Separation and Purification Practical Guide

lon-Exchange
Chromatography

+ Charge-based resolution from capture to polishing, covering cation and
- anion exchange, strong and weak functional groups, and bind/elute
versus flow-through modes.



01 What IEX chromatography does

lon exchange chromatography (IEX) separates molecules according to differences in surface charge
under defined buffer conditions. The stationary phase carries fixed ionic functional groups, either
negatively charged (cation exchanger) or positively charged (anion exchanger), each associated with
mobile counterions. Biomolecules carrying the appropriate opposite charge displace these counterions
and bind to the resin; those with insufficient or opposite charge pass through.

For proteins, the operative concepts are pH and isoelectric point. A protein carries a net positive charge
at pH values below its isoelectric point (pl) and a net negative charge at pH values above its pl. The
relationship between operating pH and pl determines which exchanger type is appropriate. The general
rule is: the exchanger is named for what it exchanges, not for what it retains. A cation exchanger retains
cations.

Exchanger Properties

Cation exchanger carries a negative charge and retains positively charged
(cationic) molecules.

Anion exchange carries a positive charge and retains negatively charged
(anionic) molecules.

Net charge at a given pH gives the first approximation of IEX behaviour, but it is only an approximation.
Actual chromatographic retention depends on the spatial distribution of charges across the protein
surface. Proteins with identical pl values can show different retention on the same column because their
surface charge patterns differ. Buffer species, ionic strength, resin chemistry, and pore geometry all
modulate the interaction further. Method development must therefore be empirical as well as principle-
guided.

IEX is applicable across a wide range of targets: proteins, peptides, nucleic acids, and other charged
biomolecules. It can function as a capture step, an intermediate purification step, a polishing step, or an
analytical tool for charge-variant characterisation.

02 The separation process

The generalized IEX process is:
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Equilibration associates the resin functional groups with their mobile counterions under the binding buffer
conditions. When the sample is loaded, target molecules with sufficiently strong electrostatic
complementarity to the resin displace the counterions and are retained. Molecules with insufficient charge,
the wrong charge sign, or strong competition from high-ionic-strength conditions pass through in the
unbound fraction.

Binding requires low ionic strength. High concentrations of salt ions compete with the target molecule for
electrostatic interaction with the resin surface, suppressing binding. Conductivity is therefore the
operational lever for controlling loading conditions: samples are adjusted to a sufficiently low conductivity
before or during loading, and purity is improved by washing at the same or slightly elevated conductivity
before elution.

Elution is most commonly achieved with a salt gradient. Increasing counterion concentration progressively
displaces bound species in order of their electrostatic affinity for the resin: weakly retained components
elute first, and more strongly retained species elute later. A well-resolved salt gradient can separate
proteins with small differences in charge; a step elution defines discrete pools for process applications..

pH-gradient elution is an alternative. For a cationic protein bound to a cation exchanger, increasing pH
toward and above its pl reduces net positive charge and weakens binding. For an anionic protein bound to
an anion exchanger, decreasing pH toward the pl reduces net negative charge. pH elution can provide
different selectivity than salt elution and may be advantageous when salt sensitivity is a concern, but it
requires careful buffer design to maintain a defined, smooth pH gradient.

The distinction between strong and weak ion exchangers affects the pH dependence of the functional
group. Strong exchangers, such as sulfonate (SP) for cation exchange and quaternary ammonium (Q) for
anion exchange, retain their charge across a broad pH range. Weak exchangers, such as carboxymethyl
(CM) and diethylaminoethyl (DEAE), have ionization states that are more sensitive to pH. Neither type is
universally superior; the choice is a selectivity and process-design decision made in the context of the
specific application.

03 Applications and method development

lon exchange is the most broadly applied chromatographic mode in protein purification. Its versatility
spans every stage of the purification workflow. At capture, IEX can concentrate and partially purify protein
from clarified cell culture or lysate. At intermediate stages, it separates product from process-related
impurities that survived an earlier capture operation. At polishing, it resolves product-related variants,
including charge isoforms, deamidated species, and glycoforms, at the resolution level required for
biopharmaceutical characterization and release.

Anion exchange in flow-through mode warrants particular attention as a bioprocess polishing strategy.
Under appropriately chosen pH and conductivity conditions, the product of interest passes through the
column while negatively charged impurities, including host-cell DNA, endotoxins, host-cell proteins, and
some viral particles, bind to the positively charged resin. This configuration can deliver high impurity
clearance at high throughput, since the product does not need to be retained and eluted.

:-’; LT Biotech



Method development should systematically evaluate:

e Target pl and expected net charge at candidate operating pH values.

e Target stability across the required pH range.

e Choice of cation versus anion exchanger, based on the pH window available and expected impurity

charge profiles.

e Strong versus weak exchanger, based on the required pH operating range and selectivity requirements.

e Loading conductivity and ionic strength.

e Buffer species and concentration: the ionisation state of the buffer affects background conductivity and

can interact with resin selectivity.
e Salt-gradient versus pH-gradient elution.

e Dynamic binding capacity at the intended residence time.
e Target recovery and impurity clearance at each candidate condition.

A practical starting point is to select a pH that places the target sufficiently far from its pl to generate
productive binding at accessible ionic strength, while remaining within the protein's stability range. Small
pH and conductivity screens then identify the binding window. Once binding is confirmed, gradient
scouting reveals whether the target and principal impurities have sufficiently different retention to support

a step elution in a process setting.

Because IEX responds to both pH and ionic strength, buffer preparation and pH control are critical
determinants of reproducibility. Variation in conductivity at loading or in gradient slope at elution can shift
retention times and affect purity and yield. Process robustness assessment should include the sensitivity of

the separation to these variables.

04 Strengths, limitations, applications

Strengths

High resolving power — for proteins and other charged
biomolecules, including closely related charge variants.

Applicable at every stage — from capture to analytical
characterisation.

Variable selectivity — strong and weak exchanger formats
provide different selectivity and pH operating behaviour.

Scalable — from analytical to large-scale preparative
chromatography with straightforward linear scaling.

Compatible with sensitive proteins — salt-based elution

and flow-through anion exchange both operate under mild
aqueous conditions

:-’; LT Biotech

Limitations

lonic only — non-ionic molecules are not retained by
electrostatic interaction and cannot be separated by this
mechanism.

pH selection — charge, and therefore retention, changes
significantly with pH

High conductivity — suppresses binding and must be
controlled at loading.

Tolerance — of the selected pH and ionic strength by the
target must be ensured throughout the process

pl alone does not predict retention — surface charge
distribution and resin chemistry both contribute.

Buffer conductivity —must be measured and controlled for
reproducibility.



Best-fit applications

IEX is the appropriate first-choice screening mode when the target or impurities differ in charge and a
suitable pH operating window exists. It is especially valuable for protein capture and polishing, charge-
variant analysis, and the removal of charged process impurities including DNA, endotoxin, and host-cell
proteins. Its broad applicability makes it the foundational chromatographic mode against which other
separation strategies are often benchmarked.

Product-specific operating ranges, capacities, cleaning conditions, and regulatory claims should be taken
from current LT Biotech resin documentation and product-specific validation data.
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