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Abstract

Accurate titer quantification remains a major analytical challenge during early cell-line development,
where transfected pools typically display heterogeneous and low-level expression. Using the enhanced
sensitivity of the Waters BioResolve Protein A Affinity Column, this application note shows that
intermediate placement of the glutamine synthetase (GS) cassette between the antibody light- and
heavy-chain promoters produces the highest transgene copy number and gP, while internal ribosome

entry site (IRES) linked GS configurations result in substantially diminished productivity.

Benefits

= Improved sensitivity for Protein A titer analysis, with a detection limit as low as 0.05 pg of antibody
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using the BioResolve Protein A Column.

= Enables accurate quantitation of low-titer monoclonal antibodies (mAbs) during early cell line

development, when expression is heterogeneous and often near assay detection limits.

Introduction

mAbs constitute one of the most dominant classes of biotherapeutics, accounting for nearly 80% of
biopharmaceutical sales as of 2015.1 Mammalian expression systems, particularly Chinese hamster
ovary (CHO) cells, are the preferred production platform due to their ability to perform human-like post-
translational modifications, their scalability from shake flasks to bioreactors, and their capacity to

achieve gram-per-liter titers.?3

Stringent GS selection is essential for generating robust, high-producing CHO cell lines.* Various
methods have been used to increase GS selection stringency, such as attenuated promoters, mutant GS
enzymes, or small-molecule inhibitors such as methionine sulfoximine (MSX).*> Additionally, the
arrangement of antibody light- and heavy-chain genes within an expression construct can influence
antibody titer and product quality.®” However, to current knowledge, intentional positional attenuation
of GS expression via systematic variation of GS cassette placement relative to antibody genes to fine-
tune selection stringency and enrich high-producing cells has not yet been systematically examined in

CHO systems. 458

Following payload integration and GS-based selection, accurate quantification of product titer during
early cell-line development remains a persistent analytical challenge.>1! Expression across transfected
pools is often heterogeneous and substantially lower than in production-ready lines.1? Limited sample
volumes and matrix interference from host cell proteins, DNA, and media components can further

reduce analytical sensitivity and reproducibility.12-14

Commonly used titer measurement techniques include enzyme-linked immunosorbent assay (ELISA),
bio-layer interferometry (BLI), and Protein A affinity chromatography.12-14 ELISA offers high sensitivity
but is labor-intensive and low-throughput.}? BLI provides rapid, label-free quantification and is
amenable to high-throughput screening formats, but can be affected by matrix components and assay

conditions.13 Protein A affinity chromatography offers excellent specificity and linear quantification
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across a wide dynamic range using affinity columns such as the Waters BioResolve Protein A System,

although the requirement for sample clarification can limit throughput.t1:14

In this application note, strategic modulation of GS expression is demonstrated through its relative
positioning within an expression plasmid, which can improve mAb productivity in CHO cells. By varying
GS placement relative to antibody genes, it shows how assessing vector design affects selection
pressure, copy number, and specific productivity (gP). Because this early cell line development was
performed under non-optimized conditions, the resulting gP values are low, reflecting early-stage
expression performance. The Waters BioResolve Protein A Affinity Column enabled sensitive and

reproducible quantification, supporting reliable assessment of early productivity.1*

Experimental

Plasmid Construction and Cell Line Generation

The NISTmADb light- and heavy-chain genes, as reported by Dahodwala et al.,!> were cloned into
expression plasmids driven by CMV and EF1a promoters, respectively. To examine the effect of GS
positioning and expression mode on antibody productivity, a series of constructs were generated with
the GS cassette expressed either from an SV40 promoter or via an internal ribosome entry site (IRES)
downstream of the light or heavy chain. Each plasmid contained the antibody and GS expression
modules flanked by terminal inverted repeats (TIRs) to support transposase-mediated genomic
integration, consistent with standard dual-vector transposon systems in mammalian cells.'® Plasmids
were assembled by Gibson assembly and propagated in E. coli. A schematic of all designs is shown in

Figure 1.
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Figure 1. Schematic representation of the five plasmid designs tested in this study.
Plasmids (1) through (3) monocistronically express wild-type (wt) GS driven by an SV40
promoter. Plasmids (4) and (5) polycistronically express wt GS downstream of an IRES

linked to the light and heavy chain, respectively.

CHOZN® ZFN-modified GS[X|/[X CHO cells (Merck KGaA, Darmstadt, Germany) were cultured in EX-CELL®
CD CHO Fusion medium (Sigma-Aldrich) in Bio-Reaction Tubes (CELLTREAT) at 37 °C, 5% CO,, 80%
relative humidity, and 200 rpm. Cultures were maintained with 6 mM L-glutamine supplementation and

passaged every 3-4 days at a seeding density of 0.5 x 10° cells/mL.

For transfection, 1 X 107 cells were electroporated with 35 ug of donor plasmid (designs 1-5; Figure 1) and 15
pg of a proprietary NLS-tagged transposase plasmid in 500 pL of medium containing 6 mM L-glutamine.
Electroporation was performed in 4 mm cuvettes (Lee Plastic Company) at 300 V and 950 pF using an

exponential decay pulse on a BTX Gemini Twin Wave Electroporator (Fisher Scientific). Transfected cells

were recovered in 10 mL of supplemented medium and incubated under standard conditions. After 24
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hours, cells were centrifuged at 500 X g for 5 minutes and maintained under GS selection. Cultures were

passaged twice weekly at 1 X 10° cells/mL until viability exceeded 90%.

Fed-Batch Culture, Copy Number, Titer, and Specific Productivity

Stable pools were seeded at 1 X 107 cells in 30 mL EX-CELL® Advanced CHO Fed-Batch Medium (Sigma-
Aldrich) and cultured in Bio-Reaction Tubes. Cell density and viability were monitored daily by trypan blue
exclusion using a CellDrop FL automated cell counter (DeNovix). Beginning on day 3, cultures were fed every
other day with 5% (v/v) EX-CELL® Advanced CHO Feed 1 (without glucose). From day 5, glucose was

supplemented as needed to maintain concentrations > 4 g/L throughout the fed-batch process.3?

Genomic DNA (gDNA) was isolated from 5 X 10° pelleted cells using the Monarch® Genomic DNA Purification
Kit (New England Biolabs). Quantitative PCR (qPCR) was performed on a CFX96 Optics Module Thermocycler
(Bio-Rad) using the gScript™ One-Step SYBRO Green qRT-PCR Kit (QuantaBio). GS copy number was quantified
by generating a standard curve of Cq values from a serial dilution of plasmid Design 3 DNA of known mass.

Copy numbers for genomic DNA samples were interpolated from this plasmid DNA standard curve.

Viable cell density (VCD) was measured using a BioProfile® FLEX2 (Nova Biomedical) via automated
trypan blue exclusion. Antibody titer measurements were performed on an ACQUITY™ Premier BSM LC-
UV System using a Waters BioResolve Protein A Affinity Column (MaxPeak™ Premier, 2.1 X 20 mm). Key
chromatographic parameters are summarized in Table 1, and the gradient profile is listed in Table 2.
Clarified cell culture supernatants were obtained by centrifugation at 500 X g for 5 minutes and
filtration through 0.2 um membranes prior to analysis. Each sample was analyzed in triplicate. The use
of small-particle Protein A media and MaxPeak Premier High Performance Surfaces (HPS) Technology

has been shown to improve sensitivity and reproducibility for low-titer mAb measurements.14

Specific productivity (gP) was calculated using the formula:

L

p=
= vep

where dP/dt is the change in titer over the culture interval and the integrated viable cell density (IVCD) is
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calculated using the formula:

n
VCD; + VCD;_
IVCD=Z( : > ! 1) X (ti—ti-1)
i=1

in which t denotes the day when VCD was measured.

Table 1. UPLC™ Method Conditions

System: ACQUITY™ Premier BSM LC-UV System

Waters BioResolve Protein A Affinity Column,
MaxPeak Premier, 2.1 mm X 20 mm (p/n 186011369)

Mobile phase: (A) 1xDPBS (B) 0.1% Formic acid
Column temp. 252C

Column:

Sample temp. 8°C

Injection volume 10 L

UV wavelength 280 nm

Sampling rate 80 /s

Run time (gradient): 3 minutes

LC-software: waters_connect™ Software
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Table 2. Gradient table

:;:?ne) ‘ ':::I‘fl/:?:; ‘ Composition A(%) | Composition B(%) | Curve
0.00 QY5 100 0 initial
0.50 0.75 100 0 6
0.51 075 0 100 6
1.00 0.75 0 100 6
1.01 0.75 100 0 6
1.20 0.75 100 0 6
1.21 0.75 0 100 6
1.40 0.75 0 100 6
1.41 ON5 100 0 6
1.60 0.75 100 0 6
1.61 0.75 0 100 6
1.80 0.75 0 100 6
1.81 Q75 100 0 6
3.00 0.75 100 0 6

Results and Discussion

Promoter Competition Drives Elevated Copy Number

In terms of transgene copy number, the five plasmid designs followed the trend 2>3 >4 = 1 = 5 (Figure
2). Design 2 produced cell pools with nearly twice as many copies as the other constructs. Although its
GS cassette was not located at the most downstream position, the proximity of two strong promoters
likely attenuated transcription of GS driven by the weaker SV40 promoter. As a result, reduced GS
expression increased effective selection stringency and led to greater amplification of the NISTmAb
transposon during selection. These findings are consistent with previous reports showing that
controlled GS attenuation can increase selection pressure and favor high-producing CHO cells without

compromising viability.*>16
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Figure 2. Plasmid Design 2 improved the average GS transgene copy
number approximately two-fold, whereas other plasmid designs did not
substantially influence copy number. Each white dot represents the copy
number for a given cell pool co-transfected with NLS-transposase-NLS

and the indicated plasmid design.

Vector Architecture and GS Regulation Determine Antibody Titers

Figures 3A and 3B show the overlaid Protein A TUV chromatograms of cNISTmAb from day 3 and day 9
culture samples, respectively, derived from the five plasmid constructs. Titers were quantified using an
external calibration curve (Figure 3C) generated with NISTmAb reference standards spanning 0.005-1
mg/mL, demonstrating excellent linearity (R*=0.9897) and a detection limit of approximately 0.005

mg/mL. The antibody concentrations are on the order of ~10 ug/mL for day 3 samples, reflecting the low
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expression typically observed during early cell line development when media, feeding, and expression
stability are not yet optimized.1? As a result, high analytical sensitivity is essential for accurate
quantification. The Waters BioResolve Protein A Affinity Column, incorporating small-particle and
MaxPeak Premier Technology, provided improved peak profiles and signal-to-noise performance,
enabling reproducible low-titer quantification and consistent detection under early-stage development

conditions.*
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Figure 3. (A) Overlay of Protein A TUV chromatograms of culture supernatants
collected on day 3 from cell pools transfected with five plasmid constructs; (B) Overlay
of Protein A TUV chromatograms of corresponding day 9 culture samples, showing
increased antibody accumulation over time; (C) Calibration curve generated using
NISTmADb reference standards spanning 0.005-1 mg/mL, demonstrating excellent
linearity (R? = 0.9897); and (D) specific productivity (qP) of the final day of culture.
Error bars represent standard deviations from triplicate measurements. Two-sample t-
test assuming equal variances was used to compare mean qP of plasmid design 2
against designs 1 and 3, pairwise. Plasmid design 2 had significantly higher qP than
either design 1 or design 3; t(4), p < 0.02.
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Figure 3D shows the gP values on the final culture day for samples derived from the five plasmid
constructs. Antibody expression followed the trend 2 >3 >1>4>5, underscoring the concerted impact
of promoter arrangement and GS regulation on productivity. Design 2, with an SV40-driven GS cassette
positioned between the antibody genes, achieved the highest gP by balancing selection strength and
viability. Among plasmid designs where GS was expressed from an SV40 promoter, the consistent gP
observed in Design 2 pools suggests that moderate GS attenuation increases gene amplification and gP.
These findings are consistent with previous reports showing that attenuation of the GS selection marker

increases selection stringency and enriches for high-producing, stable CHO cell lines under GS selection.
4,5,8

In contrast to Design 2, Design 3, with GS placed downstream, showed modest positional attenuation,
resulting in slightly lower copy number and gP. Design 1, with GS upstream, likely maintained higher GS
activity that weakened selection, resulting in less transgene amplification and lower gP. Designs 4 and 5,
which used an IRES for GS translation, had similar NISTmAb transposon copy numbers compared to
Designs 1 and 3 but exhibited the lowest gP. The reduced gP likely reflects attenuated expression of the
linked light or heavy chain due to increased transcript length and/or competition for translational
machinery, effects that have been reported for bicistronic IRES-based expression systems.1:18 As a
result, pools transfected with plasmids 4 and 5 may experience less stable transcripts and/or inefficient
translation of one antibody chain. Additional studies will be required to confirm the specific
mechanisms by which IRES elements impact expression in this context. The overall trend is consistent
with prior observations that GS selection strength and expression format are critical determinants of

cell line performance.*>8

Overall, these results demonstrate that moderate GS attenuation, achieved through deliberate control
of cassette positioning and mode of GS expression, provides an optimal balance between productivity,
selection pressure, and expression consistency. The systematic evaluation of promoter competition,
gene order, and translation strategy illustrates how rational vector design can enhance cell line
development efforts. Together, these findings establish a framework for accelerating the development

of stable, high-titer CHO cell lines for biotherapeutic manufacturing.34>.8,10

Conclusion
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This study demonstrates that controlled attenuation of GS expression through promoter positioning can
markedly enhance monoclonal antibody productivity in CHO cells. The optimized plasmid construct
(Design 2), comprising a weak SV40-driven GS cassette positioned between two strong antibody
promoters, achieved the highest copy number and gP by balancing selection pressure and cell viability.
Moderate GS attenuation promoted efficient and consistent expression, whereas use of an IRES to
facilitate GS-linked selection resulted in less productive CHO pools.*>8 CHO cell productivity can be
further improved by appropriately tuning GS selection stringency, including the use of attenuated
promoters and small-molecule inhibitors such as MSX.*[X|®* Supported by the enhanced detection sensitivity
of the Waters BioResolve Protein A Affinity Column!4, this approach provides a practical framework for

accelerating the development of stable, high-titer CHO cell lines for biotherapeutic production.
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