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Abbreviations: MS, Mass Spectrometry; NPs, Nanoparticles; 
PNIPAm, poly-N-isopropylacrylamide; GPER, G-protein coupled 
Estrogen Receptor; HPLC, High Performance Liquid Chromatography

Introduction to affinity purification
Proteins and other macromolecules of interest can be purified from 

crude extracts or other complex mixtures by a variety of methods. 
Selective precipitation is perhaps the simplest method for separating 
one type of macromolecule from another. Most purification methods, 
however, involve some form of chromatography whereby molecules 
in solution (mobile phase) are separated based on differences in 
chemical or physical interaction with a stationary material (solid 
phase). Gel filtration (also called size-exclusion chromatography or 
SEC) uses a porous resin material to separate molecules based on size 
(i.e., physical exclusion). In ion exchange chromatography, molecules 
are separated according to the strength of their overall ionic interaction 
with a solid phase material (i.e., nonspecific interactions).

By contrast, affinity chromatography (also called affinity 
purification) makes use of specific binding interactions between 
molecules. It is a variant of chromatography based on the ability 
of biomolecules (analytes) to bind certain ligands specifically 
and reversibly. These unique features of the analyte and the ligand 
interaction are then utilized for the separation of the analyte of interest 
from a complex mixture. From the first protein-protein interaction 
studies done in the late 1990´s,1,2  affinity separations have experienced 
a true renaissance in proteomics. A complete parade of affinity matrices 
and affinity-based experimental approaches has been developed that 
has found numerous applications ranging from subtraction of highly 
abundant proteins to study of drug target profiles to large scale mapping 
of posttranslational modifications. In the classical setup, a relevant 
ligand is attached to a solid, inert resin creating an affinity stationary 
phase (affinity matrix). When a sample containing desired analyte is 
passed over such affinity matrix, the analyte having specific binding 
affinity to the ligand become bound and retained by the matrix while 
the other molecules stay apart. After the other unwanted molecules are 
washed away, the bound analyte is stripped from the affinity matrix, 
resulting in its purification from the original sample (Figure 1). This 
principle was discovered by Cuatrecasas and Wilchek,3,4 who applied 
it to the purification of Staphylococcal nuclease and avidine. Since 

their discovery, numerous specialized affinity purification techniques 
appeared, but notably even today more than 90% of them apply the 
same general principles as reported in 1968.5 Each specific affinity 
system requires its own set of conditions and presents its own peculiar 
challenges for a given research purpose.6

Figure 1 Protein purification using affinity chromatography.7

Basically, there are two main modes of affinity chromatography 
- a ‘subtraction’ mode and an ‘enrichment’ mode. If the aim of the 
purification is to specifically remove protein species that would 
hamper characterization of the sample, then affinity chromatography 
is employed in subtraction mode. Traditionally, the main purpose of 
affinity subtraction is the elimination of highly abundant proteins 
like albumin, immunoglobulin, etc., to achieve broader coverage of 
proteomes that suffer from wide dynamic range such as human body 
fluids (blood plasma, cerebrospinal fluid, urine, saliva). Whereas, 
enrichment mode is applied for the isolation of selected protein 
species. At the protein level, the enrichment affinity chromatography 
permits the purification of a particular protein of interest or a group of 
low abundant proteins and/or proteins that share a specific structural 
feature. At peptide level, the enrichment affinity chromatography has 
attained an essential position in the purification of post-translationally 
modified species.

Moreover, the enrichment affinity chromatography of proteins can 
be used as a tool to obtain an information on specific protein affinities. 
In short, the basic principle of affinity chromatography allows to 
utilize the method for the isolation of protein partners of selected 
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Abstract

Complexity in biological samples pose a greater challenge for proteomic analysis. In order 
to overcome this issue, separation or fractionation is often a prerequisite to qualitative or 
quantitative proteomic approaches. Affinity chromatography is a method for separating 
biochemical mixture based on a highly specific interaction similar to the one between 
receptor and ligand. This mini-review discuss the use of polymeric nanoparticles as an 
alternative matrix support in affinity purification. The nanoparticle-based purification have 
the potential to selectively target the protein of interest from a complex pool. This strategy 
could be applied as sample purification step prior to mass spectrometry-based proteomic 
analyses.
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molecules.7,8 During the affinity purification, the molecule of interest 
represents a ‘bait’ that is bound by its cellular protein counterparts, 
its ‘preys’. These (protein) preys are then easily purified and 
consequently identified by MS,9,10 generating thus a map of the bait-
protein interaction network. In this setup, affinity chromatography has 
facilitated the discernment of many different molecular relationships 
from protein-protein interactions to drug selectivity profiles.11-13

Engineered polymeric nanoparticles for affinity 
purification

The support or matrix in affinity purification is any material to 
which a bio-specific ligand is covalently attached. Typically, the 
material to be used as an affinity matrix is insoluble in the system 
in which the target molecule is found. Usually, but not always, the 
insoluble matrix is a solid. Hundreds of substances have been described 
and utilized as affinity matrices, including agarose, cellulose, dextran, 
polyacrylamide, latex and controlled pore glass.14-16 Useful affinity 
supports are those with a high surface-area to volume ratio, chemical 
groups that are easily modified for covalent attachment of ligands, 
minimal nonspecific binding properties, good flow characteristics and 
mechanical and chemical stability.

Over the last decade, the use of magnetic nanoparticles17-20 and 
polymer nanoparticles21-24 for protein affinity purification have been 
widely reported. Engineered synthetic nanoparticles (NPs) with an 
intrinsic affinity and selectivity for target biomacromolecules are 
significant interest for use in diagnostics,25 therapeutics26-28 and protein 
purification,29-30 and as a tool to investigate biochemical processes.31-32 

Recent studies show that synthetic NPs (Figure 2) incorporating 
functional groups complementary to a surface domain of a target 
biomacromolecule can result in a high intrinsic affinity for target 
peptides,28 proteins,26,33 and polysaccharides.34,35 These materials are 
attractive as an inexpensive and robust alternative to affinity reagents 
of biological origin, including antibodies.36

Figure 2 Synthetic polymer nanoparticles for protein purification.

PNIPAm-based nanoparticles for GPER purification

G-protein coupled Estrogen Receptor may play a significant 
role in tamoxifen resistance in breast cancer cells. Although it is 
believed to be a key player in several other cancers, the background 
information at the molecular level is still limited. In order to study 
the complete proteome, post translational modifications, mutations 
and to better understand their molecular interactions with various 
other receptors and ligands, it is necessary to isolate pure GPER from 
crude cell lysate. The lack of promising separation and purification 
tools peaked our interest towards designing NPs that can capture this 
target biomolecule. In recent years, NPs with an intrinsic affinity have 
shown to be successful in binding biomacromolecules like melittin,37,38 
immunoglobulin G,39 histone,40 fibrinogen40 and lysozyme29 by 
controlling and optimizing the functional monomers composition.

In our study, we adopted a similar approach in an effort to capture 
GPER with high affinity and selectivity among a mixture of proteins 

that are expressed in various breast cancer cell lines. Considering 
the fact that GPER is a membrane protein with many hydrophobic 
amino acid residues on the surface, a candidate NP was chosen from 
a library of nanoparticles that were prepared by combining different 
populations of functional groups on a poly-N-isopropylacrylamide 
(PNIPAm)-based polymer backbone. The synthesis of the candidate 
NPs was illustrated below (Figure 3). We started our experiment 
with GPER peptide selection and synthesis. Then, we evaluated the 
interaction between truncated-GPER (short peptide epitopes) and 
NPs by high performance liquid chromatography (HPLC). Finally, we 
moved on to evaluate the interaction between GPER (whole protein) 
and NPs by immunoblot analysis. After evaluating the results, the 
nanoparticle-based purification approach turned out to be the method 
of choice to enrich GPER prior to mass spectrometry analysis.

Figure 3 Synthesis of PNIPAm-based NPs with affinity towards GPER.

Conclusion
Recently, nanoparticles with an intrinsic affinity have shown 

to be successful in binding biomacromolecules like melittin, 
immunoglobulin G, histone, fibrinogen and lysozyme by controlling 
and optimizing the functional monomers composition. We tested 
a similar approach in an effort to capture GPER with high affinity 
and selectivity among a mixture of proteins that are expressed in 
various cancer cell lines. We anticipate to use this strategy as a sample 
purification step before mass spectrometry-based proteomic analysis. 
Similar approach could be applied to study a number complex 
targets that are difficult to purify or lack separation tools with current 
proteomic technologies.
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