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Abstract Conventional vector systems, including plasmid-
based vectors, are mainly used in mammalian cells for the
production of biopharmaceuticals. Plasmid-based vectors
express transgene by the random integration of recombinant
transgenes into the genome. Transgene expression is
greatly influenced by the surrounding chromatin, and in
most cases, expression is weak and tends to be suppressed
over time. Therefore, a novel strategy is required to create
clones that maintain increased transgene expression. In this
study, we used a bacterial artificial chromosome (BAC)
containing the Rosa26 locus, which allows constitutive and
ubiquitous gene expression. Moreover, we improved the
Rosa26 BAC-mediated expression system by incorporating
the Tol2 transposon system with helper vector, resulting in
improved efficiency of protein production and maintained
productivity even in single-cell clones. Furthermore, the
recombinant Rosa26 BAC was improved in terms of
protein productivity by using helper mRNA instead of
helper vector. Finally, establishment of an optimal molar
ratio between the recombinant Rosa26 BAC and helper
mRNA helped to achieve maximal protein productivity.
Taken together, our results provide an effective strategy for
improving BAC-based expression systems for biopharma-
ceutical production.
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1. Introduction

Mammalian cell lines are used as hosts in the production of
biopharmaceuticals, with Chinese hamster ovary (CHO)
cells accounting for the largest proportion [1,2]. In
mammalian cells, more than 100 therapeutic proteins are
being produced, and this number is expected to rise
substantially as new therapeutic proteins are developed [3].
Plasmid-based vectors are primary tools used for protein
production [4]. Plasmid-based vectors persist as extra-
chromosomal replication episomes in mammalian cells,
allowing for peak gene expression between 24-96 h post-
transfection [5]. However, episomal stability is limited,
resulting in progressive loss of the transfected vector [6].
To circumvent the inconsistent expression issues, stably-
transfected cells usually have to be selected and cultured in
various ways. For example, the limited dilution method can
enable selection of genetically homogeneous clonal
populations [7]. During the selection process, a population
in which the introduced plasmid is integrated into the host
genome is selected, enabling stable expression of the
introduced transgene as opposed to transient expression in
which the introduced DNA persists for several days in cells
[8]. However, in stable clones, transgene expression is
strongly influenced by the chromatin surrounding the
integration site as the recombinant constructs are randomly
integrated into the genome. For example, when a vector
integrates into a region of silent chromatin, its expression
tends to be suppressed over time (i.e., positional chromatin
effects) [9]. Given these findings, the use of plasmid-based
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vector systems in protein production has been questioned,
more effective strategies are needed to avoid these short-
comings [10,11]. Bacterial artificial chromosomes (BAC)
have been proposed as novel vector platforms for avoiding
positional chromatin effects. BAC can cover a 150-350 kb
genomic region that accommodates complete genes, including
all cis-acting regulatory elements (enhancers, promoters,
insulators, efc.) in their native configuration [12]. Further-
more, BAC can maintain the expected expression pattern
with minimal interference from surrounding chromatin [9].
Thus, BAC-based expression systems are considered complete
expression units and are unaffected by the surrounding
chromatin [13].

Rosa26, located on chromosome 6 in mice, was originally
identified by a gene-trap mutagenesis screen [14]. Rosa26
supports constitutive gene expression and is not subjected
to gene-silencing effects. More than 560 Rosa26 knock-in
lines have been generated and have demonstrated consti-
tutively expressed transgenes in vivo [15]. Recently, BAC
containing the Rosa26 locus (Rosa26 BAC) has emerged
as a reliable resource for generating animal models to
analyze biological processes [16]. Transgenes integrated
into Rosa26 BAC faithfully reproduced the expression
pattern of the original Rosa26 locus with minimal interference
from chromatin regions next to the integration site. Rosa26
BAC-based expression system has been used for recombinant
protein production in mammalian cells [17]. The importance
of Rosa26 BAC as an expression vector is supported by the
discovery that a Rosa26 BAC-based expression system
increased protein productivity 10-fold compared to conven-
tional vector system [18]. However, since the BAC size is
much larger than that of a normal plasmid, the efficiency of
transgene integration is very low [19]. These drawbacks
cause less BAC integration into the genome, resulting in
lower protein productivity than plasmid-based vectors.
Thus, an enormously time-consuming screening procedure
is required to find the correct clones that produce the
desired amount of protein, which in turn delays the cell line
development period [19]. Given these findings, more
effective strategies are needed to overcome these obstacles
in the Rosa26 BAC-based expression system.

Transposon systems like as Sleeping Beauty (SB),
piggyBac (PB), and Tol2 have been investigated for efficient
protein production by facilitating the integration of genes
into the genome [20,21]. Transposon systems consist of
genetic components that mobilize transgenes and incorporate
them at a genomic locus [22]. They differ in size limitations
with respect to the transgene’s carrying capacity [23].
Specifically, since the BAC contains a 150-350 kb genomic
region, a transposon system capable of mobilizing big
transgenes is preferred [24]. It was known that when SB
transposon carried a 6 kb transgene, its transposition efficiency

was reduced by 50% [21]. PB transposons could carry up
to 14 kb, but their efficiency of transposition was significantly
reduced [25]. However, the Tol2 transposon can carry a 10 kb
insert without reducing transposition efficiency significantly
[24].

In this study, we aimed to evaluate the use of the Rosa26
BAC-based expression system. We improved its possible
shortcomings by integrating the Tol2 transposon system.
Here, we report a novel BAC-based expression system that
will open a new era of recombinant protein production
with higher and more stable productivity.

2. Materials and Methods

2.1. Plasmid design and construction

Standard cloning techniques were used to construct
recombinant plasmids. A BAC targeting vector was designed
as described previously [26]. A chloramphenicol resistance
(CamR) targeting vector (131590; Addgene, Watertown,
MA, USA) was used to integrate Tol2 transposon system.
A helper vector was constructed by inserting a cDNA
encoding Tol2 transposase into the pcDNA 6 vector (V22020;
Invitrogen, Carlsbad, CA, USA). A control vector was
constructed for the cytomegalovirus (CMV) promoter-
driven luciferase gene.

2.2. Helper mRNA (Tol2 transposase mRNA) synthesis
mRNA was synthesized using the MEGAscriptt™ T7
Transcription Kit (AM1333; Thermo Fisher Scientific,
Waltham, MA, USA) following the manufacturer’s protocol.

2.3. Bacterial strain, BAC clones and BAC recombineering
SW105 bacteria were generously provided by the Copeland
laboratory at the National Cancer Institute. The Rosa26
BAC clone (RP24-85L.15) was purchased from BACPAC
Resources Center (BACPAC Genomics, Emeryville, CA,
USA). BAC recombineering was performed according to
the A Red recombineering procedure [27].

24. Cell culture

CHO DG44 cells (A1100001; Thermo Fisher Scientific)
were maintained in Dulbecco’s modified Eagle’s medium
containing 25 mM glucose supplemented with 10% fetal
bovine serum (SH30919.03; Hyclone, Waltham, MA, USA),
10 mM sodium hypoxanthine and 1.6 mM thymidine
(2068642; Gibco, Waltham, MA, USA) along with 100 U/mL
penicillin and 100 pg/mL  streptomycin (SV30079.01;
Hyclone). The cells were cultured in ambient air (20% O,)
supplemented with 5% CO,. Confluent cells were split 1:4,
and the culture medium was changed every 2 days. Cell
density and viability were assessed using Cedex HiRes
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Analyzer (05650216001; Roche, Basel, Switzerland).

2.5. Transfections and cell line development

CHO DG44 cells were transfected using Lipofectamine™
2000 (11668030; Thermo Fisher Scientific) according to the
manufacturer’s instructions. Cells (2x 10°) were transfected
with a 0.3 pg control vector (size: 7,123 bps) or 6 pg
recombinant Rosa26 BAC (size: 222,649 bps). The
transfected copy ratio between the control vector and
recombinant Rosa26 BAC was set to 2:1. For the transfection
of recombinant Rosa26 BAC and helper vector, cells
(2x10°) were co-transfected with 6 pg recombinant Rosa26
BAC and 0.667 pg helper vector. For the transfection of
recombinant Rosa26 BAC and helper mRNA, cells
(2x10°) were co-transfected with 6 pg recombinant Rosa26
BAC and 0.667 pg helper mRNA. To optimize the amount
of recombinant Rosa26 BAC, cells (2x10°) were transfected
with varying amounts of recombinant Rosa26 BAC (2, 4,
8, 16, 32, and 64 pg). To determine the optimal ratio
between the recombinant Rosa26 BAC and helper mRNA,
cells (2x10°) were co-transfected with 8 pg recombinant
Rosa26 BAC and varying amounts of helper mRNA (0,
0.444, 0.889, 2.667, 5333, and 8 pg). Transfected cells
were selected for two weeks using 500 pg/mL G418 (ant-
gn-1; Invitrogen). During selection, the medium was
changed every two days. After selection, single cells were
seeded per well in 150 pl. medium in 96-well plates
(353072; Falcon, Franklin Lakes, NJ, USA) and incubated
for 15 days.

2.6. Measurement of luciferase activity

The cell number was determined using the Cedex HiRes
Analyzer, and luciferase protein concentration was analyzed
using a luciferase assay system (E1500; Promega, Madison,
WI, USA). Cells (2 x 10°) were centrifuged at 200 x g for
2 min and washed twice with phosphate-buffered saline
(PBS). Cells were vortexed in 100 pL of 1x cell culture
lysis reagent and 100 pL of PBS. Lysed samples (100 pL)
were transferred into each well of a white 96-well plate
(30396; SPL Life Sciences, Pocheon, Korea), and 100 pL
of luciferase assay reagent Il was added to each well.
Luciferase activity was evaluated by measuring the
luminescence intensity on a VICTOR multi-label plate
reader (2030-0050; PerkinElmer, Waltham, MA, USA).

2.7. Western blot analysis

Western blotting was performed as described previously
[28]. Proteins were detected with the SuperSignal™ West
Pico chemiluminescence solution (34577; Thermo Fisher
Scientific) using a Chemidoc XRS+ system (1708265;
Bio-Rad, Hercules, CA, USA). The primary antibodies
used in this study were horseradish peroxidase (HRP)-

@ Springer

conjugated anti-luciferase antibody (sc74548; 1:1,000
dilution; Santa Cruz Biotechnology, Dallas, TX, USA) and
HRP-conjugated B-actin (sc47778; 1:1,000 dilution; Santa
Cruz Biotechnology). The band densities of Iuciferase and
B-actin were quantified by using Image] software (http://
rsb.info.nih.gov/ij/index.html).

2.8. Statistical analyses

Statistical analyses were performed using a standard statistical
software package (SigmaPlot 12.5; Systat Software, San
Jose, CA, USA). Student’s #-test was used to determine
statistical significance.

3. Results

3.1. Establishment of BAC-based expression system
Two strategies were used to construct robust BAC-based
expression vectors suitable for protein production. First, we
used the Rosa26 BAC containing the Rosa26 locus, which
acts as a hotspot to enable constitutive and ubiquitous
expression [29]. For BAC recombineering, a BAC targeting
vector was designed wherein the 5" homology region (HR)
and 3’ HR flanked the CMV promoter-driven luciferase
gene (Fig. 1A). Previously, Rosa26 BAC-based expression
was regulated by the CAG (CMV enhancer, chicken beta-
actin promoter, and rabbit beta-globin splice acceptor site)
hybrid promoter [18], but in this study, the CMV promoter
was used because it enables transgene expression of the
transgene over a longer period than the CAG hybrid
promoter [30]. Second, to increase the genomic integration
of Rosa26 BAC, we used the Tol2 transposon system,
which significantly increased the genomic integration rate
in the germline [22,31]. For the recombineering, a CamR
targeting vector was designed to contain 5’ CamR HR, 3’
CamR HR, a pair of inverted terminal repeats (ITRs), an
ampicillin resistance (4mpR) gene, and a neomycin resistance
(NeoR) gene (Fig. 1A). Following BAC recombineering,
the recombinant region was verified. DNA sequencing
revealed recombinant sequences, indicating successful
homologous recombination in the Rosa26 BAC (recombinant
Rosa26 BAC) (Fig. 1B). The helper vector, designed to
bind to ITRs and facilitate transposon-mediated transgene
integration, encodes the Tol2 transposase (Fig. 1C) [32].
The control vector contained only the CMV promoter-
driven luciferase gene to compare expression levels with
the recombinant Rosa26 BAC-based expression system
(Fig. 1D).

The cells were transiently transfected with the designated
vectors, and luciferase activity was measured. The recombi-
nant Rosa26 BAC exhibited significantly increased luciferase
activity compared with the control vector, supporting the
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Fig. 1. Comparison of expression platform between recombinant Rosa26 bacterial artificial chromosome (BAC) and conventional vector.
(A) Schematic of the BAC recombination procedure for integrating the expression cassette and Tol2 transposon system. (B)
Chromatogram results showing that the sequence of the recombinant Rosa26 BAC was conserved compared to the reference sequence.
(C) Helper vector containing a cytomegalovirus (CMV) promoter-driven Tol2 transposase gene. (D) Control vector containing a CMV
promoter-driven luciferase gene. el: exonl, e2: exon2, HR: homology region, KanR: kanamycin resistant gene, CamR: chloramphenicol
resistant gene, AmpR: ampicillin resistant gene, NeoR: neomycin resistance gene, ITR: inverted terminal repeat, FRT: flippase

recognition target.

previous finding that the Rosa26 BAC-based expression
system significantly improved protein productivity compared
with the conventional vector system (Fig. 2A) [18].
Furthermore, when the helper vector was used together
with the recombinant Rosa26 BAC, the productivity
improvement effect by the recombinant Rosa26 BAC was
increased. Specifically, the recombinant Rosa26 BAC/
helper vector facilitated the significant increase in luciferase
activity compared to control vector and the marked increase
compared with the recombinant Rosa26 BAC alone
(Fig. 2A). We then examined the efficiency of transgene
integration to rule out the idea that the luciferase activity-
inducing effect was not derived from our novel vector
platform. Recombinant Rosa26 BAC or recombinant Rosa26
BAC/helper vector showed significantly lower transgene
integration efficiency than control vector vectors, whereas
these groups exhibited significantly higher Iuciferase

activity (Fig. S1 and Fig. 2A). These data indicated that
groups with lower transgene integration exhibited higher
luciferase activity, thereby ruling out the possibility that
differences in physical transfer efficiency could lead to
differences in luciferase expression (Fig. S1 and Fig. 2A).
Based on these data, we concluded that the luciferase
activity-inducing effect was primarily attributed to the
effect of our new vector platform.

Single clones should be established from cell pools to
meet regulatory criteria, as single clones assure mono-
clonality and provide consistent results [33]. Single-cell
isolation was performed using limiting dilutions to guarantee
that the cellular characteristics of the cell pool remained the
same for single clones, and 30 single clones were established
for each group (Fig. 2B). Single-cell clones established using
the recombinant Rosa26 BAC/helper vector significantly
increased luciferase activity compared with those established

@ Springer



348 Biotechnology and Bioprocess Engineering 27: 344-352 (2022)

A O 25- r &k B 3500 ok k% % 1 c £ 15 r N

‘—:‘: * n.s T © 13.7fold 4.3 fold

P 30001 P

@ 20 T . @ 10 ]‘

8 8 2500 - 3

8 c . @

g 1.5 gé 2000 2 5

- ' 5. —

£ 10 = 15007 I 3 ol mmm

= 3 | -

P 1000 | Luciferase e s QD
= 05 4

= 500 | . 3

= t f-actin - — —
X oo AR — — B — S .

Control Vector + = - Control Vector + - - Control Vector + - -
Recombinant Recombinant _ 2 . Recombinant .
Rosa26 BAC - * ¥ Rosa26 BAC Rosa26 BAC - *

Helper vector - - + Helper vector - - + Helper vector _ _ 4

Fig. 2. Effect of Tol2 transposon system on the recombinant Rosa26 BAC-mediated expression system. (A) Relative luciferase activity
of cells transfected with control vector, recombinant Rosa26 BAC, and recombinant Rosa26 BAC/helper vector. *p < 0.05, **p < 0.01,
Student’s #-test. Means + standard deviation (SD), N = 3. (B) Luciferase activity in single-cell derived stable clones established using
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single cell clones. The horizontal bar symbolizes the average of luciferase activity for each condition. Single-cell clones indicated as
circles were used in western blot experiments. *p < 0.05, **p < 0.01, Student’s #test. Means + SD, N = 30, for each condition. (C)
Western blot analysis of protein productivity in single-cell derived stable clones established using control vector, recombinant Rosa26
BAC, and recombinant Rosa26 BAC/helper vector. The band density of luciferase was normalized to that of B-actin. BAC: bacterial

artificial chromosome, n.s.: not significant.

using the control vector and the recombinant Rosa26 BAC
alone (Fig. 2B). These results indicate that the recombinant
Rosa26 BAC/helper vector-mediated productivity-inducing
effect is maintained even in single-cell clones, justifying
the use of recombinant Rosa26 BAC/helper vector in cell
line development. We then examined the protein production
level by Western blotting. The recombinant Rosa26 BAC/
helper vectors exhibited in 13.7-fold and 4.3-fold increase
in luciferase protein production compared with the control
vector and the recombinant Rosa26 BAC alone, respectively
(Fig. 2C).

3.2. Effect of helper mRNA (Tol2 transposase mRNA)
on recombinant Rosa26 BAC-mediated expression system
Tol2 transposon system is driven by a cut-and-paste
mechanism in which the Tol2 transposase recognizes a pair
of ITRs in the transposon vector [34]. Tol2 transposase is
introduced via a helper vector, but sustained expression of
the helper vector may lead to remobilization and reintegration
of the transposon vector, increasing potential damage to
chromosomes [11]. Therefore, in this study, as an alternative,
helper mRNA (Tol2 transposase mRNA) was used to
address the shortcomings that may result from using a
helper vector. The recombinant Rosa26 BAC/helper vector
exhibited a significant increase in luciferase activity
compared with the control vector (Fig. 3). Furthermore,
when the helper mRNA was used together with the
recombinant Rosa26 BAC, the productivity improvement
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Student’s #-test. Means + standard deviation, N = 3. BAC:
bacterial artificial chromosome.

effect was enhanced. Specifically, the recombinant BAC/
helper mRNA significantly increased luciferase activity
compared with the control vector and the recombinant
BAC/helper vector, indicating that providing helper mRNA
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can be utilized as an effective approach to boost protein
production (Fig. 3).

3.3. Optimization of the recombinant Rosa26 BAC/helper
mRNA-based expression system

The improvement in protein productivity due to the use of
helper mRNA in the recombinant Rosa26 BAC-based
system suggested the possibility of achieving the highest
protein productivity by optimizing the transfection conditions
of recombinant Rosa26 BAC and helper mRNA. We
optimized the amount of recombinant Rosa26 BAC by
transfecting cells with varying amounts of BAC. Cells
transfected with either 8 pg or 64 pg of recombinant Rosa26
BAC showed a significant increase in luciferase activity
compared to the control vector (Fig. 4A). However, cells
transfected with varying amounts of recombinant Rosa26
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Fig. 4. Optimization of recombinant Rosa26 BAC/helper mRNA
to maximize protein productivity. (A) Relative luciferase activity
of cells transfected with varying amounts of recombinant Rosa26
BAC. **p < 0.01, Student’s #-test. Means + standard deviation
(SD), N = 3. (B) Relative luciferase activity of transfected cells at
varying weight ratios of recombinant Rosa26 BAC and helper
mRNA. **p < (.01, Student’s #-test. Means + SD, N = 3. BAC:
bacterial artificial chromosome.

BAC did not show an increase in luciferase activity in a
dose dependent manner (Fig. 4A). This inconsistency
could be explained by the prior observation that the
optimal amount of transposon vector falls within a limited
concentration range [35]. Higher or lower amounts of
transposon vectors inhibit the development of the
transposase-transposon complex, which is crucial for the
transposon-mediated gene transfer [35]. To select the
optimal condition between 8 g and 64 pg of recombinant
Rosa26 BAC, we examined the toxicity based on the
viability. Cells transfected with 64 pg of recombinant
Rosa26 BAC showed the lowest viability even though they
exhibited the highest luciferase activity (Fig.S2 and
Fig. 4A). However, the 8 pg condition, which exhibited the
second highest luciferase activity, showed significantly
higher viability compared to the 64 pg condition (Fig. S2
and Fig. 4A). Thus, 8 pg condition was chosen for
subsequent experiments because the condition exhibited
the second highest luciferase activity but less toxicity.
Then, the amount of recombinant Rosa26 BAC was
fixed at 8 pg and the amount of helper mRNA was varied
to determine the optimal ratio between recombinant BAC
and helper mRNA. Cells transfected with 9:0.5, 9:1 or 9:3
ratios showed significantly increased luciferase activity
compared to 9:0 ratio, although there was a difference in
the level of increase (Fig. 4B). However, cells transfected
with 9:6 or 9:9 ratios exhibited significantly decreased
luciferase activity (Fig. 4B). Among the conditions, the 9:3
ratio achieved the highest yield and was chosen for an
effective condition to maximize protein production (Fig. 4B).

4. Discussion

Developing strategies to boost protein productivity in
mammalian cells is a prominent research goal in the field
of biopharmaceuticals. Several approaches have been
attempted to increase protein productivity, including vector
engineering, metabolic engineering of host cells, and
optimization of media components. Among them, the
engineering and construction of new vectors is the easiest
and most promising way to enable overproduction of the
protein of interest [36,37]. To evaluate the protein
productivity of established vector platforms, luminescence
as a reporter protein has been used in various studies
[38,39]. The luciferase reporter system is one of the most
objective methods to monitor the protein production
efficiency of a vector platform [40,41]. In this study, we
developed a vector platform by incorporating the Tol2
transposon system into the Rosa26 BAC system and
measured luciferase activity to test its performance. This
vector platform enhanced protein productivity in mammalian
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cells. Furthermore, the impact of enhanced protein
productivity was observed even in single clones produced
from cell pools. Although the productivity-enhancing effects
of this vector system have been confirmed, questions
remain about limiting the molecular weight of the proteins
it produces. The answer to this question can be inferred
from the results of other studies. For example, genes
encoding high molecular weight protein (B-galactosidase,
465.4 kDa) and low molecular weight proteins (super-
folded green fluorescent protein [sf-GFP], 26.8 kDa) were
integrated into the vector platform in Bacillus subtilis [42].
The vector platform produced 26 times the amount of large
protein (B-galactosidase, 465.4 kDa) and 195 times the
amount of small protein (sf-GFP) compared to the control
vector [42]. Therefore, we suggest that even if our vector
platform shows fold differences in the production of large
and small proteins, it will not represent the weight limit of
the proteins it produces. However, we admit that more
research is needed to confirm our suggestion. To the best of
our knowledge, this study provides the first demonstration
that recombinant Rosa26 BAC in combination with the
Tol2 transposon system can overcome the shortcomings of
conventional expression systems and consequently enable
enhanced protein production in mammalian cells.

Tol2 transposon system has been utilized to increase
transgene integration efficiency, which has improved protein
productivity [22,43,44]. Despite the fact that transposon-
mediated increase in protein productivity has attracted
much attention, sustained expression of helper vectors can
potentially damage the host genome and even decrease
protein productivity [11]. Extending the relevance of these
findings, helper vectors encoding Tol2 transposase can
integrate into the genome, which can enable stable Tol2
transposase expression, resulting in destabilized effects on
already integrated transgenes [10]. Tol2 transposase mRNA
may be an effective alternative to helper vector, as a source
of Tol2 transposase. It is possible that Tol2 transposase
mRNA is reversely transcribed to synthesize cDNA, which
is incorporated into the host genome, but this has rarely
occurred. In this study, to circumvent the possible flaws of
the transposon system, we used Tol2 transposase in the
form of mRNA (helper mRNA) that would eventually be
degraded in cells. Helper mRNA functioned as a transient
source of Tol2 transposase to induce integration of
recombinant Rosa26 BAC in the genome. We propose that
recombinant Rosa26 BAC with helper mRNA serves as a
novel expression platform for efficient protein production
in mammalian cells.

The optimal molar ratio of the transposon vector and
transposase is critical for the efficient formation of the
transposon-transposase complex, which is important for
the cut-and-paste mechanism of the transposon system
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[34]. For example, as the amount of SB transposase
increases, the translocation activity of the SB transposon
system decreases instead of reaching a plateau [45]. The
significance of the optimal molar ratio is supported by the
finding that the transposition activity of the PB transposon
system decreased with increasing amount of PB transposase
[46]. However, a general consensus on the optimal molar
ratio has not been established, as opposite results have been
observed with other transposon systems [47]. This
discrepancy can be explained by the finding that an excess
or lack in transposon vector quenched the formation of the
transposase-transposon complex [35]. Because the optimal
ratio of transposon vector and transposase falls within a
small range, it should be studied at each transposon-
mediated potential. In this study, we evaluated the amount
of recombinant Rosa26 BAC capable of increasing protein
productivity and then determined the optimal molar ratio to
maximize protein productivity by varying the helper
mRNA concentration. The established ratio proved to be a
more effective way of increasing protein productivity in the
Rosa26 BAC-mediated expression system.

5. Conclusion

We have developed an efficient expression platform for
producing recombinant proteins. Evaluation of the effects
of recombinant Rosa26 BAC in combination with the Tol2
transposon system provided insight into the mechanisms
leading to higher levels of protein production. Furthermore,
the established optimal molar ratio between recombinant
Rosa26 BAC and helper mRNA maximized the productivity
of the Rosa26 BAC-based expression system. Thus, our
findings imply that the novel methodologies suggested here
to improve traditional expression systems might be applied to
the production of therapeutic proteins in biopharmaceutics.
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