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Abstract:

Affinity chromatography is an important separation technique extensively used in various fields of biochemistry,
biotechnology, and pharmaceutical research. This comprehensive overview aims to provide a detailed understanding
of affinity chromatography's principles, purification steps, types, and applications. The review begins by introducing
the fundamental concept of affinity chromatography, which relies on specific interactions between a target molecule
(ligand) and a complementary binding partner (receptor or ligand-binding molecule). Next, the review focuses on the
types of affinity chromatography and diverse applications of affinity chromatography across different domains.
Furthermore, emerging trends and recent advancements in affinity chromatography techniques are discussed. These
include multimodal affinity chromatography, Engineered ligand development, the integration of affinity

chromatography with other separation techniques, and the utilization of automated and high-throughput systems for

rapid and efficient separations.
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Introduction:

Affinity chromatography is a system for selective purification of a patch or group of molecules from complex fusions
grounded on largely specific natural commerce between the two molecules. The commerce is generally reversible
and purification is achieved through biphasic commerce with one of the molecules (the ligand) paralyzed to a face
while its mate (the target) is in a mobile phase as part of a complex admixture. The prisoner step is generally followed
by washing and elution, performed in the recovery of largely purified protein. largely picky relations allow for a fast,
frequently single-step process, with the eventuality for purification in the order of several hundred thousand-fold.
fresh uses of affinity chromatography include the capability to concentrate substances present at low attention and
the capability to separate proteins grounded on their natural function where an active form can be separated from the

inactive form or a form with a different natural function.[!

Affinity chromatography is grounded on molecular recognition and is among the early systems in which molecular
recognition or biorecognition principles are now wide in nearly all fields of biology, chemistry, molecular biology,
and biotechnology.?!

Origins of Affinity Chromatography:

The conception of exercising paralyzed natural agents to insulate specific targets dates back to the morning of the
20th century. The first reported use of this approach was in 1910 by Emil Starkestein. The system used by Starkestein,
which was grounded on the natural relations that do between a- amylase and bounce, this enzyme’s substrate, wasn't
only the first given illustration of affinity chromatography but was also one of the foremost exemplifications of a

separation in which liquid chromatography was used with an enzyme or protein.

Affinity chromatography was first used in the insulation of enzymes in 1953 by Lerman. latterly on, the term affinity
chromatography was introduced in 1968 by Pedro Cuatrecasas, Chris Anfinsen, and Meir Wilchek in a composition
that compactly described the fashion of enzyme purification via paralyzed substrates and impediments (Cuatrecasas
et al, 1968).4 The two decades from 1968 to 1990 saw a rapid-fire, steady increase in the number of publications in
this field. This field has remained relatively active indeed over the last three decades. Affinity chromatography has

been used or mentioned in more than 122,000 papers, and there are now over 50,000 papers that contain the word.
[3,4,5]

Affinity Chromatography purification steps:

A biologically related substance, or" affinity ligand," is used as a stationary phase in affinity chromatography to

either widely retain analytes or explore natural relations.
Three crucial ways are involved in affinity purification:
a. Coating the affinity support with a crude sample to allow the target molecule to bind to the immobilized ligand.

b. Washing the support of any non-bound sample components.
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c. Dissociating the target molecule from the immobilized ligand and recovering it by changing the buffer's parameters

so that the binding contact is no longer present.

The ability of the target protein to be separated from the affinity ligand affixed to the chromatographic matrix to form
reversible connections is essential for affinity chromatography. As stated earlier, the majority of proteins have an
inherent recognition site that can be used to select the proper affinity ligand. Specific and irreversible binding between

the selected ligand and the target protein is required.
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Figure 1: Typical affinity chromatography purification [']
There are multiple steps in a typical affinity purification, as depicted in Figure 1. In order to maximize binding with
the affinity ligand, samples are first applied in favorable conditions. Following sample application, a fresh washing
process is used to get relieved any footloose materials, leaving the targeted(bound) patch still fastened to the affinity
support. generally, a desorption phase is carried out to release and elute the set molecules, either 1) widely employing
a competitive ligand or 2) non-specifically by altering the media environment (similar to changing the ionic strength,
pH, or polarity) (Zachariou, 2008). The concentrated form of the purified protein can be gathered as the elution is

being carried out. (46!
General requirements of affinity chromatography:
Affinity support (Matrix):

For the attachment of the ligand; the matrix must be inert both chemically and physically.® The choice of support
material determines the choice and layout of an affinity chromatographic fashion. Several criteria must be met by the
supports used in affinity chromatography. similar support should immaculately be low-cost and enable solutes to
snappily and disencumbered access to the immobilized affinity ligand. The support should also couple the asked
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affinity ligand and play a fully unresistant function throughout the separation. Affinity chromatography has

traditionally used previous support materials similar to agarose, polymethacrylate, polyacrylamide, cellulose, and
silica. All of these support materials are retailed and are offered in a variety of particle and pore sizes. Some supports
could come with immobilized common affinity ligands. (For case, heparin, Cibacron Blue, and protein A). Porous
supports, membranes, flowthrough globules (perfusion media), monolithic supports, and expanded-bed adsorbents

are some of the other support materials that are presently being developed. ©°]
Spacer arm:

The spacer arm is used to combat any steric interference's negative goods and enhance ligand—target patch commerce.
A spacer arm is constantly placed between the matrix and ligand to prop an effective list and produce a better and
further effective list terrain because the target patch's list spots are constantly deeply deposited and challenging to
pierce due to steric interference. This spacer arms' length must be perfect. Rightly long or too short arms could affect
in the non-specific or failed list. When connecting molecules with a molecular weight under 1000 Da, spacer arms

are generally employed.

The ideal spacer arm should have the following characteristics:

1. It should be sufficiently long (at least 3 titles) to maintain the substance's proper distance.

2. It must be dormant to help an unintended list.

3. A bifunctional group is needed for the response involving both the support and the sample. 16101
Ligand:

Ligand is a substance with a reversible list to a particular target patch or set of targets. It has been estimated that
antibodies can be made for millions or maybe billions of different foreign agents. Polyclonal antibodies are those that
are made by different cell lines. A single antibody-producing cell and a carcinoma cell can be joined to form a
hybridoma that can be cultivated in cell culture and from which monoclonal antibodies are made. In affinity
chromatography, monoclonal antibodies are constantly preferred over polyclonal antibodies because of their lack of

variability, which enables the production of further invariant affinity support.

When Haeckel et al. purified pyruvate kinase using gel filtration chromatography, they discovered that Blue Dextran
(a small dye molecule) co-eluted with the protein (Haeckel et al., 1968). This discovery led to the development of

another type of affinity ligand that can be used to separate biomolecules from complex mixtures. (410
Types of affinity chromatography

1. Boronate affinity chromatography:

Affinity styles that use boronic acid or boronates as ligands are one group of chromatographic ways that have been
used successfully with clinical samples. This group of styles, known inclusively as — boronate affinity

chromatography, includes one of the foremost reported quantitative operations of affinity chromatography in the
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clinical laboratory videlicet, the determination of glycohemoglobin for the assessment of long-term diabetes

operation. At a pH above 8, utmost boronate derivations form covalent bonds with composites that contain this-diol
groups in their structure. Because sugars similar to glucose retain cis-diol groups, boronates are precious for resolving

glycoproteins from non-glycoproteins. %1213l

2. Lectin affinity chromatography:

Lectins are another class of ligands that have been used for the direct discovery of clinical analytes by affinity
chromatography. The lectins are non-immune system proteins that have the capability to fete and bind certain types
of carbohydrate remainders. The isolation and examination of isoenzymes have been one clinical use of lectin affinity

chromatography. %

3. Protein A or Protein G Affinity Chromatography:

A third class of ligands that have been exploited in direct analyte detection by affinity chromatography are antibody-
binding proteins comparable to protein A and protein G. These are bacterial cell wall proteins produced by
Staphylococcus aureus and group G streptococci, independently.16, 17 These ligands have the capability to bind to
the constant region of numerous types of immunoglobulins. Protein A and protein G bind most explosively to
immunoglobulins at or near neutral pH but readily disconnect from these solutes when placed in a buffer with a lower
pH. The capability of protein A and protein G to bind to antibodies makes these good ligands for the analysis of
immunoglobulins, especially 1gG-class antibodies, in humans. For the measurement of IgG in blood samples,

paralyzed protein A was the foundation for the first clinical use of these ligands in an HPLC system. [11:14.15.16]
4. Immunoaffinity chromatography:

All the types of affinity chromatography, those that use antibodies or antibody fractions as ligands make up the
largest and most different group of affinity styles in clinical testing. This is a concerted result of the particularity of
antibodies and the relative ease with which they can be attained to a wide variety of analytes. The term immunoaffinity
chromatography is used for an affinity chromatographic system in which the stationary phase consists of an antibody
or antibody-related reagent. When such a fashion is performed as part of an HPLC system, the performing system

can be appertained to as high-performance immuno- affinity chromatography. (11171
5. Dye-ligand affinity chromatography:

Development of the dye-ligand affinity chromatography could be attributed to the observation of some proteins’
irregular elution characteristics during separation on the gel filtration column in the presence of blue dextran. Blue
dextran consists of a triazine dye (bacon blue F3G- A) covalently linked to high molecular mass dextran. Some
proteins bind triazine dye and this allows for its use as an affinity adsorbent by immobilization. Dye-ligand adsorbents

are of interest due to their inexpensiveness, ease of availability, and immobilization process. These adsorbents may
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be used in logical, preliminary analyses and large-scale studies. Although dye-ligand affinity fashion for medicinal

may be preferred owing to these advantages, enterprises about leakage and toxin have stopped its use. thus, proteins
purified using this fashion are accessible for logical or specialized uses. Procion Red HE3b, Red A, and Cibacron

Blue F3G- A are some exemplifications of dye ligands that are used for sanctification. [*1€]
6. Analytical affinity chromatography:

Besides its use in separating and quantitating sample factors, affinity chromatography can also be employed as a tool
for studying solute—ligand relations. This operation of affinity chromatography is called logical, or quantitative,
affinity chromatography. Using this fashion, information can be acquired regarding the equilibrium and rate constants

for natural relations, as well as the number and types of binding spots that are involved in these relations.*
Applications of affinity chromatography:
Immunoglobulin purification (antibody immobilization):

Antibodies can be paralyzed by both covalent and adsorption styles. Random covalent immobilization styles
generally link antibodies to the solid support via their free amine groups using cyanogen platitude, N- hydroxy
succinimide, N, N’- carbonyl diimidazole, cresyl chloride, or tosyl chloride. Alternately, free amine groups can reply
with an aldehyde or free epoxy resin groups on activated support. As these are arbitrary immobilization styles, the
antibody list spots may be blocked due to indecorous exposure, multi-site attachment, or steric interference. point-
specific covalent immobilization of antibodies can be achieved by converting the carbohydrate remainders located in

the Fc region of the antibody to produce aldehyde remainders which can reply with amine or hydrazide supports.™
Recombinant tagged proteins purification:

Recombinant tagged proteins purification of proteins can be easier and simpler if the protein of interest is tagged with
a known sequence generally appertained to as a label. This label can range from a short sequence of amino acids to
entire disciplines or indeed whole proteins. markers can act both as a marker for protein expression and to help grease

protein sanctification.
GST-tagged protein purification:

Purification of GST- tagged proteins is possible since the GST label is able of binding its substrate, glutathione
(tripeptide, Glu- Cys- Gly). When glutathione is reduced (GSH), it can be paralyzed onto solid support through its
sulfhydryl group. This property can be used to crosslink glutathione with agarose globules and, therefore, can be used
to capture pure GST or GST- tagged proteins via the enzyme-substrate list response (Beckett & Hayes, 1993; Douglas,
1987). The list is most effective near neutral physiological conditions(pH7.5) using Tri’s saline buffer and mild
conditions to save the structure and enzymatic function of GST. As a result of the eventuality of endless denaturation,
denaturing elution conditions aren't compatible with GST sanctification. In addition, upon denaturation or reduction,

the structure of the GST emulsion label frequently degrades.!!
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His- tagged protein purification:
Recombinant proteins which have histidine markers can be purified using paralyzed essence ion chromatography(
IMAC). The His- label can be placed on either the N- or C- boundary. Optimal list and, thus, purification effectiveness

is achieved when His label is freely accessible to essence in support.
Biotin and biotinylated molecules purification:

If a biotin tag can be incorporated into a biomolecule, it can be used to purify the biomolecule using streptavidin or

avidin affinity support.
Affinity purification of albumin and macroglobulin impurity:

Affinity purification is a helpful tool for drawing up and removing redundant albumin and o2- macroglobulin

impurities from samples since these factors can mask or intrude with a posterior way of analysis.™*”
Probing protein-protein relations:

Affinity chromatography provides one important system for relating and characterizing intermolecular relations.
When probing protein-protein relations, affinity chromatography generally involves linking one protein to an
undoable matrix and also incubating that matrix with a result containing possible binding mates. This result could be
as simple as a homogenous result containing a single recombinant protein or complex, after incubating the paralyzed
substrate protein with its implicit list mate(s) and washing down material associated nonspecifically the binding mate

are the eluted and detected by any variety of styles from chromatographic discovery.?"!
Recent advancement in affinity chromatography:

Multimodal Affinity Chromatography: This approach involves the use of ligands that possess multiple interaction
mechanisms, allowing for enhanced selectivity and binding capacity. Multimodal affinity chromatography has been

used to purify and isolate complex biomolecules, such as monoclonal antibodies, with improved efficiency.

Engineered Ligands: Researchers have been developing novel ligands with enhanced affinity and selectivity for
target molecules. These ligands are designed through techniques such as molecular modeling, combinatorial
chemistry, and protein engineering. By tailoring ligands specific to a particular target, the purification process can be

optimized.

High-Throughput Screening: The use of high-throughput screening techniques has accelerated the discovery and
optimization of affinity ligands. Automated platforms and advanced screening methods enable rapid evaluation of

large libraries of potential ligands, leading to the identification of novel affinity interactions.

Advanced Support Materials: Efforts have been made to develop improved chromatographic support materials,
such as porous beads, monoliths, and membranes. These materials provide high surface area, improved mass transfer,
and stability, resulting in enhanced separation performance.
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Integrated Purification Strategies: Affinity chromatography is often used as part of a multistep purification process.

Researchers have been developing integrated purification strategies that combine affinity chromatography with other
chromatographic techniques, such as ion exchange, size exclusion, and hydrophobic interaction chromatography.

These integrated approaches aim to streamline the purification process and improve overall yield and purity.

Ligand Design and Immobilization: The development of new ligands with higher affinity and selectivity for target
molecules has been a significant advancement in affinity chromatography. Ligands can be designed or modified to
specifically recognize and bind to particular analytes, allowing for more efficient separations. Additionally, advances
in immobilization techniques have improved ligand stability and increased binding capacity, leading to enhanced

purification yield.

Monolithic Affinity Chromatography: Traditional affinity chromatography columns consist of packed beads,
which can result in limitations such as pressure drop and reduced mass transfer. Monolithic affinity chromatography
columns, on the other hand, are made from a single piece of continuous stationary phase, eliminating these limitations.
Monolithic columns offer improved flow properties, higher binding capacities, and shorter separation times, making

them highly efficient for affinity separations.
Conclusion:

It has become clear that affinity chromatography is a potent and well-liked method for achieving extremely selective
separations. Based on a very specific biological relationship between the two molecules, affinity chromatography is
a technique for selectively separating a molecule or group of molecules from complicated mixtures. In this review, a
survey of the different types of affinity chromatography is also presented. Affinity chromatography has wide
applications in the purification of immunoglobulins, proteins A, G, and L, biotin and biotinylated molecules
purification, enzyme isolation, etc. This review further focuses on the recent advancements in affinity
chromatography like multimodal affinity chromatography, engineered ligand, advanced support materials, high
throughput screening, and monolithic affinity chromatography. Overall, affinity chromatography offers a valuable
tool for the purification and isolation of specific molecules, providing high purity and selectivity. It continues to be
widely utilized in various scientific, medical, and industrial fields contributing to advancement in research,

diagnostics, and the development of novel therapeutics.
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