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Abstract

BACKGROUND—The interactions between biochemical and chemical agents in the body are
important in many clinical processes. Affinity chromatography and high-performance affinity
chromatography (HPAC), in which a column contains an immobilized biologically-related binding
agent, are two methods that can be used to study these interactions.

CONTENT—This review looks at various approaches that can be used in affinity chromatography
and HPAC to characterize the strength or rate of a biological interaction, the number and types of
sites that are involved in this process, and the interactions between multiple solutes for the same
binding agent. A number of applications for these methods are examined, with an emphasis on
recent developments and high-performance affinity methods. These applications include the use of
these techniques for fundamental studies of biological interactions, high-throughput screening of
drugs, work with modified proteins, tools for personalized medicine, and studies of drug-drug
competition for a common binding agent.

SUMMARY—The wide range of formats and detection methods that can be used with affinity
chromatography and HPAC for examining biological interactions makes these tools attractive for
various clinical and pharmaceutical applications. Future directions in the development of small-
scale columns and the coupling of these methods with other techniques, such as mass spectrometry
or other separation methods, should continue to increase the flexibility and ease with which these
approaches can be used in work involving clinical or pharmaceutical samples.

Introduction

The interactions between biochemicals and chemicals in the body are important in many
clinical processes. Examples include the binding of antibodies with antigens, the interactions
of hormones with their receptors, and the binding of drugs with their biological targets or
carrier agents (1,2). These interactions are usually reversible and range from having a weak
to high binding strength, or “affinity”. These systems may also be highly selective in their
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binding (e.g., an antibody-antigen interaction) or more general in nature (e.g., the binding of
drugs with a serum transport protein) (1-4). A variety of methods have been employed to
study these and other types of biological interactions. These techniques have ranged from
equilibrium dialysis and ultrafiltration to X-ray crystallography, absorption or fluorescence
spectroscopy, surface plasmon resonance spectroscopy, and nuclear magnetic resonance
spectroscopy (3-5). This review will discuss an alternative group of techniques that are
based on affinity chromatography.

Affinity chromatography is a type of liquid chromatography in which the stationary phase is
an immobilized form of a biologically-related binding agent. This binding agent, or “affinity
ligand”, is used to retain specific compounds from applied samples (6). The presence of such
an agent results in a separation method that uses the same reversible and selective
interactions that are present in many biological systems. This property has often been
employed in affinity chromatography to purify, extract, or remove a given chemical or
biochemical from a sample for either preparative work or analytical-scale applications (6).
The use of a biologically-related agent as the stationary phase also gives this method the
ability to study and model the interactions that occur between chemicals and biochemicals in
living systems. This is true for both traditional affinity chromatography and high-
performance affinity chromatography (HPAC), with the latter making use of HPLC supports
and instrumentation to carry out an affinity-based separation or analysis (5-10).

This review will look at various formats that have been used in these methods to characterize
the strength or rate of a biological interaction and the number and types of sites that are
involved in these binding processes. It will also show how these methods can be used to
study the interactions between several solutes for the same binding agent and to screen the
interactions of many compounds with a given biological target (5-10). An emphasis will be
placed on recent applications of these methods, and particularly those involving HPAC.
Finally, recent trends in these methods and possible future directions for these techniques
will be discussed.

General Approaches in Affinity Chromatography for Binding Studies

There are several methods by which biological interactions can be examined by affinity
chromatography and HPAC (Table 1). One common approach is to use zonal elution (8,10).
Zonal elution involves the injection of a small sample plug onto a chromatographic system,
followed by separation of the peaks that result from this injection, as is illustrated in Figure
1A (11). This is the format that is most commonly used in other types of liquid
chromatography for chemical measurement and identification. However, this format can also
be used in affinity chromatography and HPAC to obtain information on a biological
interaction by using the peak profile or retention time that is generated for a given compound
with the immobilized binding agent (5,8,10).

As will be shown later, zonal elution can be employed with affinity chromatography and

HPAC to determine the binding strength of a compound with an immobilized agent, the type
of competition this compound may have with other chemicals for the binding agent, and the
affinity and location of these binding sites. It is further possible in this type of experiment to
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look at the effects of pH, temperature, ionic strength and solution composition on a
biological interaction (8,10). Some advantages of using zonal elution for such work are that
it needs only a small amount of the injected compound for each experiment, the binding
agent can often be reused for hundreds of studies, and it is possible to simultaneously look at
more than one compound in a sample by using appropriate separation or detection
conditions to examine and differentiate between these compounds as they elute from the
column. This method also tends to give good precision and fast analysis times, especially
when used in HPAC (8) (Figure 1A).

Frontal analysis is a second method that is often used in affinity chromatography and HPAC
to characterize biological interactions (7,8,10). This technique is sometimes called frontal
affinity chromatography (FAC) (10,12). In frontal analysis, a solution with a known
concentration of a chemical or biochemical is passed in a continuous manner through a
column that contains the desired binding agent, as is shown in Figure 1B. As the binding
sites for the applied compound in the column become occupied, more of this compound will
elute and produce a breakthrough curve (7,8,10). An example of such a curve is also
provided in Figure 1B (13).

The mean position of the curve that is obtained in frontal analysis can be examined as a
function of the concentration of the applied compound. This information can then be
compared to various binding models to determine the types of interactions that are occurring
in the column, the amount of binding sites that are present, and the equilibrium constants for
these sites (7,8,10,12). The ability of frontal analysis to simultaneously provide information
on both the amount of binding sites and the equilibrium constants for these sites is an
important advantage of this method over zonal elution. Frontal analysis is also valuable for
providing information on the overall model for an interaction between the applied compound
and its binding agent. A disadvantage of this approach when compared to zonal elution is
that frontal analysis usually requires more of the applied chemical and additional time
because many solutions of a compound are often needed to carry out a binding study.
However, the time needed for a frontal analysis study in HPAC can still be relatively fast (7),
as illustrated is in Figure 1B.

Measurement and Comparison of Overall Binding

One way that affinity chromatography and HPAC can be used is to characterize the overall
binding of a chemical or biochemical with an immobilized binding agent. Frontal analysis is
often used for this purpose (7,8,10). An example is shown in Figure 2, in which HPAC was
employed to look at interactions of the drug enantiomers R- and S-propranolol with low-
density lipoprotein (LDL) (14). The data obtained by frontal analysis indicated that a simple
non-saturable binding model (e.g., partitioning into the non-polar core of LDL) was present
in the case of S-propranolol, while a mixture of saturable binding and non-saturable
interactions was present for /-propranolol (e.g., binding with apolipoproteins plus
partitioning into LDL) (14). A similar approach has been used to study the interactions of
R/S-propranolol and verapamil with high-density lipoprotein (15) and the binding of ~//5
propanolol with very low-density lipoprotein (16). HPAC and affinity chromatography have
also been employed in examining the binding of various solutes and drugs with the transport
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proteins a.1-acid glycoprotein (AGP) or human serum albumin (HSA) (10,17,18), the
binding of urediofibrate-like dual agonists with peroxisome proliferator-activated receptors
(19), and the interactions of many compounds with immobilized enzymes or lectins (12,20-
22).

Information on the overall interactions of a compound with an immobilized binding agent
can also be provided by zonal elution. For instance, this can be accomplished by using the
retention time (ZR) or corresponding retention factor (k), where k= (&g — )/ and 4y is the
column void time, for a given compound and binding agent. If the rates of association and
dissociation between the compound and binding agent are relatively fast compared to the
time the compound spends in the column, the values of 4 and kwill depend on both the
number of binding sites for this compound in the column and equilibrium constants for these
sites (8). This type of experiment has been used in HPAC to compare the binding of several
sulfonylurea drugs and site-selective probes for HSA on columns that contained normal or
glycated forms of this protein (i.e., as occur during diabetes) (23). A similar approach has
been used to screen various drugs for their binding to HSA or AGP (13).

Site-Specific Binding and Competition Studies

Another use of zonal elution in HPAC and affinity chromatography has been in
characterizing the competition that one compound may have with another for a given
binding agent. This approach has been employed to examine the interactions of many drugs,
hormones and other solutes with proteins or to measure the binding constants for a
compound at a particular site on these binding agents (8,10). This experiment is usually
carried out by placing a drug or competing agent at a known concentration in the mobile
phase. A small amount of a second drug, solute or site-selective probe is then injected in the
presence of this mobile phase and onto a column that contains the binding agent. As the
injected compound goes though the column, it will compete for binding sites with the drug
or solute that has been added to the mobile phase. During this process, the solute in the
mobile phase will affect the retention of the injected compound if these two chemicals share
binding sites or have allosteric effects between their binding regions. The resulting data can
be used to determine the types of interactions that are present between these chemicals and
the equilibrium constants for these processes (8).

An example of this type of study is provided in Figure 3 (11), as was conducted by using
HPAC. In this case, the binding of a drug (i.e., glimepiride) at a specific site on an
immobilized protein (i.e., normal HSA or a glycated form of HSA) was examined by placing
the drug into the mobile phase while injections were made of a second compound that was
known to bind at only a specific region on the protein (i.e., L-tryptophan, which binds to
Sudlow site Il of HSA). In this type of study, the retention factor for the injected compound
would be expected to change as the concentration of the drug is varied in the mobile phase if
these two solutes compete directly at the selected site (8). In this situation, a plot of 1/k
versus the concentration of the drug should give a linear relationship with a positive slope.
The linear relationships that were obtained (Figure 3) made it possible to determine the
equilibrium constants for glimepiride at Sudlow site Il on each type of HSA that was
examined (11,24). The same method has been used to examine the competition of other site-

Clin Chem. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hage

Page 5

specific probes and drugs during their interactions with the normal or modified HSA and
with AGP (17,18,25-27). Similar approaches have been used to investigate additional
interactions, including multi-site binding and allosteric effects (8,28-32).

An alternative approach that can be used to detect allosteric effects or direct competition is
to employ a plot of ky/(k - kp) versus the reciprocal of the competing agent’s concentration
in the mobile phase (33). In this type of plot, Ag is the retention factor for the injected solute
in the presence of the competing agent, and 4 is the retention factor in the presence of a
given concentration of the same competing agent. This plot results in a linear relationship
for systems with either direct competition at a single site or that have simple allosteric
effects between the mobile phase additive and injected compound. The response of this plot
can be used to obtain the association equilibrium constant for the competing agent at its
binding site and the coupling constant for the effect of this competing agent on binding by
the injected compound with the immobilized agent. An important advantage of this method
is it can be used to examine both directions of an allosteric effect between two compounds
that bind to the same agent (33,34). This approach has been used to study the allosteric
interactions between warfarin and tamoxifen on HSA (34), the effect of tolbutamide on the
binding of R-warfarin with HSA (27), and the allosteric effects that occur as S-propranolol
and warfarin bind to AGP (17).

Frontal analysis coupled with mass spectrometry (FAC-MS) is another approach that has
been employed to examine the competition of compounds for binding agents in affinity
columns (32,35). In this method, a solute and competing agent are both placed into the
mobile phase and applied simultaneously to the column. The breakthrough curve observed
for the solute is then viewed as a function of the concentration of the competing agent to
look for the presence of direct competition or allosteric effects (32,35). This method can also
be used to compare a series of competing agents and to obtain the equilibrium constants
between these agents and the immobilized agent (19,35-38). FAC-MS has been used in this
format with open-tubular capillaries to compare various ureidofibrate-like dual agonists for
their binding to domains of peroxisome proliferator-activated receptors (19). A similar
method has been used to determine the binding constants for several flavonoids with the
histone deacetylase SIRT6 and to characterize the ability of these agents to displace
quercetin from SIRT6 (35).

Screening Drug Candidates

A related application of HPAC and affinity chromatography has been as a tool for screening
drug candidates and potential binding partners for biological targets. This work has often
involved the use of FAC-MS (12). This technique has been employed to screen mixtures of
drug candidates for their binding to enzymes, lectins, antibodies and receptors (12,37-41).
The chemicals that have been screened by this approach have included peptides,
oligosaccharides and enzyme inhibitors (12,37-41).

Mass spectrometry has also been combined with zonal elution and affinity columns for the
high-throughput screening of binding by chemicals to an immobilized agent. The use of this
combination with systems that have weak-to-moderate interactions (i.e., association
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equilibrium constants of 10°-108 M1 or less) is known as weak affinity chromatography-
mass spectrometry (5,42—45). This is illustrated in Figure 4, where this technique was used
to test various drug fragments for their binding to the molecular chaperone heat shock
protein 90 (HSP90, a potential target for the treatment of cancer and other diseases) (42).
Weak affinity chromatography-mass spectrometry has also been used to examine the binding
of drugs to albumin (18,46). In addition, this method has been employed to look at the
interactions of mixtures containing various compound fragments with enzymes such as
kinases or proteases (43-45).

Characterization of Binding Sites

The use of affinity chromatography and HPAC in competition studies is one way in which
the interaction sites of a particular drug or solute can be identified and studied on a protein
or other type of binding agent (8,32). However, it is possible to also use these methods to
obtain even more information about the nature of this interaction and binding regions. An
example is the use of various temperatures during zonal elution or frontal analysis studies to
determine the changes in enthalpy and entropy that occur during the retention of a
compound by an immobilized agent. Changes in the pH, ionic strength or polarity of the
mobile phase can be employed in a similar manner to see whether acid/base interactions,
hydrogen bonding, coulombic forces, and/or non-polar interactions contribute to this binding

(8).

Another way to characterize a particular site on a binding agent is to compare the retention
or affinities of this agent for a series of related compounds. This approach can be used to
provide a general picture of the structural features that are most important to the binding
process and on the types of forces that create such binding (8,47,48). This type of data can
also be used to create a quantitative structure-retention relationship, in which the retention
factors measured for a series of related molecules are compared to parameters that describe
various structural and physical features of these compounds. Once the structural/physical
parameters that are most important to this retention are identified, this information can be
used to develop a model of the binding site and in how it interacts with such compounds
(49-51). Quantitative structure-retention relationships have been used with HPAC to study
the binding of benzodiazepines to HSA (50), the interactions of beta-adrenolytic drugs,
antihistamines, and other drugs with AGP (8,10,51-54), and the ability of various organic
molecules to take part in skin permeation through the use of a column that contained keratin
(49).

A complementary approach that can be used is to see how the retention of a solute or group
of solutes is altered as a change is made in the structure of a binding agent in an affinity
column. For instance, this method has been employed in HPAC to look at how modifying
specific amino acids (e.g., Cys-34 or Trp-214) on HSA affects the ability of this protein to
bind to various drugs (55-58). This approach has also been used to see how the glycation of
HSA changes the binding by this protein to sulfonylurea drugs and other pharmaceutical
agents, as is illustrated in Figure 3 (11,25,26). This latter work has recently been performed
with samples of /n vivo glycated HSA from individual patients, making this approach a
possible future tool for personalized medicine (25).
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Kinetic Methods

Yet another way affinity chromatography and HPAC can be used is to provide data on the
kinetics of a biological interaction. Many techniques have been developed for acquiring such
information (7,8,59). One method that can be used for a system with weak-to-moderate
binding is to make band-broadening measurements (59). This can be done by measuring and
comparing the plate heights for a solute at one or several flow rates on an affinity column
and on an inert control column. The difference in these plate height values is then employed
to determine the portion of the plate height that is a result of stationary phase mass transfer
(H). This term can then be directly related to the dissociation rate constant (ky) for the
solute in its interaction with the immobilized binding agent (7,59).

In a version of this technique that is known as the plate height method, a plot is made of Hj
as a function of the flow rate (or linear velocity) and the retention factor of the solute. This
plot is then used to provide the value of &y for the immobilized agent with the injected solute
(7). This approach has been used to characterize the association and dissociation rates of
HSA with solutes and drugs such as D/L-tryptophan and R/S-warfarin (60,61). Another form
of this technique is peak profiling, which is based on the difference in the total plate heights
that are acquired for a solute on an affinity column and a control column. This difference
may be examined at either a single flow rate or at several flow rates and is again used to find
the value of the dissociation rate constant (59). This second approach has been utilized to
determine the dissociation rate constants of HSA for carbamazepine, imipramine, and L-
tryptophan (62,63). In addition, this method has been used with a second column containing
a chiral stationary phase to determine the dissociation rates for HSA with some chiral
metabolites of phenytoin (64).

The peak decay method is an alternative approach for examining the rate of dissociation for
biological systems (7,59). This technique uses small affinity columns and conditions that
promote dissociation over rebinding of a retained solute. One form of this method involves
the application of a solute to an affinity column, to which the solute has moderate-to-strong
binding, followed by the application of a displacing agent to quickly elute the retained
solute. The result is an elution profile that forms a first-order decay curve and in which the
slope provides the dissociation rate constant for the solute (7,59). An alternative approach
that can be used with systems that have weak-to-moderate strength interactions is to use
small affinity columns and fast flow rates, which can allow this type of study to be
conducted without the need for a displacing agent (59,65). In addition, a step change in a
factor such as the mobile phase pH can sometimes be used to promote rapid release of the
solute, as might be used to compare elution conditions for an affinity column (17,66).

The peak decay method has been used in HPAC with small affinity columns to determine the
dissociation rates of AGP for amitriptyline, lidocaine, and nortriptyline (67). This method
has also been used with affinity monolith columns to determine the dissociation rate
constants for HSA with a number of drugs (67,68). A pH step change has been employed
with the peak decay method to characterize the dissociation rate of thyroxine from
antibodies and aptamers that can bind to this hormone (69).
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The split-peak method is a technique that can be used with affinity columns to look at
systems with strong binding and relatively slow rates of dissociation (7,8,59). In this
technique conditions are used in which only part of an injected solute has sufficient time to
bind to the affinity column. These conditions are typically created by using a small column
and/or a high flow rate. The result is a situation in which the injection of even a pure sample
of the solute results in two peaks, one of which is highly retained and the second of which
elutes as a non-retained fraction. The change in the relative size of these peaks is then
examined as the injection flow rate is varied and used to determine the association rate
constant or mass transfer rate for the solute in the column (7,8,59).

The split-peak method has been used in several studies to examine the binding of
immunoglobulins to small affinity columns that contain protein A or protein G (59,70). This
method has been used to optimize a clinical assay based on HPAC for the rapid
measurement of 1gG-class antibodies in serum by using protein A columns (59). Forms of
this method have also been employed to examine the binding of HSA to immobilized anti-
HSA antibodies and to characterize the rate of binding by thyroxine with antibodies or
aptamers (59,66).

Ultrafast affinity extraction is a newer method that can examine both the rate and degree of
binding for a biological interaction (59,71-75). This method looks at an interaction in
solution through the use of a small affinity column that can rapidly capture the non-bound
form of a solute in an injected mixture of this solute and a soluble binding agent. The
relative size of the captured fraction is used to determine the rate or extent of the biological
interaction. The immobilized agent used to capture the free form of the solute may be an
antibody (72,74,75) or a more general binding agent such as HSA (i.e., which can be used to
retain many drugs) (71,73). Conditions are used so that the time the sample spends in the
column is small or comparable to the time needed for dissociation of the solute from its
soluble binding agent. This often involves the use of affinity microcolumns and flow rates
that produce sample residence times in the column that span from the low millisecond range
up to a few seconds (59).

Ultrafast affinity extraction has been utilized for systems that range from weak-to-strong
binding (59,72,75). For instance, this method has been used with columns that contained
immobilized antibodies for determining the free fraction of warfarin in mixtures of this drug
with HSA (74) and, in combination with flow-based displacement immunoassays, the free
fractions of thyroxine and phenytoin in clinical samples (72,75). This method has been used
with columns containing HSA to measure the equilibrium constants for a soluble form of
this protein with /- or Swarfarin, S-ibuprofen and imipramine (71). Ultrafast affinity
extraction has also been used in a two-column system and with a chiral stationary phase to
measure the free fractions and binding constants of /- and S-warfarin in drug-protein
mixtures and serum (Figure 5) (73).

Conclusion and Future Directions

This review discussed a variety of ways in which affinity chromatography has been used to
examine biological interactions of interest in clinical or pharmaceutical analysis. Particular
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attention was given to more recent work and techniques that have involved the use of HPAC.
The general principles behind techniques such as zonal elution and frontal analysis were
described, showing how these approaches can be used to examine the strength of a
biological interaction, the number and types of sites that are involved in these processes, and
the effects of one solute on another during these interactions. Several means for examining
the kinetics of a biological interaction by HPAC and affinity chromatography were also
considered. Systems that have been examined by these methods have ranged from the
binding of drugs and hormones to proteins or receptors to the analysis of antibody-antigen,
enzyme-inhibitor and sugar-lectin interactions (6-10,12,18).

There are many features of these methods that have made them attractive for such work. For
instance, as shown in this review, these techniques can be used with many binding agents or
formats and can be coupled with numerous detection methods, spanning from absorbance
measurements to mass spectrometry (8-10,12). This is often possible using approaches with
label-free detection, although these methods can also be combined with suitable tags for the
study of trace analytes (8,72,75). The speed and precision of these methods, especially when
used in HPAC, are other valuable features. The ability to often reuse the same immobilized
binding agent (i.e., in many cases hundreds of injections) is another useful feature of this
approach (8-10).

Many of the recent developments in this field will probably continue and further expand the
capabilities of these methods. For instance, it is expected that columns based on monoliths
and supports for ultra-performance liquid chromatography will continue to be adapted for
use in HPAC and affinity chromatography (6,10,20-22). This should allow even more rapid
assays to be created with these methods and will provide greater ease in coupling affinity
columns with mass spectrometry or other analytical techniques (5,12,19,38-41). Further
work in the miniaturization of affinity columns and systems is also anticipated (5,10,23,37).
This work has already led to the possibility of carrying out binding studies on relatively
exotic binding agents (e.g., lipoproteins, receptors or modified forms of proteins) and even
binding agents that have been obtained from individual patients (e.g., glycated HSA) (14—
16,25-27,36). These efforts, in turn, have resulted in the proposed use of HPAC as a tool in
personalized medicine (25).

Another trend that is expected to continue is the creation of new formats for affinity-based
binding assays. A specific example that was described is ultrafast affinity extraction, which
can provide a direct measure of the strength or rate of biological interactions in solution and
which can even examine these processes directly in clinical samples (59,72-75). The
combination of these recent tools and formats with those that are already available should
result in even more future applications for affinity chromatography and HPAC in the
characterization of biological interactions for clinical studies or pharmaceutical analysis.
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Figurel.
Examples of A) zonal elution and B) frontal analysis experiments for binding studies that

were carried out by HPAC. The results given to the right in (A) illustrate the shift in
retention that was observed for small injections of R-warfarin (i.e., a drug that binds to
Sudlow site | of human serum albumin) onto a column containing immobilized human
serum albumin in the presence of various concentrations of the glimepiride in the mobile
phase; the vertical dashed line represents the mean position of the peak for R-warfarin in the
absence of glimepiride. The results given to the right in (B) show the breakthrough curves
that were obtained for the application of various concentrations of carbamazepine to a
column that contained immobilized alpha-acid glycoprotein. Adapted from Refs. (11,13)
with permission from Elsevier.
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Figure 2.
Comparison of data obtained by frontal analysis for examining the binding of R-propranolol

and S-propranolol with an HPAC column containing immobilized low density lipoprotein
(LDL) (left) and a general model showing the types of interactions each of these
enantiomers had with LDL (right). The graph on the left is based on data obtained from Ref.
(14).
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Figure 3.
Use of zonal elution-based competition studies in HPAC to examine the direct competition

of a drug or solute with an injected probe for specific binding sites on an immobilized
protein, as illustrated by the image on the left for the competition of glimepiride with L-
tryptophan at Sudlow site 11 on columns that contained normal HSA (@) or two glycated
preparations of this protein (l,A). The image on the right shows of modification in glycated
HSA and the location of the two major drug binding sites on this protein, Sudlow sites | and
I1. Reproduced from Refs. (11,24) with permission from Elsevier.
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Use of weak affinity chromatography (WAC) to screen the binding of drug fragments, as
illustrated by employing a column containing the immobilized ATPase domain of heat shock
protein 90 (HSP90). A), chromatograms obtained for fragments 46-62, out of a total of 111
drug fragments tested. B), results obtained for all 111 drug fragments when screened for
their binding to HSP90 by using WAC, nuclear magnetic resonance (NMR) spectroscopy,
surface plasmon resonance (SPR) spectroscopy, a fluorescence polarization (FP) assay, or a
thermal shift assay (Tm), with some results also being included based on X-ray
crystallography and isothermal titration calorimetry (ITC). The hits for binding are indicated
by green (or dark gray) and non-hits are represented by red (or light gray). Adapted from
Ref. (42) with permission from the American Chemical Society.
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Protein + Drug- Retention and separation of free drug Separation of
protein complex fraction and protein-bound fraction snantiomers
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Figure5.

Scheme for the simultaneous isolation of a free drug fraction and separation of the various
chiral forms of a drug in this fraction by using ultrafast affinity extraction and an HPLC
chiral stationary phase. This particular example uses an affinity microcolumn containing
immobilized HSA for ultrafast affinity extraction. Reproduced from Ref. (73) with
permission from The Royal Society of Chemistry.
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Methods for examining biological interactions by affinity chromatography and HPAC.

Technique

Zonal elution

Frontal analysis

Plate height & peak profiling
methods
Peak decay method

Split-peak method

Ultrafast affinity extraction

General principle

Small plug of a chemical/biochemical is injected onto an affinity
column; the profiles or retention times of the resulting peaks are
used to provide information on how the injected solutes are
interacting with the immobilized agent in the column

Solution of a chemical/biochemical is passed in a continuous
manner through an affinity column; as sites in the column become
occupied, a breakthrough curve forms that can provide information
on the solute’s interactions with the immobilized agent in the
column

Measurement and comparison of plate heights, such as for a solute
and non-retained solute on an affinity column (containing an
immobilized agent) and a control column

Measurement of solute dissociation from a small affinity column
under conditions that promote dissociation over rebinding of the
solute to the immobilized agent in the column

Measurement of the non-retained (or retained) peak area for a solute
on an affinity column under conditions where only part of the
injected solute has sufficient time to bind to the immobilized agent

Capture and measurement by a small affinity column of the non-
bound form of a solute in the presence of a binding agent in solution

Applications

Characterization of overall binding
Competition studies

Site-specific studies

Screening of drug candidates
Characterization of binding sites

Characterization of overall binding
Competition studies

Screening of drug candidates
Characterization of binding sites

Measurement of dissociation rate
constants for systems with weak-to-
moderate binding

Measurement of dissociation rate
constants for systems with weak-to-
strong binding

Measurement of association rate
constants for systems with strong
binding and slow dissociation rates

Measurement of binding strength
and/or dissociation rate constants for
systems with weak-to-strong binding
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