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Introduction

Antibody therapeutics are the largest class of biotherapeutics, and their
development has been ongoing for decades. The first antibody therapeutic
drug, which treated transplant rejection, was approved in 1986. Over the
years, development beyond traditional monoclonal antibodies (mAb) has
increased, and today, we see about a quarter of the antibody molecules in
the development pipeline being antibody variants such as multispecific and
bispecific antibodies, antibody fragments, and antibody drug conjugates.

A few treatments using bispecific antibodies and antibody fragments are
approved drugs. These approvals in combination with the molecular pipeline
and United States Food and Drug Administration (FDA) publishing development
guidelines tells us that the antibody variants will continue to be an important
biopharmaceutical along with traditional monoclonal antibodies (mAb).

Scientific progress and protein engineering capabilities have unleashed

a large variation in different types of antibody variants and have enabled

the development of new treatments for different indications. Addressing
manufacturability already in development is key to allow for safe and

efficient manufacturing over the complete workflow. Manufacturing platform
approaches conveniently used for many traditional mAbs are being adopted or
tweaked to fit the respective molecule. In the following articles, you will learn
about considerations and tips for developing protocols for antibody variants.

Josefin Bolik

Global Product Manager, antibody capture
Cytiva
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Cytiva Research and
Development department
supports antibody variant
processes

Antibody variants can, in some cases, be purified using conventional purification
protocols, whereas other variants need new ligands or new base matrixes or have
different regulatory requirements and application needs. Cytiva looks at the pipeline
of molecules to get an understanding for the development requirements before our
experienced development team starts to work on new innovations. We talked with
Eva Heldin, section manager of antibody application in R&D at Cytiva, about how they
support clients in developing and manufacturing antibody variant therapeutics.

Eva Heldin
Section Manager of antibody application in R&D
Cytiva

Q
Q
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How are chromatography protocols affected when working with
antibody variants?

Production of monoclonal antibodies commonly includes platform processes to
make the development and manufacturing standardized and process development
quicker. With the diverse molecular pipeline, an existing platform may not work,
and there is a need to develop new platforms. Depending on the domains of the
target molecule and the impurity profile, protein A chromatography may be the
technique of choice. However, there are also molecules where other affinities
must be used for good separation and high purity.

Common mAD process-related impurities must be addressed in the polishing
steps along with product-related impurities that are present for antibody
variants. Therefore techniques like multimodal chromatography (MM) or
hydrophobic interaction chromatography (HIC) may be needed instead of or in
additional to conventional ion exchange chromatography (IEX). Multimodal (or
mixed mode) resin interactions includes both ionic exchange and hydrophobic
interactions and have been shown efficient for aggregate removal.

Looking at the manufacturing aspects, what considerations do you see
for antibody variants?

The demands for manufacturing are largely the same as for conventional mADs.
Impurities must be removed in the chromatography steps to specified levels,
and the resins must withstand cleaning agents to avoid bioburden incidents.
The target molecule needs to be stable over the process and in storage to reduce
aggregation and degradation otherwise low yield and inefficient processes will
result. Resins must be available and applied in research-scale formats to process
development and manufacturing formats for predictable and smooth scale-up.

In addition, for antibody variants, molecules must be engineered for
manufacturability to allow for efficient production. The design of the molecule can
improve the ability to purify the target molecule from product-related impurities
using available chromatographic techniques. The molecules are also designed
to reduce formation of product-related impurities thereby making the process
more efficient. Analytical methods must be considered already in protein
engineering to avoid unpleasant surprises in late-stage process development.
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https://www.cytivalifesciences.com/shop/chromatography/resins/multimodal?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/hydrophobic-interaction?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/ion-exchange?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook

Q How is Cytiva adapting to support antibody variant processes?

Antibody purification

ﬂ We are looking into how we can support the molecular pipeline and listen to
our clients to hear about their needs and challenges. Processes for antibody b h t h
variants may benefit from new resins, formats, or protocols. As an example, y c ro m a O g ra p y
Cytiva recently launched the MabSelect™ VL protein L resin with affinity for the
variable kappa light chain and MabSelect™ VH3 protein A resin that interacts A typical antibody purification platform starts with an affinity capture
only with the variable heavy (VH) chain. This provides a great complement to Step followed by one or two po||sh|ng Steps_
traditional protein A and are additional tools in the antibody purification toolbox.
Compared to its predecessor, MabSelect™ VL has improved alkaline stability
and provides high dynamic binding capacity. MabSelect™ VH3 affinity resin
uses an engineered protein A ligand that interacts only with the variable heavy

chain of the VH3 sequence family of the human antibody. These resins allow for Ca ture . Protein L liaand
separation of product-related impurities and takes pressure off the subsequent _ p / o M;°bse;|’(‘acﬂ:n9\7['resin .
polishing steps. Affinity chromatography \
Our applications team is purifying different types of antibodies to develop SiElet Sty resins for region g ﬁjﬁ‘;ﬁjﬁég‘fjﬁ :esin .
useful insights and share knowledge. To improve process understanding el? memes ens) Elidl e Consta>\/

multispecific antibody, or region

further, mechanistic modeling methods can be considered. Mechanistic
modeling simulates and predicts chromatographic behavior and experiments
in silico. Using mechanistic modeling helps in the selection of resins and in the
optimization of process parameters. It also speeds up process development.

Protein A ligand
€30) MabSelect PrismA™ resin »
| Fe @0 Fibro™ PrismA fiber units p

) MabSelect™ VH3 resin »

@) MabSelect SuRe™ resin »
@) MabSelect SuRe™ LX resin »

antibody fragments based

on the domains in the target
molecule and the impurity profile.
* Variable region of a human antibody's kappa light chain

subclasses 1, 3, and 4 interacts with protein L.
T VH3 sequence interacts with protein A. —

Polishing 1
Cation exchange chromatography (CIEX) or multimodal CIEX

Select Capto™ resins »

Polishing 2
Anion exchange chromatography (AIEX) or multimodal AIEX

Select Capto™ resins »



https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-vl-protein-l-resin-p-31823?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-vh3-protein-a-affinity-resin-p-41718?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/accelerate-biopharmaceutical-process-development/mechanistic-modeling-of-chromatography?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/capto-high-productivity-resins
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/capto-high-productivity-resins?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/capto-high-productivity-resins
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/capto-high-productivity-resins?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-prisma-protein-a-chromatography-resin-p-09659?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/fiber-chromatography/affinity-antibody/hitrap-hiscreen-fibro-prisma-units-for-research-and-process-development-p-23550?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-vh3-protein-a-affinity-resin-p-41718?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-sure-antibody-purification-resin-p-00700?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/en/us/shop/chromatography/resins/affinity-antibody/mabselect-sure-lx-protein-a-resin-p-00628?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/kappaselect-p-00805?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/lambdafabselect-p-00701?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/shop/chromatography/resins/affinity-antibody/mabselect-vl-protein-l-resin-p-31823?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
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Optimization of a two-
step purification method
for bispecific antibodies

Collaborative study to develop a downstream process for
a bispecific antibody (bsAb)

Alligator Bioscience AB develops antibody-based pharmaceuticals for
cancer treatment, specializing in mono- and bispecific antibodies for tumor-
directed immunotherapies. The company is active in the early stages of drug
development, from early concepts to clinical phase Il studies.

This article shows the results from our collaboration with Alligator to develop
an efficient downstream purification process for a cancer immunotherapy
bispecific antibody (bsAb). The main findings of the study were:

* Exchanging MabSelect SuRe™ resin to the more recently developed
MabSelect PrismA™ resin increased the loading capacity by 53% (using a
load of 70% of the Q,, for MabSelect PrismA™ resin).

The stability of the bsAb with respect to pH and salt limited the window of
usable conditions for the polishing step, but conditions could be optimized
for purification on Capto™ adhere resin in both bind/elute (B/E) and flow-
through (FT) mode.

The evaluated conditions for elution from Capto™ adhere resins were
considered good conditions for the B/E application with respect to the
stability of the bsAb.

Using the same conditions for the polishing step—but in FT rather than
for elution in B/E mode — improved yield significantly (> 90% yield) with
acceptable HCP levels and protein A clearance.

The improved process increases both product yield and process economy.
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Introduction

Bispecific antibodies (bsAbs) have gained increasing interest over recent
years because they can bind two antigens, offering unique modes of
action compared to monoclonal antibodies. New and improved antibody
bioprocesses and recombination techniques have contributed to a surge in
the numbers of bispecific antibody constructs currently in clinical trials. As
of 2019, one bsAb has been approved and 57 bsAbs are in clinical trials (1).

There are many types of bsAb formats with two different sites to target
different antigens. This dual specificity of bsAbs means that they can, for
example, bind to target cells using one antigen-binding site and recruit other
cells or molecules with the second antigen-binding site.

When it comes to purification of Fc-containing bsAbs, manufacturers
typically use a platform approach based on protein A chromatography for
capture of the antibody. The subsequent polishing steps are added to obtain
a product of desired final product quality.

This article describes the further development of a two-step purification of
a bsAb. The original capture step using MabSelect SuRe™ resin was changed
to using MabSelect PrismA™ resin to increase the process economy. The
bsAb used in this study is an anti-tumor, human IgG1 symmetric bispecific
antibody, see Figure 1 for the bsAb format.

Current purification process based on
MabSelect SuRe™ resin

The original downstream process for purification of the bsAb was based
on a platform commonly used for regular monoclonal antibodies (mAb)
except that the traditional low pH virus inactivation step was replaced by
a solvent detergent step due to the pH sensitivity of the antibody.

To immediately increase the pH after elution from MabSelect SuRe™
resin, the elution pool was collected in a vessel pre-prepared with 200
mM sodium phosphate buffer, pH 6.9. Figure 2 shows a schematic view of
the original process.

Harvested supernatant
(0.22 pm filtered bulk harvest)

Incubation with solvents/detergents
(Tween 20/Tri-N-Butyl phosphate)

MabSelect SuRe™ purification
(neutralization during elution)

Conductivity/pH adjustment
(8 mS/cm, pH 8.0)

Sterile filtering
(0.22 pm filter)

Capto™ adhere purification

Virus filtration (20 nm)

Concentration and diafiltration,

final formulation (pH 6.5)

Fig 2. Original downstream process for the purification of the bsAb.
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https://www.cytivalifesciences.com/solutions/protein-research/knowledge-center/protein-purification-methods/Multimodal-chromatography?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook

Evaluating capture of the bsAb with
MabSelect PrismA™resin

Despite the high yield and purity obtained using MabSelect SuRe™ resin

in the original process, our more recent protein A resin — MabSelect
PrismA™ — was evaluated as a potential replacement, with the aim of further
improving the process economy.

As early research material with a non-optimized cultivation yield was used

as input for the experiment, the titer of the clarified harvest was low (0.8 g/L).
The residence time (RT) was therefore set to 4 min rather than 6 min as
recommended for MabSelect PrismA™ resin to shorten the step during
process development. Frontal analysis at 4 min RT showed that the dynamic
binding capacity (DBC) at 10% breakthrough (Q_, ) for MabSelect SuRe™
and MabSelect PrismA™ resins was 42 g/L and 64 g/L of resin, respectively.

A modified capture step using
MabSelect PrismA™resin

Viral inactivation was performed with Tween 20 and tri-n-butyl phosphate
at neutral pH. The supernatant provided by Alligator containing the target
bsAb was treated for 90 min with the viral inactivation solution at room
temperature. After inactivation, we adjusted the pH to 7.0 with 0.5 M NaOH
and filtered the virus inactivated supernatant through a 0.22 pm filter.

Our goal for testing MabSelect PrismA™ resin was to investigate if we could
increase the loading capacity compared to MabSelect SuRe™ resin.

Based on the breakthrough capacities, the load was set to 45 g of bsAb/L of

MabSelect PrismA™ resin corresponding to 70% of Q_, .

Columns: Tricorn™ 5/100 (CV =2 mL); Tricorn™ 10/100 (CV = 7.4 mL);
HiScale™ 16/20 (CV = 24 mL) packed with MabSelect PrismA™ resin

Sample: Cell culture supernatant containing bsAb and added viral
inactivation solution

Column load: 70% of Q_,, (45 g/L)

Equilibration: 10 mM sodium phosphate, 150 mM NacCl, pH 7.0, 3 CV

Wash: 10 mM sodium phosphate, 150 mM NacCl, pH 7.0, 7 CV

Elution: 100 mM glycine-HCI, pH 3.2, 8 CV (eluate peak collected from
90 to 72 mAU)

Re-equilibration: 10 mM sodium phosphate, 150 mM NacCl, pH 7.0, 3 CV

Flow velocity: 4 min RT

Cleaning in place (CIP): 0.5 M NaOH, 3 CV, 5 min RT

Detection: A, NM

System: AKTA pure™ 25

Runs were repeated at different scales, starting with a Tricorn™ 5/100
column (CV = 2 mL) packed with MabSelect PrismA™ resin, which resulted
in a bsAb yield of 87%. Scale-up to a wider Tricorn™ 10/100 column (CV =
7.4 mL) gave a yield of 91%. Finally, as more material was needed for the
polishing step, the capture step was performed in a larger HiScale™ 16/20
column (CV = 24 mL), which gave a yield of 95%. Increasing yield when
increasing the size of the column is typically observed in downstream
processing.

Eluted fractions were collected into a 50 mL tube prepared with 0.3 to 0.4 CV
of a 200 mM sodium phosphate neutralization buffer, pH 6.9 to maintain
bsAb integrity.

The conditions for the improved capture step are detailed on following pages.
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Evaluation of Ca ptoTM adhere resin sodium chloride, pH 7.4. Sample was loaded at 27 mg of bsAb/mL in the presence of 40 to 200 mM NaCl where stability of the bsAb

. . . / resin. Eluate between 324 and 297 mAU was collected for analysis. could be expected. The purified bsAb (20 mg/mL) was diluted on a 96-
pOIIShlng' bind/elute mode Yield was calculated to 67% while levels of HCP (4 ppm), leached well plate to a concentration of 4 mg/mL with nine different buffer
We first performed the polishing step in B/E mode with Capto™ protein A (2 ppm), and aggregate (0.4%) were all well below the conditions within the range above. Samples were incubated for 2 h on
adhere resin using the conditions from the original downstream specifications set at the beginning of the study (Fig 3). a shaker.
process. When using this approach, the target molecule binds to The yield was estimated by comparing areas of the start sample to
the ligand coupled to the resin through mixed-mode interactions. Stability test of bsAb in the areas from samples analyzed by size exclusion chromatography (SEC).
Subsequent changes in pH releases the molecule from the resin to o ) o We observed no effect on aggregate level or yield at the selected
allow collection of the eluate. Capto™ adhere resin polishing step conditions (Fig 4).

The resin used was Capto™ adhere packed in a Tricorn™ 5/200 To improve the Capto™ adhere resin step, we evaluated the stability
column with a 20 cm bed height. MabSelect PrismA™ resin-purified of the bsAb using the extreme buffer conditions in terms of pH and
bsAb was buffer exchanged to 10 mM sodium phosphate, 80 mM salt. From that study, we identified pH range between pH 5 and 7.1
Column: Tricorn™ 5/200, 20 cm bed height (CV = 3.98 mL)

Resin: Capto™ adhere

Sample: MabSelect PrismA™ eluate containing bsAb

Sample load: 27 mg/mL resin
Elution buffer ~ 20 mM sodium acetate, 80 mM sodium chloride, pH 5.5
Flow velocity and flow rate: 150 cm/h, 0.49 mL/min, RT 8 min

Detection: Ao
System: AKTA pure™ 25 (A) (B)
16 - HMW 25 000 - Yield
a000 - | AT 20000 -
uv1280 L 20 Yield 67%
- Conductivity .
2500 Concentration B - 18 HCP 4 ppm S
| L 16 E Protein A 2 ppm = © 15000
= 2000 | 14 Eg Aggregate 0.4% % ©
< - = P =
£ -12 2 = 3}
— 1500 E = o 10000 -
< _JLJ N 10 B 3
L g ¢
1000 | 3
- © 5000 -
500 - 4 B 40 mM NaCl
7 » M 120 mM NaCl
M 200 mM NaCl
0 J J T T T T I ! 0 0 -
0 20 40 60 80 100 120 140 160 180 5.9 5.9
Volume (mL) pH pH
Fig 3. Chromatogram of the Capto™ adhere resin polishing step in B/E mode. The table shows that 67% yield of the bsAb was Fig 4. Comparison of (A) aggregate levels and (B) yield of bsAb treated for 2 h in phosphate buffers at: pH 5.0, 5.9, and 7.1 and with

achieved. three salt concentrations: 40, 120, and 200 mM NacCl.
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Polishing step: screening experiments

Capto™ adhere resin can also be used in flow-through (FT) mode where
impurities bind to the resin while the target molecule is collected in the
chromatography flowthrough. An FT process usually gives better process
economy as the load can be significantly higher than for B/E mode.

To improve process yield and process economy, we evaluated a potential
FT method using 96-well PreDictor™ plates filled with 6 yL of Capto™
adhere resin. The process development was designed to find optimal
chromatographic conditions under non-binding conditions, with high
product yield and HCP levels below target as high-molecular weight
(HMW) content was already within specifications.

The equilibration buffers tested were composed of 100 mM sodium
phosphate with pH from 5.0 to 7.1 and NaCl concentrations from

40 to 240 mM. The wells were equilibrated with 3 x 200 pL of
equilibration buffer, and sample load was set to 157 mg/mL resin;

a load that could also be applied in a FT step. The plate was then
incubated on an orbital shaker for 60 min at 1100 rpm and then
emptied into a UV plate with centrifugation at 500 x g for 1 min. The
absorbance was read by using a UV reader.

Results for the binding capacity of the bsAb are shown in the heatmap
in Figure 5A and HCP concentration is shown in Figure 5B.

From the plate experiments, we observed that the HCP clearance was
improved in the lower pH/salt-range. However, in the earlier stability
screening, we observed that below these conditions, the bsAb
showed stability issues. Thus, we decided to compare the apparent
best condition from the PreDictor™ plate study (40 mM NaCl, pH 5.0)
with a more robust condition from a process perspective (80 mM NaCl,

pH 5.5). The pH 5.5 condition is identical to the elution condition
used in the original process where Capto™ adhere resin is operated
in B/E mode.

Column studies of polishing step with
Capto™ adhere resin in flow-through mode

The sample from the MabSelect PrismA™ resin capture step was
buffer exchanged to loading buffer before start and Capto™ adhere
resin chromatography at the two conditions stated above.

Yield from the polishing was over 90% for both FT methods. A significantly
higher yield of 94% was observed for FT mode compared to the original
B/E process (see Fig 3) with a yield of 67%.

Column: Tricorn™ 5/20 (CV=0.47 mL)
Resin: Capto™ adhere
Sample: MabSelect PrismA™ purified bsAb, 530 g/L resin
Equilibration buffer:  (A) 20 mM sodium acetate, 80 mM sodium chloride, pH 5.5
96-well plate: PreDictor™ brand Capto™ adhere, 6 pL (B) 100 mM sodium phosphate, 40 mM NacCl, pH 5.0
Sample: MabSelect PrismA™ purified bsAb, 157 g/L resin Flow rate: 0.12 mL/min, RT 4 min
Equilibration buffers: 100 mM sodium phosphate, pH 5.0 to 7.1; NaCl 40 to 240 mM System: AKTA pure™ 25
(A) Binding capacity (B) Yield (A) (B)
Bl 11069 3000 H 3000
Bl 108.00
. s
R 2500 2500 |
Eggé 2000 2000
Toar 2 2
= 7510 £ 1500 - £ 1500 4
—f < <
m= o 1000 4 | Yield91% 1000 4 [ Yield 94%
e Yield 94% Yield 94%
= o 500 1 07
=
T T T T T T T T T T T T T T T T T T T T - B 0 T T T T T T T | E— 0 T T T T T T T T 1
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

Salt concentration (mM)

Fig 5. Binding capacity of bsAb (A) where blue indicates the lowest binding capacity (i.e., most suitable for an FT application) and
red the highest. The marked area shows the conditions where HCP levels are < 100 ppm, which was the threshold value set for
the study. The yield of HCP in percent is shown in (B) where blue gave the best clearance of HCP. From the plate experiment, two

Salt concentration (mM)

Volume (mL)

conditions were selected: 40 mM NaCl, pH 5.0 and 80 mM NacCl, pH 5.5 for FT in column, both having good clearance of HCP and

low binding capacity for bsAb.

Volume (mL)

Fig 6. Polishing purification in FT mode of bsAb on Capto™ adhere resin using (A) 20 mM sodium acetate, 80 mM sodium chloride,
pH 5.5 and (B) 100 mM sodium phosphate, 40 mM NaCl, pH 5.0. The lower bars show yields with the wash fraction included while
the upper bars show yield without wash fractions.
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AnaIYSiS Of aggregatesl HCP' and IeaChed Column: Superdex™ 200 Increase 10/300 GL (CV =24 mL)

protein A Resin: Capto™ adhere
Buffer: 100 mM sodium phosphate, 300 mM NacCl, pH 6.8

Size exclusion chromatography (SEC) using a Superdex™ 200 Increase
10/300 GL column (CV = 24 mL) was used to analyze aggregate levels. A) (B)

The aggregate content in the start sample from the MabSelect PrismA™ 155 150

resin capture was already low at about 1%. The Capto™ adhere resin steps 125 125 ”
succeeded in further reducing the aggregate content to < 1%. (Fig 7). The

aggregate content for selected fractions in the respective chromatography
runs are shown in the bars in each chromatogram and are within the
specifications set for this study.

1.00 1.00

0.75 0.75 1

Aggregates (%)
Aggregates (%)

The concentration of HCP in start samples and the eluate from the B/E oo f\ 050

elution buffer run, in pooled fractions from the FT buffer run, and in selected 0.25 - 0.25 -

fractions from the FT buffer run were analyzed using Cygnus technologies . | | | | | | . . | . | . . , , , , , ,
third generation CHO HCP ELISA reagents adapted to Gyrolab® workstation 01 5 01 5 04 25 30 35 40 5 01 5 01 5 04 25 30 35 40 5
(Gyros Protein Technologies Group), (Fig 8). Volume (mL) Volume (mL)

Figure 8A clearly shows an increasing HCP concentration (hg HCP/mL) Fig 7. Aggregate analysis using size exclusion chromatography from (A) the Capto™ adhere resin FT run at 20 mM sodium
with |oading the FT buffer run at pH 5.5(11 to 110 ppm). In the load at p|_| acetate, 80 mM sodium chloride, pH 5.5 and (B) 100 mM sodium phosphate, 40 mM NaCl, pH 5.0.

5.0 (Fig 8B), the HCP concentration is more evenly distributed through

the sample loading step. The HCP amounts were about the same in the

two pools collected — 48 and 53 ng HCP/mg bsAb for pH 5.5 and 5.0,

respectively — which is below the original specification of 100 ng HCP/mg A) (B)
bsAb set for this study. Also, the wash fraction may be included in the pool

as this fraction made only a minor contribution to the HCP level and has no 0 89

significant influence on protein A or HMW content. p— p—

The purification results for the bsAb from Alligator are summarized in Table S 2

1 and 2. Comparing mode of operation, (FT vs B/E) shows improved yield at 5 %90 7 5 99 7

the cost of lower HCP clearance. As similar results are obtained at both FT 2 200 - : 200 - P

conditions, we conclude that the FT approach is robust. To avoid stability

issues, the step should be operated at a pH above 5.0, that is the conditions T ) o 4

used for elution in B/E mode L.l; \

is preferred also in FT. 0 . . . . . ! . . ! 0 . . . . . . — L’ .
01 52 01 5 04 25 30 35 40 5 01 52 01 5 04 25 30 35 40 5

Volume (mL) Volume (mL)

Fig 8. HCP concentrations in selected fractions from the (A) 20 mM sodium acetate, 80 mM sodium chloride, pH 5.5
(B) 100 mM sodium phosphate, 40 mM NaCl, pH 5.0 were analyzed by Gyrolab® workstation (Gyros Protein
Technologies Group).
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Table 1. Results from the capture step with MabSelect PrismA™ resin and polishing step with -
Capto™ adhere resin COnC|I.ISIOnS

This study concluded the following:

Capture step with _ * Switching the capture step from MabSelect SuRe™ resin to MabSelect PrismA™

(45 g/L resin) resin allowed a 53% increase in sample load at 4 min RT. This could probably
be further improved at longer RT as the breakthrough curve indicated faster

Yield 93% kinetics on MabSelect PrismA™ resin compared to MabSelect SuRe™ resin.

MabSelect PrismA™ resin Load 70% of Q

b10

* The optimized conditions for polishing were considered suitable for the

In elution pool: HCP 131 ppm FT application in respect to stability of the bsAb.

Protein A: 11 ppm

Aggregate: 0.8% * The conditions applied in FT polishing mode also improved yield significantly

(above 90% yield) but still with acceptable HCP and protein A clearance. This
provides the potential for improved process economy.

Polishing step with

Capto™ adhere resin * The two conditions compared for FT polishing mode resulted in similar
yield and purity, and we have good reason to believe that the FT mode and
Yield 67% 91% 94% conditions are robust.
Purified/mL resin 18 mg 485 mg 495 mg
References
HCP 4 ppm 48 ppm 53 ppm 1.Suurs FV, Lub-de Hooge MN, de Vries EGE, de Groot DJ. A review of bispecific
antibodies and antibody constructs in oncology and clinical challenges.
Protein A 2 ppm 3 ppm 3 ppm Pharmacol. Ther. 2019;201:103-119. doi:10.1016/j.pharmthera.2019.04.006
Aggregate 0.4% 0.7% 1.1%
Table 2. Overall yield News
: : : — PrismA ELISA ligand leakage detection kit specifically designed
Yield MabSelect PrismA™ resin 93% 93% 93% - : : o
for use with MabSelect PrismA™ resins
Capto™ adhere resin B/E FTpH 5.5 FT pH 5.0
Web article
Yield 67% 91% 94% How to use MabSelect PrismA™ for antibody purification

Overall yield 62% 85% 87%
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Capture of bispecific
antibodies and removal of
product-related impurities

Using MabSelect™ VL protein L affinity resin for the capture of
bsAb and removal of challenging product-related impurities.

The biotherapeutics pipeline is becoming increasingly diverse as antibody
variants such as bispecifics, conjugates, and fragments move through
preclinical stages to commercial manufacturing. Many of these variants,
especially asymmetric bispecific antibodies, are prone to aggregation or to
forming product-related impurities such as homodimers and half antibodies
during cell culture. The similarities between these impurities present extra
challenges for downstream processes, especially post-capture. One potential
solution is to initiate polishing at the capture step using differences in avidity.
Here we present data on applications using MabSelect™ VL protein L resin
with novel selectivity to purify challenging entities.

Introduction

MabSelect™ VL affinity resin uses a protein L ligand with strong affinity for
the variable region of the human antibody kappa light chain (Fig 1). The resin
offers high productivity for affinity capture of bispecific antibodies (bsAb) and
antibody fragments containing the kappa light chain. It also offers a good
capture alternative for antibody variants that do not bind to protein A. This
resin has substantially improved dynamic binding capacity (DBC) and alkaline
stability compared to its predecessor, making it well suited for cost-efficient
capture of antibody variants. MabSelect™ VL resin allows for good resolution
of product-related impurities in the capture of bispecific antibodies, and it
provides a tool for efficient purification of antibody variants to high purity.
Here we present a typical application for separation of bispecific antibodies
from mispaired homodimers.

Protein L ligand
Variable region of
kappa light chain,
subclasses 1, 2, and 4

Fv

Variable region Chit

CL CL Fab

Constant region

CH2 CH2
— FcC

CH3 CH3

IgG

Fig 1. The structure of an antibody. The arrow indicates where protein L interacts with the antibody.
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A bsAb with four chains can have various combinations of the heavy-
and light-chain regions, as well as half antibodies that represent

the desired bsAb and product-related impurities (Fig 2). The type

and amount of product-related impurities depend on the assembly
technique, such as Fc heterodimerization used to produce asymmetric
molecules, knobs-into-holes technology, CrossMAb technology, or
light-chain method used for correct pairing of light and heavy chains.

Separation of bsAb and mispaired
homodimers by pH elution

MabSelect™ VL chromatography resin is designed to bind the kappa
class light chains of IgG monoclonal antibody variants and can be
used to separate the target molecule from mispaired versions in the

Co-expression

capture step. We evaluated a separation based on kappa and lambda
light chains and on differences in avidity using a feed composition
comprised of a kappa light chain (Trastuzumab kappa class 1 Anti-
HER2 light chain), lambda light chain (Avelumab lambda class 2 Anti
PDL1 light chain), and a FC chain (Anti-HER2 heavy chain 1 and 2)
(Thermo Fisher Scientific). The different chains were targeted to
express in a ratio of 30:30:40 respectively.

Initially, the elution pH for the bispecific kappa-lambda heterodimer
and the mispaired kappa homodimer was determined with a gradient
elution from pH 5 to pH 2.5 by loading 5 mg of the bispecific cell
culture on a Tricorn™ 5/100 column packed with MabSelect™ VL resin
(Fig 3). The fractions were collected during the elution gradients and
analyzed with liquid chromatography-mass spectrometry (LC-MS)

to confirm the separation of the different entities. Mispaired lambda

homodimers do not bind to the column as they do not contain any kappa
light chains and can be found in the flowthrough. The gradient elution
from pH 5 to pH 2.5 separates mispaired kappa homodimer and the
kappa-lambda heterodimer bispecifics due to differences in avidity.

To further show the performance of MabSelect™ VL resin in separation
of the bispecific kappa-lambda light chain mAb heterodimers from
mispaired homodimers in cell culture harvest, the efficacy of a
stepwise pH elution was tested. Step elutions were performed for
different column formats packed with MabSelect™ VL resin. A 5 mg
sample of bispecific cell culture harvest was applied to a Tricorn™
5/100 column, a 2.5 mg sample was applied to a HiTrap™ 1 mL column,
and a 12 mg sample was applied to a HiScreen™ column.

“ ™ WNZ O ONSZ O NZ N
Y.l S YWY 0i
| B | R | | | v N4
H1 H2 L1 L2 : Desired : Heterodimeric Fc species — — pH L g
e s SR = 1500 - \ 6 kappa-lambda
: \\\\,;[ : \\\\,"[ : \\\\,;’ : \\\\/"’ \\\\/;’ \\\\/,'/ E pH 5.5 = heterodimer bispecific
| " i + " + " i + " + " + " g 1000+ | 4 N
. | | | B | | | I | = pH 2.5
: | : Homodimeric Fc species 500 + N N7 -2 kappa homodimer
~ \ \ 3 A —
‘\ \\ \\ \\ 0 20 40 60 80

Half antibodies

Fig 2. Possible combinations of the heavy- and light-chain regions in the expression of a bispecific mAb. The desired bispecific

molecule and the mispaired homodimers are separated in the example described below.

Volume (mL)

Fig 3. Gradient pH elution separates the desired bsAb from the mispaired homodimers.
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Results

Gradient elution of bsAb sample

A linear gradient elution was performed using MabSelect™ VL resin packed

in Tricorn™ 5/100 column to find the elution pH to be used in the step
gradient runs (Fig 4). The results are presented in Table 1. The elution

pH difference for MabSelect™ VL resin between the two peaks was 0.4,

Column: Tricorn™ 5/100
Resin: MabSelect™ VL
Sample: 5 mL of bsAb at a flow rate of 0.250 mL/min via a Superloop™ assembly
Equilibration: 20 mM sodium phosphate, 150 mM NaCl, pH 7.2
Wash: 50 mM citrate pH 5.0, 10 CV at 1 mL/min
Gradient: 0 to 100% of 50 mM citrate, pH 2.5 for 20 CV at a flow rate of T mL/min
per step, followed by 100% for 5 CV
CIP: 3 CVof 0.1M NaOH at 0.2 mL/min
System: AKTA pure™
2500 - F - 12
2000 - - 10
r——/— - 8
;:5 1500 -
E B
2 1000 +
< - 4
500 A L 5
. J\/\ .
Equil \nBa‘:vptI‘edln Column wash ' Elution Cojumnwhsh  Equilibration

applica
I \ T I I I

0 20 40 60 80 100 120 140
Volume (mL)

Fig 4. Chromatogram of linear gradient elution performed using MabSelect™ VL resin
packed in Tricorn™ 5/100 column on AKTA pure™ chromatography system.

Table 1. Elution pH found in the gradient elution pH 5 to 2.5. These values will be
used as step elution settings (%B) with elution buffer 50 mM citrate, pH 2.5.

Elution %B
peak 2

Column Elution %B

pH peak 1 pH

peak1 peak 2

MabSelect™ VL  Tricorn™ 5/100 3.5 65 3.1 79

Step elution of bsAb sample

A step elution was then performed according to the elution pH obtained
from the gradient elution (Table 1). Solutions of 50 mM citrate with pH
3.5 and pH 3.1 were used for elution steps 1 and 2, respectively.

Figure 5 presents the MabSelect™ VL resin step elution with different
column formats. The results show similar elution profiles for Tricorn™
5/100 and HiScreen™ columns. The elution peaks for HiTrap™ 1 mL
column were slightly delayed and broader compared to the other two
columns. This is expected due to the smaller resin volume relative the
void volume of the AKTA pure™ system compared to the other column
formats. The relative larger void volume compared to the volume of
HiTrap™ 1 mL column causes dilution of the sample. All three column
formats resulted in separation of the bsAb and the kappa homodimer.

(A)
Column:
Resin:
Sample:

Equilibration:

Wash:
Elution:
CIP:
System:

(B)
Column:
Sample:

Equilibration:

Wash:
Elution:
CIP:
System:

(C)
Column:
Sample:

Equilibration:

Wash:
Elution:
CIP:
System:

2500 A

2000 A

A280 (mAU)

500 A

1500 A

1000 A

Tricorn™ 5/100

MabSelect™ VL

5 mg of bsAb cell culture harvest

5 CV of 20 mM sodium phosphate, 150 mM NaCl, pH 7.2 at T mL/min
10 CV of 50 mM citrate, pH 5.0 at a flow rate of 1 mL/min

step gradient with 50 mM citrate buffer, pH 3.5 and pH 3.1at 1 mL/min
3 CVof 0.1 M NaOH at 0.2 mL/min

AKTA pure™

HiTrap™ (1 mL)

2.5 mg of bsAb cell culture harvest

5 CV of 20 mM sodium phosphate, 150 mM NaCl, pH 7.2 at 0.5 mL/min
10 CV of 50 mM citrate, pH 5.0 at 0.5 mL/min

step gradient with 50 mM citrate buffer, pH 3.5 and pH 3.1 at 0.5 mL/min
3 CVof0.1 M NaOH at 0.1 mL/min

AKTA pure™

HiScreen™

12 mg bsAb cell culture harvest

5 CV of 20 mM sodium phosphate, 150 mM NaCl, pH 7.2 at 2.3 mL/min
10 CV of 50 mM citrate, pH 5.0 at 2.3 mL/min

step gradient with 50 mM citrate buffer, pH 3.5 and pH 3.1 at 2.3 mL/min
3 CVof 0.1 M NaOH at 0.47 mL/min

AKTA pure™
— UV 1_280, Tricorn™ column
— UV 1_280, HiTrap™ column L 12
ﬁ — UV 1_280, HiScreen™ column
—— pH 10
-8
-6 &
\ -4
-2
v; J Elution O
-5 0 5 10 15 20 25
CVv

Fig 5. Chromatogram showing purification of bsAb sample using MabSelect™ VL resin

packed in (A) Tricorn™ 5/100 (dark blue), (B) HiTrap™ 1 mL (light blue), and (C) HiScreen™
(green) columns and eluted in a step gradient with 50 mM citrate buffer, pH 3.5 and pH 3.1.

sannduwi pajejal-3onpoud Jo jeanowdl pue salpoqiiue syidadsiq jo aunyde)

19



LC-MS analysis of elution fractions

To confirm the separation of product-related impurities such as homodimers
and half-antibodies, the fractions were analyzed with LC-MS.

The samples used in the gradient and step elution runs were treated before
LC-MS analysis with FabRICATOR (ldeS, Genovis AB). Fc/2 fragments were
present in all fractions and corresponded to the peak molecular weight (M)
of approximately 25 000 (Fig 6). Fraction A12 was composed of a main peak
of approximately M_97 000, which matched the MW of the bsAb. Fraction
B3 contained the bsAb (M 96 970) and the kappa homodimer (M_97 600)
but also smaller fragments (M_23 600 and 46 200), which are likely variable
light change (VL) and dimerized VL. The remaining fractions (B4, B5, and B6)
contained only the kappa homodimer and no bsAb. Fragments, such as VL
and dimerized VL, were present in fractions B4 and B6, respectively.

The results show that the mispaired kappa homodimer and the kappa-
lambda heterodimer bispecific mAb are separated well which can be seen in
the M_of 97 000 and 97 600 separation in LC-MS from the different elution
fractions. The data also shows that the bsAb can not only be purified from
the kappa homodimer but also separated from the single and dimerized VL
in the sample.

The LC-MS analysis performed on the fractions from the step elution
shown in Figure 7 are presented in Figures 8 and 9. The step elution marks
a baseline separation of the mispaired kappa homodimer and the kappa-
lambda heterodimer bsAb. The LC-MS data from the gradient and step
elutions show a clear separation of the bsAb from the impurities such as
mispared kappa homodimer and single and dimerized VL.

2e6J=,/k M, 25 200—__J\’\
1 -  __°rr 1 1
4 5 6 7 8 9

10 11

M. 25 200 M. 23 600 M 96970 M, 97600

4e6 4 4.02 5.70 832 .-8.53
M. 46 200
— N j\/k
1e6 - 4.96
4 6 7 8 9

é 10 11

M, 97 600
M_252 r
25 200 -8.23

5 6 7 8 9 10 11

M, 97 600

1.4e7 - M, 25 200 -8.28
3.99 M, 97 600
848

T 1 1 1 T

M, 46 900

-6.58
3e6 - M, 97 600
8.52
- M, 25 200
4.03 4.96
5e5 _—A —

w 2e7 3.96

= M, 23 600

3 5.66

o2

O 474

— O : — ——
4

4 5 6 7 8 9 10 11
Retention time (min)

Fig 6. LC-MS data on fractions from gradient elution of bsAb sample using MabSelect™ VL resinchromatography system.
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Column:
Resin:
Sample:
Sample load:
Start buffer:
Wash:
Elution buffer:
Flow rate:
Gradient:
System:
Detection:

Tricorn™ 5/100

MabSelect™ VL

bsAb

5 mg

20 mM sodium phosphate, 150 mM NacCl, pH 7.2
50 mM citrate, pH 5.0

50 mM citrate buffer

1T mL/min

step gradient elution, pH 3.5 and pH 3.1
AKTA pure™

UV 280

2500 1 — yv1 280

2000
S 1500
=z
S

21000 - \
<
o /\
R -

Column CIP

A
VT T ! !

10 20 30 40 50 60
Volume (mL)

70 80 90

Fig 7. Chromatogram of step elution with fraction IDs of bsAb using MabSelect™ VL chromatography resin in Tricorn™ 5/100 column.

M, 96 974
8.16
1oer” M 25231 Kappa-lambda
1.4e7- 398 /heterodimer bsAb
1.2e7 - Fc/2 fragment
9 8.47
€ 1e7-
S
o
o 8e6 -
2 M 96 978
= 6e6
4e6 -
2e6 - J

Fig 8. LC-MS data of fraction A5 from step elution showing MW of
Fc/2 (M 25 000) and kappa-lambda heterodimer bsAb (M_97 000).

4 5 6 7 8 9 10 11
Retention time (min)

M, 97 630
3.7€6 8.36
M 97 627
3.25€6 8.54
M 25232 Mispaired
1 r kappa homodimer
2 2.7€6 4.03 Fc/2 fragment
c
3 2.25e6 -
L
O |
= 1.75€6
1.25€e6 -
7 5e5 M 25233
.0e _Nj 4,98

4 5 6 7 8
Retention time (min)

Fig 9. LC-MS data of fraction C2 from step elution
(M_25 000) and mispaired kappa homodimer (M_9

9 10 11

showing MW of Fc/2
7 600).

Conclusions

We have shown that:

* MabSelect™ VL resin can separate kappa-lambda heterodimer bsAb
from impurities (kappa homodimer and VL) due to differences in
avidity. The desired bsAb was collected in the first elution peak over a
gradient pH elution. Because the kappa homodimers and VL domain
bind stronger to the resin, they eluted later in the second peak.

» A step elution with two static pHs resulted in a baseline separation
of the kappa-lambda heterodimer bsAb and the impurities in the

cell culture harvest.

* The resolution in a step pH elution with MabSelect™ VL resin is
comparable for the different column formats (Tricorn™ 5/100,
HiTrap™ 1 mL, and HiScreen™) investigated in this study. The
elution peaks for HiTrap™ 1 mL column were slightly delayed and
broader compared to the other two columns. This difference is
expected due to the smaller resin volume relative the void volume
of the AKTA pure™ system compared to the other column formats.

All three column formats result in baseline separation of the bsAb

and the kappa homodimer.

8

sanunduwi pajejai-3onpoud jo jeAowdl pue salpoqiiue sy1dadsiq jo ainyde)




Material and methods

A linear gradient elution was performed using MabSelect™ VL resin packed
in Tricorn™ 5/100 column to find the optimal elution pH. Next, step elutions
were performed for different column formats packed with MabSelect™ VL
resin to compare performance (Table 3). The buffers used in the gradient and
step elution are listed in Table 2. AKTA pure™ chromatography system with
preprogramed UNICORN™ software methods were used for both the linear
gradient and step elution runs.

Table 2. Buffers used in the gradient and step elution

Buffer Composition

A1 (equilibration buffer) 20 mM sodium phosphate, 150 mM NaCl, pH 7.2
A2 (wash buffer) 50 mM citrate, pH 5.0

B1 (elution buffer) 50 mM citrate, pH 2.5

A3 (CIP) 100 mM NaOH

Table 3. Elution setup for step elution based on the results from the gradient elution

Column %B step 1 Cv %B step 2 Cv
Tricorn™ 5/100 (2 mL) 65 8 79 5
HiTrap™ (1 mL) 65 8 79 8
HiScreen™ (4.7 mL) 65 8 79 8

LC-MS analysis of elution fraction

To further confirm the separation of product-related impurities such as
homodimers and half-antibodies in a step elution, the fractions under peak 1
and peak 2 of the step elution using MabSelect™ VL resin were analyzed with
LC-MS to determine the masses of the different entities in the elution pools.
A 5 mg bsAb sample was applied to MabSelect™ VL resin in Tricorn™ 5/100
column, and a step gradient elution was performed including strip (100 mM
citric acid, pH 2.1) and Milli-Q wash before CIP with 100 mM NaOH. Selected
fractions were analyzed with LC-MS.

The samples were treated with FabRICATOR (IdeS, Genovis AB) priorto LC-
MS analysis to digest bsAb samples. Samples were incubated for 3 h with

the enzyme and analyzed using LC-MS. Reverse phase chromatography with
gradient of 0.1% formic acid and 0.1% formic acid in acetonitrile solvents as
buffers were used prior to MS as a separation technique. Using high accuracy
mass spectrometry enabled the detection of homo- and heterodimers along
with small fragment molecular weights.

Product

Next-generation protein L chromatography

Web cast

Chromatography process development going smarter
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Optimize antibody
fragment purification

Downstream purification strategies to optimize bioprocessing
of antibody fragments

Antibody fragments such as single domain antibodies (dAbs), antigen-binding
fragments (Fab), and single chain variable fragments (scFvs) have unique properties
that can make them better suited to certain therapeutic applications than full-sized
monoclonal antibodies (mAbs). Fragments are smaller than mAbs, which can allow
them to more effectively reach their targets, and they're also often easier and less
expensive to produce. But purification of antibody fragments isn't as straightforward
as for mAbs — fragments show wider variation in binding affinities and can be
trickier to separate from impurities. Here we'll look at some purification approaches
that can help you harness the potential of antibody fragments.

What types of antibody fragments are used in
bioprocessing?

Antigen-binding fragments (Fabs) are antibody structures that bind antigens
but lack an Fc region. Considered the first generation of antibody fragments, Fabs
were first generated by enzymatic cleavage of an intact antibody to yield an Fc
fragment and two Fab fragments, each composed of one variable heavy chain (VH)
and one variable light chain (VL). Today, Fab fragments are produced using genetic
engineering and can be generated by simpler expression systems, such as E. coli.

Single chain variable fragments (scFvs) are recombinant monovalent structures
with affinity for a single antigen. With an approximate size of M_25 000, an scFv is

a fusion of the VH and VL chains. An scFv comprises the complete antigen-binding
site of its parent antibody molecule.

Single domain antibodies (dAbs) are some of the smallest functional antibody
fragments that retain full antigen-binding specificity. They consist of the VH or VL
domains and are around one-tenth of the molecular weight of a full-sized antibody.
Single domain antibodies are stable under harsh conditions of temperature,
pressure, and denaturing chemicals.

scFv, ~ 25 kDa

Fab, ~ 50 kDa

dAb, ~ 15 kDa

Fig 1. The structure of an antibody. The arrow indicates where protein L interacts with the antibody.
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Production and purification of antibody
fragments

Antibody production workflows involve expression of the protein in
mammalian or bacterial cells, followed by downstream clarification
of the culture to remove cellular material, then antibody capture and
polishing. Here we'll look at options for each step.

Antibody fragment expression

Because antibody fragments are small and not glycosylated, you can use
bacterial or yeast cell expression systems to produce them, making
them simpler and less expensive to make than mAbs. Tangential flow
filtration (TFF) with hollow fiber filters is a good option for clarifying
viscous and high-solid feeds after microbial fermentation.

Antibody fragment purification

Typically, mAbs can be purified using a platform approach, where
standard unit operations and operating conditions are constant.

=

OOO

The Fc region common to mAbs means that a near-generic approach
is possible. Fab fragments, scFvs, and single domain antibodies
require a broader strategy, but newer affinity resins open efficient
capture alternatives. We offer a variety of chromatography resins
suitable for antibody fragment purification, including Fabs, scFvs, and
single domain antibody lambda and kappa light chains. Your approach
for the capture chromatography step will depend on the structure
and properties of your fragment.

Capturing fragments containing kappa
light chains

Because of its binding specificities, protein L has broad potential as
an affinity ligand for antibody fragments. Native protein L interacts
with immunoglobulin (Ig) kappa light chains and will bind to several
antibody classes, including IgG, IgM, IgA, IgE, and IgD. It has no
immunoglobulin class restrictions. Approximately 60% of mammalian
|gG light chains are kappa chains with protein L binding activity (1).

g .
; m UL R
—

Downstream

Analytics

Where previous generations of protein L ligands lacked the

binding capacity and alkaline stability needed for industrial scale
purifications, newer ligands, like the one in MabSelect™ VL resin,
overcome those challenges. MabSelect™ VL resin includes a rigid
base matrix, allowing for high flow rates and high productivity as well
as low ligand leakage and suitability for large-scale manufacturing.
Its broad affinity for a range of antibody fragments of different sizes
that contain the variable region of the kappa light chains is useful for
a wide range of purification applications for Fabs, scFv, and dAbs as
well as for bispecific antibodies.

KappaSelect affinity resin binds to the constant region of the kappa
light chain and can be used to capture relevant Fabs in conditions
where MabSelect™ VL resin is not suitable.

Capturing fragments containing lambda
light chains

For capture of antibody Fabs containing the lambda light chain,
choose LambdaFabSelect.

Ii*lliitl

LR R

Final product
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Capturing fragments containing heavy chains

If you want to capture heavy chain fragments that contain the VH3 domain
subtype, you might want to consider MabSelect PrismA™ resin or Fibro™
PrismA units. The PrismA protein A ligand binds to the VH3 domain
subtype of human IgG Fabs in addition to binding in the Fc region, making
it suitable for some antibody fragment purifications.

Intermediate purification and final polishing

For intermediate fragment purification and final polishing, separation
based on different selectivity from the primary technique (orthogonal) can
involve anion exchange (AIEX) or hydrophobic interaction chromatography
(HIC). Your intermediate and polishing steps are based on impurity levels
after capture. These steps reduce aggregates, HCP, and endotoxin and can
be run in bind/elute or flowthrough mode.

Learn more about antibody fragments
Protein A and protein L chromatography for protein purification ‘
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eLearning: mAb variants

Explore our eLearning courses that give an overview of antibody variants
and explain purification strategies for bsAb and antibody fragments.

F.E Web articles
Y) Purifying monoclonal antibodies and fragments with protein A,
protein L, or other ligands

Support for process development and manufacturing of mADbs, _ _
bispecific antibodies, fragments and more Take our free interactive courses

Get to know: mAb variants p
Get started: purification of mAb variants )



https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/protein-a-chromatography-solutions?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/protein-a-chromatography-solutions?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/downstream-bioprocessing/protein-a-chromatography-solutions?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/antibody-production?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/solutions/bioprocessing/products-and-solutions/antibody-production?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/en/us/education/online-learning/object/course-4527462?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/en/us/education/online-learning/object/course-4527462?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/en/us/education/online-learning/object/course-4527462?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook
https://www.cytivalifesciences.com/en/us/education/online-learning/object/course-4527462?extcmp=cy24702-global-bp-pd-antibody-variants-ps-brc-ab-ebook

cytiva.com

Cytiva and the Drop logo are trademarks of Life Sciences IP Holdings Corporation or an affiliate
doing business as Cytiva. AKTA pure, Capto, Fibro, HiTrap, HiScale, HiScreen, MabSelect,
MabSelect PrismA, MabSelect SuRe, PreDictor, Superdex, Superloop, Tricorn, and UNICORN are
trademarks of Global Life Sciences Solutions USA LLC or an affiliate doing business as Cytiva.

Gyrolab is a registered trademark of Gyros Protein Technologies Group. Tween is a trademark of
Croda Group of Companies. CrossMADb is a trademark of F. Hoffmann-La Roche AG. FabRICATOR
is a registered trademark of Genovis AB. Mill-Q is a trademark of Merck KGaA. Any other third-
party trademarks are the property of their respective owners.

© 2023-2024 Cytiva

For local office contact information, visit cytiva.com/contact

CY36288-02Apr24-EB

cytiva


http://cytiva.com/modeling
https://www.cytivalifesciences.com/en/gb/support/contact-us

