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01 What affinity chromatography does 

Affinity chromatography separates a target molecule from the stock mixture based on a specific, reversible


interaction between the molecule and a ligand immobilised on the resin.



Where other methods sort molecules by a general physical properties (size, charge, or hydrophobicity), 

affinity chromatography recognises the target directly. The ligand is chosen to bind one thing: the 

antibody, the tagged protein, the viral capsid, the mRNA. Everything that does not bind is washed straight 

through. The captured target is then released under controlled conditions, ready for the next step.



The pay‐off is speed and selectivity in a single operation. A well‐designed affinity step can take a crude 

feedstock to high purity in one pass, which is why it is the workhorse for high‐value biologics such as 

monoclonal antibodies, viral vectors, plasmid DNA, and mRNA.

Binding pair Interaction

Antibody / antigen Immune recognition, highly specific and well characterised

Enzyme / substrate Affinity of an enzyme's active site for its substrate

Enzyme / inhibitor Tight, selective binding of an enzymatic inhibitor

Receptor / activator Biological signalling recognition

02 The purification process

A typical affinity purification follows four core stages: equilibration and loading, washing, elution, and 

regeneration or cleaning.



Equilibrate. Condition the column with binding buffer so the ligand is ready to capture.


Load. Apply the sample. The target binds the ligand as impurities begin to flow through.


Wash. Push wash buffer through to clear all unbound and weakly held material.


Elute. Break the bond with elution buffer and collect the concentrated target.


Regenerate. Strip residual material and re-equilibrate for the next cycle.

NB! The elution buffer must break the target–ligand bond without damaging the target. This is the single most important 

constraint when developing an elution step.
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The defining advantage is concentration and selectivity in the same operation: the target can be captured 

from a relatively complex feed while many contaminants are removed in the flow-through and wash 

fractions.



Affinity chromatography can also be used for selective removal of an impurity rather than capture of the 

product. In that configuration, the desired product passes through while a specifically recognised 

contaminant is retained.



Method development should focus on five questions:



Is the binding interaction sufficiently selective?


Is the target soluble and stable under binding, washing, and elution conditions?


Is the ligand accessible and stable under the intended operating conditions?


What loading and residence time provide acceptable dynamic binding capacity and recovery?


Can the target be eluted without compromising activity, structure, or downstream processing?



Dynamic binding capacity is more informative for process design than a static equilibrium capacity 

because it is measured under flow conditions. Breakthrough behaviour should therefore be evaluated at 

the intended residence time and with a representative feed.



High affinity is useful, but stronger binding is not automatically better. If elution requires harsh conditions, 

recovery or product quality may suffer. Conversely, insufficient affinity can cause breakthrough and poor 

yield. The optimum is the combination of selectivity, capacity, recovery, product quality, and resin lifetime.

03 Strengths and limitations

Strengths Limitations

Exceptional selectivity — stronger than almost any other 

purification approach.



Tuneable breadth — target one molecule, or a whole class, 

such as all antibodies via protein A or G.



One-step potential — often removes or greatly reduces later 

polishing steps.



Works in reverse — can pull out a single impurity instead of 

capturing the product.



High final purity — a direct result of specific binding.

Custom cost — a novel target may need a bespoke resin, 

more costly than a standard one.



Solubility limits — poorly soluble proteins are hard to purify 

in liquid media.



Ligand demands — the ligand must be well studied, stable 

and economical to attach.



Purity is not yield — high specificity can still lose product if 

affinity is low.



Fouling — molecules such as biotin bind some ligands 

almost irreversibly, saturating the column.



Condition sensitivity — pH, ionic strength and target folding 

all affect whether the bond forms.

As with all chromatography, buffers and solvents must never degrade the matrix, spacer or ligand. 

Protecting the ligand's ability to bind is what protects column lifetime.
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04 Matrix and column design

Because the whole point is highly specific binding, the resin must contribute none of its own. The matrix 

bead and spacer should hold the ligand in place without binding anything themselves, and without getting 

in the way of the target–ligand interaction.

The base matrix

For protein purification, agarose beads are the most common matrix. Silica gel, aluminium oxide, acrylate 

and organic polymers are also used, with rigid polymer matrices favoured where high flow rates matter. 

The matrix must suit both the media and the target.

The spacer arm

A spacer holds the ligand away from the bead surface so a large target, such as a full-size protein, has 

room to reach it rather than being blocked by the crowded bead surface. Longer spacers improve access 

but can cost stability, so length is a balance against durability.



Most columns are ultimately a compromise across selectivity, affinity, yield, stability and cost. There is 

rarely a single perfect setting. The right resin is the one whose balance matches your process.

05 Recombinant proteins and affinity tags

Instead of targeting a protein's natural sequence, the protein can be engineered to carry a purpose-built 

tag that the ligand binds. This is a staple of synthetic biology and biomanufacturing. It makes the product 

far easier to detect and purify, and can act as a filter that selects only correctly tagged, functional protein.

The polyhistidine tag and IMAC

The most common example is the polyhistidine tag, usually six histidines in a row, known as a 

hexahistidine tag. It binds a nickel affinity resin while most other proteins bind the metal weakly or not at 

all. Copper, cobalt and zinc are also used in metal-based (IMAC) resins, but nickel is generally preferred for 

its higher yield.

Other common tags

Beyond polyhistidine, widely used systems include glutathione-S-transferase (GST), maltose-binding 

protein (MBP), calmodulin-binding protein (CBP), and streptavidin and biotin-based tags such as the 

Strep-Tag peptide system.
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Designing a good tag

An effective tag:


Does not match naturally occurring protein sequences, so capture stays specific.


Stays accessible to the ligand — not folded inside the protein, and not so large that it causes steric 

crowding or blocks flow between beads.


Does not reduce the protein's stability, bioactivity or three-dimensional structure.


Does not bind unintended partners in the media.


Ideally earns its keep twice, by also supporting downstream immobilisation, detection, or improved 

solubility and stability.

06

mRNA is a defining modality for modern vaccines and therapeutics, and its purification is a textbook case 

of affinity chromatography working exactly as intended.

Purifying mRNA with Oligo dT

Poly dT captures the poly-A tail

Mature mRNA carries a long poly-adenosine (poly-A) tail. An Oligo dT resin presents functionalised poly-

deoxythymidine groups that base-pair with that tail, thymine to adenine, capturing the mRNA specifically 

while truncated transcripts, enzymes and reaction components wash away.



Capture is favoured under higher ionic strength, which supports stable base pairing. The intact mRNA is 

then released under low-salt conditions in a concentrated, high-purity pool.



Performance here depends heavily on the matrix. A high-rigidity polymer backbone sustains the flow rates 

needed for productive processing, while a surface engineered for low non-specific adsorption keeps 

recovery clean. This is the design principle behind LT Biotech's Helios Oligo dT resin: efficient, selective 

capture of mRNA through poly dT base pairing, with very low non-specific binding.

07 Practical troubleshooting

Most affinity problems trace back to a handful of causes. Use this as a first-pass diagnostic before 

changing the resin itself.



Low yield, or target in the flow-through. Usually an overloaded column, weak affinity or sub-optimal 

binding conditions. Reduce the load or adjust buffer conditions to favour capture.


Low purity in the eluate. Often an insufficient or too-gentle wash. Add or strengthen an intermediate 

wash before elution.


Target will not elute, or degrades. The bond may be too strong, or the elution too harsh. Use a gentler, 

more specific eluent that spares the target.


High non-specific binding. Matrix or spacer interactions, or media conditions promoting stray binding. 

Adjust ionic strength or add a mild competitor to the wash.
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08 Finding the right resin

The right affinity resin is the one whose ligand matches your target and whose matrix matches your 

process: high selectivity, the capacity you need, and the stability to run at your scale with low non-specific 

binding.



LT Biotech develops rigid-matrix affinity resins for the purification of biologics, including Helios Oligo dT for 

mRNA. Our experts can help you find the best option, from an established resin to a fully custom design, 

and provide samples for evaluation.


‍
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