Separation and Purification Practical Guide

Hydroxyapatite
Chromatography

*& How to harness ceramic hydroxyapatite's separate calcium and
phosphate surface sites to separate proteins and nucleic acids.



01 What HAP chromatography separates

Hydroxyapatite (HAP) chromatography uses ceramic hydroxyapatite (CHT), a crystalline calcium
phosphate mineral (Cal0(PO4)6(0OH)2) engineered into mechanically stable, porous chromatography
particles. What makes CHT fundamentally different from conventional ion exchangers is that the
binding surface is not a ligand coupled to an inert matrix: the calcium and phosphate groups of the
crystal lattice itself are the functional chemistry. The material is both the support and the stationary
phase.

CHT presents two chemically distinct surfaces. Positively charged calcium sites interact with
carboxylate-rich and phosphorylated groups on biomolecules through a metal-affinity-like coordination
mechanism. Negatively charged phosphate sites interact with positively charged groups, primarily
amino groups and basic residues, through cation-exchange-type interactions. Both surface types are
simultaneously available, and most biomolecules interact through a combination of the two.

This dual interaction mechanism is the source of CHT's distinctive selectivity. A protein that carries both
acidic and basic residues may interact with both calcium and phosphate sites to different extents,
depending on its three-dimensional charge distribution, the mobile-phase conditions, and the specific
CHT grade in use. Two proteins that are difficult to separate by conventional IEX because of similar net
charge may nonetheless be resolved on CHT because the relative contribution of calcium-mediated and
phosphate-mediated interactions differs between them.

Ceramic processing gives the particles the mechanical robustness required for column chromatography
at the pressures and flow rates encountered in bioprocessing. Commercial CHT is available in two
principal types, Type | and Type II, which differ in crystal morphology and present different balances of
calcium and phosphate chemistry. These differences produce measurably different chromatographic
selectivity and should be evaluated for each application rather than assumed to be interchangeable.

02 How the separation works

A generalised CHT process follows this sequence:
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The elution strategy depends on which interaction mechanisms dominate for the target molecule.
Cation-exchange interactions between positively charged biomolecule groups and the phosphate
surface can be weakened by increasing ionic strength, raising pH, or introducing competing phosphate
species. Calcium-mediated interactions between carboxylate or phosphorylated groups and calcium
sites are selectively disrupted by increasing phosphate concentration in the mobile phase, because
phosphate competes directly for the calcium sites.
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This means phosphate concentration and sodium chloride concentration are not interchangeable tools in
CHT method development: they address different interactions. Using only salt to elute may fail to release
species bound primarily through calcium-mediated coordination; a phosphate gradient is often required.
Many robust CHT methods use a combination of phosphate and salt gradients to achieve elution of both
interaction types simultaneously.

The chromatographic behaviour of a given protein cannot be reliably predicted from its net charge alone,
because the calcium interaction depends on surface distribution of carboxylate groups and
phosphorylated residues, information not captured by pl or charge number. This is one reason CHT
provides selectivity orthogonal to conventional IEX, and also one reason that method development for CHT
requires empirical screening rather than a purely predictive approach.

Ceramic particles, while mechanically robust, should be handled carefully during packing and cleaning.
Excessive backpressure or aggressive mechanical agitation can cause particle fragmentation. Cleaning
conditions must be compatible with the ceramic matrix; protocols acceptable for polymer-based resins
may not apply to CHT.

03 Applications and method development

CHT is used for protein and nucleic acid purification, most commonly as an intermediate or polishing step
where its mixed interaction mechanism provides selectivity unavailable from affinity, IEX, or HIC alone. In
antibody purification, CHT has demonstrated utility after Protein A capture, at a stage where it can
address host-cell proteins, aggregates, and other process-related contaminants that survive the initial
capture. In nucleic acid applications, the strong affinity of phosphate-containing backbones for calcium
sites can provide selectivity that conventional anion exchangers do not achieve.

Reported differences between CHT Type | and Type Il include greater resolution of neutral and basic
proteins on Type Il and different nucleic acid retention characteristics. These differences arise from the
distinct crystal morphologies of the two types and should be explored when the application involves these
species.

Method development should evaluate:
e CHT type (Type | vs. Type ll) and particle size.
e Loading buffer pH, typically 6.5-8.0 but application-dependent.
e Sodium chloride concentration at loading and wash.
e Phosphate concentration and gradient profile for elution.
e Combined phosphate and salt gradients where both interaction types contribute to retention.
e Sample load per column volume and residence time.
e Product recovery and product quality, including aggregate clearance and nucleic acid removal where
relevant.

A useful starting strategy is a two-dimensional screen of pH and phosphate/salt conditions, evaluated for
both target recovery and impurity clearance. Because two interaction mechanisms are in play, a condition
that releases the target may or may not release a specific contaminant, and this selectivity can be
exploited by choosing a wash or elution condition that differentially disrupts one interaction type before
the other.

:-’; LT Biotech



04 Strengths, limitations, applications

Strengths

Dual calcium and phosphate surface chemistry — creates
selectivity that cannot be replicated by a single-mode ion
exchanger.

Effective — for proteins, antibodies, and nucleic-acid-
containing samples.

Resolution — of species with similar net charge that are
difficult to separate by conventional IEX.

Mechanical robustness — provided by ceramic particles
under chromatographic operating conditions.

Available in two types — with different selectivity profiles,

allowing targeted optimization.

Best-fit applications

Limitations

Complexity — of the dual mechanism is higher than single-
mode IEX, making method development less intuitive and
more dependent on empirical screening.

Behaviour is highly dependent — on phosphate
concentration, salt, pH, and the specific CHT grade;
conditions are not directly transferable between types.

Protein retention — cannot be predicted reliably from net
charge alone.

Fragmentation — of the ceramic particles is possible under
excessive mechanical stress.

Cleaning and regeneration — protocols must be validated
for compatibility with the ceramic matrix.

Hydroxyapatite chromatography is a strong candidate when mixed calcium/phosphate interactions can
provide selectivity that affinity, IEX, or HIC does not deliver, particularly for protein polishing, antibody
purification after affinity capture, and nucleic-acid-related separations. It should be treated as a

mechanistically distinct mode that requires dedicated method development, not as a drop-in substitute for

conventional ion exchange.

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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