ml. One virus per plate: 1ml of diluted viras was added to each well for
infection. Each well of a 6-well plate contains approximately 1x10% cells when confluent.
therefore 1ml of 10° pfu/ml results moi 0.001. At mwoi of 0.001 will ensure plague
formations from single infected cells. All plates were incubated at room temperature for 1
hour 30 the virus can adsorb to the cells and there after ImL of MM was added to each
well and all plates were then incubated at 37°C/5%CO; promoting synchronous viral entry
nte cells followed by viral amplification resulting in cell to cell spread over tme.

Fluorescent plaque formation was observed daily under a flnorescent microscope.

[(288] Microscopy viewing: viral infection and plaque formation over a four day

period was viewed under the fluorescent microscope (Olympus IX51) with DsRed filter
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(Caté U-MRFPHQ. Olympus) for SCVI04 virus and GFP filter {Cat#f U-MGFPHE,
Olympus) for SCV505. The image was captured using CellSens Digital Imaging Software

{Olympus).
Results:

[0289] Infection of CHO cells with SCV184 and SCV505 at moi of 0.001: at day 1
post infection only sporadic single cell thuorescence could be seen indicating both virus
had entered into the cells but have not yet amplified to spread the infection to the
neighbouring cells. However, this remained the same progressing from day 2 to day 4 post
infection, ie, only single ¢ell infections seen and no viral spread to neighbouring cells with

time.

[6296] Infection of Vere cells with SCV104 and SCV505 at moi of 0.001: infection
with SCV3SD3 was as expected, tiny plagues formed at day 1 post infection which all
increased in size to a point where all the plaques merged into one confluent infection of the
cell monolayers by day 4. This indicated the virus amplified from day 1 onwards to spread
the infection to completeness by day 4 post infection. However, this is completely
different from the SCVI1{4 infection. At day 1 post infection oaly sporadic single cell
fluerescence could bhe seen which the same remained over the next 3 days. This indicated
that SCV104 was unable amplify and propagate in this cell line as the virus was lacking
the D131 ORF and unable to initiate viral assemble after viral genome replication and also

this cell line did not express D13 protein to help rescue viral amplification.

[6291] Infection of C11-LL19-Hel.a cells (Hela cell line expressing D13 protein)
with SCV104 and SCV505 at 0.001: infection with SCV305 was as expected, small
plaques formed at day 1 post infection which increased in size to a point where all the
plaques merged into one conlluent infection of the cell monolayers by day 4. This
indicated the virus amplified from day 1 onwards to spread the infection to completeness
by day 4 post infection. Infection with SCV104 also produce the same results
demonstrating that the D13 protein produced by this cell line complemented for the lack of
the DI3L ORF in SCVI04 and the amount produced by this cell line was enough to
support viral amplification and spread of infection comparable to SCVY35035 which has an

intact D13L ORF.
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[06292] Infection of p-LLO7-LL29-CHO cells {CHO cell line expressing D13 and
CP77 proteins) with SCV104 and SCV505 at mei 0.001: for both SCV 104 and SCV505,
tiny foci of infections were observed at day 1 post infection. Over the next 3 days, these
foei of infections expanded into ever increasingly larger plagues that eventually merged
into confluent infections by day 4 post infection. This demonstrated that CP77 was being
expressed as it supported SCV303 amplification and propagation and D13 protein also

expressed as it supported SCV 104 amplification and propagation.

[0293] Conclusion: These results demonstrate that a CHO cell line expressing CP77
and D13 protein can be used as cell substrate for the production and wmanufacture of a
D131 deleted vaceinia virus. During junfection of normal permissive cells a D131 deleted
virus would not be able to initiate viral assembly and therefore not complete its infections
life eycle thus making it an excellent viral vaccine delivery vector for human and animal
vaceinations in terms of safety. However, this highly attennated vaceinia vector can be
manufactured in the biotechnology fricndly CHO cell line it this cell line expresses the

CHO host-range protein {CP77) and the missing assembly protein (D 13-protein).
EXAMPLE 14

D13 and CP77 protein expression analysis of p-LLO7-LL29-CHQ cell line by western
blotting

Background information

[0294] The D13 and CP77 proteins expressed by p-LLO7-LL29-CHO are tagged and
can be detected using an antibody that specifically recognises the amino acid tag sequence
on the C-terminal ends of DI3 and CP77 protein. In the absence of antibodies that
specifically recognise D13 and CP77 proteins, western-blot analysis can be carried out
using these anti-tag antibodies (o confirm expression of D13 and CP77 proteins in the p-
LILO7-LL29-CHO cell line. The C-terminal end of the D13 protein contains the HA-tag
amino sequence of “YPYDVPDYA” where the C-terminal end of the CP77 protein

contains the Flag-tag amino seqguence ol “DYKDDDDK™.
Western-blot analyvsis methodology

[0295] The following cell lines were sceded imto T75 flasks and were cultured to
100% confluency in growth mediom (RPMI 1640/10% FBS/2mM Glutamax/Pen-Strep)
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containing the appropriate selection antibiotics: CHO without selection antibiotics, p-
LLO7-LL29-CHO with 500ug/mL Geneticin and 250 ng/ml Hygromycin B, p-LLO7-CHO
with 250 ug/ml Hygromyein B, and C11-LL19-Hela with 1000ug/ml Geneticin. The
confluent cell monelayer was detached and digested into single cells suspension with
TrypLE Select at 37°C for 10 mins. The cells from each flask was recovered and pelleted
by centrifugation at 300g for 5 minutes and washed twice with PBS. After the final wash
the cell pellets were resuspended in 500ul. of PBS. 4% SDS-PAGE loading buffer was
added to the prolein exiract to give a {inal concentration of 1° and heated ai 98°C for 2 to 3
minutes. The denatured protein samples were electrophoresed through a Biorad Mini-
PROTEAN® TGX Stain-Free™ Precast Gel (gradient gel) for 30 to 45 minutes at 200V.
After electrophoresis, separaled proteins were transferred to nitrocellulose membrane by

electroblotting for 1 hour at 100V.

[(296] For protein detection the nitrocellulose membrane was incubated in 5% Skim
milk powder in PBS for 1 hour at room temperature o block non-specific antibody binding
sites. For detection of HA tagged profeins, the membrane was incubated in 1:1000 dilution
of Anti-HA HRP conjugated (Abcam Cat# AB1265) in blocking buffer overnight at 4°C.
For detection of Flag-tagged proteins a separvate electroblotted nitrocellulose membrane
was incubated 1:1000 dilution of Anti-Flag HRP conjugated (Abcam Cai AB49763) in
blocking buffer overnight at 4°C. Membranes were then washed three times in PBS, 5
minutes per wash and then inconbated in ECL substrate (Thermo Scientific Pierce ECL
Wesiem-bot substrate, Cat No 32106) for a couple of minutes before taking the imagine

using a BioRad XRS gel doc system.
Results

[0297] Detection of D13 protein via HA-tag detection: the anti-HA-lag antibody
was able {o detect a protein of the expected stze from a whole cell prolein extract prepared
from p-LLO7-1.L29-CHO but no protein from a whole cell protein extract prepared from
CHO cells. This cleared indicated that p-LLO7-LL29-CHO was expressing the D13

protein.

[6298] Detection of CP77 protein via Flag-Tag: the anti-Flag-tag antibody was able
to detect a protein of the expected size from a whole cell protein extract prepared from p-

LLO7-LL29-CHQ and p-LLO7-CHO (CHO cell line only expressing CP77) but no protein
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from a whole cell protein extract prepared from CHO cells. This cleared indicated that p-

LLO7-LL29-CHO and p-LLO7-CHO were expressing the CP77 protein.

[6299] Detection of D13 protein via Flag-tag detection: The D13-protein expressed
by Cli-LL19-HeLa expressed the DI3-protein with a C-terminal Flag-tag and when a
wesiern blot of the whole cell protein extract made from this cell line the anti-Flag-tag
antibody was able to detect a protein of the expected size, This cleared indicated that C11-

LL19-Hel.a was expressing the D13 protein.

[0304] Many wodifications will be apparent to those skilled in the art without

departing from the scope of the present invention.
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TABLE A

Swummary of sequence identifiers

1 Nucleotide sequence of CP77 codon optimised for
expression in mammalian cells (CHO)
2 Antine acid sequence of CP77 encoded by SEQ ID NO: 1
3 Nucleotide sequence of pLLO7
4 Forward primer for CP77-CHO gene from pPHS
plasmid
5 Reverse primer for CP77-CHO gene from pPHS1 plasmid
6 Nucleotide sequence of vaccinia Copenhagen K11 gene
{extract from Genbank M33027.1)
7 Awino acid sequence of vaccinia Copenhagen K1L
{extract from Genbank M35027.1) encoded by SEQ 1D
NO: 6
8 VACV-COP-D13L-ORF
9 Nucleotide sequence encoding SEQ ID NO:1 codon
optimised for hamster cell expression with C-terminal
flag-tag (DYKDDDK)
10 Forward primer of Inf-LL19-D13LC
H Reverse priver of Inf-LLIS-D13LC
12 Flag-tag protein
13 D131 protein peptide
14 Forward primer of Inf-PCR-D13L-F1
15 Reverse primer of Inf-PCR-D13L-F1
16 Forward primer of Inf-PCR-D13L-F2
17 Reverse primer of Inf-PCR-DI13L-E2
18 CP77+DsRed expression cassetie 2903bp
19 CP77+DsRed expression cassette
20 Forward primer of 1D_D12L_LLO4
21 Reverse primer of ID_A2L_LLO4
22 pLLO9 Homologous recombination vector for the deletion
of VACV-COP D131 with CP77/DsRed selection
23 pLL19 Tagged-D13L-CHO codon optimised transposon
mediated transducing vector for stable integration into
cellular nuclear genomic DNA

72




WO 2015/061858 PCT/AU2014/050330
TABLE 1
Titration Results
24h 48h 72h
CHO 53ptu/ml. 0 0
Vero 8.5 x I_Ozpfu/mL 14.25x lOépfu/mL 27.7% l()épfu/m‘L

Viral yields (output)

The amount of virus used for infection (Input) was 4x10° pfu/mL. For comparison sake,
yields are expressed as 107 values, Values present average yield per time point, ie., vield

from 3mL harvest (6mL. divided by 2 wells).

24h 48h 72h
CHO 0.0159 x10"pfu 0 0
Vero 0.255 x 10"pfu 4275 x 107pfu 8310 x 10"pfu

Production yield (Output/Input ratio)

The table below shows the yield of virus produced above the input level from each cell line

at each harvest time point, i.e., GUTPUT/ANPUT ratio.

24h 48h 72h
CHO {.004 ] ]
Vero 0.06 1069 2078

73




WO 2015/061858 PCT/AU2014/050330

TABLE 2
Titration results in pfu/mL
Virus/Cell line Dit Count Titre
107 0
0
VACV-COP/CHO 0 Opfu/mL
0
Average 0
2
107 2
VACV-COP/Vero 4 2.8x10 ptuw/mL +/- 34%
3
Average 2.8
]
10° 2
VACV-PH22/Vero 12 0.75x 10" ptu/MI +/- 43%
5
Average 7.5
&
107 )
VACV-PH22/CHO 8 7.3x10"pfu/mL +/- 20%
6
Average | 7.3

Average virus output from infection per well (yield)

Virus extract volume per flask was 1mb. Plating volume for titration was 1ml.

Therefore, virus vield equals the titration in pfo/mi. multiplied by 1mL (plating volume).

Virus Cell line | Yield per flask
VACV-CQOP CHO 0 pln
Vero 2.8x10'pfu
VACV-PH22 Vero 0.75x10"pfn
CHO 7.3x10"pfu
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Yield per pfu inoculum, i.e., total pfu produced from 1 pfu inoculum

Inoculum size per flask: 1x107pfu

Virus Cell line | Yield per piu inoculum
VACV- CHO Opfu/input pto
COP Vera 280 piw/input pfu (280pfu produced for every pfu used for
inoculation)
VACV- Vero 75 ptufinput fpn (75 plu produced for every pfu used for
PH22 moculation)
CHO 730 ptufinput pfu (730pfu produced for every pfo used for
thoculation)

TABLE 3

This is the titration of each 1L, viral extract.

Indicator Cell line
Cell substrate 1438 ___ Vero
Titration Titration
pfu/mt. | SE WSE pfuiml. | SE %SE
CHO 5.38E+03 { 5.74E+02 10.70% | 7.25E+02 | 2.17E+02 | 30.00%
p-LLO7-CHO 1.88E+08 {| 245E+07 13.10% | 3.95E+07 | 1136407 | 2850%
1438 2.73E+08 { 3.95E+07 14,50% | 3.73E4+07 | 5 A5E+06 | 14.60%
TABLE 4
Table 4 provides the total amounnt of virus in each 1mL viral extract,
Indicataor Cell line
Cell 143B Vero
substrate [ Yield Yield
pfu SE piu SE
CHO 5.38E+03 5.74E+02 7.25E+02 217E+02
pLLO7-CHO 1.88E+08 2.45E+07 3.95E+07 1.13E+07
1438 2. 73E+08 3.95E+07 3.73E+07 5458408
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Red

Copenhagen COP-DI13L M35027 AAA4814
Lister clone 107 List-114 DQ121394 ABD32596
LC16mO mO- 1491, AY678277 AAW23819
LClém3 MS-149L AYRT78275 AAW23537
WR WR-118 NC_006998 YP_233000
Dryvax-3737 VACVY-114 DQ377945 ABDS57648
Acambis-2000 VACAC2_129 AY313847 AAR17961
Acamhis Clone 3 VACCL3-129 AY313848 AAQY3I215
CVA CVA-124 AMS501482 CAMSE288
Tiantan Clone 10 TT10-148 IX489137 AGI91839
Cow?fpox, Virus GRI-90 CPXV-GRI-EI3L. | X94355 CADY066T
stran

Cowpox Virus Brighton CPXV-131 MNC_003663 NP_619914
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CLAIMS:

1

11.

12,

A modified mammalian cell in which the genome of the cell is modified (o
comprise a sequence encoding CP77 under the control of a promoter such that the
medified cell line sustains propagation of a poxvirus that is less able or unable to

propagale in the unmodified cell.

The cell of claim 1 wherein the genome of the cell further comprises a sequence

encoding D13L onder the control of a promoter.

The cell of claim 1 or claim 2 wherein the genome of the cell further comprises a

sequence encoding K11 under the control of a promoter.
The cell of any one of claims 1 to 4 wherein the cell is a continuous cell line.
The cell of any one of claims 1 to 5, wherein the cell is a CHO cell.

The cell of any one of claims | to 5, wherein the cell is a human cell, a primate

cell, a hamster cell or a rabbit cell.

The cell of any one of claims 1 to 6, whercin expression of the CP77 gene is

under the control of a manimalian promaoter,

The cell of any ong of claims 2 to 7, wherein expression of the D13k gene is

under the conirol of a mammalian promoter.

The cell of any one of claims 3 to 8, wherein expression of the K1L gene is under

the control of a mammalian promoter.

The cell of any one of claim 1 to 9 wherein the expression of the CP77 gene
supports propagation of the virus to generate virus yields equivalent to that

observed 10 a permissive cell Hne.

The cell of any one of claims 1 to 10 wherein expression of the CP77 gene

supports a virus replication amplification ratio of more than 500.

The cell of any one of claims | to 11, wherein the CP77 is encoded by a
contiguous sequence of nucleotides codon optimised for expression in mammalian

cells.
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13. A process for propagating an orthopoxvirus that does not propagate in CHO cells,
the process comprising propagating the poxvirus in vitre in a mammalian cell line
wherein the cell line s modified to encode and express CP77 under the control of

a promoter.

14, The process of claim 13, wherein the cell line modified is modified to encode and

express D131 under the control of a promoter,

15. The process of claim 13 or claim 14, wherein the cell line modified is modified to
encode and express K1L under the control of a promaoter.

16. The process of any one of claims 13 to 15, wherein the cell line modified is a
hunran cell, a primate cell line, a hamster cell line or a rabbit cell line.

17. The process of claim 16, wherein the cell line is a CHO cell line.
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