Separation and Purification Practical Guide

Hydrophobic
Interaction
Chromatography

3%, How to use salt concentration to turn surface hydrophobicity into
g8 o separation handle for proteins and variants.



01 What HIC separates

Hydrophobic interaction chromatography (HIC) separates proteins according to differences in their
exposed hydrophobic surface area. All proteins present both hydrophilic and hydrophobic regions; the
balance between them, and the degree to which hydrophobic patches are accessible to the surrounding
solvent, determines how a protein behaves on an HIC column under a given set of conditions.

Because this selectivity mechanism operates independently of net molecular charge, HIC can resolve
proteins and protein variants that appear almost identical by ion exchange chromatography. Two
molecules with the same pl and similar size but different surface hydrophobicity can be cleanly
separated by HIC. This complementarity makes HIC a powerful addition to any multi-step purification
process.

HIC is distinct from reversed-phase chromatography and must not be conflated with it. Both modes
exploit hydrophobic interactions, but they do so under fundamentally different conditions and with
different consequences for the biomolecule. Reversed-phase chromatography uses organic solvents and
typically acidic mobile phases that can unfold proteins. HIC operates entirely in aqueous buffers, uses
salt to modulate binding rather than organic solvent to drive elution, and is routinely applied to proteins
for which preservation of native structure and biological activity is essential.

The stationary phase consists of porous hydrophilic beads carrying hydrophobic ligands of defined
chemistry. Common ligands include butyl, phenyl, and octyl groups, each presenting a different character
and density of hydrophobic surface. Ligand choice affects selectivity significantly: a phenyl group offers
mild hydrophobicity with some aromatic character, while a longer alkyl chain such as octyl provides
stronger retention. Higher ligand density increases retention but can also increase nonspecific binding.
Matrix, ligand, and operating conditions must therefore be selected together.

02 The separation process

The process follows a salt-in, salt-out logic that is the opposite of what many practitioners first expect:
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Binding is promoted by high ionic strength. Kosmotropic salts, which enhance the ordering of water
molecules around solutes, are particularly effective. Ammonium sulfate is the classical choice; sodium
sulfate, sodium citrate, and potassium phosphate are alternatives. At high salt concentration, water
molecules are preferentially recruited around the dissolved ions, reducing the hydration shell available to
hydrophobic protein surfaces. This thermodynamically destabilizes exposed hydrophobic patches in the
aqueous environment and drives their association with the hydrophobic ligands on the stationary phase.
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Elution is achieved by reducing salt concentration. As ionic strength decreases, the thermodynamic penalty
for hydrophobic exposure in solution is reduced, and proteins progressively desorb. Proteins with weaker
or less exposed hydrophobic regions leave the column first; those with more extensive or deeply
hydrophobic patches require a greater reduction in salt or additional elution conditions. A gradient
provides higher resolution between closely related species; a step elution provides a more robust, defined
pool for process applications.

The exact response is not simply a linear function of salt concentration. Salt identity, protein conformation,
ligand chemistry, and temperature all influence the interaction. Temperature is worth noting: hydrophobic
interactions generally strengthen with increasing temperature, which can be exploited or must be
controlled. This complexity is the reason results should be interpreted as chromatographic selectivity under
the tested conditions, not as an absolute ranking of molecular hydrophobicity.

HIC integrates naturally after upstream operations that leave the sample at elevated ionic strength. An
ammonium sulfate precipitation, an IEX elution at high conductivity, or a similar step may produce a
sample that requires little additional conditioning before HIC loading, a practical workflow advantage
worth planning for.

03 Applications and method development

HIC is used across the purification workflow: as a capture step when appropriate binding capacity exists,
as an intermediate purification step when it complements a preceding affinity or IEX step, and as a
polishing step when hydrophobic differences between product and impurity are sufficient for resolution. It
is particularly valuable for resolving protein aggregates from monomers, for separating product-related
variants with different hydrophobic exposure, and for reducing host-cell protein populations that survive
affinity or charge-based capture.

Method development typically begins with a small-scale resin screen across multiple ligand chemistries
and initial salt conditions. Key variables to evaluate include:

Salt identity and starting concentration.

pH, which affects protein conformation and charge and can alter hydrophobic exposure.

Ligand chemistry and density.

Gradient slope versus step-elution conditions.

Residence time and resin loading.

Temperature, particularly for sensitive molecules or when large-scale heat management is relevant.

A gradient scouting experiment at several salt concentrations is the most efficient way to locate the
binding and elution window before committing to step development. Once the approximate conditions are
known, the step height, wash stringency, and loading limit can be systematically optimised. The starting
salt concentration must be high enough to drive productive binding without precipitating the protein or
causing aggregation. For proteins prone to aggregation at high ionic strength, a lower-hydrophobicity
ligand or a reduced starting salt concentration may be required. Recovery and product quality, including
aggregate content, activity, and downstream compatibility, should be assessed alongside yield at each
stage of development.
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04 Strengths, limitations, applications

Strengths

Selectivity — based on surface hydrophobicity is orthogonal
to charge-based IEX, making the modes complementary in
some processes.

Mild conditions —operates entirely under aqueous, non-
denaturing conditions.

Versatile — useful across capture, intermediate purification,
and polishing stages.

Integrates efficiently — after upstream steps that elevate
sample ionic strength.

Multiple ligand chemistries — provide a tuneable range of
hydrophobic retention. Can resolve product-related variants,
aggregates, and impurities that charge-based modes do not
distinguish.

Best-fit applications

Limitations

Precipitation — high salt loading conditions can cause
precipitation for proteins with limited solubility at elevated
ionic strength.

Method transfer — salt identity and concentration interact
strongly with selectivity. Method transfer between different
salt systems requires re-evaluation.

Irreversible binding — very hydrophobic proteins or
aggregates may bind irreversibly under standard conditions.

Resin performance — depends jointly on ligand chemistry,
density, pore geometry, and operating conditions; no single
variable predicts outcome independently.

Choose HIC when hydrophobic surface differences are expected to provide useful selectivity and when a
fully aqueous, non-denaturing process is required. It is a strong complementary mode after affinity or IEX
capture and is particularly valuable for resolving aggregates, product variants, and impurities that remain
similar in charge. For applications where organic solvents are acceptable and the highest possible
resolution is needed, reversed-phase chromatography may be the more appropriate choice.

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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