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HiTrap™
MabSelect™ mild elution

prepacked columns
Affinity chromatography

Instructions for Use

HiTrap™ MabSelect™ mild elution prepacked columns are ready-to-use and prepacked with
MabSelect mild elution resin, a BioProcess™ affinity chromatography resin that is developed for
capturing antibodies and Fc fusion molecules. The resin binds specifically to the Fc region of
antibodies. Captured proteins are eluted at a higher pH than in traditional protein A
chromatography.

The prepacked columns (1 mLand 5 mL) are suitable for preparative purifications where resin
cleaning between purifications is important. The alkaline-stabilized, protein A-derived ligand allows
for regular use of 0.25 M NaOH for cleaning-in-place (CIP).

The HiTrap column design, combined with the high-flow matrix and the high dynamic binding
capacity of the prepacked resin, provides fast separations in a convenient format.
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1 Introduction

Important

Read these instructions carefully before using the product.

Safety
For safe use and handling of the product, refer to the Safety Data Sheet.

Intended use

The productis intended for research use only and must not be used in any clinical or in
vitro procedures for diagnostic purposes.
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2 Product description

Column description

HiTrap columns are made of biocompatible polypropylene that does not interact with
biomolecules. The columns are delivered with a stopper at the inlet and a snap-off end
atthe outlet. The columns can be operated with the following:

* asyringe
® aperistalticpump

* achromatography system

HiTrap 1mL HiTrap 5mL

ﬂmpm -

Note: Do not open or refill HiTrap columns.

HiTrap™ 5ml

Column properties

Columnvolume (CV) TmL 5mL

Column dimensions 0.7x25cm 1.6x25cm

Column hardware pressure limit 0.5 MPa (5 bar) 0.5 MPa (5 bar)
Note: The pressure over the packed bed varies depending on the following:

* the properties of the chromatography resin
* theviscosity of the sample and the liquid

* the dimensions of the column tubing used
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Resin description

MabSelect mild elution resin is a BioProcess affinity chromatography resin that is
developed for capturing antibodies and Fc fusion molecules. The resin binds specifically
tothe Fcregion of antibodies. Captured proteins are eluted at a higher pH thanin
traditional protein A chromatography.

Traditionally, protein Aligand resins have affinity for both the Fc region and the VH3
domain of human antibodies. The newly engineered resin eliminates VH3 domain
binding, creating a pure Fc-specific interaction. This specificity supports elution at
higher pH levels compared to conventional protein A ligand resins. In bioprocessing,
single-interaction affinity ligands offer advantages over dual-interaction affinity
ligands, particularly in bispecific antibody capture. Single-interaction affinity ligands
improve separation of mispaired antibodies and fragments from the target bispecific
antibody during capture.

A Regulatory Support File (RSF) is available for the resin. The RSF contains further
product data, such as characteristics, quality, and chemical stability.

Resin properties

The characteristics of the resin are summarized in the table below. The dynamic binding
capacity can be optimized for process development. Increased residence time gives
higher dynamic binding capacity.

Property MabSelect mild elutionresin

Matrix Rigid, highly cross-linked agarose
Particle size, dsq,’ ~60pum
Ligand MabSelect mild elution (alkaline-

stabilized, protein A-derived from E. coli),
no interaction with the VH3 domain

Coupling chemistry Epoxy
Dynamic binding capacity, QB g0, >60 mg IgG/mLresin, 6 minutes
residence time

>55mg IgG/mLresin, 4 minutes
residence time

Chemical stability Stable in aqueous buffers commonly
used in protein A chromatography

pH stability
Operational® 3t012
CIP*5 2t013.4
1 mLcolumn 5mLcolumn
Recommended operating flowrate® 0.5 mL/min 2.5mL/min
Maximum operating flow rate® 4mL/min 20 mL/min
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Property MabSelect mild elutionresin

Temperature stability 2°Cto40°C
Storage 2°Ct08°C, 20% ethanol
Delivery conditions 20% ethanol

Median particle size of the cumulative volume distribution.

Determined at 10% breakthrough by frontal analysis at a mobile phase velocity of 100 cm/h (6 min
residence time) and 150 cm/h (4 min residence time) in a HiScreen™ column at 10 cm bed heightin PBS
buffer,pH7.4.

pH range where the resin can be operated without significant change in function.

pH range where the resin can be subjected to cleaning- or sanitization-in-place without significant
changeinfunction.

5 pH13.4corresponds to 0.25 M NaOH.
Atroom temperaturein buffers with the same viscosity as water.

& W
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3 Operation

Buffer preparation

Water and chemicals used for buffer preparation must be of high purity. Filter the
buffers through a 0.22 pm or a 0.45 pm filter before use.

Recommended buffers
For MabSelect mild elution resin, we recommend the use of phosphate and acetate
buffers.

Prepare the sample

Step Action

1 If needed, adjust the sample to the composition of the binding buffer. Use
one of the following methods:

¢ Dilute the sample with binding buffer.

* Exchange the buffer using a prepacked column for desalting listed in the
table in the next section.

2 Immediately before loading the sample onto the column, filter the sample
through a 0.45 pm filter or centrifugate the sample. This prevents clogging
and increases column lifespan when loading large sample volumes.
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Prepacked columns for desalting

The prepacked columns in the table below are used for desalting, buffer exchange, and
cleanup of proteins and other large biomolecules (M, > 5000).

Column Loading volume Elution volume
HiPrep™ 26/10 Desalting’ 2.5to15mL 7.5t020mL
HiTrap Desalting? 0.25to1.5mL 1.0to2.0mL
PD-10 Desalting® 1.0to2.5mL* 3.5mL
1.75t02.5mL5 Upto2.5mL

PD MidiTrap™ G-25° 0.5to1mL* 1.5mL
0.75to 1 mL5 Upto1.0mL

PD MiniTrap™ G-25° 0.1to0.5mL* 1.0mL
0.2to0.5mL® Upto0.5mL

Prepacked with Sephadex™ G-25 Fine. The column requires a pump or achromatography systemto run.
Prepacked with Sephadex G-25 Superfine. The column requires a syringe, a pump, or achromatography
systemtorun.

Prepacked with Sephadex G-25 Medium. The column can be run by gravity flow or by centrifugation.
Volumes with gravity elution.

Volumes with centrifugation.

Column tubing

Choose a column tubing kit with an inner diameter (0.25,0.50, or 0.75 mm) that fits
column and application. Asmaller inner diameter results in a higher back pressure,
while a larger inner diameter results in broader peaks.

Recommended flow values
To allow proper binding, the flow rate during sample application must not be too high.

A good starting pointis 0.5 mL/min for the HiTrap 1 mL column and 2.5 mL/min for the
HiTrap 5 mL column.

During column equilibration and wash steps higher flow rates can be used, up to
4 mL/minfor the HiTrap 1 mL column and 20 mL/min for the HiTrap 5 mL column
(600 cm/h).
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Purify the sample

Follow the steps below to perform a purification. For the recommended operating flow
rate for the HiTrap MabSelect mild elution columns, see the table in Resin properties,
onpage 5.

Note: A blank run, including CIP, is recommended before the first run with sample.
This decreases ligand leakage during the chromatography step.

Step Action

1 If the eluted sample requires neutralization, add an alkaline buffer—such as
1M Tris-HCI, pH 9.0—to the collection tubes.

2 Remove the stopper from the inlet and the snap-off end at the column outlet.
3 Connect the column to the system with fingertight connectors 1/16" male,
narrow.
Note:

Make a drop-to-drop connection to prevent air from entering the column.

Note:
Make sure that the connectors are tight to prevent leakage.

4 Wash with 5 column volumes (CV) of distilled water to remove the ethanol.
This prevents precipitation of buffer salts at exposure to ethanol.

Note:
The viscosity of 20% ethanol is higher than that of water. For this step, do not
use a higher flow rate than the recommended.

5 Equilibrate the column with binding buffer for at least 5 CV or until UV
baseline, eluent pH, and conductivity are stable.

6 Load the sample onto the column.

7 Wash with 5to 10 CV wash buffer, or until the UV trace of the effluent returns

to near baseline.

8 Elute by linear gradient elution or step elution:

s Stepelution
Elute with 2 to 5 CV elution buffer.

* [linear gradient elution
Elute with 0% to 100% elution bufferin 10 to 20 CV.

9 Wash the column with 5 CV elution buffer.

10 Re-equilibrate the column with 5 CV binding buffer.
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Step

Action

11

12

Ifrequired, clean the column, see Chapter 6 Cleaning-in-place (CIP),
on page 16.

If required, perform a buffer exchange or a desalting of the collected eluted
fractions using one of the recommended columns listed in Prepacked
columns for desalting, on page 8.
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4  Conditions screening

Optimizing elution and wash conditions

To optimize the use of MabSelect mild elution resin, itisimportant to determine the
highest pH that allows for efficient desorption of the target molecule from the column.
This prevents denaturation of sensitive molecules caused by exposure to low pH.

Screening protocol for elution pH

The alternatives below are a starting point for screening to determine suitable elution
conditions for the target molecule, using a low sample load, for example, 5 to 10 mg/mL
of resin.

Determining the elution pH

Itis recommended to perform a pH gradient with a low load (Alternative 1) or perform
step elution with a higher load of approximately 70% to 80% of QB+, (Alternative 2).

Alternative 1
Solutions needed:
* Equilibration buffer: 20 mM sodium phosphate and 150 mM NaCl, pH 7.4
¢ Buffer A:25 mM sodium phosphate and 25 mM sodium acetate, pH 7.0
* Buffer B: 25 mM sodium phosphate and 25 mM sodium acetate, pH 3.5
® Stripsolution: 0.1 M acetic acid

* CIPsolution:0.25 M NaOH
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Protocol for alternative 1

Step Buffer Volume Residence time
1. Equilibration 20 mM sodium phosphate, 150mM  5CV 4 min
NaCl,pH 7.4
2.Sample application Clarified cell-culture supernatant 5-10 mg/mL 6min
orsamplediluted in equilibration resin
buffer
3.Columnwash Buffer A:25 mM sodium phosphate ~ 5CV 6 min

and 25 mM sodium acetate, pH 7.0

4.Elution Buffer A:25 mM sodium phosphate 10-20CV 6 min

(linear gradient elution and 25 mM sodium acetate, pH 7.0

0-100% B) Buffer B: 25 mM sodium phosphate
and 25 mM sodium acetate, pH 3.5

5.Column strip 100 mM acetic acid 2CV 4 min
6.ColumnCIP 0.25M NaOH 3CV 5min
7.Re-equilibration 20 mM sodium phosphate and 25 7CV 5min

mM sodium acetate, pH 7.0

Read the elution pH from the chromatogram at the apex of the elution peak or peaks.

Alternative 2
Same solutions as for alternative 1, but for elution use the following:
® Elutionl: 50 mM sodium acetate, pH 5.0
* ElutionIl: 50 mM sodium acetate, pH 4.8
* Elution Ill: 50 mM sodium acetate, pH 4.6
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Protocol for alternative 2

Step Buffer

1. Equilibration 20 mM sodium phosphate, 150 mM
NaCl,pH 7.4

2.Sample application Clarified cell-culture supernatant
orsamplediluted in equilibration
buffer

3.Columnwash Buffer A:25 mM sodium phosphate
and 25 mM sodium acetate, pH 7.0

4.Elution I 50 mM sodium acetate, pH 5.0

(step elution) 1] 50 mM sodium acetate, pH 4.8

m 50 mM sodium acetate, pH 4.6
5.Column strip 100 mM acetic acid
6.Column CIP 0.25M NaOH

7.Re-equilibration
mM sodium acetate, pH 7.0

20 mM sodium phosphate and 25

Volume

5CV

70-80% of
QB1q9

5CV

3-5CV
3-5CV
3-5CV
2CV
3CV
7CV

Residence time

4min

6 min

6 min

6min
6 min
6min
4min
5min

5min

If an elution peak occurs at pH 5, but not at pH 4.8, and the elution volume is within the
acceptable range of 1to 3 CV, set the elution pH to 5. If the pool volume exceeds
acceptable limits, adjust the elution pH to 4.9 or 4.8. Forincomplete elution, set the
elution pH to 4.8, and follow the same reasoning. Proceed with elution at pH 4.6 and

then move tostep 5inthe table.

Optimizing dynamic binding conditions

The dynamic binding capacity for the target antibody should be determined by frontal

analysis using real process feedstock. As dynamic binding capacity depends on sample

residence time, it needs to be defined for various sample residence times. For
MabSelect mild elution resin, the recommended residence time for optimal binding

capacity and resolution is 6 minutes.
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Recommended conditions for

purification

The chromatogram below shows an example of loading 36 mL of a clarified cell culture
harvest containing 2.46 g/L mAb at 6 min residence time ontoa 2 mL Tricorn™ 5/100
column. Bound mAb was eluted using 50 mM sodium acetate, pH 5.0, with a yield of

97% mAb.
Aggo (MAU) oH
30007 — WV
— Concentration buffer B 12
— pH ﬂ
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\ o
\
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Volume (mL)
The following protocol lists the recommended steps and conditions for the purification

process described above.

Step
1. Equilibration

2.Sample application

3.Columnwash

4. Elution
5.Column strip
6.ColumnCIP

Buffer Volume Residence time
PBS,pH 7.4 5CV 4min
mAb feed: 80% of QB1qgg - 6 min
PBS,pH7.4 1.5CV 6 min

1] 20 mM sodium phosphate, 0.5M 35CV 6 min
NaCl,pH 7.2

m 20 mM sodium phosphate, pH 6.5 2CV 6 min
50 mM sodium acetate, pH 5.0 5CV 6 min
100 mM acetic acid 3CV 4min
0.25 M NaOH 3CV 5min
PBS,pH 7.4 7CV 5min

7.Re-equilibration

" Intermediate washes at a pH < 6.5 are not recommended as they can lead to product loss.
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5 Removal of leached ligand from the final
product

Leakage from MabSelect mild elution resin is generally low. However, in many
applicationsitis required to remove leached ligand from the final product.

Techniques to remove leached ligand include:
* jonexchange chromatography (IEX)
* multimodal chromatography (MMC)
* size exclusion chromatography (SEC)

For an example of the removal of leached ligand and antibody aggregates, refer to
application note Two-step purification of monoclonal IgG1 from CHO cell culture
supernatant (CY13148).

For more information about the removal of leached MabSelect mild elution resin ligand,
refer to the RSF. Quantification of ligand leakage is described in the instructions for bulk
resins.
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6 Cleaning-in-place (CIP)

Introduction

CIPis a procedure that removes impurites or contaminants such as lipids, endotoxins,
nucleic acids, and precipitated,or denatured proteins that remain in the packed column
after regeneration. Regular CIP prevents the buildup of impurities or contaminantsin
the packed bed and helps to maintain capacity, flow properties, and general
performance. MabSelect mild elution resin is an alkaline-stabilized chromatography
resin that allows for the use of 0.25 M NaOH for CIP.

Note: It is important to perform an acidic strip (pH 3) before CIP in order to remove
impurities and target molecules that were not completely eluted.

Itisrecommended to perform a CIP in the following situations:
* beforefirst-time use or after long-term storage
* aftereach cycle with real feed

* whenareductionin column performance such as anincrease in back pressure is
observed

* toprevent potential cross-contamination or carry-over, when the same columnis
used for purification of different proteins or protein lots and batches

CIP optimization

NaOH concentration, contact time, and frequency are typically the main parameters to
vary during CIP optimization. Longer contact times increase CIP efficiency. However,
this can also lead to a decrease in dynamic binding capacity.

CIP conditions must be designed for efficiency and minimal loss of capacity. The
characteristics of the feed material determine the final CIP. However, the general
recommendation is to clean the column every cycle during normal use. Depending on
the type of impurities or contaminants, a combination of protocols might be required.

CIP recommendation

CIPis usually performed immediately after regeneration or strip. Before applying the
alkaline NaOH CIP solution, it is recommended to equilibrate the column with a neutral
pH solution. This is to prevent direct contact between low pH elution buffer and high pH
NaOH solution inside the column. Mixing acid and alkaline solutions might cause a
temperaturerise in the column.
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CIP protocol

Follow the steps below to perform a CIP in small-scale settings.

Step Action

1 Wash the column with 3 CV binding buffer at pH 7 to 8.

2 Wash the column with at least 3 CV NaOH (0.25 M), with a contact time of
15 minutes.

3 Wash immediately with at least 5 CV binding buffer at pH 7 to 8.
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7 Sanitization

Introduction

Sanitization reduces microbial contamination of the chromatographicbed to a
minimum. MabSelect mild elution resin is alkaline-stabilized allowing for the use of
NaOH as sanitizing agent. Depending on concentration, NaOH is very effective for
inactivating viruses, bacteria, yeasts, and endotoxins. For more information, refer to
application note Use of sodium hydroxide for cleaning and sanitization of
chromatography resins and systems (CY13951), available on cytiva.com.

Note: Microorganisms are inactivated more effectively by using higher NaOH
concentrations and longer contact times. However, these conditions can
also lead to a decrease in dynamic binding capacity. Therefore, sanitization
conditions must be evaluated to maximize microbial killing and to minimize
loss of dynamic binding capacity.

Sanitization protocol

The steps below are a starting point for sanitizing the column in small-scale settings.

Step Action

1 Wash the column with 3 CV binding buffer at pH 7 to 8.

2 Wash the column with at least 3 CV NaOH (0.25 M), using a contact time of
15 minutes.

3 Wash immediately with at least 5 CV sterile binding buffer at pH 7 to 8.

Flow values for HiTrap MabSelect mild elution columns are shown in Recommended
flow values, on page 8
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8 Scale-up

Introduction

After optimizing the method at laboratory scale, consider scaling up to purify larger
volumes of feed material. To evaluate purification performance at anincreased bed
height, two or three HiTrap columns can be connected in series.

Note: Back pressure increases when columns are connected in series. Decrease
back pressure by lowering the flow rate.

Points of consideration:

* Scaling up typically involves maintaining the bed height and linear flow velocity
(cm/h), while increasing the bed diameter and the volumetric flow rate (mL/min or
L/h).

¢ Keep theresidence time constant to maintain the dynamic binding capacity.

* Make sure that the selected velocity does not exceed the large-scale pressure or
flow limitation.

* Factorssuch as clearance of critical impurities might change when column bed
height is modified and need to be validated using the final bed height.

Bulk resin is available for further scaling up, see Chapter 12 Ordering information,
on page 25.
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9 Adjusting pressure limits

Introduction

20

The pressure generated by the flow through a column affects the packed bed and the
column hardware, see image below. Increased pressure is generated when using one or
more of the following:

high flow rates

high-viscosity buffers or samples
low temperatures

aflow restrictor

long and narrow tubing

Note: Exceeding the flow limit can damage the column, see the table in Resin

properties, on page 5.

pre-column pressure

/

pressure over the
packed bed

.

post-column pressure
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AKTA avant and AKTA pure
chromatography systems

The system monitors the pressures automatically. The following table describes which
pressures are monitored by each system.

System Pressures monitored

AKTA pure™ without column valve V9-C e system pressure

e pre-column pressure

AKTA™ avant and AKTA pure with column

® gystem pressure
valve V9-C

e pre-column pressure

* pressureover the packed bed, Ap

The pre-column pressure limit is the column hardware pressure limit. The limits are
described in Column properties, on page 4.

The maximum pressure for the packed bed depends on resin characteristics and
sample or liquid viscosity. The measured value also depends on the tubing that is used
to connect the column to the system.

Systems without multiple pressure
sensors

Systems without multiple pressure sensors only measure the system pressure. For
optimal system functionality, adjust the pressure limit in the software as follows:

Step Action

1 a. Replace the column with either a piece of tubing with a large inner
diameter or a connector with zero dead-volume. Keep all tubing
connected to the instrument, including the tubing running to and from
the column.

b. Runthe pump at the maximum intended flow rate.

c. Recordthe pressure as total system pressure P1.

Note:
The actual pressure over the packed bed (Ap) during a run is equal to the
measured pressure minus the total system pressure, P1.

2 a. Disconnectthe tubing and run the pump at the maximum intended flow
rate.

Note:
The column valve will drip.
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Step Action

b. Recordthe pressure as P2.

3 a. Calculate the new pressure limit as the sum of P2 and the column
hardware pressure limit. See Co/lumn properties, on page 4 for the
hardware pressure limit for the given column.

b. Replace the pressure limit in the software with the calculated value.

Note: Repeat the procedure each time parameters are changed.
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10 Storage

Store HiTrap MabSelect mild elution in 20% ethanol at 2°C to 8°C. Do not freeze. Make
sure that the columns are sealed, to prevent them from drying out.

Before use after storage, it is recommended to equilibrate with binding buffer and
performablankrun,including CIP.
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11 Troubleshooting

24

Problem

High back
pressure during
therun.

Unstable pressure
curve during
sample loading.

Gradual
broadening of the
eluate peak.

Gradual decrease
inyield.

Gradual increase
in CIP peaks.

Highligand
leakage during the
first purification
cycle.

Lowyield and high
stripand CIP
peaks.

Possible cause

Solutions with high
viscosity are used.

In-line filter is clogged.

Columnis clogged.

Air bubbles trappedin

sample pump.

Insufficient elution and

CIP caused by
contaminants
accumulatinginthe
column.

Sample load is too high.

Precipitation during
elution.

Insufficient elution and

CIP.

Insufficient elution and

CIP.

Columnis new.

The elution pHused is

too high.

Corrective action

Decrease the flow rate.

Replace the in-linefilter.
Perform CIP.

Remove any air bubbles from the
sample pump.

Degas the sample using a vacuum
degasser or an air trap.

Optimize the elution conditions,
the CIP protocol, include acid
regeneration after the elution
step, or perform CIP more
frequently.

Decrease the sample load.

Optimize the elution conditions.

Optimize the elution conditions,
the CIP protocol, include acid
regeneration after the elution
step, or perform CIP more
frequently.

Optimize the elution conditions,
the CIP protocol, include acid
regeneration after the elution
step, or perform CIP more
frequently.

Performa blank run, including CIP,
before the first purification cycle
onanew column.

Use a lower elution pH and
perform additional optimizations.
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12 Ordering information

For additional information, refer to cytiva.com.

Products
Product Packsize Product code
HiTrap MabSelect mild elution 1x1mL 17542351
5x1mL 17542352
1x5mL 17542353
5x5mL 17542354
Related products

Product Packsize Product code
MabSelect mild elution 25mL 17542301
200 mL 17542302
1L 17542303
5L 17542304
0L 17542305
60L" 17542306
MabSelect mild elution in benzyl alcohol 1L 17542323
5L° 17542324
0L 17542325
60L" 17542326
HiScreen MabSelect mild elution 1x4.7mL 17542315
PreDictor™ RoboColumn MabSelect mild 1x8columns 17542333

elution, 200 pL”
PreDictor RoboColumn MabSelect mild 1 x8columns 17542334

elution, 600 pL”
PreDictor MabSelect mild elution, 2 pL 4 x 96-well 17542330

filter plates
PreDictor MabSelect mild elution, 20 uL* 4 x 96-well 17542331
filter plates
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Product Packsize Product code
PreDictor MabSelect mild elution, 50 pL" 4 x 96-well 17542332
filter plates

MabSelect mild elution Tricorn 10/200, 1 unit 17542355
20-21cm’

ReadyToProcess™ MabSelect mild elution 1 unit 17542356

32L(450/200)

HiTrap Desalting columns 1x5mL 29048684

5x5mL 17140801

HiPrep 26/10 Desalting columns 1x53mL 17508701

4x53mL 17508702

PD-10 Desalting columns 30 columns 17085101
" Onrequest.
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