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uccessful development and manufacture of biotherapeutics
requires maximum product recovery from downstream
processes along with effective clearance of product-
variants, host-cell proteins and nucleic acids, and
process-related impurities. To accomplish this, a number of
chromatography steps typically are used for capture, intermediate,
and polishing steps based on different modes of separation such as
affinity, ion exchange, size exclusion, and hydrophobic interaction.

As upstream workflows intensify, downstream purification
processes must keep pace to handle increased protein titers and
impurity concentrations that can compromise therapeutic efficacy
and/or patient safety, potentially increasing the risk of
immunogenicity. Given the need to process more highly concentrated
feed streams and remove a range of impurities, a single step
chromatographic process for biotherapeutic manufacturing has
been infeasible. In recent years, however, mixed-mode (or
multimodal) chromatography has emerged as an important
purification method for biomolecules that are otherwise difficult to
purify with single-mode resins. The technology leverages multiple
interactions between analytes and ligands and, as a result, it can
selectively clear impurities in a single step for increased product
recovery, accelerated throughput, and improved process economics.

Mixed-mode resins use ligands that are capable of at least two
modes of interaction with solutes such as hydrophobic, ion
exchange, and metal affinity. The interactions between stationary
and mobile phases that result from those combinations enhance
chromatographic selectivity, facilitating separation efficiencies
that are not possible using other chromatography media.

Although intentional use of multimodal technology is relatively
new, mixed-mode effects can be observed with single-mode resins
such as ion exchangers. In ion exchange resins, a functional
group is coupled to base beads with a spacer, and the spacer can
contribute a hydrophobic interaction to the overall separation. This
phenomenon also was observed in early reports on hydrophobic-
interaction chromatography (HIC), through which HIC ligands
typically are coupled to chromatographic material by amino groups
that are capable of carrying a charge.

Mixed-mode chromatography offers several advantages in
downstream processing of biotherapeutics. The multimodal
approach can save developers time and money by enabling robust
purification of biopharmaceuticals in a single chromatographic
step. As a result, this technology offers the potential to purify
proteins for which single-mode approaches are insufficient even
when used sequentially.

TYPES OF MIXED-MODE FUNCTIONALITIES

A number of mixed-mode media combining different interaction
principles are commercially available (Table 1). Commonly combined
modes of interaction are electrostatic interaction (ion exchange)
with either metal affinity or hydrophobic-complex formation.
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Hydrophobic lon-exchange Figure 1: Example of a hydrophobic cation exchanger ligand.

Electrostatic Interaction
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that are difficult to purify by
conventional chromatographic approaches.

Hydrophobic cation exchangers typically consist of a ligand
with a hydrophobic moiety (e.g., a benzene ring in Figure 1) and a
carboxylate functional group. The pH of the buffer used during
purification can change the charge state of the ligand. For example,
if the pH is lower than the pK, of the ligand, then the ligand will
be neutral and behave like a traditional HIC resin. By contrast, if
the buffer is more basic, the carboxyl group of the ligand will be
fully ionized and carry a negative charge, causing the resin to
function more like a classical cation exchanger.

Figure 2 compares the unique selectivity of hydrophobic cation
exchange with a classical cation exchanger using a pair of basic
proteins: ribonuclease A (RNase A, pI 8.7) and cytochrome C (pI
10.7). For this comparison, a mixture of the two proteins was
loaded on a cation exchanger with a gradient between two buffers:
20 mM sodium acetate with 150 mM sodium chloride at pH 5.5
(buffer A), and 20 mM sodium phosphate with 1 M sodium chloride
at pH 7 (buffer B).

Cytochrome c has a higher pI than RNase A and, as expected,
required more salt for elution. However, these two proteins were
not separated by classical cation-exchange purification. RNase A
contains more nonpolar and neutral amino acids than cytochrome
c. When the two proteins were eluted from a hydrophobic cation-
exchange resin, the ability of the ligand to interact with both
positively charged amino acids and hydrophobic residues provided
significant separation.

Hydrophobic anion exchangers have a hydrophobic moiety such
as a phenyl group and a positive charge on the ligand (Figure 3A). At
neutral pH, basic proteins generally bind less well (because of
electrostatic repulsion) than do acidic proteins or species such as

Table 1: Mixed-mode

chromatography

media combine

different interaction principles.

Mode

Principle

Anion exchange
Cation exchange

Hydrophobic
interaction

Hydrogen bonding
Metal affinity

Phosphate-specific
interactions

Electrostatic interaction
Electrostatic interaction

Hydrophobic complex
formation

Hydrogen bonding
Metal chelation
Electrostatic interaction

Figure 2: Comparison of a classical cation exchanger (LEFT) and a hydrophobic cation exchanger (RIGHT) for the
separation of two basic proteins. Use of the hydrophobic cation exchanger (Nuvia cPrime resin from Bio-Rad
Laboratories) enabled cytochrome C and ribonuclease A to be effectively resolved.
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nucleic acids, endotoxins, and Figure 3A: Structure of a hydrophobic anion exchanger.
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Hydroxyapatite —
Ca,,(PO,)((0OH), — is a form of
calcium phosphate with sets of five positively charged calcium pairs
(C-sites) and pairs of phosphate triplets (P-sites) arranged in a
repeating geometric pattern. Carboxyl groups on biomolecules are
attracted to the C-sites and repelled by the P-sites; amino groups are
attracted to the P-sites and repelled by the C-sites (Figure 4A).
Cation-exchange interactions can be disrupted by adding neutral
salts such as sodium chloride (NaCl) or buffering species such as
sodium phosphate to the mobile phase. These interactions also
weaken with increasing pH.

Meanwhile, calcium affinity occurs through interactions with
carboxyl clusters and/or phosphoryl groups on proteins or other
molecules such as nucleic acids. Those groups are repelled
simultaneously by the negative charge of the phosphate groups.
Dominantly acidic proteins (e.g., albumin) bind chiefly by metal-
affinity interaction, whereas dominantly basic proteins (e.g.,
immunoglobulins) bind chiefly through -cation-exchange
interactions. Elution is induced with elevated concentration of
sodium phosphate, which in this case serves as both a buffer and
an eluting agent. Figure 4B illustrates an example HAC method,
and the “General Guidelines” box (next page) suggests an approach
to method development.

Packing Mixed-Mode Chromatography Columns: Generally,
hydrophobic ion-exchange chromatography resins can be packed
intocolumnsusing standard methodsbecause theyare compressible.
By contrast, HAC resins are incompressible and have high specific

Volume (mL)
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Figure 4A: Hydroxyapatite is unique in that the base matrix itself provides multiple modes of interaction
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traditional compressible resins

Figure 4B: Example hydroxyapatite
chromatography separation method
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mixed-mode resins offer several
advantages over it, however.
Mixed-mode technology enables selective clearance of impurities
in a single unit operation, which can accelerate downstream
processes and increase yield and purity. Protein activity and yield
are improved through advantageous use of charge-charge repulsion
between ligand and protein (1).

Multimodal resins that include electrostatic interaction also help
users overcome a key limitation of single-mode ion exchange,
which is the inability to load high-conductivity feed materials. Cell
culture harvests often contain high levels of salt, which compromise
binding of target proteins to chromatography media (2). With
classical ion-exchange chromatography, the feed typically must be
prepared in a low-conductivity buffer to facilitate binding. Elution
from mixed-mode resins can be achieved by changing buffer
conductivity and/or pH (Figure 5):

« If the subsequent step is ion exchange, then a low-

conductivity buffer at a different pH will be used
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CHT COLUMN PACKING
DOS AND DON’TS

Do ensure column leveling.

Do use plastic paddles for manual mixing
and low-shear hydrofoil impeller for
automated mixing.

Do use only a diaphragm pump for
media transfer.

Do leave a headspace of 1-5 mm.

Do restrict settling time to <10 minutes
for optimal packing.

Don’t compress.
Don’t include defining/decanting steps.

Don’t allow mechanical shear or
compression.

Don’t perform buffer upflow with packed
CHT (except during unpacking).
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« If the next step is hydrophobic interaction, high-salt elution
is used.

Such flexibility facilitates the transition to the next purification
step. Moreover, the salt tolerance of multimodal resins often allows
for direct loading of feed streams at high conductivity. Hydrophobic
ion-exchange resins also work within a large design space for
binding and elution, allowing for development of highly robust
methods in a commercial manufacturing setting (3). With
hydrophobic ion exchange, a protein may interact with the
chromatography media by alternative modes in response to buffer
conductivity changes. That provides a larger window for buffer pH
manipulation and conductivity variation to achieve desired binding
and elution selectivities.

METHOD DEVELOPMENT

Multimodal matrices are designed to resolve target proteins and
impurities, which are complex molecules themselves. As such, one
or more interaction modes can be involved in the binding or elution
of target proteins. The complexity of these interactions complicates
predicting the behavior of a protein based on its pI or amino acid
sequence. A relatively simple design of experiment (DoE) approach
can be used to determine the effects of buffer pH and conductivity
on selectivity, recovery, and robustness of protein purification. DoE
also can help end users define a design space for their target
protein purification processes.

Binding and elution mechanisms of hydrophobic ion-exchange
resins are affected chiefly by buffer pH and salt. Changes in ionic
strength also induce and/or optimize elution, and the final defined
method often will be a combination of a change in pH and/or a
change in salt concentration. In some cases, though, a mobile-
phase modifier or a different salt in the elution buffer might be
necessary for optimal results.

GUIDELINES FOR HAC
METHOD DEVELOPMENT

Proteins with Unknown pl
Binding occurs at pH 6.5-7.5; an
increase in pH stabilizes CHT; add
phosphate >5 mM.

Elution: With phosphate and/or NaCl,
gradient or step elution, add phosphate
>5 mM.

Basic Proteins

Binding: Bind primarily to phosphate
sites by cation exchange. Calcium
affinity may also play a role. Consider
flow-through for nonbinding targets.

Elution: NaCl elution might provide
more selectivity than phosphate. Try
0-1 M NaCl gradient and convert to
step. Low levels of phosphate
eliminate weak Ca?" interactions. Try 5
mM, 10 mM, and then 15 mM.

Acidic Proteins

Binding: Bind primarily to calcium sites
by metal affinity. Binding may be
possible in high-salt conditions.
Consider flow-through for nonbinding
targets.

Elution: Phosphate alone will elute
target from calcium as well as
phosphate sites. Try 0-400 mM
phosphate gradient and convert to
step. Elution could be achieved with or
without NaCl.

BACK TO CONTENTS

Figure 5: General method development rationale for hydrophobic ion exchangers.
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Figure 5 provides a general
method development rationale
(4). In most cases, conducting a
DoE study to identify optimal
binding and elution conditions
will yield an effective, robust,
and scalable method. A packed
column often is used to verify
and optimize the resulting
chromatography conditions.

Figure 6 summarizes DoE

Figure 6: Use of DoE in development of a process for impurity clearance
with a hydrophobic anion exchanger.

5.5+

25"

MVM (LRV)

004>
60

50
40|+
30

HCP
(PPm)

results from a method- 207

development exercise for flow-

dsDNA
(pPm)

through polishing of a
monoclonal antibody (MADb, plI
9.0) using a hydrophobic anion
exchanger. DoE was used to
identify the chromatography

Endotoxin
(EU/mg)

conditions that would provide
efficient clearance of impurities,
providing »90% recovery of this
pl 9.0 MAb. A spin column
format was used to perform the
DoE, and 5-mL Foresight 1
prepacked chromatography
columns (Bio-Rad) were used to
verify the DoE results.

Buffer pH had the greatest
effect on clearance efficiency for host-cell proteins (HCPs), double-
stranded DNA, endotoxins, and aggregates of the target protein, as
well as log reduction of minute virus of mice (MVM). In terms of
salt tolerance, NaCl concentration did affect the log reduction value
(LRV) for MVM. Additionally, the load level affected HCP and MVM
clearance. According to the DoE results, the greatest log reduction
of MVM occurred at pH 8 with 150 mM NaCl in the buffer, whereas
recovery of the target antibody monomer was highest at pH 6
(Figure 7). Because the goal of the process was to ensure virus
reduction, the purification method ran at pH 8 with 10 mM Na,SO,
and 150 mM NaCl, which provided an MVM log reduction of 4.2
and a target monomer recovery at >90%.

Aggregate
Content
(%)

6 65 7 75 80 50

APPLICATIONS
Given its ability to enhance separation of target molecules from
impurities, multimodal chromatography has become an essential
tool for downstream purification of biotherapeutics. Both
hydrophobic ion exchange and HAC have been used for a wide
range of applications in development and manufacturing of
biopharmaceutical products (Table 2).

Recombinant Protein Capture: Purification of recombinant
proteins, especially those lacking affinity “handles,” can require

9 BioProcess International 18(10)E2 OCTOBER 2020
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Table 2: Mixed-mode
chromatography can be used to
deliver robust purification of
biotherapeutics and a wide range of
contaminants present in the
manufacturing process.

Application References
Monoclonal antibodies 5,7,20-22
Charged antibody isomers 6
Antibody fragments 7
Recombinant proteins 7,8
Viral particles 9
Recombinant 10
adenoassociated (AAV) virus

Recombinant adenovirus 24,25
vectors

Vaccines 1
Isozymes 12
Supercoiled DNA from linear 13
duplexes

Single-stranded from 13,25

double-stranded DNA
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Figure 7: Balancing virus reduction with target monomer recovery.
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multiple chromatography steps and complicated feed-stream
conditioning. These factors lead to high production costs and
relatively low recovery rates and are exacerbated by low protein
expression, pH sensitivity, and limited protein stability. Mixed-
mode is well-suited for purifying such proteins, and its gentle
chromatography conditions allow for maximum protection of
target protein integrity (14).

Antibody Purification, Aggregate, Endotoxin, and DNA
Removal: Impurities that must be removed by downstream
purification processes include aggregates of the target protein,
host-cell DNA, and bacterial endotoxins. The presence of aggregates
can increase the risk of immunogenicity for patients and/or give a
product different bioactivity, potency, and pharmacodynamic/
pharmacokinetic properties compared with the correct monomer
presentation. The presence of host DNA in a feedstream can
interfere with purification, whereas endotoxins pose a serious
safety risk.

Techniques that use ion-exchange or HIC resins can induce
formation of aggregates or multimers through increased protein
concentrations or the salt/pH requirements for elution. Multimodal
resins offer a robust approach to removing these impurities while
minimizing the risk of inducing aggregates.

HAC is an excellent choice for intermediate or final polishing in
biotherapeutic purification workflows. For example, it can improve
immunoglobulin G (IgG) purification quality, efficiency, yield, and
process economics because of its large capacity for high-titer feed
streams. Diverse selectivity enables robust removal of aggregates
and fragments and one-step clearance of multiple process-related
impurities including DNA, HCPs, endotoxins, viruses, and protein
A from a common affinity capture step (15). Table 3 lists impurities
typically found in a bioprocess feed stream with observed clearances
by HAC. It has been used for aggregate removal, which could not
be achieved by either ion exchange or HIC alone, and it also is well-
OCTOBER 2020
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Buffer pH
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Table 3: Observed clearances of

MADb %
. <45.0
<475
m<50.0
m<52.5
mm<55.0
<575
= <60.0
m<62.5
m<65.0

<67.5

<70.0

<72.5
w<75.0
m<77.5
= <80.0
<825
mm<85.0
mm <87.5
= <90.0
m>90.0

process feed stream impurities
using HAC (CHT Ceramic
Hydroxyapatite media, Bio-Rad

Laboratories).

uonoel4 Ybnoiyj-moj4 ui AIanoday qyIN

Observed
Impurity Method Clearance*
Aggregates HP-SEC 1-2 logs
(<0.03%)
Protein A ELISA 1-2 logs
CHO protein  ELISA 2 logs
DNA PicoGreen >3 logs
assay
Endotoxin LAL assay >4 logs
XMulLV Infectivity or >4 logs
PCR
MVM Infectivity 2 logs

* NaCl gradients at constant phosphate

concentration

CHO = Chinese hamster ovary (cells)
ELISA = enzyme-lined immunosorbent assay
LAL = Limulus amebocyte lysate

PCR = Polymerase chain reaction

MVM = minute virus of mice

XMuLV = xenotropic murine leukemia virus
PicoGreen is a trademark of Thermo Fisher
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suited to endotoxin depletion (16-18). Endotoxins are highly
acidic, containing many phosphoryl and carboxyl residues that
have a strong affinity to the calcium ions in HAC resins.

Hydrophobic cation-exchange media provide robust recovery of
MAbs at high flow rates in commercial manufacturing settings (19).
With a higher affinity for full-length antibodies relative to process
impurities and by-products, these resins are ideal for the polishing
step in MAb workflows. This approach is demonstrated to be highly
effective in clearing DNA contamination from a CHO cell culture
harvest in a final polishing step for a MAb product (20).

Hydrophobic cation-exchange resins can also be used for
purification of recombinant protein therapeutics that lack affinity
handles. In a workflow without affinity capture, the multimodal
resin provides maximal clearance of HCPs and double-stranded
DNA from host cells with minimal aggregate content (21).

Similarly, hydrophobic anion-exchange media can be used to
purify both acidic and basic antibodies in either bind-elute or flow-
through mode, simultaneously delivering high purity and good
yield. As with other multimodal resins, this salt-tolerant resin
minimizes the need for feed-stream dilution before column loading
or transfer to a subsequent column in a workflow. The broad
mixed-mode design space in terms of pH and salt enables use of
conditions required for difficult-to-purify proteins, including
constructs that lack affinity handles (22).

Virus Purification: Conventional techniques for mammalian
virus purification — either for vaccine production or biological
studies — can produce material of varying quality and quantity,
often with a significant loss of particle infectivity. By contrast,
HAC is a simple and scalable approach for separation of virus
particles with diverse sizes and from different families. The
method delivers a concentrated preparation of highly active and
pure viruses (23).

Purification of adenoviruses, the vehicle of choice for gene
therapies, warrants use of hydrophobic ion-exchange resins. The
large virus particles (165 MDa, 0.1-pm diameter) combined with
thousands of protein subunits and a lack of stability at low pH
create a challenge for conventional approaches to purification such
as filtration, density gradients, and ultracentrifugation. Mixed-
mode chromatography enables high-quality purification of
adenoviruses in two steps to yield active, concentrated vectors
with purity, HCP levels, and DNA contamination levels comparable
to those of existing clinical-grade products (24).

Viral Clearance: The possible presence of adventitious agents
and virus contaminants from source materials necessitates removal
or inactivation during biotherapeutics manufacturing. As described
above, mixed-mode chromatography can provide robust viral
clearance even for MVM, which is otherwise resistant to inactivation
and often the most difficult adventitious virus to remove during
bioprocessing.
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ADVANTAGES OVER CLASSIC
ION EXCHANGERS

Mixed-mode resins offer

« higher resolution compared to single
mode interactions

- improved yield

« consolidated purification steps due
to orthogonal interaction modes

- a large design space for protein
interaction

- minimal feed manipulation prior to
binding

- mild operating conditions which
preserve activity.
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A POWERFUL ALTERNATIVE

Downstream processing is an essential part of all biomanufacturing
workflows. Robust recovery of target biological molecules is
essential; impurity clearance is necessary to help ensure therapeutic
efficacy and patient safety. Although classical or “single-mode”
chromatography resins are used throughout the biopharmaceutical
industry to achieve these objectives, shortcomings to that approach
can be overcome using multimodal chromatography. The combined
action of multiple functionalities on the ligands of multimodal
resins enhances separation of target molecules from impurities
and offers significant advantages in purification of biotherapeutics:

* Resolution of biomolecules that appear homogeneous using
other chromatographic methods

« Selective clearance of impurities in a single step, which can
accelerate downstream processes and improve overall yield
and purity

* Intuitive development of robust methods for
manufacturing, with a large design space for determining
acceptable binding and elution conditions

* Loading of feed streams at high conductivity due to robust
salt tolerance

* Preservation of target-molecule activity through mild
operating conditions

« Simplifying bioprocesses by reducing purification steps and
minimizing feed manipulation.

Given the compelling benefits of mixed-mode chromatography,
this approach should be considered by anyone developing methods
for impurity clearance and purification of biotherapeutics.
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Xuemei He

Xuemei He (R&D manager,
chromatography media chemistry): With
a PhD in biological chemistry, He has
over 20 years of experience in
biomolecule separation and
characterization. Her laboratory
concentrates on development of
chromatography media for process-scale
production of biopharmaceuticals, with an
emphasis on viral safety and removal of
residual process- and product-related
impurities during polishing stages. She
also provides application support on
chromatography media screening,
method development, and process
optimization based on molecular
interactions and mechanistic
understanding.

William Rushton (process
chromatography support scientist):
Rushton has over 23 years of industry
experience in downstream process
development. Before Bio-Rad, he spent
10 years in the process development
group at Centocor (a wholly owned
subsidiary of Johnson & Johnson). In
2007 he joined Charles River
Laboratories as manager of its process
evaluation/validation group, performing
viral clearance studies for pharmaceutical
and biotechnology clients. In 2009, he
moved to Auxilium Pharmaceuticals as a
senior scientist in process development.
He holds a master of science degree in
biomedical sciences from Philadelphia
College of Osteopathic Medicine and a
bachelor of science in biology from St.
Joseph’s University.
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William Rushton

Bio-Rad Experts Discuss
Multimodal Chromatography

Mark Snyder (R&D applications
manager, process chromatography):
Snyder earned his bachelor of science
degree at the Massachusetts Institute of
Technology and his doctorate in
biochemistry at the University of
California, Berkeley. He has been
responsible for many developed
processes, among them Bayer’s licensed
recombinant factor VIII purification
process. He is experienced and widely
published in process troubleshooting,
optimization, and validation.

Daniel Yoshikawa (global product
manager, process chromatography):
Yoshikawa received his doctorate in
pharmacology from the University of
Rochester, New York. He is responsible
for bringing Bio-Rad’s mixed-mode
process resins to market while
connecting with life-science researchers
to stay abreast of industry needs.

The Conversation

BPI: To what extent have you seen
uptake of multimodal chromatography by
the biopharmaceutical industry?

Rushton: Many of my customer
interactions involve some discussion of
mixed-mode resins. This has increased
significantly over the past two to three
years.

Snyder: | think that interest is continuing
to grow. Uptake was slow for a while
because of inexperience with multimodal
ligands and also because of the (at least
perceived) need for design of
experiments (DoE).
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Daniel Yoshikawa

He: Customers’ initial hesitation most
likely comes from the term mixed-mode
itself. Most scientists working on protein
purification are not trained as organic
chemists, and sometimes they are
frustrated by the chemical structures of
the ligands. From presenting the unique
selectivity of mixed-mode resins and the
use of DoE for method development, |
have seen increasing acceptance.

Yoshikawa: | agree that uptake was slow
when the technology was first introduced,
but acceptance has increased swiftly in
recent years. In fact, according to
Strategic Directions International, mixed-
mode is among the fastest growing
technologies (https://strategic-directions.
com/product/laboratory-process-scale-
purification-pharmabiotech-revolution).

BPI: Which applications are generating
the greatest interest — and why?

Rushton: In gene therapy and purification
of larger molecules, process engineers
need to be able to separate empty and
full capsids.

Snyder: Mixed-mode is attractive for
those molecules that don’t have a readily
available purification platform.

He: Some people are looking for simple
step transitions without extensive
adjustment of feed-stream conductivity,
with selectivity that cannot be achieved
by single-mode chromatography media
(e.g., species of very similar pl), or simply
to reduce purification steps. Multimodal
resins generally show better salt
tolerance than ion exchangers and better
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target recovery than hydrophobic-
interaction resins.

Yoshikawa: Purifications of antibody-
related molecules are among the greatest
interests. These include classic
monoclonal antibodies (MAbs) and
derivatives such as antibody—drug
conjugates, bispecifics, fragments, and
others. The industry is turning toward
mixed-mode resins because those
molecules are becoming more and more
difficult to purify.

Links for Further Reading

- On CHT media and virus purification
(https://www.bio-rad.com/webroot/web/
pdf/psd/literature/Bulletin_6790.pdf)

- On adenovirus purification (https://www.
bio-rad.com/webroot/web/pdf/psd/
literature/Bulletin_6807.pdf).

BPI: What are some considerations that a
first-time user of multimodal
chromtaography should keep in mind?

Rushton: Users need to understand that
you cannot think of a traditional ion-
exchange (IEX) step when working with
mixed-mode resins. With mixed-mode
resins, you might be able to load at a
much higher conductivity than with a
traditional IEX and still be able to
separate your product from its impurities.

Snyder: First, mixed-mode is not a black
box. It's just a combination of what you
already know: IEX and hydrophobic-
interaction chromatography (HIC).
Second, because each ligand is
different, it’s a virtual certainty that your
target protein and/or impurities will
behave differently on each one.

He: | always suggest that users start with

DoE instead of trying to use the predicted
pl or hydrophobicity of a protein to guide

their method development.

Yoshikawa: Do not be intimidated by
mixed-mode. The technology simply uses
what you already know from traditional
single-mode chromatography modes.
You’re simply combining multiple modes
into one.

BioProcess International

Bio-Rad Experts Discuss
Multimodal Chromatography

Links for Further Reading:

« On Nuvia cPrime method development
(https.//www.bio-rad.com/webroot/web/
pdf/ps/literature/Bulletin_6242.pdf)

« On CHT method development (https://
www.bio-rad.com/webroot/web/pdf/Isr/
literature/Bulletin_6086.pdf)

- On effects of buffers on Nuvia aPrime
4A method development (https:.//www.
bio-rad.com/webroot/web/pdf/Ist/
literature/Bulletin_7207.pdf).

BPI: Tell us about Bio-Rad’s background
and current multimodal offerings.

Snyder: For decades, Bio-Rad has been
selling the original mixed-mode ligand,
CHT ceramic hydroxyapatite media. We
also have launched hydrophobic cation-
exhange (HIC-CEX) and hydrophobic
anion-exchange (HIC-AEX) mixed-mode
resins, with more to come.

Yoshikawa: Bio-Rad has been in the
chromatography business since the 1950s
and has supported hydroxyapatite calcium
affinity/cation-exchange mixed-mode
chromatography for the past 27 years.

Links for Further Reading:

- On the history of Bio-Rad Laboratories
(https://www.bio-rad.com/en-us/
corporate/our-history?ID=MR8ISY4 V).

BPI: What is unique about Bio-Rad’s
hydrophobic ion-exchange resins and
HAC resin?

Rushton: For the Nuvia cPrime and Nuvia
aPrime 4A resins, the hydrophilic nature
of their base beads is unique in the resin
space. CHT ceramic hydroxyapatite
media’s uniqueness stems from the fact
that the bead is the ligand (rather than a
traditional resin with ligands attached to
base beads).

Snyder: Every ligand performs differently
for every protein, so there’s no way to
predict how one resin will necessarily
behave in a given feed stream.

Yoshikawa: Essentially, each ligand
performs differently with individual
molecules. Therefore, what end users are
being offered is a range of selectivities
for purifying their molecules of interest.
18(10)E3 OCTOBER 2020

Links for Further Reading:

« On Nuvia aPrime 4A resin (https://www.
bio-rad.com/webroot/web/pdf/ps/
literature/Bulletin_7142.pdf)

« On Nuvia cPrime resins (https.//www.
bio-rad.com/webroot/web/pdf/ps/
literature/Bulletin_6242.pdf)

« On CHT XT media (https.//www.bio-rad.
com/webroot/web/pdf/psd/literature/
Bulletin_7080.pdf).

BPI: Do you have data to show
improvements in process economics or
timelines that can be achieved using
multimodal chromatography in
downstream processing?

Rushton: Bio-Rad has studied many
applications to help introduce mixed-
mode resins into different types of
processes.

Links for Further Reading:

- On a nondffinity-based purification
platform (https://www.bio-rad.com/
webroot/web/pdf/psd/literature/
Bulletin_7134.pdf) and https.//www.bio-
rad.com/webroot/web/pdf/Ist/literature/
Bulletin_6887.pdf)

- On MADb purification cost efficiencies
(https://www.bio-rad.com/webroot/web/
pdf/Isr/literature/Bulletin_7099.pdf).

BPI: What new applications for
multimodal chromatography do you see
on the horizon?

Rushton: | think that the next set of
applications will be in more nontraditional
expression systems with which other
purification platforms will have difficulty in
meeting the required quality outputs.

He: It will be in purification of
biomolecules for which no affinity
purification tools are available.

Yoshikawa: Biotherapeutic molecules will
continue to evolve. Mixed-mode
technology increasingly will be required
for their purification.
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