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DESCRIPTION

Cross-reference to Related Applications

[0001] This application claims the benefit of United States Provisional Patent Application
USSN 61/071,760 filed May 15, 2008.

Field of the Invention

[0002] The present invention relates to processes, vectors and engineered cell lines for large-
scale transfection and protein production.

Background of the Invention

[0003] Large-scale transfection of Chinese Hamster Ovary (CHOQ) cells with cost-effective
reagents for the production of r-proteins suffers from low efficiency and low productivity. In
addition, plasmid vectors used in CHO cells are not fully optimized for transient gene
expression.

[0004] There are some very efficient and commercially available cationic lipids formulation
that can be used to transfect CHO cells in serum-free medium, for example FreestyleMax™
from Invitrogen. However, these cationic lipids are very expensive. Also, to improve
productivity, it is becoming current practice to lower the cultivation temperature following
transfection to prolong the production phase and to enhance productivity. This temperature
shift is not "user friendly" when working at large-scale or when using non-refrigerated culture
devices (Wave bioreactors, etc). Also, the exact temperature at which the shifts are done may
be critical for getting optimal enhancement (e.g. 29 vs. 30 vs. 31 vs. 32 degrees Celsius).

[0005] International patent publication WO 2007/048601 reports an expression system in
CHO cells stably expressing EBNA1 for the production of r-proteins. However, this document
specifically admonishes that the cell lines shall not contain a functional copy of the Epstein-Barr
virus (EBV) oriP sequence. Further, the full length EBNA1 structural gene encoding a full length
EBNAT1 protein is transfected into the cell line, and the oriP sequence is never in the same
vector as the EBNA1 gene construct.

[0006] International patent publication WO 2002/090533 describes enhanced production of
recombinant proteins by transient transfection of suspension-growing mammalian cells.
However, only full length EBNAT1 structural genes are used encoding full length EBNA1 proteins
and only transient expression of a gene of interest is achieved.
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[0007] International patent publication 2006/096989 describes expression vectors for
enhanced transient gene expression and mammalian cells expressing them. However, only
HEK293 cell lines are exemplified and the expression system used does not contain both the
EBNA1 gene construct and the oriP sequence in the same vector. Further, only transient
expression of a gene of interest is achieved.

[0008] There is a need in the art for processes, vectors and engineered cell lines for more
efficient and productive transfection of cells at a large scale.

Summary of the Invention

[0009] In accordance with a first aspect of the present invention, there is provided an
expression system for stable expression of a gene of interest, the expression system
comprising: a first vector having an Epstein-Barr virus nuclear antigen-1 (EBNA1) nucleotide
sequence encoding a protein that consists of EBNA1c, EBNA1t, or EBNA1s as depicted in
Figure 1, a promoter and a polyadenylation signal for the EBNA1 nucleotide sequence and an
oriP nucleotide sequence; and, a second vector having a gene of interest, a promoter and a
polyadenylation signal for the gene of interest and an oriP nucleotide sequence.

[0010] In accordance with a second aspect of the present invention, there is provided an in
vitro method of stably expressing a gene of interest in mammalian cells, the method
comprising: transfecting a mammalian cell with an expression system for stable expression of a
gene of interest, the expression system comprising: a first vector having an Epstein-Barr virus
nuclear antigen-1 (EBNA1) nucleotide sequence encoding a protein that consists of EBNA1c,
EBNA1t, or EBNA1s as depicted in Figure 1, a promoter and a polyadenylation signal for the
EBNA1 nucleotide sequence and an oriP nucleotide sequence; and, a second vector having a
gene of interest, a promoter and a polyadenylation signal for the gene of interest and an oriP
nucleotide sequence; and, replicating the cell to provide mammalian cells that stably express
the gene of interest.

[0011] Further features of the invention will be described or will become apparent in the
course of the following detailed description.

Brief Description of the Drawings

[0012] In order that the invention may be more clearly understood, embodiments thereof will
now be described in detail by way of example, with reference to the accompanying drawings, in
which:

Fig. 1 depicts schematic diagrams of EBNA1 constructs.

Fig. 2 depicts graphs of SEAP activity in CHO cells co-transfected with pTT vectors encoding
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various EBNA1 constructs.

Fig. 3A depicts genetic maps of pTT vectors encoding EBNA1c in c¢is under a strong (EF10-
HTLV; pTT31) or a weak (RSV; pTT34) promoter.

Fig. 3B depicts a graph of SEAP activity in CHO cells transfected with pTT vectors encoding
EBNA1c in cis under a weak or strong promoter.

Fig. 4A depicts a Western blot of extracts from CHO cells transfected with a linearized pTT-
EBNA1c¢ vector containing a blasticidin resistance cassette.

Fig. 4B depicts a Western blot of aliquots of cultures of the CHO cells of Fig. 4A at various time
intervals without selection pressure.

Figs. 5A-C depict Western blots of codon optimized EBNA1 expression in HEK293 and CHO
cells.

Fig. 5D depicts a graph of secreted alkaline phosphatase (SEAP) activity in CHO cells co-
expressing VP16-EBNA1c fusion protein compared to control cells or cells expression an
EBNA1c protein.

Fig. 6 depicts graphs of SEAP activity in HEK293 and CHO cells transfected with pTT plasmids
using LPEI or LPEI-Max.

Fig. 7 depicts a graph of SEAP activity in transiently transfected CHO-EBNA1c¢ cells illustrating
the transactivating activity of oriP.

Fig. 8 depicts a graph of SEAP activity in transfected CHO-EBNA1c cells illustrating the effect
of the CMV5 promoter vs. the Elongation Factor 1 alpha-HTLV (EF1a-HTLV) hybrid promoter.

Fig. 9 depicts graphs of SEAP activity illustrating the effect of FGF2 (bFGF) co-expression on
transient gene expression in HEK293-EBNA1t and CHO-EBNA1c cells.

Fig. 10 depicts a graph of SEAP expression in CHO-EBNA1c cells illustrating protein kinase B
(AKT) potentiation of valproic acid (VPA) enhancement of transient gene expression.

Fig. 11 depicts genetic maps of SEAP-encoding pTT plasmids pTT22 (+oriP) and pTT30 (-oriP)
and graphs of SEAP activity in CHO-EBNA1c cells transfected with linearized pTT22 and
pTT30 plasmids illustrating the effect of oriP on linearized vectors in CHO-EBNA1c cells.

Fig. 12 depicts a graph of SEAP activity in CHO-EBNA1c cells after integration of linearized
pTT22 (+oriP) and pTT30 (-oriP) plasmids in their chromosomes.

Description of Preferred Embodiments

Materials and Methods:
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[0013] Cell culture: CHO cells are grown at 37°C in FreestyleCHO medium (Invitrogen)
supplemented with 8 mM glutamine in Erlenmeyer flasks shaken at 120 rpm in a humidified

atmosphere containing 5% CO,. Cells are routinely maintained between 0.1x10% and 3.0x108

cells/ml. HEK293-EBNA1 cells (clone 6E) are grown at 37°C in F17 medium (Invitrogen)
supplemented with 4 mM glutamine and 0.1% pluronic F68 in Erlenmeyer flasks shaken at 120
rpm in a humidified atmosphere containing 5% COo. Cells are routinely maintained between

0.1x10% and 2.0x108 cells/m.

[0014] Cell transfection: For transfection, CHO or HEK293 cells are grown in maintenance

medium until they reach a density of 1.5x1 0% to 2.0x108 cells/ml and then the transfection
mixture is added to the cells. For every ml of HEK293 cells to be transfected, 1 pg of plasmid
DNA is mixed with 2 ug of 25 kDa linear polyethylenimine as previously described (Durocher.
Perret & Kamen, 2002) For every ml of CHO cells to be transfected, 1 pg of plasmid DNA is
mixed with 8 ug of 25 kDa linear polyethylenimine or with 6 ug of 40 kDa linear and
deacetylated PEI (PEIMAX™ from Polysciences. Inc, catalcg #24765-2).

[0015] Secreted alkaline phosphatase activity determination: SEAP activity is measured as
previously described using the colorimetric substrate paranitrophenyl phosphate (Durocher et
al. 2000).

Single Vector EBV oriP-EBNA1 Stable Expression System:

[0016] Mammalian cells transfected with an expression system in which a single vector
contains an Epstein-Barr virus nuclear antigen-1 (EBNA1) nucleotide sequence encoding a
truncated EBNA1 protein, an Epstein-Barr Virus (EBV) oriP nucleotide sequence and a gene of
interest unexpectedly provide enhanced stable expression of the gene of interest.

[0017] Truncated EBNA1 proteins include, for example, EBNA1c, EBNA1t and EBNA1s. These
truncated forms are shown in Fig. 1. EBNA1t is a 417 amino acid protein having DNA Linking
Region 1 (LR1) containing Transcriptional Activation Domain (TAD) and DNA Linking Region 2
(LR2) without the Gly-Ala repeats of the 641 amino acid full length protein. EBNA1c is a 306
amino acid protein in which LR2 is present but LR1 is absent, and EBNA1s is a 337 amino acid
protein in which LR1 is present but LR2 is absent. EBNA1 nucleotide sequences encoding
EBNA1c are preferred in the vector. The amino acid sequences for the full length EBNA1
protein as well as the truncated forms EBNA1t, EBNA1c and EBNA1s are shown in SEQ ID NO:
1-4, respectively. The corresponding nuclectide sequences of the nucleic acid molecules
encoding full length EBNA1 and the truncated forms are shown in SEQ ID NO: 5-8,
respectively.



DK/EP 2631297 T3

[0018] All or any functional part of the complete nucleotide sequence may be used in the
vector. The EBV oriP complete nuclectide sequence (pTT3 vector) is shown in SEQ ID NO: 9,
and a functional EBV oriP truncated nucleotide sequence (pTT5 vector) is shown in SEQ ID
NO: 10. The oriP sequence comprises the Family of Repeats (FR) component and the dyad
symmetry (DS) component. The oriP sequence, particularly the FR component, contributes to
increased expression and stability of expression of the integrated truncated EBNA1 gene.

[0019] The gene of interest may be any gene that encodes a protein product of interest.
Expression of the gene of interest in the transfected cells permits stable, large-scale production
of the protein product for industrial purposes. Some particular genes of interest include, for
example, genes that encode monoclonal antibodies, erythropoietins, interferons, vascular
endothelial growth factors, stem cell growth factors, growth hormones, insulin-like growth factor
binding proteins, etc.

[0020] The single vector also preferably comprises a selection gene to permit selection of the
transfected cells for the propagation of stable cell lines. Any suitable selection gene may be
used. One example of a class of such genes are genes that confer antibiotic resistance on the
cell when the vector is transfected into the cell. Some examples within this class include genes
that confer resistance to puromycin, blasticidin, geneticin, zeocin or hygromycin. The blasticidin
resistance cassette as found in the pYD7 vector is particularly preferred. After transfection of a
cell with the vector, the cell may be permitted to replicate. Clones possessing the expression
system may be selected on the basis of the selection gene, for example, by treating the cells
with an antibiotic and culturing the cells that survive. In this way, a cell line stably expressing
the gene of interest may be created.

[0021] Any or all of the nucleotide sequences and/or genes in the integrated vector may be
under the control of a promoter also incorporated in the vector. Generally, each gene has its
own promoter. Thus, there is preferably a promoter for the EBNA1, a promoter for the gene of
interest and a promoter for the selection gene. Strong or weak promoters may be used. Some
promoters include, for example, the cytomegalovirus (CMV) promoter, Elongation Factor 1
alpha-HTLV (EF10-HTLV) hybrid promoter, and Rous sarcoma virus (RSV) promoter. Also, any
or all genes may have a polyadenylation signal. Alternatively, two genes, separated by an
Internal Ribosome Entry Site (IRES), can be expressed by using only one promoter and one
polyadenylation signal.

[0022] Genetic maps of two embodiments (pTT31-SSH and pTT34-SSH) of the single vector
are shown in Fig. 3A. pTT31-SSH is a 8014 bp vector in which the EBNA1¢c gene is under the
control of a strong promoter (EF1a-HTLV) and the gene of interest (secreted alkaline
phosphatase (SEAP) gene) is under the control of a strong promoter (CMV), pTT34-SSH is a
8040 bp vector in which the EBNA1c gene is under the control of a weaker promoter (RSV)
and the gene of interest (secreted alkaline phosphatase (SEAP) gene) is under the control of a
strong promoter (CMV).

[0023] Fig. 3B depicts a graph of SEAP activity in CHO cells transfected with pTT vectors
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(oriP-containing vectors) encoding EBNA1c in c¢is under a weak (RSV) or strong (EF1a-HTLV)
promoter. Referring to Fig. 3B, CHO cells were transfected with increasing amounts of the
SEAP gene-containing plasmids pTT-SSH (with oriP but without EBNA1c), pTT31-SSH (with
oriP and with EBNA1c under the control of the strong EF1a-HTLV promoter) and pTT34-SSH
(with oriP and with EBNA1c under the control of the weak RSV promoter). Both EBNA1c-
containing pTT vectors (pTT31-SSH and pTT34-SSH) lead to an increase in SEAP activity in
CHO cells over the non-EBNA1c-containing vector (pTT-SSH). Use of a strong promoter to
control EBNA1 expression optimizes levels of transactivating activity thereby optimizing
expression of the gene of interest.

[0024] The single vector EBV oriP-EBNA1 expression system is useful in different types of
mammalian cells, for example, Chinese Hamster Ovary (CHO) cells, human embryonic kidney
293 (HEK293) cells, Madin-Darby Canine Kidney (MDCK) cells, Vero cells and PER.C6™ cells,
especially CHO cells.

Two VectorEBV oriP-EBNA1 Stable Expression System:

[0025] Mammalian cells transfected with an expression system comprising two separate
vectors, a first vector containing an Epstein-Barr virus nuclear antigen-1 (EBNA1) nucleotide
sequence encoding a truncated EBNA1 protein and an Epstein-Barr Virus (EBV) oriP
nucleotide sequence, and a second vector comprising a gene of interest and an Epstein-Barr
Virus (EBV) oriP nucleotide sequence unexpectedly provide enhanced stable expression of the
gene of interest. The use of oriP in both vectors contributes to stability of expression and
increased expression of the gene of interest. To facilitate production of stable cell lines that
stably express the gene of interest, both vectors contain selection genes. Selection genes are
described above. For example, a stable CHO cell clone expressing EBNA1c¢ driven from an
integrated oriP vector containing a blasticidin resistance cassette (pYD7) stably expressed the
gene of interest for over 6 months in the absence of selection.

[0026] Stable mammalian cell lines can be produced either by simultaneously transfecting a
cell with both vectors and then propagating the cell, or by transfecting a cell with one of the
vectors (either the EBNA1-containing or the gene of interest-containing vector) to produce a
stable clone and then transfecting a stable clone cell with the other of the vectors to produce a
stable clone stably expressing the gene of interest.

[0027] Truncated EBNAT1 proteins and corresponding genes, as well as the oriP and genes of
interest are described above. As described previously, genes may be under the control of
promoters. The two vector EBV oriP-EBNA1 stable expression system is also useful in different
types of mammalian cells, for example, Chinese Hamster Ovary (CHO) cells, human
embryonic kidney 293 (HEK293) cells, Madin-Darby Canine Kidney (MDCK) cells and
PER.C6™ cells, especially CHO cells.

[0028] Referring to Figs. 11 and 12, Chinese Hamster Ovary (CHO) cells stably expressing
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EBNA1c were produced by transfecting CHO cells with an EBNA1c oriP-containing plasmid
(pYD7 vector) using generally known methods with a linear 25 kDa polyethylenimine (PEIl), and
stable clones were propagated. One CHO-EBNA1c clone (clone 3E7) so produced was
transfected with secreted alkaline phosphatase (SEAP)-encoding and linearized pTT22 (+oriP)
or pTT30 (-oriP) vectors. The pTT22 and pTT30 vectors both contain a puromycin resistance
cassette. The pTT22 vector contains oriP (i.e. the DS and FR elements are present) while the
pTT30 vector does not contain oriP (i.e. the DS and FR elements are removed). CHO-EBNA1c¢
cells transfected with the pTT22 and pTT30 vectors were transferred in 96-well plates at a
density of 100 cells/well. Puromycin was added 24 hours post-transfection and selection was
maintained for two weeks.

[0029] Referring to Fig. 11, after selection, SEAP activity (mOD/min at 410 nm) was measured
in the supernatant at day 14 post-transfection. The results clearly demonstrate the
transactivating action of EBNA1c on linearized oriP-bearing expression plasmids integrated in
CHO cells. Linearization of the vector abolishes the replication potential of the oriP-EBNA1¢
system thus eliminating the possibility that the increased SEAP expression is due to plasmid
replication. The average SEAP activity for the 96 wells are 46.5 and 5.8 mOD/min for oriP-
containing and non-oriP-containing SEAP-encoding vectors, respectively.

[0030] Referring to Fig. 12, after selection, the best positive clones (7 clones for pTT22-oriP
vector and 6 clones for pTT30-non-oriP vector) were amplified and maintained in 6-well plates
with or without puromycin. Twenty days later, clones were seeded in a 6-well plate at 0.25
million cells per ml and SEAP activity (OD/min at 410 nm) was measured 5 days later. Also
shown in Fig. 12 is the SEAP activity found in the non-cloned ("pools" or "bulk") transfected
cells maintained in the presence of puromycin for 34 days. SEAP activity in the oriP bulk is 10
times higher than in the non-oriP bulk. These results clearly demonstrate the transactivating
action of EBNA1c on integrated oriP-bearing expression plasmids in CHO cells. For clones
4B10 and 4F4, the increased SEAP activity in the presence of puromycin suggests that these
two clones are non-clonal and probably contaminated by a cellular population expressing lower
levels of SEAP, SEAP activity is expressed as increase in absorbance unit at 410 nm per min
(OD/min).

[0031] Thus, the presence of oriP in the integrated expression plasmid confers higher
expression levels of the gene of interest in EBNA1-expressing mammalian cells, particularly
CHO cells, vs. non-oriP-containing plasmids.

Two Vector Transient Expression System in CHO Cells:

[0032] Chinese Hamster Ovary (CHO) cells transfected with an expression system comprising
two separate vectors, a first vector containing an Epstein-Barr virus nuclear antigen-1 (EBNA1)
nucleotide sequence encoding a truncated EBNA1 protein and an Epstein-Barr Virus (EBV)
oriP nucleotide sequence, and a second vector comprising a gene of interest and an Epstein-
Barr Virus (EBV) oriP nucleotide sequence also unexpectedly provide enhanced transient
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expression of the gene of interest in the CHO cells.

[0033] CHO cell lines can be produced either by simultaneously transfecting a cell with both
vectors and then propagating the cell, or by transfecting a cell with one of the vectors (either
the EBNA1-containing or the gene of interest-containing vector) to produce a clone and then
transfecting a clone cell with the other of the vectors to produce a clone transiently expressing
the gene of interest. Truncated EBNA1 proteins and corresponding genes, as well as the oriP
and genes of interest are described above. As described previously, genes may be under the
control of promoters.

[0034] Fig. 2 illustrates transient expression of secreted alkaline phosphatase (SEAP) in CHO
cells co-transfected with one vector containing oriP plus the SEAP gene and another vector
containing oriP plus truncated EBNA1 constructs (EBNA1t, EBNA1c and EBNAT1s). In Fig. 2,
CHO cells were co-transfected with 50% of pTT-EBNA1 constructs or 50% salmon testis DNA
(stDNA) and (45% pTT-SEAP + 5% pTT-GFP) plasmids. SEAP activity was compared to activity
in CHO cells transfected with 95% pTT-SEAP + 5% pTT-GFP. SEAP activity (OD/min at 410
nm) was measured 5 days post-transfection. Transfection was accomplished using generally
known methods with a linear 25 kDa polyethylenimine (PEI).

[0035] The results in Fig. 2 show an increase in transient SEAP activity of 2-fold or higher in
CHO cells co-transfected with oriP/EBNA1 and oriP/SEAP plasmids over CHO cells that are not
co-transfected with oriP/EBNA1 plasmids. Further, while it has been previously shown that the
"Transcriptional Activation Domain" (aa 65-89) in the LR1 domain of EBNA1 is essential for
transcriptional activation of integrated oriP vectors, Fig. 2 surprisingly shows that the truncated
EBNA1c construct lacking the LR1 domain but containing the LR2 domain is capable of
increasing gene expression from non-integrated criP plasmids to the same level as EBNA1t
(that contains both the LR1 and LR2 domains) or EBNA1s (that contains only the LR1 domain).

[0036] In Fig. 4. CHO cells were transfected with a linearized pTT-EBNA1c vector containing a
blasticidin resistance cassette (pYD7 vector). Linearization of the vector was achieved following
restriction enzyme digestion using Pvul enzyme. Following transfection, cells having stably
integrated the pYD7 vector were selected by adding blasticidin to the culture medium. After a
few days of blasticidin selection, blasticidin-resistant cells were seeded in 96-well plates without
blasticidin selection. Emerging clones were tested for EBNA1c expression. An EBNA1c-positive
clone, 3E7 (Fig. 4A), was then selected for further testing. A master cell bank (MCB) and
Working cell bank (WCB) were made at this point. The CHO-EBNA1c (clone 3E7) cells were
cultured for over 130 days in the absence of blasticidin selection. At various culture time points,
an aliquot of the cells were taken for EBNA1c expression analysis by Western blot using an
anti-EBNA1 antibody. Fig. 4B shows that the clone 3E7 is very stable over 130 days in culture
without blasticidin selection pressure.

[0037] In Fig. 7, CHO cells containing integrated EBNA1-expressing plasmids were produced
by transfecting CHO cells with a pTT-EBNA1c vector, and the clone propagated (clone 3E7).
Resulting CHO-EBNA1c clone was transfected with SEAP-encoding pTT plasmids with
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complete oriP (pTT-SMH), with DS-deleted oriP (pTTi-SMH), with FR-deleted oriP (pTTj-SMH)
or with oriP-deleted (pTTI-SMH) pTT vectors. SEAP activity (OD/min at 410 nm) was measured
in the supernatant at 5 days post-transfection. Transfections were accomplished using
generally known methods with a linear 25 kDa polyethylenimine (PEI).

[0038] The results in Fig. 7 illustrate that increased expression in transiently transfected CHO-
EBNA1 cells is due to the transactivating activity of the oriP family of repeats (FR) element, and
not to plasmid replication. Removal of the dyad symmetry (DS) element (EBNA1-dependent
origin of replication) from the oriP does not inhibit expression while removing the FR element
(responsible for EBNA1-dependent transcriptional activation) strongly reduces expression. The
results also show that the DS element has a slight inhibitory effect on gene expression.

[0039] Fig. 8 compares the effect of the cytomegalovirus (CMV5) promoter and elongation
factor 1 alpha-HTLV (EF1-aHTLV) promoter on transgene expression in CHO-EBNA1c cells
(clone 3E7). CHO-EBNA1c-3E7 cells were transfected with increasing amount SEAP-encoding
oriP-containing (pTT) plasmids containing either the CMV5 or EF1-aHTLV promoter to control
the SEAP gene (the overall content of DNA was kept constant by compensating with non-
coding stDNA). SEAP activity (OD/min at 410 nm) was measured in the supernatant at day 6
post-transfection. The results clearly demonstrate that the CMV5 promoter is at least 5 times
more potent than the EF1-aHTLV promoter at low plasmid doses (e.g. 5%). Further, CMV5-
based plasmid needs 2-4 times less coding plasmid DNA for maximum expression.

Codon-optimized EBNA1 Constructs:

[0040] Codon-optimization of Epstein-Barr virus nuclear antigen-1 (EBNA1) nucleotide
sequence strongly enhances expression of EBNA1 in mammalian cells, especially Chinese
Hamster Ovary (CHO) and human embryonic kidney (HEK) cells. A codon-optimized EBNA1
cDNA instead of non-codon-optimized EBNA1 cDNA may be used in any of the aspects of the
present invention. Full length or truncated EBNA1 cDNA may be codon-optimized.
Advantageously, such codon-optimized EBNA1 nucleotide sequences permit the use of weaker
promoters to express EBNA1, thereby reducing the likelihood of promoter competition between
two strong promoters in a single expression system. Codon-optimized EBNA1c nucleotide
sequence (EBNA1¢c-CO, SEQ ID NO: 13) codes for a 308 amino acid protein (SEQ ID NO: 11).
Codon-optimized EBNA1s nucleotide sequence (EBNA1s-CO, SEQ ID NO: 14) codes for a 337
amino acid protein (SEQ ID NO: 12).

[0041] Referring to Fig. 5, EBNA1 constructs (EBNA1c and EBNA1s) were codon-optimized
(human codon usage - CO), pTT vectors containing EBNA1¢, EBNA1s or their codon-optimized
versions (EBNA1¢c-CO (SEQ ID NO: 13) and EBNA1s-CO (SEQ ID NO: 14)), and empty pTT
vector (CTRL) were transfected in separate HEK293 cells or CHO cells by generally known
methods with a linear 25 kDa polyethylenimine (PEI). Three days post-transfection, cells were
lyzed and cell extracts analyzed by Western blot using an anti-EBNA1 antibody. Fig. 5A is a
Western blot for cell extracts from HEK293 cells and Fig. 5B is a Western blot for cell extracts
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from CHO cells. In both cell lines it is evident that codon optimization enhances transient
expression of EBNA1 in the cells when compared to the control (CTRL) and the cells
transfected with non-codon-optimized EBNA1.

[0042] For Fig. 5C, HEK293 cells were transfected with increasing amounts (1.25%, 5% and
20%) of pTT vectors containing EBNA1c, EBNA1¢c-CO, EBNA1s or EBNA1s-CO. Again it is
evident from the Western blots in Fig. 5C that codon optimization enhances transient
expression of EBNA1 in cells when compared to cells transfected with non-codon-optimized
EBNA1.

[0043] For Fig. 5D. CHO cells were co-transfected with pTT-SEAP (50%) plus 5% pTT-GFP
vectors (Control) with or without 10% of pTT-EBNA1c, pTT-EBNA1cCO or pTT-
VP16/EBNA1cCO (EBNA1cCO fused at its N-terminus to VP16 - see below). Non-coding DNA
(stDNA) was used as stuffer DNA to complete the amounts of DNA to 100%. SEAP activity
measured 5 days later. This clearly demonstrates that, by improving its expression, codon
optimization of EBNA1c provides an increased transactivating activity. A VP16-EBNA1cCO
chimera also further increases transient gene expression in CHO cells compared to EBNA1c
and EBNA1¢cCO (see below).

EBNA1c¢-VP16 Fusion Protein:

[0044] A fusion protein comprising a truncated Epstein-Barr virus nuclear antigen-1c
(EBNA1c) protein and a herpes simplex virus protein VP16 provides significantly enhanced
transactivating activity in mammalian cells, particularly Chinese Hamster Ovary (CHO) cells
and human embryonic kidney (HEK) cells.

[0045] A fusion protein is constructed by fusing VP16 to the N-terminus of codon-optimized
EBNA1c. The VP16 cDNA encoding for the following protein sequence was used:
APPTDVSLGDELHLDGEDVAMAHADALDDFDLDMLGDGDSPGPGFTPHDSAPY
GALDMADFEFEQMFTDALGIDEYGG (SEQ ID NO: 15). The VP16 cDNA sequence was cloned
in-frame to the 5' region of codon-optimized EBNA1c¢ using generally known methods.

[0046] The VP16-EBNA1cCO fusion protein in a pTT plasmid (10%) was co-transfected in
CHO cells with pTT-SEAP plasmid (50%) and pTT-GFP plasmid (5%) with a linear 40 kDa
deacetylated polyethylenimine (see below). The CHO cells were transfected with 10%
pTT/VP16-EBNA1cCO, 50% SEAP, 35% stDNA and 5% GFP. Non-coding DNA (stDNA) was
used as stuffer DNA to complete the amounts of DNA to 100%. Five days post-transfection,
SEAP activity (OD/min) was measured and compared to activities in cells transfected with
stuffer DNA in place of pTT/EBNA1 vectors (CTRL), or a pTT/EBNA1c vector or a
pTT/EBNA1cCOQ vector in place of pTT/VP16-EBNA1c (Fig. 5D). The results in Fig. 5D clearly
demonstrate that a VP16-EBNA1cCO chimera further increases transient gene expression in
CHO cells compared to EBNA1c or EBNA1cCO.
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Transfection with Fully Deacylated PEI:

[0047] Use of a 40 kDa fully deacetylated poly(ethylenimine) (LPEI-MAX) as a transfection
reagent unexpectedly improves transfection efficiency and/or productivity in Chinese Hamster
Ovary (CHO) cells in comparison to the use of the usual linear 25 kDa poly(ethylenimine)
(LPEI). Such an improvement is not realized in human embryonic kidney (HEK) cells.

[0048] Referring to Fig. 6, HEK293-EBNA1t (clone 6E) and CHO-EBNA1c (clone 3E7) cells
were used. For the upper panel of Fig. 6, HEK293-EBNA1t cells were transfected with pTT-
SEAP plasmids using LPEI-MAX at various DNA:PEI ratios (R) and polyplexes amounts (%).
SEAP activity (OD/min at 410 nm) was measured in the supernatant 6 days post transfection
and compared to the best condition found for LPEI (75% polyplexes; R=1:2). The results in the
upper panel show that LPEI-Max is not better than LPEI in HEK293 cells. For the lower panel,
CHO-EBNA1 cells were transfected with pTT-SEAP plasmids using LPEI-MAX at various
DNA:PEI ratios. SEAP activity (OD/min at 410 nm) was measured in the supernatant 6 days
post transfection and compared to the best condition found for LPEI (1:8). The results in the
lower panel clearly demonstrate that LPEI-MAX is significantly more potent than LPEI in CHO
cells for transient gene expression.

Co-expression of FGF:

[0049] Co-expression of a fibroblast growth factor (FGF) increases heterologous gene
expression in Chinese Hamster Ovary (CHO) cells.

[0050] Referring to Fig. 9, graphs are shown illustrating the effect of FGF2 (bFGF) co-
expression on transient gene expression in HEK293-EBNA1t (clone 6E) cells (upper panel) and
CHO-EBNA1c (clone 3E7) cells (lower panel). The HEK293-EBNA1t and CHO-EBNA1c cells
were transfected with 25% pTT-SEAP vector and increasing amounts (0%, 15%, 30%, 45%,
60% and 70%) of FGF2-encoding pTT plasmid (the overall content of DNA was kept constant
with non-coding stDNA). SEAP activity (OD/min at 410 nm) was measured in the supernatant 7
days post-transfection. From the upper panel it is evident that SEAP activity in HEK293-EBNA1t
cells is decreased by co-expression of FGF2. From the lower panel it is evident that SEAP
activity in CHO-EBNA1c cells is increased by co-expression of FGF2. This clearly
demonstrates that the co-expression of FGF2 enhances transgene expression in CHO cells
but not in HEK293 cells. Increased productivity in CHO cells may be due to a FGF-induced
rRNA synthesis.

PKB Potentiation of VPA:

[0051] Use of protein kinase B (PKB) to potentiate valproic acid (VPA) increases heterologous
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gene expression in mammalian cells, especially Chinese Hamster Ovary (CHO) cells.

[0052] \Valproic acid (VPA), a histone deacetylase inhibitor, enhances transient gene
expression in cells. However, VPA also induces apoptosis thereby killing cells and reducing
overall gains in productivity. It has now been found that co-expressing PKB (also known as
AKT) or a constitutively active PKB mutant in the cells potentiates the action of valproic acid in
gene expression by inhibiting apoptosis.

[0053] Referring to Fig. 10. the effect of PKB (AKT) and valproic acid (VPA) on transient gene
expression in CHO-EBNA1c (clone 3E7) cells is illustrated. The CHO-EBNA1c cells were
transfected with a mixture of SEAP-encoding oriP plasmids (pTT-SEAP) and stuffer DNA or
pTT-AKTdd vector (AKTdd is a dominant-positive mutant of AKT). In some cases, 0.25 mM
VPA was added 24 hours post-transfection. SEAP activity (AA410/min) was measured at days
5 to 8 post-transfection. Fig. 10 clearly demonstrates that valproic acid increases transient
gene expression in CHO cells and that transient co-expression of AKTdd greatly potentiates
this effect.
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Arg

Leu

250

Ile

Lys

Asp

Ala

Asp
330

Gly

Lys

75

Pro

Glu

Pro

Gly

Arg

155

Asn

Arg

val

Gly

Leu

235

Arg

Phe

Pro

Gly

Ala

315

Glu

Ala

60

Arg

Arg

Ala

Asp

Glu

140

Lys

Pro

Ser

Phe

Thr

220

Pro

Glu

Ala

Ala

val

300

Glu

Gly

Gly

Pro

Arg

Asp

Val

125

Gly

Lys

Lys

His

Val

205

Ala

Phe

Ser

Glu

Pro

285

Asp

Gly

Glu

Ala

Arg

Pro

Tyr

110

Pro

Pro

Gly

Phe

val

190

Tyr

Leu

Gly

Ile

val

270

Thr

Asp

Glu

Gly

Ser

Pro

95

Phe

Pro

Ser

Gly

Glu

175

Glu

Gly

Ala

Met

val

255

Leu

Cys

Pro

Asp

Gly
335

Ala

Pro

80

Pro

Glu

Gly

Thr

Trp

160

Asn

Arg

Gly

Ile

Ala

240

Cys

Lys

Asn

Pro

Gly

320

Gln

DK/EP 2631297 T3



Glu

<210>5

<211> 1926
<212> DNA

<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> EBNA1 Full Length cDNA

<400> 5

atgtctgacg aggggccagg tacaggacct ggaaatggec taggagagaa gggagacaca

tetggaccag

cgaggacggg
ggatcagggce
ggctgcaaag
ggaggggcag
gcaggagyggg
ggggcaggag
ggaggggcag
gcaggagggy
ggggcaggag
ggaggagggg
ggagcaggag
gcocaggageag
ggaggagggyg
ggaggggcag
ggggcaggag
ggtagtggag
gccagggggyg
cccaggagtc
ggtagaaggc
ggtggeeocag
gacccaggag
adaggagggt
attgcagaag
ggaacttggg
aggcgaggaa

tttggaatgg

aaggctcecgg cggcagtgga cctcaaagaa gagggggtga taaccatgga

gaagaggacg
caagacatag
ggacccacgyg
gagcaggagg
caggagcagyg
caggaggagyg
gaggggcagyg
caggagcagy
caggaggggc
caggaggggce
gggceaggage
gaggggeagg
caggagggge
gagcaggagg
caggaggtgy
geeggggteg
gaagtcgtga
ccagtagtca
cdatttttcea
atggtgagee
aaggceocaag
ggtttggaaa
gtttaagagc
tegeaggtgt
ctgecettge

cecetggace

aggacgagga
agatggtgtc
tggaacagga
aggggcagga
aggaggggcea
ggcaggagca
aggggcagga
aggaggggea
aggaggggca
aggaggggca
aggaggggea
aggggeagga
aggagcagga
ggcaggaggyg
aggccggggt
aggaggtagt
aagagccagg
gteatcatca
ccctgtagygy
tgacgtgece
cactggacoc
gcatcgtggt
tetectgget
gtteogtatat
tattccacaa

cggcccacaa

ggcggaagac
cggagacccce
gcaggagcag
gcaggaggag
ggagcaggag
ggaggagggg
gcaggaggag
ggaggggcag
ggaggggcag
ggagcaggag
ggaggggcag
geaggaggag
ggggcaggag
gcaggagcag
cgaggaggca
ggaggccgec
gggagaggtc
tecagggtete
gaageccgatt
cegggagega
cggggtaagyg
caaggaggtt
aggagtcacg
ggaggtagta
tgtegtetta

cctggeccge

caggagccce
aaaaacgtcc
gagegggagyg
gggcaggagyg
gaggggcagyg
caggaggggce
gggcaggage
gaggggcagy
gagcaggagg
gggcaggagce
gagcaggagg
gggeaggagyg
gggcaggagc
gaggaggggc
gtggaggcecg
ggggtagagg
gtggacgtgg
caccgegcag
attttgaata
tagagcaggyg
gtgatggagg
ccaacccgaa
tagaaaggac
agacctececct
caccattgag

taagggagtc

gggeggetea
aagttgcatt
ggcaggagca
ggcaggaggyg
aggggcagga
aggagcagga
aggaggaggyg
agcaggagga
ggcaggagca
aggaggggca
ggcaggaggy
ggcaggagea
aggaggggca
aggagcagga
gggtcgagga
acgtgaaaga
agaaaagagyg
gcccecteca
ccaccaagaa
cceccgcagat
caggogcaaa
atttgagaac
taccgacgaa
ttacaaccta
tegtetecee

cattgtctgt

DK/EP 2631297 T3

60

120

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680



tatttcatgg tctttttaca aactcatata tttygctgagg ttttgaagga tgcgattaag

gaccttgtta tgacaaagec cgcectcctace tgcaatatca gggtgactgt gtgcagettt

gacgatggag tagatttgece tcecectggttt

ggtgatgacg gagatgacgyg agatgaagga

gagtga

<210>6

<211> 1254

<212>DNA

<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> EBNA1t Truncated cDNA

<400> 6
atgtetgacg

tetggaccag
cgaggacggyg
ggatcaggge
ggctgcaaag
ggaggtggag
cggggtcgag
agtcgtgaaa
agtagtcagt
ttttteeace
ggtgagectyg
ggcccaagca
tttggaaage
ttaagagctc
gecggtgtgt
gaccttgeta
cctyggacceg
tttttacaaa
acaaagcccg
gatttgectce
gatgacggag
<210>7

<211> 921
<212> DNA

aggggccagg
aaggctecgyg
gaagaggacqg
caagacatag
ggacccacgyg
geeggggteg
gaggtagtgyg
gagccagggg
catcatcatc
ctgtagggga
acgtgeccee
ctggacccecg
atcgtggtca
tectggotag
tcgtatatog
ttccacaatg
gcccacaace
ctcatatatt
ctectacctg
cctggtttee

atgaaggagg

tacaggacct
cggcagtgga
aggacgagga
agatggtgte
tggaacagga
aggaggcagt
aggccgccgg
gagaggtegt
cgggtctcca
agccgattat
gggagegata
gggtcagggt
aggaggttcc
gagtcacgta
aggtagtaag
tegtcottaca
tggecegeta
tgctgaggtt
caatatcagg
acctatggtyg

tgatggagat

ccacctatgg tggaagggge tgecgoggagy

ggtgatggag atgagggtga ggaagggcag

ggaaatqgeo
cctcaaagaa
ggeggaagac
cggagacoce
gcaggageag
ggaggccggy
ggtagaggac
ggacgtggayg
ccgcgcagge
tttgaatace
gagcagggce
gatggaggca
aacccgaaat
gaaaggacta
aceteceocttt
ccattgagta
agggagtaca
ttgaaggatg
gtgactgtgt
gaaggggctyg

gagggtgagyg

taggagagaa
gagggggtga
caggageccce
aaaaacgtae
gagegggagyg
gtegaggagg
gtgaaagagc
daaagaggcce
ccccteccagg
accaagaagg
ccgecagatga
ggcgcaaaaa
ttgagaacat
ccgacgaagqg
acaacctaag
gtoteoceett
ttgtetgtta
cgattaagga
gecagetttga
cegeggaggyg

aagggcagga

gggagacaca
taaccatgga
gggcggctca
aagttgeatt
ggcaggagca
tagtggagge
caggggggga
caggagtcce
tagaaggcca
tggececagat
cccaggagaa
aggagggtgg
tgcagaagot
aacttgggtc
gcgaggaact
tggaatggcece
tttecatggtc
ccttgttatg
cgatggagta
tgatgacgga

gtga

DK/EP 2631297 T3
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<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> EBNA1c Truncated cDNA

<400>7
atgcggggte

agaggacgtg
cgtggagaaa
cgecaggeoee
gaataccacc
cagggccccg
ggaggcagge
ccgaaatttg
aggactaccg
tcocctttaca
ttgagtegte
gagtccattg
aaggatgcga
actgtgtgea
ggggcetgeeg
ggtgaggaag
<210> 8

<211>1014
<212> DNA

gaggaggtag
aaagagccag
agaggcccag
ctocaggtag
aagaaggtgg
cagatgacce
gcaaaaaagqg
agaacattgce
acgaaggaac
acctaaggcg
tceccetttgg
tctgttattt
ttaaggacct
getttgacga
cggagggtga

ggcaggagtyg

tggaggccgyg
ggggggaagt
gagtcccagt
aaggccattt
cacagatggt
aggagaaggc
agggtggttt
agaaggttta
ttgggtegee
aggaactgcce
aatggcccct
catggtcttt
tgttatgaca
tggagtagat
tgacggagat

a

<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> EBNA1s Truncated cDNA

<400> 8
atgcggagag

ggaaggcctg
agaccecaga
ggcgeagyggyg
agcagccaga
ttetteecace
ggcgageccy

ggcccaagea

gcggegacaa
gcegeecctgg
agcggeccayg
ctggeggage
gcagcagcag
cegtgggega
acgtgectece

ctggaccccg

ccacggcagy
cggeagegge
ctgcatcgge
cggagecggyg
cggcageccc
ggcegactac

tggcgecatce

gggtcagggt

ggtcgaggag
cgtgaaagag
agtcagtcat
tteccacectyg
gagactgacg
ccaagcactyg
ggaaagcate
agagctctece
ggtgtgtteg
cttgetatte
ggacccggece
ttacaaactce
aagccecgete
ttgeccteeet

gacggagatyg

ggcagaggce
teceggecccca
tgcaagggca
ggagggggcyg
cccagaagge
ttegagtace
gagcagggeco

gatggaggca

gtagtggagg
ccagggggayg
catcatccgg
taggggaagce
tgaececggg
gacceegggg
gtggtcaagg
tggctaggag
tatatggagg
cacaatgteg
cacaacctgg
atatatttge
ctacctgcaa
ggtttecace

aaggaggtga

ggggaagagg
gacaccggga
ccecacggcgy
agaagaggoec
ceccteecgg
accaggaagg
ccgcagatga

ggcgcaaaaa

cegecggggat
aggtcgtgga
gtctccaceg
cgattatttt
agcgatagag
tcagggtgat
aggttcecaac
tecacgtagaa
tagtaagacc
tcttacacca
cccgcetaagg
tgaggttttg
tatcagggtg
tatggtggaa

tggagatgag

cagaggcgge
cggegtgcgy
cacaggcegcet
cagaagececece
caggcggece
cggecctgac

cccaggagaa

aggagggtgg

DK/EP 2631297 T3
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180
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360
420
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840
S00
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tttggaaage
ttaagagectc

geeggtgtgt

gcccttgeta
cetggaceeyg
tttttacaaa
acaaagcceg
gatttgceotc
gatgacggag
<210>9

<211> 1750
<212>DNA

atcgtggtca
tcectggetag

taegtatatgg

ttccacaatg
gcccacaace
ctcatatatt
ctectacetg
cctggtttec

atgaaggagg

aggaggttce
gagtcacgta

aggtagtaag

tegtcttaca
tggecccgeta
tgctgaggtt
caatatcagg
acctatggtyg

tgatggagat

<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> Complete oriP

<400> 9
gtagctaccg

tgttaaccct
ccctaattea
aaaagggtce
atggggtcag
atcaaggagc
tagctaatag
aaggtttcag
gctatgacac
aaagattctg
ggatgtecat
tactggggtt
actctatttg
tctectaacac
aagtggccac
gecctigeggt
aaccactgeg
cataagtagg

cacacacttg

+rearearcnnmne

ataagcggac
aaacgggtag
atagcatatg
taaggaacag
gattccacga
gggcagtgaa
aataactgct
gtgacgccae
caatataace
aatatcttta
ctecacacgaa
attaagatgt
taacaagggg
cccocgaaaat
tctttttttt
tttggactgt
gtcaaaccac
tgggegggoe

cgeetgageg

e antarte o PRl N8 o

cctcaagagg
catatgette
ttacccaacy
cgatatctcce
gggtagtgaa
ctctcectgaa
gagttgtgaa
cagaataaaa
ctéacaaace
acaatagaaa
tttatggcta
gtccecaggea
aaagagagtg
taaacggggce
gaaattgtgg
aaaataaggyg
ttgecccacaa
aagatagggg

ccaagcacayg

rertremmat e

aacccgaaat
gaaaggacta

accteceocttt

ccattgagtc
agggagtcca
ttgaaggatg
gtgactgtgt
gaaggggcty

gagggtgagg

gcattagcaa
ccgggtagta
ggaagcatat
caccceatga
ccattttagt
tcottcgectg
cagtaaggtyg
tttggacggg
ccttgggeaa
tececatggggt
tgggcaacac
gggaccaaga
gacgccgaca
tccacgeccaa
agtgggggca
tgtaataact
aaccactaat
cgcgattgcet

ggttgttggt

e armatEab s

ttgagaacat
ccgacgaagqg

acaacctaag

gteotccectt
ttgtetgtta
cgattaagga
gcagctttga
ccgeggagag

aagggcagga

tagtgtttat
gtatatacta
gctatcgaat
getgteacgg
cacaagggca
cttcttcatt
tatgtgaggt
gggttcagtyg
taaatactag
ggggacaagc
ataatcctag
caggtgaace
gcagcggact
tggggcccat
cgegtcagece
tggctgattg
ggcaceccgg
gegatctgga
cectcatatte

Pal - PP P b E

tgcagaaggt
aacttgggtc

gcgaggaact

tggaatggcce
tttcatggtce
ccttgttatg
cgatggagta
tgatgacgga

gtga

aaggccccct
teeagactaa
tagggttagt
ttttatttac
gtggctgaag
ctccttegtt
gctcgaaaac
gtggcattgt

tgtaggaatg

cgtaaagact

tgcaatatga
atgttgttac
ccactggttg
aaacaaagac
cccacacgec
taacccecgct
ggaatacctg
ggacaaatta

acgaggtege

At b reread o

DK/EP 2631297 T3
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LY ay ARy

catatgetat
catatgctat
cataggctat
tatatgeotat
tatatgctat
tgctatccta
ggctatccta
tgctatceta
tgctatcecta
tgctatccte

<210>10
<211> 866

<212>DNA

yryyyvraau

cctaatctat
cctaatctat
cctaatcetat
cctaatctgt
cctaatttat
atctatatct
atctatatct
atttatatet

atctatatct

Yyriywuanyy

atctgggtag
atctgggtag
atctgggtag
atccgggtag
atctgggtag
gggtagcata
gggtagcata
gggtagcata

gggtagtata

<213> Epstein Barr Virus

<220>

<221> misc_feature
<223> Truncated oriP

<400> 10

accctaaacy
attcaatagc
ggtectaagg
tggaggacaa
attcacgagg
aaatatctgg
ctatatctgg
ttatatctgg
ctatatctgg
agagattagg
atctggatag
atctgggtag
atctgggtag
atctgggtag
ateccgggtag
<210> 11

<211> 308
<212> PRT

ggtagcatat
atatgttacc

aacagcgatg

attacacaca

tegctgagag
atagcatatg
gtagcatatg
gtagcatagg
gtagtatatg
gtagtatatg
catatgctat
cataggctat
tatatgctat
catatgctat

catatgctat

getteecggg
caacgggaag
taggtgggcg
cttgecgeetyg
cacggtgggce
ctatcctaat
ctatcctaat
ctatcctaat
ctatcctaat
ctatcctaat
cctaatctat
cctaatctat
cctaatttat
cctaatctat

cctcat

yrayvarava

cataggctat
tatatgectat
catatgctat
catatgctat
catatactac
tgctatcecta
tgectatecta
ggctatceta

tgctatecta

tagtagtata
catatgctat
ggccaagata
agcgecaage
taatgttgee
ctatatctgg
ctatatctgg
ctatatctgg
ctgtatcegg
ttatatctgg
atctgggtag
atctgggtag
atctgggtag

atctgggtag

CLALALAAo L

cctaatctat
cctaatttat
cctaatetat
cctaatagag
cCcaaatatct
atctatatct
atctatatct
atctatatet

atctgtatce

tactatecag
cgaattaggg
ggggcgegat
acagggttgt
atgggtageca
gtagcatagg
gtagtatatg
gtagcatatg
gtagcatatg
gtagcatata
catatgctat
catatgctat
cataggctat

tatatgctat

avvLryyavay

atctgggtag
atctgggtag
atctgggtag
attagggtag
ggatagcata
gggtagcata
gggtagtata
gggtagcata

gggtagcata

actaaceccta
ttagtaaaag
tgctgegate
tggtccteat
tatactaccc
ctatcctaat
ctatcctaat
ctatcctaat
ctatcctaat
ctacccaaat
cctaatctat
cctaatctat
cctaatctat

cctaatctgt

DK/EP 2631297 T3

FY RVAV:
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DK/EP 2631297 T3

<213> Artificial

<220>
<223> Protein coded by EBNA1¢c-CO

<400> 11
Met Arg Gly Arg Gly Gly Ser Gly Gly Arg Gly Arg Gly Gly Ser Gly
1 5 10 15

Gly Arg Arg Gly Arg Gly Arg Glu Arg Ala Arg Gly Gly Ser Arg Glu
20 25 30

Arg Ala Arg Gly Arg Gly Arg Gly Arg Gly Glu Lys Arg Pro Arg Ser

Pro Ser Ser Gly Ala Gln Ser Ser Ser Ser Gly Ser Pro Pro Arg Arg
50 55 60

Pro Pro Pro Gly Arg Arg Pro Phe Phe His Pro Val Gly Glu Ala Asp
65 70 75 80

Tyr Phe Glu Tyr His Gln Glu Gly Gly Pro Asp Gly Glu Pro Asp Val

Pro Pro Gly Ala Ile Glu Gln Gly Pro Ala Asp Asp Pro Gly Glu Gly
100 105 110

Pro Ser Thr Gly Pro Arg Gly Gln Gly Asp Gly Ala Arg Arg Lys Lys
115 120 125

Gly Gly Trp Phe Gly Lys His Arg Gly Gln Gly Gly Ser Asn Pro Lys
130 135 140

Phe Glu Asn Ile Ala Glu Gly Leu Arg Ala Leu Leu Ala Arg Ser His
145 150 155 160

Val Glu Arg Thr Thr Asp Glu Gly Thr Trp Val Ala Gly Val Phe Val
165 170 175

Tyr Gly Gly Ser Lys Thr Ser Leu Tyr Asn Leu Arg Arg Gly Thr Ala
180 185 1390

Leu Ala Ile Pro Gln Cys Arg Leu Thr Pro lLeu Ser Arg Leu Pro Phe
195 200 205

Gly Met Ala Pro Gly Pro Gly Pro Gln Pro Gly Pro Leu Arg Glu Ser
210 215 220

Ile Val Cys Tyr Phe Met Val Phe Leu Gln Thr His Ile Phe Ala Glu

225 230 235 240

Val Leu Lys Asp Ala Ile Lys Asp Leu Val Met Thr Lys Pro Ala Pro
245 250 255



Thr

Leu

Asp

Glu
305

Cys

Pro

Asp
290

Gly

Asn

Pro
275

Gly

Gln

<210> 12

<211> 337
<212>PRT
<213> Artificial

<220>
<223> Protein coded by EBNA1s-CO

<400> 12
Met Arg Arg Gly

1

Gly

Pro

Ile

Gly

65

Ser

Gly

Tyr

Ala

Gly
145

Phe

Arg

Arg

Gly

50

Gly

Ser

Arg

His

Ile

130

Pro

Gly

Gly

His

35

Cys

Ala

Gln

Arg

Gln
115

Glu

Arg

Lys

Ile Arg Val Thr Val Cys Ser Phe Asp Asp Gly Val Asp

260

265

270

Trp Phe Pro Pro Met Val Glu Gly Ala Ala Ala Glu Gly

280

285

Asp Asp Gly Asp Glu Gly Gly Asp Gly Asp Glu Gly Glu

Glu

Gly

Arg

Lys

Gly

Ser

Pro

100

Glu

Gln

Gly

His

Gly

5

Gly

Asp

Gly

Ala

Ser

Phe

Gly

Gly

Gln

Arg
165

Asp

Gly

Thr

Gly
70

Ser

Phe

Gly

Pro

Gly
150

Gly

295

Asn

Pro

Val

His

55

Gly

Ser

His

Prao

Ala
135

Asp

Gln

His

Gly

Arg

40

Gly

Gly

Gly

Pro

Asp
120

Asp

Gly

Gly

Gly

Ala

Arg

Gly

Gly

Ser

Val

105

Gly

Asp

Ala

Gly

Arg

10

Pro

Pro

Thr

Glu

Pro

Gly

Glu

Pro

Arg

Ser
170

Gly

Gly

Gln

Gly

Lys

75

Pro

Glu

Pro

Gly

Arg
155

Asn

300

Arg

Gly

Lys

Ala

60

Arg

Arg

Ala

Asp

Glu
1490

Lys

Pro

Gly

Ser

Arg

45

Gly

Pro

Arg

Asp

Val
125

Gly

Lys

Lys

Arg

Gly

Pro

Ala

Arg

Pro

Tyr

110

Pro

Pro

Gly

Phe

Gly

15

Ser

Ser

Gly

Ser

Pro

$5

Phe

Pro

Ser

Gly

Glu
175

Arg

Gly

Cys

Ala

Pro

80

Pro

Glu

Gly

Thr

Trp
160

Asn

DK/EP 2631297 T3



Ile Ala Glu

Thr Thr Asp

198

Ser Lys Thr

210

Pro Gln

225

Cys

Pro Gly Pro

Tyr Phe Met

Ala Ile

275

Asp

Ile Arg Val

290

Trp Phe Pro

305

Asp Asp Gly

Glu

<210>13
<211> 927
<212> DNA
<213> Artific

<220>

Gly
180

Leu
Glu

Gly

Ser Leu

Arg Leu

Arg

Thr

Tyr

Thr

Ala Leu

val
200

Trp

Asn
215

Leu

Pro Leu

230

Pro
245

Gly

Val
260

Phe
Lys Asp
Thr

val

Pro Met

Gln

Leu

Leu

Cys

Val

Pro Gly

Gln Thr

Leu

185

Ala

Arg

Ser

Pro

His

Ala Arg

Gly val
Arg

Gly

Leu
235

Arg

Leu
250

Arg

Ile Phe

265

Val Met

280

Ser Phe

295

Glu Gly

310

Glu
325

Asp

ial

Gly

Gly Asp

<223> EBNA1¢c-CO cDNA

<400> 13
atgcggagea

agaggacgcg
cggggcgaga
ccececagaa
tacttegagt
atcgaacagg
ggagacggcyg
tccaacceea

gtggagcgga

gaggcggeag
aaagagctag
agcggeccayg
ggceccectee
adcatcagga
gecccogecga
ccaggeggaa
agttcgagaa

ccaccgacga

cggeggcaga
gggagggage
aagccecage
cggcaggegg
aggcggacca
cgatcctgge
gaagggegge
tatcgecgay

gggcacctgyg

Thr

Asp

Ala

Gly

Lys Pro

Asp Gly

Ala Ala

315

Asp Glu

330

ggaagaggcg
cgggagagag
tectggcgeca
cecettettee
gacggcegage
gagggaccca
tggttcggea
ggcectgagag

gtggceggeg

Val
190

Ser His

Phe Vval

205

Tyr

Thr
220

Ala Leu

Pro Phe Gly

Glu Ser Ile

Ala Glu Val

270

Ala Pro Thr

285

Val
300

Asp Leu

Glu Gly Asp

Gly Glu Glu

getctggegg
ccagaggcag
agtectette
acccegtggg
acgacgtgee
gcaccggece
agcacagagqg
coctgetgge

tgttcgtgta

Glu Arg

Gly

Gly

Ala Ile

Ala
240

Met

Val
255

Cys
Leu Lys
Cys Asn
Pro

Pro

Gly
320

Asp

Gly Gln

335

cagacgggga
aggccgggga
tagtgggtce
cgaggccgac
tectggggce
tcgaggacag
ccagggaggyg
ccggtceccac

cggeggeage
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aagaccagec
acaccactct
ctgcgggaga
gtgctgaagg
cgggtgaccg
gtggaaggag
gacgaaggeg
<210> 14

<211> 1014
<212> DNA

tgtacaacct
cecegectece
gcatcgtgtg
acgccatcaa
tgtgcagett
ccgetgecaga

aggaaggcca

<213> Atrtificial

<220>

gcggagagge
ttttggeatyg
ctacttcatg
ggacctggtg
cgacgacggc
gggegacgat

ggaatga

<223> EBNA1s-CO cDNA

<400> 14
atgocggagag

ggaaggecctg
agaccccaga
ggcgcaggygg
agcagccaga
ttettecace
ggcgageceg
ggacccagcea
tteggecaage
ctgagagcce

gcecggegtgt

gecctggeca
ccagggcctg
tttcoctgeaga
accaagcctg
gacctgeccece
gatgatggtg
<210>15

<211>78
<212> PRT

gcggcgacaa
gegeccctygy
agcggeccag
ctggcggage
goagcagcag
cegtgggega
acgtgecctec
caggeccteg
acagaggcca
tgctggeccy

tegtgtacgg

tececccagtg
gacctecagea
cccacatctt
cccccacctg
cctggttcece

acgaaggtgg

ccacggcagyg
cggcagegge
ctgecatcgge
cggagccggg
cggoageace
ggccgactac
tggcogecatc
aggacaggga
gggagggtec
gtcocacgtyg

cggcagcaag

coggctgaca
tggceccctyg
cgcegaggty
caacatccgg
cccecatggtg

ggacggcgac

<213> Herpes Simplex Virus

<400> 15

AT a DA Dwa Thise Rawm Tal

acecgeccetgg
geteccaggge
gtgtttctge
atgaccaage
gtggacctge

ggcgatgatg

ggcagaggee
teeggeccca
tgcaagggca
ggagggggcyg
cccagaaggce
ttcgagtace
gagcagggcce
gacggogeca
aaccccaagt
gagcggacca

accagectgt

ccactctecee
cgggagagca
ctgaaggacyg
gtgaccgtgt
gaaggagccg

gaaggcgagg

ccatecccea
ctggacctca
agacccacat
ctgcecccac

cecccetyggtt

gtgacgaagg

ggggaagagg
gacaccggga
cccacggcygy
agaagaggcc
ccecteacgg
accaggaagg
ccgecgacga
ggcggaagaa
tegagaatat
ccgacgaggyg

acaacctgcg

gectoccttt
tegtgtgeta
ccatcaagga
gcagcttcga
ctgcagaggg

aaggccagga

gtgceggetyg
gectggeece
cttegecgag
ctgcaacatce

cecceoecceatyg

tggggacgge

cagaggcegge
cggegtgegy
cacaggecgcet
cagaagcccec
caggcggecc
cggecctgac
tectggegag
gggcggetgg
cgecgaggge
cacectgggtyg

gagaggcacc

tggecatgget
cttcatggtg
cctggtgatg
cgacggcgtg
cgacgatgge

atga
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Ara oL

Glu Asp

Asp Met

Asp Ser
50

Gln Met
65

T LW 111l OO

5

Val Ala Met
20

Leu Gly Asp
35

Ala Pro Tyr

Phe Thr Asp

vai

Ala

Gly

Gly

Ala
70

[S1-FE

His

Asp

Ala

55

Leu

Ala

Ser

40

Leu

Gly

Ty

Asp

25

Pro

Asp

Ile

AOM Wau LS

10

Ala Leu Asp

Gly Pro Gly

Met Ala Asp
60

Asp Glu Tyr
75

neos

Asp

Phe

45

Phe

Gly

Phe

Thr

Glu

Gly

NADp. TLYy

15

Asp Leu

Pro His

Phe Glu
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PATENTKRAV

l. Ekspressionssystem  til stabil ckspression af ¢t gen af interesse, hvilket
ekspressionssystem omfatter: en forste vektor med en Epstein-Barr-virus nuklear antigen-1-
(EBNA1) nukleotidsekvens, der koder for et protein, der bestar af EBNAlc, EBNAIt eller
EBNAls som vist 1 Figur 1, en promoter og et polyadenyleringssignal for
EBNA1-nukleotidsekvensen og en oriP-nukleotidsekvens; og en anden vektor med et gen af
interesse, en promoter og et polyadenyleringssignal for genet af interesse og en

oriP-nukleotidsekvens.

2. Ekspressionssystem ifelge krav 1, hvor EBNA1-proteinet bestar af SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 11 eller SEQ ID NO: 12.

3. Ekspressionssystem ifelge krav 1 eller 2, hvor EBNAI-nukleotidsekvensen er

kodon-optimeret.

4. Ekspressionssystem ifelge krav 1, hvor Epstcin-Barr-virus nuklcar antigen-1- (EBNAT)
nukleotidsekvensen bestar af SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 13
eller SEQ ID NO: 14.

5. Ekspressionssystem ifelge et hvilket som helst af de foregdende krav, hvor
oriP-nukleotidsekvenserne i den forste og den anden vektor uathaengigt omfatter SEQ ID NO: 9
eller SEQ ID NO: 10.

6. Fremgangsméade in vitro til stabil ekspression af et gen af interesse i pattedyreceller,
hvilken fremgangsmade omfatter: transfektion af en pattedyrecelle med et ekspressionssystem
som defineret 1 et hvilket som helst af de foregdende krav; og replikation af cellen for at

tilvejebringe pattedyreceller, der stabilt udtrykker genet af interesse.

7. Fremgangsmade ifelge krav 6, hvor transfektion af cellen med den forste og den anden
vektor udferes samtidigt, eller cellen transficeres med én af vektorerne forst for at frembringe en
stabil klon efterfulgt af transfektion med den anden vektor for at frembringe en klon, der stabilt

udtrykker genet af interesse.

8. Fremgangsmade ifelge krav 6 eller 7, hvor pattedyrecellerne er udvalgt fra gruppen
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bestdende af kinesiske hamsterovarie- (CHO) celler, humane embryonyreceller 293 (HEK293)
og Madin-Darby-hundenyre- (MDCK) celler.

9. Fremgangsmade ifelge et hvilket som helst af kravene 6 til 8, hvor pattedyrecellerne er

kinesiske hamsterovarie- (CHO) celler.



DRAWINGS

EBNA1 (5841 aa)

TAD HLS

| EBNATt (417 ag)

| EBNA1s (337 aa)

DMA Linking Reglon 1 {aa 3388}

TAD: Transcriptional Acivation Domali (65-89)

I HLS: Nuclear Localization Signat{sa 379986}

DHA Linking Reglon 2 {aa 308378

Fig. 1
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