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Description
Title of Invention: FUNCTION-ENHANCED ENGINEERED
EBNA1 FOR PROTEIN EXPRESSION IN MAMMALIAN CELLS
TECHNICAL FIELD

[0001]  The present disclosure concerns the field of genetic engineering and recombinant
expression technologies. It inter alia pertains to altered mammalian cell expression
systems, for example CHO and HEK?293 cell expression systems, which comprise
vectors or stable cell lines expressing function-enhanced engineered Epstein-Barr virus

nuclear antigen 1 (EBNAL1 (s) ) to improve transient gene expression.

BACKGROUND OF THE INVENTION

[0002]  Since separating protein products from natural sources are limited, various
techniques and expression systems have been developed for recombinant protein
expression for such as clinical and research usage. Comparing to the prokaryotic
expression system, mammalian cell expression system displays huge advantages
in many aspects, including protein post-translational modifications, protein folding
quality and high yield protein production (Nagesh and Ambuj, 2019) . Thus,
mammalian cell expression system is the most dominant system for biopharmaceutical
production, such as production of antibodies, cytokines, growth factors and so on
(Jianwei, 2012) . Transient expression by transfecting cells with plasmids is a popular
technique for rapid recombinant protein production in mammalian cells, and numbers
of efforts including improving transfection efficiency, vector engineering and cell
engineering, have been put in to enhance protein production titer (Kishwar, 2013) .

[0003]  For transient expression in mammalian cells, how to maintain a high level of
plasmid concentration in nucleus is the major concern for high level recombinant
protein expression. In the nature, some viruses, such as Epstein-Barr virus (EBV) ,
employ different strategies to maintain their genome copy number during host cell
proliferation. Epstein-Barr virus nuclear antigen 1 (EBNA1) protein plays key roles
in virus genome replication and maintains viral episomes in infected host cells by
associating episomes to host chromosomes during host cell replication (Wolfgang
and Bill, 2013) . EBNA1 protein contains two DNA binding regions: one is an N-
terminal AT-hook responsible for host chromosome association, and another one is a
C-terminal OriP DNA binding domain responsible for viral episomes tethering (John
et al. 2004 and Tohru et al. 2004) . The unique structure of EBNA1 ensures efficient
propagation of virus genomes to host daughter cells. Besides episomal DNA, OriP
containing plasmids can also be maintained at a relative high level by EBNAL1 after

transfection (Ann and Bill, 1995) . Transient mammalian expression systems based on
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EBNA1-OriP interaction have been developed and approved to significantly improve
recombinant protein production (Francoise et al., 1998 and Olalekan et al., 2014) .

It has been reported that foreign protein productivity in mammalian cell is positively
correlated with EBNA-1 expression level (Joo-Hyoung et al., 2017) . Thus, enhanced
EBNALI protein expression level or enhanced EBNA1-chromosome association may
further improve recombinant protein expression level. There is still a great need
for recombinant mammalian cell expression systems with improved transient gene

expression.

SUMMARY OF THE INVENTION

Disclosed herein are novel engineered EBNA1 (s) and coding molecules thereof,
vectors and mammalian cell expression systems comprising the same having improved
transient gene expression, and the preparation and use of the foregoing.

According to one aspect, the present disclosure provides an engineered EBNAI,
wherein as compared to wild-type EBNA1, the original G-A rich region is engineered
in the engineered EBNAL.

In some embodiments, in the engineered EBNA1 (a) the original G-A rich region
is removed; (b) the original G-A rich region is replaced by a linker; and/or (c) the
N-terminus fragment comprising the original G-A rich region (such as residue 1 to
residue 336 at the N-terminus) of wild-type EBNA1 is replaced by an AT hook motif
capable of binding to a chromosome at mitotic phase, such as an AT hook motif (such
as residue 1 to residue 92) from human HMG-I/Y.

According to a further aspect, the present disclosure provides an isolated
polynucleotide molecule encoding the engineered EBNAL (s) disclosed herein.

According to a further aspect, the present disclosure provides a vector comprising
one or more of the polynucleotide molecule disclosed herein.

According to a further aspect, the present disclosure provides an isolated mammalian
cell suitable for recombinant expression of a polypeptide of interest, wherein the
mammalian cell comprises an engineered EBNA1, wherein the engineered EBNAL1
has enhanced function in recombinant expression as compared to wild-type EBNA1
(such as a wild-type EBNA1 comprises an amino acid sequence of SEQ ID NO: 1),
and wherein the original G-A rich region of wild-type EBNA1 is removed or replaced
in the engineered EBNAL.

According to a further aspect, the present disclosure provides a method for producing
a mammalian cell as disclosed herein, comprising introducing into a mammalian cell

the polynucleotide molecule encoding an engineered EBNA1 disclosed herein.
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According to a further aspect, the present disclosure provides a method for
recombinantly producing or increasing the recombinant expression yield of a
polypeptide of interest, comprising

(a) culturing a mammalian cell disclosed herein under conditions that allow for the
expression of the polypeptide of interest;

(b) isolating the polypeptide of interest; and

(c) optionally, processing the isolated polypeptide of interest.

According to a further aspect, the present disclosure provides a product for use
in the recombinant expression of a polypeptide of interest comprising the isolated
polypeptide disclosed herein, the polynucleotide molecule disclosed herein, the vector
disclosed herein, and/or the mammalian cell disclosed herein.

Other objects, features, advantages and aspects of the present application will
become apparent to those skilled in the art from the following description and
appended claims. It should be understood, however, that the following description,
appended claims, and specific examples, while indicating preferred embodiments
of the application, are given by way of illustration only. Various changes and
modifications within the spirit and scope of the disclosed invention will become
readily apparent to those skilled in the art from reading the following.

BRIEF DESCRTPTION OF THE DRAWINGS

The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings of which:

Figure 1: Structural feature of wild-type EBNA1 and ENBA1 variants. The wild type
EBNAI1 contains a long G-A rich region flanked by two Basic regions ( “Basic” ) .
The two basic region contains AT hook motifs, which are essential for chromosome
association. The Ori-DNA binding domain directly binds to OriP-DNA, and tethers
OriP-containing plasmids or episomes to chromosome. The nuclear localization
signal (NLS) is responsible for nuclear transport of EBNA1 proteins. EBNA1_A
and EBNA1_B are engineered EBNA1 (s) . EBNA1_A contains a designed linker to
replace the original G-A rich region, and EBNA1_B contains an AT hook motif from
human HMG-I/Y and a short linker to replace the whole N-terminal of EBNAL.

Figure 2: Therapeutic antibody or Fc-fusion protein drugs, including OKT3
(monoclonal antibody) , Herceptin (monoclonal antibody) , Emicizumab (Bispecific
antibody) and Dulaglutide (Fc-fusion protein) , are selected as test molecules. Effects
of EBNAL1 and engineered EBNAT1s on transient expression of the test molecules

were investigated in CHO cell transient expression system. Plasmids expressing test
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molecules were co-transfected with or without plasmids expressing wt EBNA1 or
engineered EBNA1s (EBNA1_A or EBNA1_B), respectively. Significant difference
was determined by t-test. *indicates p value < 0.05 with significant difference.

Figure 3: Therapeutic antibody or Fc-fusion protein drugs, including OKT3
(monoclonal antibody) , Herceptin (monoclonal antibody) , Emicizumab (Bispecific
antibody) and Dulaglutide (Fc-fusion protein) , are selected as test molecules. Effects
of EBNAL1 and engineered EBNAT1s on transient expression of the test molecules
were evaluated in HEK293 cell transient expression system. Plasmids expressing
test molecules were co-transfected with or without plasmids expressing engineered
EBNA1s respectively. Significant difference was determined by t-test. *indicates p
value < 0.05 with significant difference.

Figure 4: Percentage of viable CHO cells expressing different test molecules was
measured to investigate the cytotoxic effects of engineered EBNA1s.

Figure 5: Percentage of viable HEK293 cells expressing different test molecules was
measured to investigate the cytotoxic effects of engineered EBNA1s.

Figure 6: Average cell productivity of CHO cell for test molecules was calculated
based on the titer, cell number and viable cell density. Effects of engineered EBNA1s
on transient expression were investigated. Significant difference was determined by t-
test. *indicates p value < 0.05 with significant difference.

Figure 7: Average cell productivity of HEK293 cell for test molecules was calculated
based on the titer, cell number and viable cell density. Effects of engineered EBNA1s
on transient expression were investigated.

Figure 8: Final product quality of OKT3 with/without co-transfection of engineered
EBNA1s was analyzed by SDS-PAGE. Left panel indicated OKT3 protein expressed
in CHO cells, and the right panel indicated OKT3 protein expressed in HEK293 cells.
NR: non-reduction; R: reduction; Sample reduction was performed by adding 2mM
DTT.

Figure 9: Final product quality of Herceptin with/without co-transfection of
engineered EBNA1s was analyzed by SDS-PAGE. Left panel indicated Herceptin
protein expressed in CHO cells, and the right panel indicated Herceptin protein
expressed in HEK293 cells. NR: non-reduction; R: reduction; Sample reduction was
performed by adding 2mM DTT.

Figure 10: Final product quality of Emicizumab with/without co-transfection of
engineered EBNA1s was analyzed by SDS-PAGE. Left panel indicated Emicizumab
protein expressed in CHO cells, and the right panel indicated Herceptin protein
expressed in HEK293 cells. NR: non-reduction; R: reduction; Sample reduction was
performed by adding 2mM DTT.
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Figure 11: Final product quality of Dulaglutide with/without co-transfection of
engineered EBNA1s was analyzed by SDS-PAGE. Left panel indicated Dulaglutide
protein expressed in CHO cells, and the right panel indicated Dulaglutide protein
expressed in HEK293 cells. NR: non-reduction; R: reduction; Sample reduction was
performed by adding 2mM DTT.

Figure 12: plasmid map of pWX4.1. pWX4.1 contains an OriP element to maintain
EBNAT1’s function, an ampicillin resistance gene (Amp) for plasmid selection, a
pUC ori element for plasmid amplification in Escherichia coli, a cytomegalovirus
(CMV) promoter for gene transcription in host cells, a Herpes simplex virus (HSV)
thymidine kinase polyadenylation signal (TKpA) element for RNA termination and
polyadenylation and a multiple clone site for insertion of interest gene for production.

Figure 13: plasmid map of pWX039. pWX039 contains an ampicillin resistance
gene (Amp) for plasmid selection, a pUC ori element for plasmid amplification in
Escherichia coli, a WXRE] regulatory element and an cytomegalovirus (CMV)
promoter for gene transcription in host cells, a Herpes simplex virus (HSV)
thymidine kinase polyadenylation signal (TKpA) element for RNA termination and
polyadenylation, an internal ribosomal entry site (IRES) from encephalomyocarditis
virus (EMCYV) for anti-zeocin protein expression and a multiple clone site for insertion
of interest gene for production.

Figure 14: Investigation of protein expression by stable CHO cell line expressing
engineered EBNAI derivate (EBNA1_B) . Adalimumab was selected to express in
different stable cell line expressing no EBNA1, wild type EBNA1 and engineered
EBNALI respectively. The expression titer on Day 4 and Day 7 for each expression was
measured. The stable cell line expressing engineered EBNA1 displayed significant
advantage (about 1.8-fold increase of titer) over cell line expressing wild type EBNA1
(indicated by *) .

DETAILED DESCRIPTION OF THE INVENTION

The following description and examples illustrate embodiments of the invention
in detail. It is to be understood that this invention is not limited to the particular
embodiments described herein and as such can vary. Those of skill in the art will
recognize that there are numerous variations and modifications of this invention, which
are encompassed within its scope.

Improving recombinant protein expression titer is one of the most critical point
for cost saving in biopharmaceutical production. Expressing wild-type EBNA1
protein in mammalian cells has been approved to significantly improve yield of
many recombinant proteins by transient transfection. GA-rich linker region and basic
region of EBNAT are essential parts of EBNA1. To enhance EBNA1’s function in
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recombinant protein production, we engineered EBNA1 by replacing the G-A rich
linker and AT hook motifs, and generated two engineered EBNA1s (for example,

EBNA1_A and EBNA1_B) . Comparing to wild-type EBNAI, function-enhanced
engineered EBNA1s significantly enhance protein production in mammalian cells.

In particular, EBNAI is a virus protein essential for EBV genome integrity in host
cell. Its role in tethering virus genome to host chromosome through OriP element has
been widely employed to enhance transient expression in mammalian cells. Based on
previous researches, EBNA1 protein contains N-terminal chromosome association
domain, a G-A rich region and a C-terminal OriP binding domain (Fig. 1 (top) ,
illustrating the domain architecture of EBNA1) .

We designed a molecule named EBNA1_A in which a high translational efficient
linker (amino acid sequence “RGRGGSGGGGSGGAGGGGSGGAGGSGGSGG”
SEQ ID NO: 12) was employed to replace the original G-A rich region (region range
from 93-325 of EBNAL) for better EBNA1 performance by increasing translation
efficiency of EBNA1 (Fig. 1 (middle) ).

Enhancement of chromosome association of EBNA1 is another aspect for optimizing
its function. EBNA1 possesses two basic regions, in which AT hook domains are
responsible for chromosome binding. Some mammalian HMG proteins are specific
associate to chromosomes by specific AT hook domain, thus we chosen AT hook
domain of HMG-I/HMG-Y to replace the original chromosome binding domain of
EBNAL.

We engineered another molecule named EBNA1_B (Fig. 1 bottom) by
combining AT hook domain from HMG-I/HMG-Y and a short linker (protein
sequence “MSESSSKSSQPLASKQEKDGTEKRGRGRPRKQPPVSPGTALVG
SQKEPSEVPTPKRPRGRPKGSKNKGAAKTRKTTTTPGRKPRGRPKKLEK
GGGGAGGGGSGGGGCGAGGGGSGGGGAGGG” , SEQ ID NO: 13, the underlined
part is the short linker) and replacing the whole N-terminal 372 residues of wild-type
EBNAL.

Four therapeutic molecules OKT3, Herceptin, Emicizumab and Dulaglutide,

classified as monoclonal antibody (OKT3 and Herceptin) , bispecific antibody
(Emicizumab) and Fc-fusion protein (Dulaglutide) , were applied to test the effects
of engineered EBNAs on their transient expression in CHO cells or HEK293 cells.
Wild-type EBNAL, EBNAI_A and EBNA1_B variants can significantly enhance
transient protein expression in mammalian cells to several folds higher. Moreover,
EBNAI1_A and EBNA1_B variants displayed better performance than wild-type
EBNALI in CHO cells. Especially in CHO cells transient transfection system, an
average 1.8-fold titer increase has been achieved by EBNA1_A variant. In HEK293

cells transient transfection system, EBNA1_A also displayed slightly predominance
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effect on transient protein expression than wild-type EBNA1, while EBNA1_B was
comparable to wild-type EBNA1 (Fig. 6 and Fig. 7) . Thus, engineered EBNA1_A
and EBNA1_B are preferable for CHO cells transient transfection system. In addition,
stable cell lines constitutively expressing engineered EBNA1 were prepared to
examine the effect of the cell lines on expression of proteins or polypeptides of
interest. For an exemplary therapeutic protein, Adalimumab, significantly improved
expression level was observed which verifies the effect of the stable cell line with
engineered EBNAT in the expression of proteins of interest.

Without wishing to be bound by theory, the long Glycine-Alanine rich linker (G-
Arepeat) of EBNA1 contains approximate 240 amino acid residues, and is highly
dynamic, which may impair the translation efficiency. In addition, the dynamic of
G-A repeat of EBNA1 may also negatively regulate its association efficiency to
mitotic chromosomes. Thus, engineering of G-A repeat of EBNA1 may enhance its
role in promoting recombinant protein expression. Moreover, EBNA1-chromosome
association may relate to two basic regions containing AT hook DNA binding motif.
AT hook is a conserved DNA binding motif, which exists in various chromosome
proteins. Substitution of AT hook motifs of EBNA1 with AT hook motif of host
chromosome-related proteins may enhanced EBNA1’s role in maintaining exogenous
OriP-containing plasmids in host cells. High mobility group (HMG) proteins may
be essential for various chromosomal events, some of HMGs bearing AT hook
specifically localize to chromosome. Hence, AT hook of HMG proteins are candidates
for engineering AT hook of EBNAI.

Based on the above disclosures, we have provided novel mammalian cell expression
systems having improved transient gene expression comprising vectors or stable cell
lines expressing function-enhanced engineered EBNAT1s, the preparation and use
thereof.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by those of ordinary skill in the art to which
the disclosure belongs. Although any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present disclosure,
preferred methods and materials are described.

As used herein, the term "a" or "an" is intended to mean "one or more"” (i.e., at least
one) of the grammatical object of the article. Singular expressions, unless defined
otherwise in contexts, include plural expressions. By way of example, "an element"
means one element or more than one element.

By "about" is meant a quantity, level, value, number, frequency, percentage,

dimension, size, amount, weight or length that varies by as much as 20, 15, 10,9, 8, 7,
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6, 35,4, 3,2 or 1%to a reference quantity, level, value, number, frequency, percentage,
dimension, size, amount, weight or length.

The use of “or” means “and/or” unless stated otherwise.

As used herein, unless otherwise noted, the term "comprise” , "include" and
"including" will be understood to imply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of any other step or element or group
of steps or elements which do not affect the end result. The terms “comprising”,
“comprises” and “comprised” may also include the term “consisting essentially of” and
“consisting of” .

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 upon whether or not they materially affect the activity or action of the listed
elements. The phrase "consisting of" is meant to include, and is limited to, whatever
follows the phrase "consisting of. " Thus, the phrase "consisting of" indicates that the
listed elements are required or mandatory and that no other elements may be present.

The term "isolated" refers to a material that is substantially or essentially free from
components that normally accompany it in its native state. The material can be a cell
or a macromolecule such as a protein or nucleic acid. For example, an "isolated cell,

" as used herein, refers to a cell, which has been purified from the cells in a naturally-
occurring state.

Engineered EBNA 1s and coding nucleotide molecules thereof

As used herein, the term “wild-type” refers to the most common genotype of the
gene (in the context of a gene) or the most common amino acid sequence found in
nature (in the context of a polypeptide or protein) , which can be part of a publicly
accessible database (e.g., e.g., EMBL Nucleotide Sequence Database, NCBI Entrez,
ExPasy, Protein Data Bank and the like) . In the present disclosure, the amino acid
sequence of the wild-type EBNA1 comprises the sequence of SEQ ID NO: 1. As used
herein, the term "original" refers to a portion or whole of a wild-type molecule.

As used herein, the term “engineered” refers to an alteration in the normal sequence
of a nucleic acid sequence or an amino acid sequence (e.g., a gene or a gene product) ,
which may include manipulation of nucleic acid or polypeptide molecules by synthetic
means (e.g. by recombinant techniques, in vitro peptide synthesis, by enzymatic
or chemical coupling of peptides or some combination of these techniques) . An
engineered EBNA1 may refer to an analogue, fragment, derivative, or mutant which
is derived from but different in structure and function from wild-type EBNAI,
for example, expresses compounds, nucleic acids or proteins at levels that are not
expressed by naturally occurring cells or organisms, preferably having enhanced

EBNA1’s function in recombinant protein production.
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In some embodiments, the wild-type EBNA1 comprises, from N-terminal to C-
terminal: BI-GA-B2-C, wherein B1 is a first basic domain; GA is a Glycine-Alanine
rich domain; B2 is a second basic domain; C is the C-terminal region of EBNA1
comprising a nuclear localization signal (NLS) , an OriP-DNA binding domain and an
acidic domain.

In some embodiments, the wild-type EBNA1 comprises or consists of an amino acid
sequence of SEQ ID NO: 1, wherein B1 comprises or consists of aa 33 to aa 84 of
SEQ ID NO: 1; GA comprises or consists of aa 85 to aa 328 of SEQ ID NO: 1; B2
comprises or consists of aa 329 to aa 407 of SEQ ID NO: 1; C comprises or consists
of aa 408 to aa 641 of SEQ ID NO: 1, and the OriP-DNA binding domain comprises
or consists of aa 461 to aa 607 of SEQ ID NO: 1. In some embodiments, the wild-type
EBNAI1 is as shown in Figure 1.

In some embodiments, wild-type EBNA1 is engineered by removing or replacing the
G-A rich linker containing region. In some embodiments, the original G-A rich linker
is replaced by a designed and engineered linker. In some embodiments, the engineered
EBNAI1 comprises, from N-terminal to C-terminal: B1-L-B2-C, wherein B1 is a first
basic domain; L is an engineered linker; B2 is a second basic domain; and C is the C-
terminal region of EBNA1 comprising a nuclear localization signal (NLS) , an OriP-
DNA binding domain and an acidic domain.

In some embodiments, the original G-A rich linker is replaced by a designed linker
having an amino acid sequence of SEQ ID NO: 12 or having at least 80%, 8§5%, 90%,
95%, 98%or 99%sequence identity to SEQ ID NO: 12. In some embodiments, the
variant has an amino acid sequence of SEQ ID NO: 2 or having at least 80%, 85%,
0%, 95%, 98%or 99%sequence identity to SEQ ID NO: 2. In some embodiments, the
engineered EBNA1 is EBNA1_A as shown in Figure 1.

In some embodiments, the original G-A rich linker-containing N terminal portion
of wild-type EBNAL is replaced by an AT hook motif derived from other proteins or
species or by a modified AT hook motif. In some embodiments, the original N terminal
portion of wild-type EBNAL is replaced by an AT hook motif from high mobility
group (HMG) proteins. In some embodiments, the AT hook motif for replacement is
connected to the remaining portion of the wild-type EBNA1 directly or via a linker
(such as a linker comprising less than 20, 18, 16, 14, 12, 10, 8, 6 amino acid residues) .

In some embodiments, the engineered EBNA1 comprises, from N-terminal to C-
terminal: AT-SL-C, wherein AT is an AT-hook motif; SL is a short linker; and C is the
C-terminal region of EBNA1 comprising a nuclear localization signal (NLS) , an OriP-
DNA binding domain and an acidic domain.

In some embodiments, the original N terminal portion of wild-type EBNA1 is

replaced by an AT hook motif and a short linker having an amino acid sequence of
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SEQ ID NO: 13 or having at least 80%, 85%, 90%, 95%, 98 %or 99%sequence identity
to SEQ ID NO: 13. In some embodiments, the variant has an amino acid sequence of
SEQ ID NO: 3 or having at least 80%, 85%, 90%, 95%, 98%or 99%sequence identity
to SEQ ID NO: 3. In some embodiments, the engineered EBNA1 is EBNA1_B as
shown in Figure 1.
In some embodiments, comparing to wild-type EBNA1, function-enhanced
engineered EBNA s significantly enhance protein production in mammalian cells.
Also provided herein is a nucleotide molecule encoding the engineered EBNA1
of the present disclosure. Preferably, the nucleotide molecule is codon optimized to
improve the expression of the engineered EBNA1. The nucleotide molecule can be
obtained by engineering the coding sequence of wild-type EBNA1 via conventionally
used methods in the art or can be synthesized.

Polypeptide of interest

Any polypeptide of interest can be expressed in the mammalian cell according to
the present disclosure. The term “polypeptide” refers to a molecule comprising a
polymer of amino acids linked together by (a) peptide bond (s) . Polypeptides include
polypeptides of any length, including proteins (e.g. having more than 50 amino
acids) and peptides (e.g. 2~~49 amino acids) . Polypeptides include proteins and/or
peptides of any activity, function or size, and may include e.g. enzymes (e.g. kinases,
phosphatases) , receptors, transporters, bactericidal and/or endotoxin-binding proteins,
structural polypeptides, membrane-bound polypeptides, glycopolypeptides, globular
proteins, immune polypeptides, toxins, antibiotics, hormones, growth factors, blood
factors, vaccines, viral glycopolypeptides and the like.

The polypeptide of interest that is expressed according to the teachings described
herein may also be a subunit or domain of a polypeptide, such as e.g. a heavy chain
or a light chain of an antibody or a functional fragment or derivative thereof. The
term “polypeptide of interest” may refer to such individual subunit or domain or the
final protein that is composed of the respective subunits or domains, depending on the
context.

According to some embodiments, the polypeptide of interest is selected from a
therapeutic or diagnostic polypeptide. Therapeutic and hence therapeutically active
polypeptides are particularly important. The term therapeutic polypeptides also
encompasses prophylactic polypeptides, e.g. used for vaccination. The polypeptide
may be selected from the group consisting of peptide hormones, interleukins, tissue
plasminogen activators, cytokines, growth factors, immunoglobulins, in particular
antibodies or functional antibody fragments or variants or derivatives thereof and Fc-

fusion proteins.
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In some embodiments, the polypeptide of interest is an immunoglobulin molecule
such as an antibody. The term "antibody" includes naturally occurring antibodies
as well as all recombinant forms of antibodies, e.g., humanized antibodies, fully
human antibodies and chimeric antibodies. Each heavy chain is usually comprised of
a heavy chain variable region (VH) and a heavy chain constant region (CH) . Each
light chain is usually comprised of a light chain variable region (VL) and a light chain
constant region (CL) . The term "antibody"” , however, also includes other types of
antibodies such as single domain antibodies, heavy chain antibodies, i.e. antibodies
only composed of one or more, in particular two heavy chains, and nanobodies, i.e.
antibodies only composed of a single monomeric variable domain. Nanobodies may
also be linked to form multivalent structures. As discussed above, the polynucleotide
encoding the polypeptide of interest may also encode one or more subunits or domains
of an antibody, e.g. a heavy or a light chain or a functional fragment or derivative
thereof, as polypeptide of interest. Said subunits or domains can be expressed either
from the same or different expression cassettes.

A "functional fragment or derivative" of an antibody in particular refers to a
polypeptide which is derived from an antibody and is capable of binding to the same
antigen, in particular to the same epitope as the antibody. It has been shown that the
antigen-binding function of an antibody can be executed by fragments of a full-length
antibody or derivatives thereof. Examples of fragments or derivatives of an antibody
include (i) Fab fragments, monovalent fragments consisting of the variable region and
the first constant domain of each the heavy and the light chain; (ii) F (ab) , fragments,
bivalent fragments comprising two Fab fragments linked by a disulfide bridge at the
hinge region; (iii) Fd fragments consisting of the variable region and the first constant
domain CHI of the heavy chain; (iv) Fv fragments consisting of the heavy chain and
light chain variable region of a single arm of an antibody; (v) scFv fragments, Fv
fragments consisting of a single polypeptide chain; (vi) (Fv) , fragments consisting of
two Fv fragments covalently linked together; (vii) a heavy chain variable domain; and
(viii) multibodies consisting of a heavy chain variable region and a light chain variable
region covalently linked together in such a manner that association of the heavy chain
and light chain variable regions can only occur intermolecular but not intramolecular.

According to the present disclosure, due to the presence of engineered EBNA1 (s)
of the present disclosure in the expression system (such as a mammalian cell) , the
production of the polypeptide of interest is greatly enhanced.

Expression Vectors

The molecules encoding engineered EBNA1 and/or polypeptide of interest of the
present disclosed can be cloned into suitable vector (s) and introduced into a host cell

for recombinant expression.
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The term "vector” or "expression vector" is used herein for the purposes of the
specification and claims, to mean vectors used in accordance with the present
invention as a vehicle for introducing into and expressing a desired gene in a cell. As
known to those skilled in the art, such vectors may easily be selected from the group
consisting of plasmids, phages, viruses and retroviruses. In general, vectors compatible
with the instant invention may also comprise a selection marker, appropriate restriction
sites to facilitate cloning of the desired gene and the ability to enter and/or replicate in
eukaryotic or prokaryotic cells.

As known in the art, an expression vector can be used to introduce a heterologous
polynucleotide into the host cell. The polynucleotides can be comprised in an
expression cassette. The polynucleotide (s) encoding engineered EBNAL, the
polypeptide of interest and optionally a selectable marker or reporter polypeptide
may be located on the same or on different expression vectors. If they are located on
different expression vectors, the expression vectors are co-transfected into the host
cell. Such co-transfection strategies is well-known in the prior art. Introduction into a
mammalian cell may be achieved e.g. by transfecting one or more suitable expression
vectors comprising the polynucleotide encoding the polypeptide of interest and/or the
engineered EBNA1 into the host cells.

Vectors suitable to be used in the present disclosure may comprise but not limit to a
plasmid, a viral vector, a cosmid or an artificial chromosome. In some embodiments,
for engineered EBNA1, the vector is an OriP-containing vector, such as a pWX4.1
plasmid. In some embodiments, the vector is a vector for constitutive expression of an
engineered EBNAI, such as a pWX039 plasmid.

In case the heterologous nucleic acid is not inserted into the genome, the
heterologous nucleic acid can be lost at the later stage e.g. when the cells undergo
mitosis (for transient transfection) . In some other aspects, the EBNA1_A or
EBNA1_B expression vector may integrate into the genome of the host cell (for stable
transfection) . Stable transfection EBNA1_A or EBNA1_B cell line may be used for
producing a polypeptide of interest.

Several appropriate methods are known in the prior art for introducing a heterologous
nucleic acid such as an expression vector into mammalian host cells, and thus, do
not need any detailed description herein. Respective methods include but are not
limited to calcium phosphate transfection, electroporation, lipofection, biolistic-and
polymer-mediated genes transfer and the like. Besides traditional random integration
based methods also recombination mediated approaches can be used to transfer the
heterologous polynucleotide into the host cell genome. As respective methods are well

known in the prior art, they do not need any detailed description here. Non-limiting
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embodiments of suitable vector designs are also described subsequently and it is
referred to the respective disclosure.

Mammalian cell and recombinant expression system

Also provided herein is a mammalian cell which can be used in high effective
recombinant expression and a corresponding mammalian recombinant expression
system.

The mammalian cell of the present disclosure may be selected from the group
consisting of but not limit to rodent cells, human cells and monkey cells. Preferred
mammalian cells are rodent cells such as e.g. cells derived from hamster or mouse. The
rodent cell can be a cell line selected from the group consisting of a Chinese hamster
cell line (such as e.g. a Chinese Hamster Ovary (CHO) cell line) , a BHK cell line, a
NSO cell line, a C127 cell line, a mouse 3T3 fibroblast cell line, and a SP2/0 cell line.
Particularly preferred is a CHO cell such as a CHO-K1 derived CHO cell.

In some embodiments, the mammalian cell is derived from a human cell, which may
be e.g. selected from the group consisting of a HEK293 cell, a MCF-7 cell, a PerC6
cell, a CAP cell, hematopoietic cells and a HeLLa cell. Another alternative are monkey
cells, which, e.g., may be selected from the group consisting of a COS cells, COS-1, a
COS-7 cell and a Vero cell.

According to some embodiment, the mammalian cell is provided as cell clone, cell
line or cell culture. Host cell lines are typically available from commercial services,
such as the American Tissue Culture Collection or from published literature.

Pharmaceutical Compositions

The therapeutic or prophylactic proteins produced by the materials and methods
of the present disclosed can be used to prepare pharmaceutical compositions for
the treatment or prevention of human disease. A pharmaceutical composition of the
present disclosure typically includes a therapeutically or prophylactically effective
amount of a polypeptide of interest and a pharmacologically acceptable carrier.

As used herein, "pharmaceutically acceptable carrier" can be any solvent, dispersion
medium, coating, antibacterial or antifungal agent, isotonic or absorption delaying
agent, or the like. The use of such media and agents for pharmaceutically active
substances is well known in the art. Supplementary active ingredients can also be
incorporated into a pharmaceutical composition of the present invention.

Administration of a pharmaceutical composition of the present invention can be via
any common route so long as the target tissue is available via that route. This includes
oral, nasal, buccal, rectal, vaginal, or topical. Alternatively, administration can be by
orthotopic, intradermal, subcutaneous, intramuscular, intraperitoneal, intratumoral,

circumferentially, catheterization, or intravenous injection.
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A pharmaceutical composition of the present disclosure can also be administered
parenterally or intraperitoneally. Solutions of proteins of interest can be prepared in
water suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions
can also be prepared in glycerol, liquid polyethylene glycols, or mixtures thereof, or
in oils. Under ordinary conditions of storage and use, these preparations can contain a
preservative to prevent the growth of microorganisms.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
or dispersions, or sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In many cases, the pharmaceutical forms are sterile
and fluid to the extent that casy syringability exists. The pharmaceutical forms can also
be stable under the conditions of manufacture and storage and preserved against the
contaminating action of microorganisms, such as bacteria and fungi.

Suitable pharmaceutical carriers include, but are not limited to, solvents or dispersion
media containing, for example, water, ethanol, polyol (e.g., glycerol, propylene
glycol, and liquid polyethylene glycol, and the like) , or vegetable oils. The proper
fluidity can be maintained, for example, by the use of a coating, such as lecithin, by
the maintenance of the required particle size in the case of dispersion, or by the use
of surfactants. The prevention of the action of microorganisms can be brought about
by various antibacterial or antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, or the like. In many cases, it will be preferable to
include isotonic agents, for example, sugars or sodium chloride. Prolonged absorption
of the injectable compositions can be brought about by the use of agents delaying
absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating a therapeutic or
prophylactic protein in the required amount in an appropriate solvent with various
other ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the various sterilized active
ingredients into a sterile vehicle which contains the basic dispersion medium and the
required other ingredients. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum-drying or freeze-
drying techniques which yield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution thereof.

For oral administration, a therapeutic or prophylactic protein produced by the
present invention can be incorporated with excipients and used in the form of non-
ingestible mouthwashes and dentifrices. A therapeutic or prophylactic protein can also
be dispersed in dentifrices, gels, pastes, powders, or slurries.

Upon formulation, compositions or solutions can be administered in a manner

compatible with the dosage formulation and in such amount as is therapeutically or
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prophylactically effective. The dosage regimen can be determined by the attending
physician based on various factors such as the action of the protein, the site of
pathology, the severity of disease, the patient's age, sex and diet, the severity of any
inflammation, time of administration, and other clinical factors. In one example,
systemic or injectable administration is initiated at a dose which is minimally effective,
and the dose is increased over a pre-selected time course until a positive effect is
observed. Subsequently, incremental increases in dosage are made limiting to levels
that produce a corresponding increase in effect while taking into account any adverse
affects that may appear.

Specific Embodiments

Further embodiments of the present invention are described again in the following.
The present invention in particular also provides for the following items:

1. An engineered EBNA1, wherein as compared to wild-type EBNA1, the original
G-A rich region is engineered in the engineered EBNAL.

2.1. The engineered EBNA1 of item 1, wherein

(a) the original G-A rich region is removed;

(b) the original G-A rich region is replaced by a linker; and/or

(c) the N-terminus fragment comprising the original G-A rich region (such as residue
1 to residue 336 at the N-terminus) of wild-type EBNAL is replaced by an AT hook
motif capable of binding to a chromosome at mitotic phase, such as an AT hook motif
(such as residue 1 to residue 92) from human HMG-I/Y.

2.2. The engineered EBNAI of item 1, wherein the wild-type EBNA1 comprises an
amino acid sequence of SEQ ID NO: 1.

3. The engineered EBNAT of item 1, wherein

the wild-type EBNA1 comprises, from N-terminal to C-terminal:

B1-GA-B2-C; and

the engineered EBNA1 comprises, from N-terminal to C-terminal:

(i) B1-L-B2-C; or

(ii) AT-SL-C,

wherein B1 is a first basic domain; GA is a Glycine-Alanine rich domain; B2 is
a second basic domain; C is the C-terminal region of EBNA1 comprising a nuclear
localization signal (NLS) , an OriP-DNA binding domain and an acidic domain; L is
an engineered linker; AT is an AT-hook motif; and SL is a short linker.

4.1. The engineered EBNAI of item 2.1, wherein the engineered linker replacing the
original G-A rich region has a length of 10-50, 20-40, 30-36 amino acids.

4.2. The engineered EBNAL1 of item 2.1, wherein the engineered linker comprises
the amino acid sequence of (RGRGGSGGGGSGGAGGGGSGGA) ,GGSGGSGQE,

whereinnis 1, 2, 3, or 4.
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4.3. The engineered EBNA1 of item 2.1, wherein the engineered linker comprises
RGRGGSGGGGSGGAGGGGSGGAGGSGGSGG (SEQ ID NO: 12) .

5.The engineered EBNAlof item 1, wherein

(a) the AT hook motif for replacement is linked to the original EBNA1 part via a
short linker which has a length of less than 30, less than 25, less than 20 amino acid
residues; and/or

(b) the short linker comprises an amino acid sequence of

GGGGAGGGGSGGGGAGGGGSGGGGAGGG (SEQ ID NO: 14) ; and/or

(c) the AT hook motif comprises an amino acid sequence of

MSESSSKSSQPLASKQEKDGTEKRGRGRPRKQPPVSPGTALVGSQKEPSEV
PTPKRPRGRPKGSKNKGAAKTRKTTTTPGRKPRGRPKKLEK (SEQ ID NO: 15) ;
and/or

(d) the AT hook motif together with the short linker comprises an amino acid
sequence of SEQ ID NO: 13.

6.The engineered EBNAlof item 1, wherein the engineered EBNA1 comprises an
amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 3.

7.An isolated polynucleotide molecule encoding the engineered EBNA1 of any of
items 1-6.

8.1. The isolated polynucleotide molecule of item 7, wherein the polynucleotide
molecule is in a form suitable for being introduced into a mammalian cell for
recombinant expression of a polypeptide of interest.

8.2. The isolated polynucleotide molecule of item 7, wherein the engineered EBNA1
coding molecule is codon optimized.

9.A vector comprising one or more of the polynucleotide molecule of any of items
7-8.

10. The vector of item 9, wherein the vector is selected from a plasmid, a viral
vector, a cosmid or an artificial chromosome.

11.1. The vector of item 9, wherein the vector is an OriP-containing vector, such as a
pWX4.1 plasmid.

11.2. The vector of item 9, wherein the vector is further co-transfected with vector (s)
containing OriP and/or coding molecules for a polypeptide of interest.

11.3. The vector of item 9, wherein the vector is for constitutive expression of the
engineered EBNA1, such as a pWX039 plasmid.

12. An isolated mammalian cell suitable for recombinant expression of a polypeptide
of interest, wherein the mammalian cell comprises an engineered EBNA 1, wherein the
engineered EBNAT has enhanced function in recombinant expression as compared to

wild-type EBNA1 (such as a wild-type EBNA1 comprises an amino acid sequence of
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SEQ ID NO: 1) in improving the recombinant expression, and wherein the original G-
A rich region of wild-type EBNALI is engineered in the engineered EBNAL.

[0126]  13.1. The mammalian cell of item 12, wherein the original G-A rich region is:

[0127] (a) removed,

[0128]  (b) replaced by an engineered linker; and/or

[0129]  (c) the N-terminus fragment comprising the original G-A rich region (such as residue
1 to residue 336 at the N-terminus) of wild-type EBNAL is replaced by an AT hook
motif capable of binding to a chromosome at mitotic phase, such as an AT hook motif
(such as residue 1 to residue 92) from human HMG-I/Y.

[0130]  13.2. The mammalian cell of item 12, wherein the wild-type EBNA1 comprises an
amino acid sequence of SEQ ID NO: 1.

[0131] 14. The mammalian cell of item 12, wherein

[0132]  the wild-type EBNA1 comprises, from N-terminal to C-terminal:

[0133] BI1-GA-B2-C;and

[0134]  the engineered EBNA1 comprises, from N-terminal to C-terminal:

[0135] (i) BI-L-B2-C; or

[0136] (i) AT-SL-C,

[0137] wherein Bl is a first basic domain; GA is a Glycine-Alanine rich domain; B2 is
a second basic domain; C is the C-terminal region of EBNA1 comprising a nuclear
localization signal (NLS) , an OriP-DNA binding domain and an acidic domain; L is
an engineered linker; AT is an AT-hook motif; and SL is a short linker.

[0138] 15.1. The mammalian cell of item 13, wherein the engineered linker replacing the
original G-A rich region has a length of 10-50, 20-40, 30-36 amino acids.

[0139] 15.2. The mammalian cell of item 13, wherein the engineered linker comprises
the amino acid sequence of (RGRGGSGGGGSGGAGGGGSGGA) ,GGSGGSGQG,
whereinnis 1, 2, 3, or 4.

[0140]  15.3. The mammalian cell of item 13, wherein the engineered linker comprises
RGRGGSGGGGSGGAGGGGSGGAGGSGGSGG (SEQ ID NO: 12) .

[0141] 16. The mammalian cell of item 13, wherein

[0142]  (a) the AT hook motif for replacement is linked to the original EBNA1 part via a
short linker which has a length of less than 30, less than 25, less than 20 amino acid
residues; and/or

[0143] (b) the short linker comprises an amino acid sequence of

[0144] GGGGAGGGGSGGGGAGGGGSGGGGAGGG (SEQ ID NO: 14) ; and/or

[0145] (c) the AT hook motif comprises an amino acid sequence of

[0146] MSESSSKSSQPLASKQEKDGTEKRGRGRPRKQPPVSPGTALVGSQKEPSEV
PTPKRPRGRPKGSKNKGAAKTRKTTTTPGRKPRGRPKKLEK (SEQ ID NO: 15) ;

and/or
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(d) the AT hook motif together with the short linker comprises an amino acid
sequence of SEQ ID NO: 13.

17.1. The mammalian cell of item 12, wherein the engineered EBNA1 comprises an
amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 3.

17.2. The mammalian cell of item 12, wherein the engineered EBNA1 is introduced
into the mammalian cell by expression vectors comprising the coding molecule of the
engineered EBNAI.

18. The mammalian cell of item 17, wherein

(a) the engineered EBNAT1 coding molecule is codon optimized; and/or

(b) the vector is an OriP-containing plasmid; and/or

(c) the vector is a pWX4.1 plasmid or a pWX039 plasmid; and/or

(d) the vector further comprises a coding molecule for the polypeptide of interest;
and/or

(e) the cell further comprises one or more separated vectors carrying a coding
molecule for the polypeptide of interest; and/or

(f) the vector carrying engineered EBNA1 coding molecule is further co-transfected
with vector (s) containing OriP and/or coding molecules for a polypeptide of interest;
and/or

(g) the cell constitutively or transiently expressing the engineered EBNAL.

19. The mammalian cell of item 12, wherein the polypeptide of interest is selected
from glycoproteins, antibodies, non-IgG proteins, Fc-fusion proteins, Fab fragments,
protein complexes, peptidases, signal peptides, nanobodies, growth factors, hormones,
cytokines, blood factors and enzymes, preferably a therapeutically active or diagnostic
polypeptide.

20. The mammalian cell of item 12, wherein the polypeptide of interest is selected
from: OKT3 (for example, comprising the amino acid sequence of SEQ ID NO: 4 and/
or 5) , Herceptin (for example, comprising the amino acid sequence of SEQ ID NO: 6
and/or 7) , Emicizumab (for example, comprising the amino acid sequence of SEQ ID
NO: 8, 9 and/or 10) and Dulaglutide (for example, comprising the amino acid sequence
of SEQ ID NO: 11) or functional chains or fragments thereof.

21. The mammalian cell of item 12, wherein the mammalian cell is selected from a
human cell or a rodent cell or a monkey cell.

22. The mammalian cell of item 12, wherein the mammalian cell has one or more of
the following characters:

(a) the mammalian cell is a rodent cell derived from hamster or mouse; and/or

(b) the mammalian cell is a rodent cell line selected from the group consisting of a

Chinese hamster cell line (such as e.g. a Chinese Hamster Ovary (CHO) cell line) , a
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BHK cell line, a NSO cell line, a C127 cell line, a mouse 3T3 fibroblast cell line, and a
SP2/0 cell line; and/or

(c) the mammalian cell is derived from a human cell selected from the group
consisting of a HEK293 cell (such as HEK293F-S) , a MCF-7 cell, a PerC6 cell, a
CAP cell, hematopoietic cells and a HeLa cell; and/or

(d) the mammalian cell is provided in form of a cell culture, cell line or cell clone.

23. A method for producing a mammalian cell according to any of items 12 to 22,
comprising introducing into a mammalian cell the polynucleotide molecule of any of
items 7-8 encoding a engineered EBNAT.

24. The method of item 23, wherein the polynucleotide molecule further encoding a
polypeptide of interest, or a separated polynucleotide molecule encoding a polypeptide
of interest is also introduced into the cell.

25. A method for recombinantly producing or increasing the recombinant expression
yield of a polypeptide of interest, comprising

(a) culturing a mammalian cell of any of items 12-22 under conditions that allow for
the expression of the polypeptide of interest;

(b) isolating the polypeptide of interest; and

(c) optionally, processing the isolated polypeptide of interest.

26. The method of item 25, wherein the polypeptide of interest is selected from
glycoproteins, antibodies, non-IgG proteins, Fc-fusion proteins, Fab fragments,
protein complexes, peptidases, signal peptides, nanobodies, growth factors, hormones,
cytokines, blood factors and enzymes, preferably a therapeutically active or diagnostic
polypeptide.

27. The method of item 25, wherein the polypeptide of interest is selected from:
OKT3 (for example, comprising the amino acid sequence of SEQ ID NO: 4 and/or 5) ,
Herceptin (for example, comprising the amino acid sequence of SEQ ID NO: 6 and/
or 7) , Emicizumab (for example, comprising the amino acid sequence of SEQ ID NO:
8, 9 and/or 10) and Dulaglutide (for example, comprising the amino acid sequence of
SEQ ID NO: 11) or functional chains or fragments thereof.

28. A product for use in the recombinant expression of a polypeptide of interest
comprising the isolated polypeptide of any of items 1-6, the polynucleotide molecule
of any of items 7-8, the vector of any of items 9-11, and/or the mammalian cell of any
of items 12-22.

29. A product comprising the polypeptide of interest produced using any of the
isolated polypeptide of any of items 1-6, the polynucleotide molecule of any of items
7-8, the vector of any of items 9-11 and the mammalian cell of any of items 12-22, or

produced by the method of any of items 25-27.
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30. The product of item 29, wherein the product is selected from a medicament, a kit
for diagnosis or detection, an enzyme formulation.

This invention is not limited by the exemplary methods and materials disclosed
herein, and any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of this invention. Numeric ranges
are inclusive of the numbers defining the range. The headings provided herein are not
limitations of the various aspects or embodiments of this invention which can be read
by reference to the specification as a whole.

As used in the subject specification and claims, the singular forms "a" , "an" and
"the" include plural aspects unless the context clearly dictates otherwise. The terms

99 <6

“include, ” “have, ” “comprise” and their variants are used synonymously and are

to be construed as non-limiting. Throughout the specification, where compositions

are described as comprising components or materials, it is contemplated that the
compositions can in embodiments also consist essentially of, or consist of, any
combination of the recited components or materials, unless described otherwise.
Reference to "the disclosure” and “the invention” and the like includes single or
multiple aspects taught herein; and so forth. Aspects taught herein are encompassed by
the term "invention" .

It is preferred to select and combine preferred embodiments described herein
and the specific subject-matter arising from a respective combination of preferred
embodiments also belongs to the present disclosure.

The present invention is further illustrated by the following examples. These
examples are provided merely for illustration purposes and shall not be interpreted to
limit the scope or content of the present invention in any way.

Publications cited herein and the materials for which they are cited are hereby
specifically incorporated by reference in their entireties. All reagents, unless otherwise
indicated, were obtained commercially. All parts and percentages are by weight unless
stated otherwise. An average of results is presented unless otherwise stated. The
abbreviations used herein are conventional, unless otherwise defined.

EXAMPLES

Materials and methods

Protein engineering

Based on the mechanism of EBNAI in maintaining plasmids in mammalian cells,
two strategies were employed to enhance the EBNA1 function, including replacing the
G-A rich repeat of EBNA1 with a high-translational efficiency linker and replacing the
original AT hook of EBNAI with host AT hook specific for chromosome association.
Two engineered EBNA1s (EBNA1_A and EBNA1_B) were designed.

The sequences of wild-type EBNA1, EBNA1_A and EBNA1_B are listed as follow:
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Wild-type EBNA1 (SEQ ID NO: 1) :

MSDEGPGTGPGNGLGEKGDTSGPEGSGGEGPORRGGDNHGRORGRGRGR.
GGGRPGAPGGSGSGPRHRDGVREPQERPRCIGCKGTHGGTGAGAGAGGAGAG
GAGAGITGAGAGGGAGGAGGAGGAGAGIHGAGAGGGAGGAGGAGAGGGALGA
GGGAGGAGAGGGAGGAGGAGAGGGAGAGGGAGGAGAGGGAGGAGGAGAG
GOAGAGGAGGAGGAGAGGAGAGGGAGGAGGAGAGGAGAGGAGAGGAGAG
GAGGAGAGGAGGAGAGGAGGAGAGGGAGCAGAGGGAGGAGAGGAGGAGA
GOGAGGAGAGGAGGAGAGGGAGAGGAGAGGGGRGRGGSGGRGRGGSGGRGR
GOSGGRRGRGRERARGOSRERARGRGRGRGEERPRSPSSQBSESSGIPPRRIFPPG
REPFFHPVGEADYFEYHQEGGPDGEPDVPPGAIEQGPADDPGEGPSTGPRGOIGD
GORRKEGGWEFGKHRGOGGSNPKFENIAEGLRALLARSHVERTTDEGTWVAGY
FVYGGSKTSLYNLRRGTALAIPQCRLTPLIRLPFGMAPGPGPQPGPLRESIVCYT
MVFLOTHIFAEVLEDAIKDLVMTKPAPTCNIRVTVUSFBDGVDILPPWEPPMVEG
AAARGDDGDDRDGDEGGDGDEGEEGQOE

EBNA1_A (SEQID NO:2):
MSDEGPGTGPGNGLGEKGDTSGPEGSGGSGPCRRGGDINHGRGRGRGRGR
GGSGUAGGGGSGGAGGSGUGSGGRGRUGGSGGRGRGGSGGRRUGRGRERARGGS
RERARGRGRGRGEKEPREPSSOSSSSGSPPRERPPPGRRPFFHPVGEADYFEYHOQE
GGFDGEPDVEFFGAIEQGFADDPGEGPSTGPRGOGDGGRREKEGGWERGKHRGOG
GSHPEFENIABGLRALLARSHVERTTDEGTWVAGVEVYGGSKTSLYNLRRGTA
LAPQCRLTPLSRLPFGMAPGPGPQPGPLRESIVCYFMVFLQTHIFAEVLKDAIKD
LVMTEPAPTCNIRVTIVOSFDDGVDLPPWEPPMVEGAAAEGDDGDDGDEGGDG
DEGEEGQE
EBNA1 B (SEQID NO: 3):

MBESSSKESQPLASKQEKDGTERKRGRGRPRKQPPVSPGTALVGSQKEPSEY
PTPEKRPRGRPRGSKNKGAAKTRETTTTPGREKPRGRPKEKLEKGGGGAGGGGRG

GGEGAGGGOSGGOGAGGOGRORGEKRPREPSSOSISSGSPPRRPPPGREPFFHPY
GEADYFEYHQEGGPDGEPDVPPGAIEQGPADDPGEGPSTGPRGOGDGERREKEG
GWFOGKHRGQGOGSNPRFENIAEGLRALLARSHVERTTDEGTWVAGVEVYGUSK
TSLYNLRRGTALAIPQCRLTPLSRLPFGMAPGPGPQPGPLRESIVOYFMVEFLQTH
FAEVLKDAIKDLYMTKPAPTCNIRVTIVCSFDDGVDLPPWFPPMVEGAAAEGE
DGODGDEGGDGDEGEEGQE

Plasmids preparation

Genes encoding wild-type EBNA1 and engineered EBNA1s were codon optimized,
synthesized (WuXi Biologics) and cloned into OriP-containing plasmids-pWX4-.1
(WuXi Biologics) , respectively. pWX4.1 plasmid is constructed upon pUC plasmid

backbone containing Ori replication element (for plasmid replication in Escherichia

coli) and ampicillin resistance gene (Amp for clone selection) by inserting multiple
clone sites, CMV promoter and OriP element (Figure 12) . Genes encoding Wild-
type EBNA1, EBNA1_A and EBNA1_B were cloned into Sall and NotI sites,
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respectively. Commercial antibodies and Fec-fusion proteins, including OKT3
(monoclonal antibody) , Herceptin (monoclonal antibody) , Emicizumab (Bispecific
antibody) and Dulaglutide (Fc-fusion protein) , were chosen to test the effect of
EBNAI1 and engineered EBNAT1s. The protein sequences of test molecules were
obtained from DrugBank. Genes encoding these antibodies and Fc-fusion protein
were codon optimized, synthesized and cloned into pWX4.1 (WuXi Biologics) ,
respectively. Genes encoding light chain and heavy chain of OKT3 were cloned into
site between Sall and Notl respectively; genes encoding light chain and heavy chain
of Herceptin were cloned into site between Xbal and Notl respectively; gene encoding
light chain of Emicizumab was cloned into Xbal site; genes encoding heavy chains
of Emicizumab was cloned into site between Sall and Notl respectively; and gene
encoding Dulaglutide was cloned into site between Sall and Notl.

The protein sequences of test molecules are listed as follow:

OKT3 (DrugBank Accession Number: DB00075)

OKT3_light_chain (SEQ ID NO: 4) :

QIVLTOSPAIMBASPGEKVIMTCSASSSVSYMNWYQCQKSGTSPERWIYDT

SKLASGVPAHFRGSGSGTSYSLTISCGMEAEDAATYYCQQWSSNPFTFGSGTKLE

INRADTAPTVRIFPPESSEQLTRGOASVVCFLNNFY PKIMNVEWEIDGSERQNGVL

NSWTDODSKDSTYSMASTLTLTEDEY ERHMIY TCEATHETSTSPIVKAFNRNEC

OKT3_heavy_chain (SEQ ID NO: 5) :

QVQLOQSGAELARPGASVKMSCEASGY TFIRYTMEWVRKQRPGQGLEWL

GYINPSRGYTRYNQKFKDEKATLTTDKESSTAYMOQLSSLTSEDSAVYYCARYYD
DHYCLBYWGOGTTLTVSSAKTTAPSYVYPLAPVCGGTTGSSVTLGULVKGYFFRE
PVTLTWNSGSLSSGVHTFPAVLOSDLYTLSSSVTVTRETWPSQRITCNVAHPASS
TEVDEKIEPRPKSCEETHTCPPCPAPELLGGPSVFLEPPKPEDTLMISRTPEVTCV
VVEVSHEDPEVEFNWYVDGVEVHNAKTKPREEGYNSTYRVYSVLTVLHGDW
LNGKEYRKCKVSNEKALPAPIEKTISKAKGQPREPQVYTLPESRDELTENQVSLTC
LVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW(QQG
MNVFSCEVMHEALHNHYTQKSLSLSPGK
Herceptin (DrugBank Accession Number: DB00072)
Herceptin _light_chain (SEQ ID NO: 6) :
DIOMTOSPSSLSASVGDRVTITCRASGDVNTAVAWY QOKPGKAPKLLIYS
ASFLYSGVPSRESGSRSGTDFTLTISSLOPEDFATYYCQUHYTTPPTFGQGTKVEL
KRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNMFYPREAKVOWKVDNALQSGNS
CGESVTEQDSKDRTYSLASTLTLSKADYEKHEVYACEVTHOGLSSPVTKSFNRGE
C
Herceptin _heavy_chain (SEQ ID NO: 7) :
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EVQLVESGGQLVOPGGSLRLSCAASGFNIKDTYHWVRQAPGKGLEWVA
RIYPTNGYTRYADSVEGRFTISADTSKNTAYLOMNALRAEDTAVYYLOSRWGGD
GFYAMDYWGOGTLVTVESASTKGESVFPLAPSSKSTSGGTAALGULVKDYFPE
PVTVRWNSGALTSGVHTFPAVLORAGLY SLESVVTVPASSLGTOTYICNVNHEPS
NTKVDEKVEPKSCOKTHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCY
VVDVAHEDPEVKFNWYVDGVEVHMNAKTEPREEQYNSTYRVVSVLTVLHGDW
ENGEEYKCKVSNEALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDESRWQOQG
NVESCSVMHEEALHMNHYTOKSLSLSPGK

[0199]  Emicizumab (DrugBank Accession Number: DB13923)
[0200] Emicizumab _light chain (SEQ ID NO: 8) :

DIQMTQSPSSLEASVGDRVTITCKASRNIERGLAWYQQKPGQAFELLIVQA
SREESGVPDRFSGSRYGTDFTLTISSLOPEDIATY YCQQYSDPPLTRFGGGTKVEIK
RTVAAPSYFIFPPSDEQLESGTASVVCLINNFYPREAKVOWEVDNALQSGNSG
ESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPVTKSFNRGEC

[0201]  Emicizumab _heavy_chain_1 (SEQ ID NO: 9) :
QVLVESGGGLVQPGGSLRLSCAASGFTFS Y YDIQWVROQAPGKGLEWVSS
ISPSGOSTYYRREVEGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRTGREY

GGGWYFDYWGQGTLVTVSSASTEGPSVEPLAPCSRETSESTAALGCLVKEDYEP

EPVTVEWNSGALTSGVHTFPAVLQSSGLY SLSSYVTVPSSSLGTOTY TCNVIHE
PSNTRVDKRVESKYGPPUPPCPAPEFLGGPSVELFPPKPKDTLMISRTPEVTCVY

VIVEQEDPEVOFNWYVDGVEVHNAKTKPREEQYNITYRVVSVLTVLHODWL

NOKEYKCKVENKGLPSSIEKTISRAKGQPREPQVYTLPPSOKEMTENGVELTCL
VKGFYPSDIAVEWESNGOPENNYKTTFPVLDSDGSFFLYSKLTVDKSRWOEGN

VISCSVMHEALHNRYTOQKSLSLSP

[0202]  Emicizumab _heavy_chain_2 (SEQ ID NO: 10) :

QVORLVESGSELEKPGASVKVICKARGYTFTDNNMDWVRAPGOGLEWM
GDINTRAGGSIYNEEFQDRVIMTVDKSTDTAYMELSSLRSEDTATYHCARRKSY
GYYLDEWGEGTLVYTVSSASTRKGPSVIFPLAPCSRETSESTAALGCLVKDYFPEPY
TVEWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVRSSSLGTQTYTONVDHKPSN
TRKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDV
SQEDPEVOFNWYVDOGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKGLPSSIEK TISKAKGQPREPGVYTLPPSQEEMTENQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDEDGSFFLYSKLTYVDKSRWOQEGNVESC
SVMHEALHNHYTQESLSLSP

[0203]  Dulaglutide (DrugBank Accession Number: DB09045, SEQ ID NO: 11)
HOEGTTTSOVESYLEEQAAKEFIAWLVRKGGGGUGGSGEGGSGGGESALS
KYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVYVDVSQEDPEVQFR
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQUDWLNGKEYKCKVSNK
GLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTENQVSELTCLVKGFYPSDIAVEW
ESNGOPENNYKTTPPYVLDSDGSFFLYSRLTVDKSRWQOQEGNVFSCSVMHEEALHN
HYTQKSLSLSLG
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Adalimumab (DrugBank Accession Number: DBO0051)
Adalimumab_light_chain (SEQ ID NO: 16)
DIOMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQOUEPGKAPKLLIYAA
STLOSGVPSRFSGESGSGTDFTLTISSLOPEDVATY YCORYNRAPY TFGQGTKVEL
KRTVAAPSVFIFPPSDEQLESGTASVVOLLNNFYPREARKVIWEVIINALQSGNS
QESVTEQDSEDSTYSLSSTLTLSKABYEEHKVY ACEVTHQGLSSPYVTKSENRGE
C
Adalimumab_heacy_chain (SEQ ID NO: 17)
EVQLVESGGGLVOPGRSLRLECAASGFTFDDYAMHEWVROAPGKGLEWVYS
ATTWHNSGHIDYADSVEGRITISRDNAKNS LY LOMNSLRAEDTAVY YCAKVSYL

STASSLDYWGQGTLVTVSSASTKGPSYVEFPLAPSSKSTSGGTAALGCLVKDYFPE
PYTVEWNSGALTSGVHTFPAVLQSSGLY SLESVVTVESSSLOTQTYICNVNHKPS
NTEVDKEVEPKSCDKTHTCPPCPAPELLGGPSVELFPPEKPKDTLMISRTPEVTCY
VVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGEEYKCKVENKALPAPIEKTISKEAKGOPREPQVYTLPPSRDELTKNQVSLTC
LVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSTFLYSKLTVDKSRWQQG
NVFSCSYMHEALHNHYTGKSLSLSPGK

Cell culture, transfection and protein expression

Above test molecules (including OKT3, Herceptin, Emicizumab and Dulaglutide)
were transfected to CHO cells and HEK293 cells to verify the effect of EBNAI and
engineered EBNA s, respectively. Suspension culture of CHO-K1 cells (ATCC)
and HEK293F (ATCC) were performed at 36.5 °C, 120 rpm and 6%CO, in a
humidified orbital shaking incubator (Kuhner) . CHO cells were maintained in CD
CHO (Thermofisher) medium, and HEK293 cells were maintained in FreeStyle
293 Expression medium (Thermofisher) . Transfection and protein expression were
performed in 24 Deep-well plate (Kuhner) .

Before CHO cell transfection, cells were washed and resuspended in Transpro CD01
(DUONING) to a final cell number of 10~16 x 10° cells/ml, and 2.5 ml of suspended
cells were plated into each well. Plasmids expressing test molecules were transfected
alone or co-transfected with plasmids expressing wild-type EBNA1 or engineered
EBNA1s by mixing with polyetherimide (BIOHUB) at DNA : PEI molar ratio of 1:
2~1: 5. After transfection, 5%CB7a (Hyclone) , 0.5%CB7b (Hyclone) and Glucose
were supplemented to medium on day 0 and day 4, and cultures were incubated at 225
rpm in incubator, and temperature was shifted to 31 °C on day 1.

For HEK293 cells transfection, cells were diluted to 2~3 x 10° cells/ml using
Dynamis medium (Thermofisher) one day before transfection. When cell density
reached 3~6 x 10° cells/ml, 2.5 ml of cell culture was plated into each well of 24

Deep-well plate (Kuhner) , and the transfection protocol was as described as above for
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CHO cell transfection. After transfection, feeding was performed on day 1 and day 3
by adding 5%CB7a (Hyclone) , 0.5%CB7b (Hyclone) and Glucose.

Transfection of each molecule was repeated twice to ensure data integrity. CHO cells
were harvested on day 7 and HEK293 cells were harvested on day 6, and cell viability
was detected by Vi-CELL XR (Beckman) .

Protein purification

Cell culture was harvested by centrifuge at 3000g, 4 °C for 30min, supernatants was
filtrated by 0.22 uM filter (Millipore) . 200 ul filtrated supernatant of each well was
subjected to titer determination, the remaining supernatant of each well was loaded
on Tip column pre-packed with MabSelect SuRe (Cytiva) by using liquid workstation
(Hamilton) . Protein loaded tip columns were washed with wash buffer containing
25 mM sodium acetate, pH 6.0, recombinant proteins were eluted by 0.1 M sodium
acetate pH 3.0, and final products were neutralized to pH 6.0 by adding 1M Tris pH
9.0. Samples were loaded and analyzed by SDS-PAGE.

Concentration determination of Fc-containing proteins and SDS-PAGE

Two hundred microliters (200 pl) filtrated supernatant from each well was collected,
centrifuged and transferred into an Agilent 96-well plate (0.5 mL, round wells, U
shape, 14 mm) . Concentration of antibodies and Fc-fusion proteins were determined
by protein A high-performance liquid chromatography on an Agilent 1260 Infinity II
(Agilent Technologies) with a variable wavelength detector. Two mobile phases were
prepared: (A) 50 mM sodium phosphate buffer (PB) , 150 mM NaCl, pH 7.0; (B) 100
mM Glycine, 150 mM NaCl, pH 2.5. The standard (STD, human IgG4, Kappa) was
first diluted using mobile phase A to 2.0 mg/mL. Antibodies or Fc-fusion protein in
culture medium were quantified by comparing peak size with the standard curve.

One microgram (1 pg) of final products purified from CHO cell cultures and
HEK?293 cell cultures were loaded and analyzed by SDS-PAGE (SurePAGE,
GenScript) to compare the product quality of each test molecules (including OKT3,
Herceptin, Emicizumab and Dulaglutide) .

Example 1. Effects of engineered EBNA1s on protein expression in CHO cells

To test the function of engineered EBNA1s in CHO transient transfection system,
wild-type EBNA1, EBNA1_A and EBNA1_B were co-expressed with test molecules
respectively. The expression titer, cell viability, average cell productivity and final
product quality were analyzed for each test molecule.

1.1 Effects of engineered EBNA1s on OKT3 expression in CHO cells

The average expression titers for expressing OKT3 alone or co-expressing with
EBNAI, EBNAI_A and EBNA1_B were 60 mg/L, 120 mg/L, 232 mg/L and 224
mg/L respectively (Fig. 2) . Both engineered EBNA 15 significantly increased OKT3
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expression level in CHO cells. Furthermore, EBNA1_A and EBNA1_B enhanced
OKT3 expression titer to almost two-fold higher than wild-type EBNAT.

We calculated the average cell productivity, and the result also indicated that
EBNA1_A and EBNA1_B performed better than wild-type EBNA1 on recombinant
OKT3 expression (Fig. 6) .

We also investigated the cytotoxic effects of EBNA1_A and EBNA_B, and the
results showed that the cell viability of cell transfected with EBNA1_A and EBNA1_B
were comparable to those of cells without EBNA1 transfection or transfected with
wild-type EBNA1 (Fig. 4) . SDS-PAGE analyses indicated a similar quality of final
products (Fig. 8 left panel) .

1.2 Effects of engineered EBNA1s on Herceptin expression in CHO cells

The average expression titers for expressing Herceptin alone or co-expressing with
EBNAI1, EBNA1_A and EBNA1_B were 162 mg/L, 367 mg/L, 643 mg/L and 620 mg/
L respectively (Fig. 2) . Comparing to wild-type EBNA1, EBNA1 A and EBNA1_B
exhibited ~1.8 fold titer enhancement on Herceptin expression in CHO cells.

Average cell productivity indicated a significant promotion of expression by
EBNA1_A (Fig. 6).

EBNAI1_A and EBNA1_B also displayed low cytotoxicity for Herceptin expression
(Fig. 4) . The final purified products showed a same quality on SDS-PAGE (Fig. 9 left
panel) .

1.3 Effects of engineered EBNA1s on Emicizumab expression in CHO cells

The average expression titers for expressing Emicizumab alone or co-expressing with
EBNAL, EBNAI_A and EBNA1_B were 110 mg/L, 180 mg/L, 330 mg/L and 333 mg/
L respectively (Fig. 2) . EBNA1_A and EBNA1_B performed better than wild-type
EBNAI1 for Emicizumab expression.

EBNAI1_A and EBNA1_B also enhanced average cell productivity on this test
molecule (Fig. 6) .

Viable cell analyses and SDS-PAGE analyses indicated that EBNA1_A and
EBNA1_B displayed no side effects on cell viability and protein quality (Fig. 4 and
Fig. 10 left panel) .

1.4 Effects of engineered EBNA1s on Dulaglutide expression in CHO cells

The average expression titers for expressing Emicizumab alone or co-expressing with
EBNAI, EBNAI_A and EBNAI1_B were 151 mg/L, 353 mg/L, 623 mg/L and 537

mg/L respectively (Fig. 2) .

Similar to other test molecules, Dulaglutide expression was significantly enhanced by

EBNAI1_A and EBNAI_B.
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The average cell productivity was also greatly enhanced by EBNA1_A (Fig. 6) . In
addition, EBNA1_A and EBNA1_B displayed low cytotoxicity and did not affect the
protein quality (Fig. 4 and Fig. 11 left panel) .

Conclusion

The result indicated that EBNA1_A and EBNA1_B both perform better than wild-
type EBNAL in CHO cells. In addition, EBNA1_A and EBNA1_B displayed no
significant cytotoxic on cell viability and side effects on protein quality.

Example 2. Effects of engineered EBNA1s on protein expression in HEK293 cells

To test the function of engineered EBNA1s in HEK293 transient transfection system,
wild-type EBNA1, EBNA1_A and EBNA1_B were co-expressed with test molecules
respectively. The expression titer, cell viability, average cell productivity and final
product quality were analyzed for each test molecule.

2.1 Effects of engineered EBNA1s on OKT3 expression in HEK293 cells

The average expression titers for expressing OKT3 alone or co-expressing with
EBNAI1, EBNA1_A and EBNA1_B were 60 mg/L, 66 mg/L, 76 mg/L and 77 mg/L
respectively (Fig. 3) .

All engineered EBNATs slightly enhanced OKT3 expression level in HEK293
cells. In addition, EBNA1_A and EBNA1_B performed slightly better than wild-type
EBNAI. Average cell productivity analyses also indicated a slightly enhancement by
EBNA1_A and EBNA1_B (Fig. 7).

No significant cytotoxic effect has been observed when expressing EBNA1_A
and EBNA1_B (Fig. 5) . Protein quality was also not affected by EBNA1_A and
EBNA1_B (Fig. 8 right panel) .

2.2 Effects of engineered EBNA1s on Herceptin expression in HEK293 cells

The average expression titers for expressing Herceptin alone or co-expressing with
EBNAI1, EBNA1_A and EBNA1_B were 314 mg/L, 524 mg/L., 732 mg/L. and 538 mg/
L respectively (Fig. 3) . EBNA1_A performed significantly better than EBNA1 and
EBNA1_B were comparable to EBNA1. However, average cell productivity analyses
suggested a better performance of EBNA1_A and EBNA1_B (Fig. 7).

Cell viability and protein quality were not affected by EBNA1_A and EBNA1_B
(Fig. 5 and Fig. 9 right panel)

2.3 Effects of engineered EBNA1s on Emicizumab expression in HEK293 cells

The average expression titers for expressing Emicizumab alone or co-expressing with
EBNAI, EBNAI_A and EBNA1_B were 164 mg/L, 337 mg/L, 404 mg/L and 366 mg/
L respectively (Fig. 3) . EBNA1_A performed significantly better than EBNA1 and
EBNA1_B were comparable to EBNA1. Average cell productivity enhancement by
EBNA1_A and EBNA1_B were comparable to wild-type EBNA1 (Fig. 7) .
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Cell viability and protein quality were also not affected by EBNA1_A and
EBNA1_B (Fig. 5 and Fig. 10 right panel) when expressing this test molecule.

2.4 Effects of engineered EBNA1s on Dulaglutide expression in HEK293 cells

The average expression titers for expressing Dulaglutide alone or co-expressing with
EBNAIL, EBNA1_A and EBNAI1_B were 321 mg/L, 727 mg/L, 946 mg/L and 702
mg/L respectively (Fig. 3) . EBNA1_B displayed similar effect to wild-type EBNAI,
while EBNA1 A worked much better than EBNA1. EBNA1_A and EBNA1_B shown
a slightly dominant to EBNA1 (Fig. 7) .

Cell viability and protein quality were not affected by EBNA1_A and EBNA1_B
(Fig. 5 and Fig. 11 right panel) when expressing this test molecule.

Conclusion

The results indicated that EBNA1_A displayed dominant effect on protein expression
in HEK293 cells, while EBNA1_B is comparable to wild-type EBNA1 in HEK293
transient expression system. In addition, EBNA1_A and EBNA1_B displayed no
significant cytotoxic on cell viability and side effects on protein quality.

Example 3. Construction of stable cell lines constitutively expressing engineered
EBNAI and the effect thereof on protein production

To further investigate the effect of engineered EBNA1 on protein production of
recombinant proteins of interest in mammalian cells, stable cell lines constitutively
expressing engineered EBNAL is prepared to examine the effect of the cell lines on
expression of proteins or polypeptides of interest.

3.1 Construction of stable cell lines carrying engineered EBNA1

Gene encoding engineered EBNA1 (EBNA1_B) was cloned into pWX039 plasmid
(Fig. 13) (WuXi Biologics) for mammalian cell stable transfection. CHO cells
were grown to a cell density of 1.5~~2.0 x10° cells/ml, and 10’ cells were collected
and resuspended in 300 ul electroporation buffer. Five pug plasmids containing
engineered EBNAT1 gene were diluted into electroporation buffer and mixed with cells.
Transfection was performed using Bio-Rad electroporator, and cells were transferred
to pre-warmed CD CHO medium (Hyclone) . Stable cells carrying engineered EBNA1
were selected by addition of 400 pg/ml zeocin. Clones of stable cells expressing
engineered EBNA1 were selected by limited dilution.

3.2 Expressing protein of interest using stable cells carrying engineered EBNA1

Gene encoding protein of interest, Adalimumab was cloned into pWX4.1 vector
and transfected into the above stable cell line. The cell line was further cultured under
conditions allowing for the expression of the protein of interest.

The results show that cell lines constitutively expressing engineered EBNA1 can be
successfully constructed with significantly improved recombinant protein expression

(about 1.8-fold increase of titer over cell line expressing wild type EBNA) (Fig. 14) .
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The present invention is not to be limited in scope by the embodiments disclosed
herein, which are intended as single illustrations of individual aspects of the invention,
and any that are functionally equivalent are within the scope of the invention. Various
modifications to the compositions and methods of the invention, in addition to those
described herein, will become apparent to those skilled in the art from the foregoing
description and teachings, and are similarly intended to fall within the scope of
the invention. Such modifications or other embodiments can be practiced without
departing from the true scope and spirit of the invention.

Information about the sequences in the Sequence Listing

SEQ ID SEQ IR

NG INFORMATION NO INFORMATION
1 Wild-type EBNA (aa) 11 Dulagiutide {aa}
2 EBNAIL_A {aa) iz En red Linker in EBNAT A {aa}
3 EBNAI_B (a3) 13 AT hook domuin with short Jinker of
B (aa
4 OKT3 light cham {aa) 14 Short linker in BBNAT Baa)
$ 0!\ T3 lreavy chain {aa) 5 AT mok motif in EBNAI B (aa)
i} I-' i } 16 i n {p3)
7 17 Adaltimumab heavy chain (an)
8§
9
g
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Claims

An engineered Epstein-Barr virus nuclear antigen 1 (EBNA1) , wherein
as compared to wild-type EBNAI, the original G-A rich region is
engineered in the engineered EBNAL.

The engineered EBNA1 of claim 1, wherein

(a) the original G-A rich region is removed;

(b) the original G-A rich region is replaced by a linker; and/or

(c) the N-terminus fragment comprising the original G-A rich region
(such as residue 1 to residue 336 at the N-terminus) of wild-type
EBNAI1 is replaced by an AT hook motif capable of binding to a
chromosome at mitotic phase, such as an AT hook motif (such as
residue 1 to residue 92) from human HMG-1/Y; and/or

wherein the wild-type EBNA1 comprises an amino acid sequence of
SEQ ID NO: 1.

The engineered EBNAI of claim 1, wherein

the wild-type EBNA1 comprises, from N-terminal to C-terminal:
B1-GA-B2-C; and

the engineered EBNA1 comprises, from N-terminal to C-terminal:

(i) B1-L-B2-C; or

(ii) AT-SL-C,

wherein B1 is a first basic domain; GA is a Glycine-Alanine rich
domain; B2 is a second basic domain; C is the C-terminal region of
EBNA1 comprising a nuclear localization signal (NLS) , an OriP-DNA
binding domain and an acidic domain; L is an engineered linker; AT is
an AT-hook motif; and SL is a short linker.

The engineered EBNAL of claim 2, wherein the engineered linker
replacing the original G-A rich region has a length of 10-50, 20-40,
30-36 amino acids; and/or

wherein the engineered linker comprises the amino acid sequence of
(RGRGGSGGGGSGGAGGGGSGGA) .GGSGGSGGE, whereinn is 1,
2, 3, or 4; and/or

wherein the engineered linker comprises
RGRGGSGGGGSGGAGGGGSGGAGGSGGSGG (SEQ ID NO: 12) .
The engineered EBNA1 of claim 1, wherein

(a) the AT hook motif for replacement is linked to the original EBNA1
part via a short linker which has a length of less than 30, less than 25,

less than 20 amino acid residues; and/or
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(b) the short linker comprises an amino acid sequence of
GGGGAGGGGSGGGGAGGGGSGGGGAGGG (SEQ ID NO: 14) ;
and/or

(c) the AT hook motif comprises an amino acid sequence of
MSESSSKSSQPLASKQEKDGTEKRGRGRPRKQPP
VSPGTALVGSQKEPSEV
PTPKRPRGRPKGSKNKGAAKTRKTTTTPGRKPRGRPKKLEK
(SEQ ID NO: 15) ; and/or

(d) the AT hook motif together with the short linker comprises an
amino acid sequence of SEQ ID NO: 13.

The engineered EBNA1 of claim 1, wherein the engineered EBNA1
comprises an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 3.
An isolated polynucleotide molecule encoding the engineered EBNA1
of any of claims 1-6.

The isolated polynucleotide molecule of claim 7, wherein the
polynucleotide molecule is in a form suitable for being introduced

into a mammalian cell for recombinant expression of a polypeptide of
interest; and/or

wherein the engineered EBNA1 coding molecule is codon optimized.
A vector comprising one or more of the polynucleotide molecule of any
of claims 7-8.

The vector of claim 9, wherein the vector is selected from a plasmid, a
viral vector, a cosmid or an artificial chromosome.

The vector of claim 9, wherein the vector is an OriP-containing vector,
such as a pWX4.1 plasmid; and/or

wherein the vector is further co-transfected with vector (s) containing
OriP and/or coding molecules for a polypeptide of interest; and/or
wherein the vector is for constitutive expression of the engineered
EBNAI1, such as a pWX039 plasmid.

An isolated mammalian cell suitable for recombinant expression of

a polypeptide of interest, wherein the mammalian cell comprises an
engineered EBNA1, wherein the engineered EBNA1 has enhanced
function in recombinant expression as compared to wild-type EBNA1
(such as a wild-type EBNA1 comprises an amino acid sequence of
SEQ ID NO: 1) in improving the recombinant expression, and wherein
the original G-A rich region of wild-type EBNAI is engineered in the
engineered EBNAT.
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The mammalian cell of claim 12, wherein the original G-A rich region
is:

(a) removed;

(b) replaced by an engineered linker; and/or

(c) the N-terminus fragment comprising the original G-A rich region
(such as residue 1 to residue 336 at the N-terminus) of wild-type
EBNALI is replaced by an AT hook motif capable of binding to a
chromosome at mitotic phase, such as an AT hook motif (such as
residue 1 to residue 92) from human HMG-1/Y; and/or

the wild-type EBNA1 comprises an amino acid sequence of SEQ ID
NO: 1.

The mammalian cell of claim 12, wherein

the wild-type EBNA1 comprises, from N-terminal to C-terminal:
B1-GA-B2-C; and

the engineered EBNA1 comprises, from N-terminal to C-terminal:

(i) B1-L-B2-C; or

(ii) AT-SL-C,

wherein B1 is a first basic domain; GA is a Glycine-Alanine rich
domain; B2 is a second basic domain; C is the C-terminal region of
EBNA1 comprising a nuclear localization signal (NLS) , an OriP-DNA
binding domain and an acidic domain; L is an engineered linker; AT is
an AT-hook motif; and SL is a short linker.

The mammalian cell of claim 13, wherein the engineered linker
replacing the original G-A rich region has a length of 10-50, 20-40,
30-36 amino acids; and/or

the engineered linker comprises the amino acid sequence of
(RGRGGSGGGGSGGAGGGGSGGA) ,GGSGGSGQE, whereinn is 1,
2, 3, or 4; and/or

the engineered linker comprises RGRGGSGGGGSGGAGGGGS
GGAGGSGGSGG (SEQ ID NO: 12) .

The mammalian cell of claim 13, wherein

(a) the AT hook motif for replacement is linked to the original EBNA1
part via a short linker which has a length of less than 30, less than 25,
less than 20 amino acid residues; and/or

(b) the short linker comprises an amino acid sequence of
GGGGAGGGGSGGGGAGGGGSGGGGAGGG (SEQ ID NO: 14) 5
and/or

(c) the AT hook motif comprises an amino acid sequence of
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MSESSSKSSQPLASKQEKDGTEKRGRGRPRKQPP
VSPGTALVGSQKEPSEV
PTPKRPRGRPKGSKNKGAAKTRKTTTTPGRKPRGRPKKLEK
(SEQ ID NO: 15) ; and/or

(d) the AT hook motif together with the short linker comprises an
amino acid sequence of SEQ ID NO: 13.

The mammalian cell of claim 12, wherein the engineered EBNA1
comprises an amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 3;
and/or

wherein the engineered EBNAL is introduced into the mammalian

cell by expression vectors comprising the coding molecule of the
engineered EBNAI.

The mammalian cell of claim 17, wherein

(a) the engineered EBNA1 coding molecule is codon optimized; and/or
(b) the vector is an OriP-containing plasmid; and/or

(c) the vector is a pWX4.1 plasmid or a pWX039 plasmid; and/or

(d) the vector further comprises a coding molecule for the polypeptide
of interest; and/or

(e) the cell further comprises one or more separated vectors carrying a
coding molecule for the polypeptide of interest; and/or

(f) the vector carrying engineered EBNA1 coding molecule is further
co-transfected with vector (s) containing OriP and/or coding molecules
for a polypeptide of interest; and/or

(g) the cell constitutively or transiently expressing the engineered
EBNAI.

The mammalian cell of claim 12, wherein the polypeptide of interest

is selected from glycoproteins, antibodies, non-IgG proteins, Fe-fusion
proteins, Fab fragments, protein complexes, peptidases, signal peptides,
nanobodies, growth factors, hormones, cytokines, blood factors and
enzymes, preferably a therapeutically active or diagnostic polypeptide.
The mammalian cell of claim 12, wherein the polypeptide of interest

is selected from: OKT3 (for example, comprising the amino acid
sequence of SEQ ID NO: 4 and/or 5) , Herceptin (for example,
comprising the amino acid sequence of SEQ ID NO: 6 and/or 7) ,
Emicizumab (for example, comprising the amino acid sequence of
SEQ ID NO: &, 9 and/or 10) , Dulaglutide (for example, comprising the
amino acid sequence of SEQ ID NO: 11) , Adalimumab (for example,
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comprising the amino acid sequence of SEQ ID NO: 16 and/or 17) , or
functional chains or fragments thereof.

The mammalian cell of claim 12, wherein the mammalian cell is
selected from a human cell or a rodent cell or a monkey cell.

The mammalian cell of claim 12, wherein the mammalian cell has one
or more of the following characters:

(a) the mammalian cell is a rodent cell derived from hamster or mouse;
and/or

(b) the mammalian cell is a rodent cell line selected from the group
consisting of a Chinese hamster cell line (such as e.g. a Chinese
Hamster Ovary (CHO) cell line) , a BHK cell line, a NSO cell line, a
C127 cell line, a mouse 3T3 fibroblast cell line, and a SP2/0 cell line;
and/or

(c) the mammalian cell is derived from a human cell selected from the
group consisting of a HEK293 cell (such as HEK293F-S) , a MCF-7
cell, a PerC6 cell, a CAP cell, hematopoietic cells and a HeLa cell; and/
or

(d) the mammalian cell is provided in form of a cell culture, cell line or
cell clone.

A method for producing a mammalian cell according to any of

claims 12 to 22, comprising introducing into a mammalian cell the
polynucleotide molecule of any of claims 7-8 encoding an engineered
EBNAL.

The method of claim 23, wherein the polynucleotide molecule further
encoding a polypeptide of interest, or a separated polynucleotide
molecule encoding a polypeptide of interest is also introduced into the
cell.

A method for recombinantly producing or increasing the recombinant
expression yield of a polypeptide of interest, comprising

(a) culturing a mammalian cell of any of claims 12-22 under conditions
that allow for the expression of the polypeptide of interest;

(b) isolating the polypeptide of interest; and

(c) optionally, processing the isolated polypeptide of interest.

The method of claim 25, wherein the polypeptide of interest is selected
from glycoproteins, antibodies, non-IgG proteins, Fc-fusion proteins,
Fab fragments, protein complexes, peptidases, signal peptides,
nanobodies, growth factors, hormones, cytokines, blood factors and

enzymes, preferably a therapeutically active or diagnostic polypeptide.
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The method of claim 25, wherein the polypeptide of interest is selected
from: OKT3 (for example, comprising the amino acid sequence of SEQ
ID NO: 4 and/or 5) , Herceptin (for example, comprising the amino
acid sequence of SEQ ID NO: 6 and/or 7) , Emicizumab (for example,
comprising the amino acid sequence of SEQ ID NO: §, 9 and/or 10)
and Dulaglutide (for example, comprising the amino acid sequence of
SEQ ID NO: 11) or functional chains or fragments thereof.

A product for use in the recombinant expression of a polypeptide of
interest comprising the isolated polypeptide of any of claims 1-6, the
polynucleotide molecule of any of claims 7-8, the vector of any of
claims 9-11, and/or the mammalian cell of any of claims 12-22.

A product comprising the polypeptide of interest produced using any
of the isolated polypeptide of any of claims 1-6, the polynucleotide
molecule of any of claims 7-8, the vector of any of claims 9-11 and the
mammalian cell of any of claims 12-22, or produced by the method of
any of claims 25-27.

The product of claim 29, wherein the product is selected from a

medicament, a kit for diagnosis or detection, an enzyme formulation.



