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Abstract Immobilized metal affinity chromatogra-
phy (IMAC) of proteins containing poly-histidine
fusion tags is an efficient research tool for purifying
recombinant proteins from crude cellular feedstocks
at laboratory scale. Nevertheless, to achieve success-
ful purification of large amounts of the target protein
for critical therapeutic applications that demand the
precise removal of fusion tags, it is important to also
take into consideration issues such as protein quality,
efficiency, cost effectiveness, and optimal affinity tag
choice and design. Despite the many considerations
described in this article, it is expected that enhanced
selectivity, the primary consideration in the field of
protein separation, will continue to see the use of
IMAC in solving new purification challenges. In
addition, the platform nature of this technology
makes it an ideal choice in purifying proteins with
unknown properties. Finally, the unique interaction
between immobilized metal ions and poly-histidine
fusion tag has enabled new developments in the areas
of biosensor, immunoassay, and other analytical
technologies.
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Introduction of immobilized metal affinity
chromatography

Porath et al. (1975) first introduced Immobilized Metal
Affinity Chromatography (IMAC) for the fractionation
of serum proteins. Ever since, IMAC has become one
of the most powerful tools in the field of separation
science. IMAC is based on the interaction between
transitional metal ions, such as Cu”, Co”, Ni%t,
Zn”, or Fe”, immobilized on a matrix and specific
amino acid side chains in proteins. Transition metal
ions can be immobilized on an agarose or silica gel
support derivatized by ligands such as iminodiacetic
acid (IDA), N,N,N'-tris-(carboxymethyl)-ethylenedia-
mine or nitrilotriacetic acid (NTA) groups as shown by
Fig. 1. The main amino acid in proteins that interacts
with the immobilized transitional metal ions is histi-
dine. This is due to the fact that the electron donor
groups on the histidine imidazole ring form coordina-
tion bonds with the immobilized transition metal. The
metal chelate ligands have the advantage of being more
resistant to physical, chemical or microbiological
degradation than other highly selective ligands such
as immunoglobulin-binding proteins, which facilitates
the use and storage of the immobilized metal affinity
adsorbents.
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Fig. 1 Adsorption of imidazole groups to immobilized metal
ions. In this illustration, structures of octahedral complexes are
formed around metal ion, Me2+, bound to the imino-diacetic
acid chelating groups immobilized to a surface. Arrows point to
imidazoles from side chains of histidines (Gaberc-Porekar and
Menart 2005)

Coupling IMAC with poly-histidine tag

The fast-developing field of proteomics has promoted
the use of recombinant proteins containing a poly-
histidine fusion partner to expedite the isolation of
the target compound (Bolanos-Garcia and Davies
2006). These fusion tags can be attached to a wide
range of different proteins. In addition, the method of
tagging enables simple and accurate assay of the
recombinant protein during purification. The use of
poly-histidine fusion tags was first developed by
Hochuli et al. (1988) and has indeed become the most
widely used type of affinity fusion tag. Poly-histidine
fusion tags range from 2 to 10 residues, with hexa-
histidine tags containing six consecutive sequences of
histidine residues, having an overall size of 0.84 kDa,
being the most popular (Terpe 2003). Peptides
containing sequences of consecutive histidine resi-
dues are found to be particularly effectively bound to
IMAC adsorbents. After washing of the loaded IMAC
adsorbent to remove non-specifically adsorbed pro-
teins, these peptides can be easily eluted by either
lowering of the pH or by increasing concentrations of
imidazole in the irrigating buffers. Following elution,
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the target protein can exhibit purity higher than 95%
(Terpe 2003).

Antibody fragments, labile enzymes, viruses, and
membrane-associated targets present a unique set of
challenges to the purification researcher that can
often be solved by the use of the ubiquitous poly-
histidine fusion tag that has gained popularity in
purification and structural studies over the last two
decades. For instance, attaching a poly-histidine
fusion tag to proteins through genetic engineering
has proven successful for the IMAC purification of
recombinant antibody-like structures (Bannister et al.
2006), complex virus-like particles (Hu et al. 1999),
protein complexes (Kubota et al. 2010), and viral
vectors for gene therapy (Hu et al. 2003).

IMAC in conjunction with poly-histidine fusion
tags can be used as a highly selective primary capture
step as target proteins fused with poly-histidine
fusion tag can be purified without much prior
knowledge of the target protein and consequently, a
platform process can be developed that can be
employed for a wide range of targets. Besides aiding
purification, poly-histidine fusion tags can help
increase protein yield (Sun et al. 2005) and prevent
proteolysis (Tang et al. 1997). In one example,
incorporation of a poly-histidine tag helped to
improve rates of cell growth and protein expression
levels in cells producing recombinant protein prod-
ucts because of the hydrophilic nature of a poly-
histidine tag (Svensson et al. 2006). In fact, with
minimum optimization of the poly-histidine tag
sequence, most IMAC purification processes are
often associated with high yield, fast development
time and low costs (Lichty et al. 2005). Likewise, a
major advantage of using IMAC as a primary capture
tool for protein isolation is the ability to reduce a
multistep process to a single unit operation that
provides highly pure, good quality end-products. The
reduction in the number of processing steps not only
decreases process time and costs such as the associ-
ated cleanroom residence time for therapeutic pro-
duction, but also decreases the likelihood of potential
protein degradation as a result of prolonged process-
ing times, hence ensuring better product quality.
Furthermore, the scalability of the technology makes
it an ideal option for large-scale manufacturing.

Other advantages of IMAC include the stability of
the metal chelates over a wide range of buffer
conditions and temperatures, high metal ion loadings,
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and high protein loading capacities (Arnold 1991).
With further developments that have increased IMAC
column binding capacities and dynamics, IMAC can
perform equally well, if not better, than other
commonly used affinity chromatographic methods
such as immunoglobulin-binding protein chromatog-
raphy. Besides being cheap and robust, metal chelate
ligands can complex a variety of metal ions, thus it is
possible to tailor adsorption characteristics to the
protein of choice. For instance, SlyD, a major host
cell contaminant protein in E. coli often co-purifies
with the heterologously-expressed hexa-histidine
tagged proteins when using nickel-based IMAC
(Bolanos-Garcia and Davies 2006). Wulfing et al.
(1994), on the other hand, found that SlyD has a
markedly reduced affinity for Co>* than Ni*" and the
alternative use of the former immobilized ion
provides an answer to the problem of SlyD
co-purification.

Challenges in the use of IMAC and poly-histidine
tag for purification

The addition of poly-histidine fusion tags can some-
times lead to undesirable protein aggregation and
insoluble protein expression (Woestenenk et al.
2004). By manipulations of the temperature during
expression and dilution refolding, this solubility
problem may be able to be solved (Bird et al.
2002). Nevertheless, the length, composition and
location of the poly-histidine tag can necessitate
additional optimization depending upon the amino
acid sequence of the native protein (Chant et al. 2005;
Gaberc-Porekar et al. 1999). For instance, the fusion
tag can be attached to the N-terminus, C-terminus or
both termini of virtually any protein in order to
facilitate its purification by IMAC. The decision to
which end the poly-histidine tag is fused depends
primarily on the characteristics of the particular
protein and the techniques selected to cleave the tag.
Some poly-histidine tag termini become buried inside
the protein core and others have a significant effect
on the protein function. In such cases it is necessary
to try attaching the tag to the opposite terminus.
Nevertheless, it is generally difficult to predict if
there is a negative influence of the tag and which
terminal is likely to be least problematic for a given
protein (Goel et al. 2000; Lee and Altenberg 2003;

Mason et al. 2002). Consequently it is best to perform
functional characterization of both C-terminal and
N-terminal tagged protein variants. One investigation
suggests that the location of the hexa-histidine tag on
the protein N-terminus or C-terminus has an influence
on the binding strength of some proteins to IMAC
adsorbents and a tag on both ends of the protein
always increases binding strength (Amersham Bio-
sciences 2002). On the other hand, Tsai et al. (2006)
concluded that although the capacity and binding
affinity of IMAC adsorbents for fusion proteins
having more than one affinity tag can, in general,
be predicted depending on the size of the protein and
the number of affinity tags, the structure-specific
interactions between protein molecules and the
surface accessibility and orientation of the affinity
tags on the protein surface also need to be considered.

Similarly, it is often difficult to exclude the
possibility that the affinity tag may interfere with
protein activity and function (Wu and Filutowicz
1999), and especially when used in applications such
as therapeutic manufacturing, the tag fused to the
target protein must be subsequently removed (Kenig
et al. 2006; Rowland et al. 2005). Some researchers
suggest that the histidine tag does not need to be
removed for use in structural determination (Carson
et al. 2007). Likewise, Case and Mukhopadhyay
(2007) compared two variants of a recombinant
human cytosolic phosphoenolpyruvate carboxyki-
nase, one with a HislO-tag and one without a
poly-histidine tag; both exhibited similar kinetic
properties. However, other reports suggest altered
biological or physicochemical properties of the
histidine tagged proteins as compared to their native
counterparts (Arnau et al. 2006; Gaberc-Porekar and
Menar 2005). Introducing a poly-histidine tag can
adversely affect the biochemical properties (Horchani
et al. 2009), alter the binding characteristics (Gaberc-
Porekar et al. 1999), change protein structure
conformation (Chant et al. 2005), prompt protein
oligomerization (Amor-Mahjoub et al. 2006), and
thus render the purified target unsuitable for use in
X-ray crystallography or other characterization stud-
ies (Renzi et al. 2006). Consequently, an important
part of the design of a fusion tag is the choice of the
method for removing the tag after purification.
Ideally, molecular constructs contain a specific
cleavage sequence included to ensure that selective
cleavage can be achieved. The removal method
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usually then involves the use of a protease, to cleave
a specific peptide linker between the tag and the
target protein. However, the insertion of a cleavage
site in a fusion tag can sometimes have a negative
impact on the solubility of the expressed proteins
(Kurz et al. 2006), and this is an issue that deserves
careful consideration. Some of the commonly used
cleavage enzymes include the tobacco etch virus
(TEV) protease, thrombin (factor Ila, fIla), enteroki-
nase (EK), and factor Xa (fXa), which all belong to
the protease class of endopeptidases. Some of these
enzymes have been genetically modified to improve
their specificity and stability such as AcTEV from
invitrogen and ProTEV from promega.

Ideally, cleavage should be highly specific in order
to avoid reducing protein activity and function. Non-
specific cleavage can sometimes be resolved by using
a lower enzyme to fusion-protein ratio, optimizing
the temperature, pH, salt concentration, and the
duration of cleavage reaction (Jenny et al. 2003).
Most commercially available cleavage enzymes need
to recognize a specific amino acid sequence for
reaction to occur. For instance, the most common
sequence recognized by thrombin is LVPRG or
LVPRGS, for enterokinase the sequence is DDDDK,
and for factor Xa, it is usually IEGR (Jenny et al.
2003). Nevertheless, cleavage by thrombin, entero-
kinase or factor Xa often results in unspecific internal
cleavage, which is highly undesirable (Jenny et al.
2003; Choi et al. 2001; Ko et al. 1993). Guan and
Dixon (1991) found that by inserting five glycine
residues between the thrombin cleavage sequence and
the N-terminal tag, the unspecific internal cleavage
decreased. Similarly, TEV recognizes the sequence
ENLYFQG or ENLYFQS (Carrington and Dougher-
ty, 1988). Nevertheless, at the completion of the
cleavage reaction by TEV, a G or S residue remains
on the N-terminal end of the target protein (Nallam-
setty et al. 2004).

In some cases, the problem of unspecific internal
cleavage stems from steric hindrance arising from the
target protein structure that prevents the protease
from access to the intended cleavage site (Kim et al.
2007; Shahravan et al. 2008). Certain concentrations
of denaturant were added in an attempt to improve
the specificity and yield of the cleavage reactions
(Shahravan et al. 2008). The addition of 1-4 M urea
successfully improved the cleavage specificity and
yield by making the protein molecules assume a more
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open structure. Nevertheless, to make this a general
approach to improve protease specificity and yield
applicable to other proteins, the tolerance of the
chosen protease and target protein to denaturant
concentration is important. For example, urea at
5 mM began to inhibit enterokinase activity (Shahr-
avan et al. 2008).

Enabling the wider use of IMAC and poly-
histidine tags for purification

As mentioned earlier, major issues that arise when
using histidine tag approaches to protein purification
include the precision and efficiency required to
remove the fusion tag at the end of the purification
process. Some additional limitations concerning the
removal of fusion tags are non-specific cleavages
yielding truncated forms of the target protein, addition
of extra amino acids, partial removal of the tag, and
the presence of contaminating proteases and cleaved
peptides contaminating the target protein. Indeed,
cleavage by endopeptidases has not been observed to
be very specific and was suspected to generate
complex mixtures of variants (Gaberc-Porekar and
Menart 2005). Furthermore, the use of endopeptidases
is costly and, as scales increase, the cost could become
prohibitive. In order to address these problems, the
selective enzymatic removal of tags using exopeptid-
ases has been studied. Such strategies mainly utilize
dipeptide aminopeptidase I (DAPase) to successively
cleave the N-terminal fusion tag until a dipeptide stop
point in the sequence is encountered (Arnau et al.
2006). The precise removal of poly-histidine tags to
yield the target protein without any additional
residues has been widely proven and further variants
of this strategy have been engineered to work with a
diversity of sequences (Block et al. 2008; Kenig et al.
2006). The use of exopeptidases provides a conve-
nient solution to the occurrence of non-specific
cleavage within the target protein encountered with
endopeptidases, avoiding unnecessary destruction
of the protein product. In addition, the enzyme-
to-substrate ratio required for the use of exopeptidases
in comparison to conventional endopeptidase systems
is much lower, making the overall process more cost-
effective (Arnau et al. 2006).

However, any protease added to achieve the
processing of poly-histidine tags must be removed
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Fig. 2 Typical two-step IMAC purification process involving
the use of poly-histidine tagged recombinant proteases

at the end of the cleavage reactions due to the
immunogenic nature of these enzymes and other
problems arising from their presence contaminating
the target protein. In most cases, this involves an
additional chromatography step as shown by the
downstream process in Fig. 2. The first IMAC
column produces purified proteins containing fusion
tags and following batch enzymatic digestion, the
mixture containing native de-tagged protein and
contaminants arising from tagged processing are then
separated using a second IMAC column. The latter
process is feasible as the proteases used are often
genetically-modified such that they themselves con-
tain a hexa-histidine fusion tag, thus allowing the
clearance of the enzymes by the second subtractive
IMAC column step. Alternatively, it is also possible
to immobilize non-tagged proteases onto solid sup-
ports allowing their separation from the desired
product by simple filtration or centrifugation. Simi-
larly, non-tagged thrombin, fXa, and EK, which are
often produced directly from natural sources, can be
removed by affinity chromatography using adsor-
bents such as benzamidine-agarose.

Cleavage efficiency should also be high as this
directly affects the extent of recovery of the native

target protein (Kenig et al. 2006). The extent of
recovery of multimeric proteins can be significantly
lower than that of monomeric proteins as the
cleavage efficiency achieved with the former proteins
has an increased influence on the overall recovery.
This is because only one residual partially cleaved
subunit is needed to result in adsorption of an entire
multimeric protein on the second subtractive IMAC
column during the contaminant clearance step shown
in Fig. 2 (Schafer et al. 2002).

An apparent inefficiency observed in most down-
stream processes is the large number of sequential
unit operations involved, resulting in poor overall
process economics. It is highly desirable to combine
the multiple steps involved in the processing of
tagged proteins, especially the steps associated with
tag removal, and hence intensify multiple unit
operations to give a more streamlined process. As
an illustration, the potential of adopting on-column
detagging strategies is attractive as these strategies
are often advantageous due to their ease of integra-
tion with purification operations, which leads to
improved process economics and yield by reducing
the number of separate downstream unit operations.
After the capture step from the crude feedstock, the
on-column cleavage of the tag from the tagged
protein was performed by dispensing the solution of
cleavage enzyme into the chromatography column
and allowing the cleavage reaction to proceed. In
most cases, on-column cleavage strategies have been
designed for integration with endopeptidase systems
(Bhikhabhai et al. 2005; Dian et al. 2002; Hefti et al.
2001). Nevertheless, on-column cleavage with tagged
exopeptidases was also found to be feasible, although
some inherent process complexities do exist (Kuo and
Chase 2010). The poly-histidine-tagged exopeptidase
cannot normally gain access to the N-terminal end of
the fusion tag on the target protein as both entities are
tightly bound to the surface of the IMAC adsorbent.
However, as shown in Fig. 3, the introduction of
imidazole into the buffer in which the cleavage
reaction takes place can induce a dynamic binding
situation for the poly-histidine tagged species. The
consequent on—off binding characteristics of the poly-
histidine tagged target protein then enable the exo-
peptidase to diffuse between the surface of the IMAC
adsorbent and the fusion tag on the target protein,
thus allowing the exopeptidase to bind to the
N-terminal end of the fusion tag and thus allow the
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Fig. 3 Schematic of on-column exopeptidase cleavage mech-
anism: introduction of imidazole induced a dynamic binding
situation for the poly-histidine tagged species, which enabled
the diffusion of exopeptidase to the N-terminal of the target

cleavage reaction to proceed. After incubation in the
column, the cleaved, untagged protein can then be
recovered simply by washing the column, followed
by elution of the cleaved dipeptides and any remain-
ing un-cleaved proteins. This procedure avoids the
need for additional steps to ensure separation of tag
fragments and detagging enzymes. A further advan-
tage is the ability to recover the protein in a suitable
buffer that facilitates the subsequent downstream
step. This can reduce the processing time as well as
maintain product quality for proteins that are less
stable to extensive pH titration and concentration/
diafiltration conditions. Likewise, the ability to
recover the product in buffers containing no imidaz-
ole has also proved to be beneficial as the imidazole
normally added to elute poly-histidine tagged pro-
teins from IMAC can affect the subsequent analyses
by NMR, interfere in studies involving crystallogra-
phy as well as increase the likelihood of protein
aggregation (Hefti et al. 2001).

Finally, while some general patents regarding the
use of poly-histidine fusion tags have expired, there
may still be licensing issues associated with the
commercial use of fusion tag sequences containing at
least two adjacent histidine residues such as the use
of the 6 x His tag developed by F. Hoffmann-
La Roche Ltd. Another potential difficulty is that
when used for the production of pharmaceuticals,
Ni** commonly used in IMAC would be considered a
hazard if immobilized nickel ions were leached from
the IMAC adsorbent during processing as nickel may
produce an allergic reaction. Nevertheless, IMAC
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fusion tag, leading to successful cleavage reactions (Kuo and
Chase 2010). The cleaved dipeptides then remain bound on the
IMAC column, allowing the recovery of the native detagged
protein

using ligands that demonstrate very low levels of
leaching of chelated ions such as the tetradentate
ligand NTA can be a technology compatible with the
requirements of a medicinal manufacture (Block et al.
2008).

Other applications of immobilized metal affinity
or poly-histidine tag

Besides exploiting the interaction between metal ions
and poly-histidine tags for protein purification, several
other applications employ the specific interactions of
immobilized metal ions and poly-histidine tags. For
example, poly-histidine fusion tags with high affinity
to metal ions are also useful tools to immobilize and
stabilize peptides or proteins on surfaces (Noji et al.
1997). Proteins fused with poly-histidine tags can
become specifically orientated when bound to sur-
faces derivatized with immobilized nickel with high
binding energy and good stability (Johnson and
Martin 2005). In the fabrication of biosensors, appro-
priate orientation of the immobilized immunoreagents
is a key step. Vallina-Garcia et al. (2007) have
demonstrated the possibilities of electrochemical
immunosensing through the orientation of poly-histi-
dine tagged, anti-pneumolysin antibody fragments by
nickel-histidine complexation or histidine-anti-histi-
dine-antibody interactions. In both cases, gold films
were chosen as the electrode material as they were
considered to be ideal solid surface for protein
immobilization and electrochemical transduction.
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Such electrochemical methods of detection have the
advantages of sensitivity, miniaturization potential,
and simplicity.

It is also possible to assemble quantum dot bio-
conjugates by conjugating proteins to quantum dots
via a poly-histidine tag (Goldman et al. 2005).
Quantum dots are luminescent semiconductor nano-
crystals that have been actively studied due to their
potential in overcoming the drawbacks of traditional
organic fluorophores. The conjugation of quantum
dots to poly-histidine tagged proteins is based on the
coordination of histidine residues to zinc metal ions on
the surface of cadmium selenide/zinc sulphide nano-
crystals. Again, such an approach to conjugation can
be generalized to a wide range of proteins through the
poly-histidine fusion tag technology. Consequently,
adoption of this procedure opens up the prospect of
forming quantum dot bio-conjugates for applications
such as imaging, immunoassay, and other diagnostics.

The ability of metal ions to chelate with terminal
poly-histidine tags in recombinant proteins can be
extended to the fabrication of affinity membranes (Ke
et al. 2010). Compared to packed-bed columns
typically used in protein purification, affinity mem-
branes provide benefits such as no intra-particle
diffusion, short axial-diffusion paths, low pressure
drops, and no possibility of bed compaction. Alter-
natively, for analytical applications, Ahmed et al.
(2006) coated chitosan, which has nickel-binding
properties, onto the surface of polycarbonate track-
etched membranes. Recombinant proteins fused with
poly-histidine tags were then immobilized to the
membrane surface by binding to Ni*" ions adsorbed
to the chitosan. The ability of the metal-immobilized
proteins to capture their specific antibody was then
compared with those immobilized directly onto the
membranes using glutaraldehyde reaction chemistry.
The histidine-metal immobilization method provided
enhanced control of protein orientation and main-
tained good bioactivity which led to higher capacity,
affinity, and sensitivity. Such affinity membranes
with high selectivities can increase the sensitivity of
multi-membrane blotting methodologies, such as
layered expression scanning (LES) for high-through-
put analysis of proteomic profiles, as well as
conventional blotting when only trace amounts of
the target protein is present (Ahmed et al. 2006).

A poly-histidine tag can also be used as an epitope
tag for antibody binding. An epitope tag is a short

stretch of amino acids that is a part of a molecule,
usually a protein, that can be specifically bound by an
antibody. Use of a poly-histidine epitope can facilitate
the visualization of the target molecule via a gel,
Western blot or an immunofluorescence label. Mono-
clonal and polyclonal antibodies have been raised
against poly-histidine fusion tags by immunizing mice
or rabbits with poly-histidine tagged fusion proteins
(Noedl et al. 2005). Consequently, by adding an
epitope tag onto any target protein, a universal method
for following the given protein can be established by
using a generic assay for detecting the known
molecular handle that has been added. Indeed, Huang
et al. (2007) studied the binding kinetics between
hexa-histidine-tagged insulin-like growth factor-I
(IGF-]) and anti-hexa-histidine antibody using surface
plasmon resonance (SPR). They concluded that by
using an enzyme-labelled anti-hexa-histidine anti-
body as a tracer, a competitive sandwich ELISA has
the potential to be used as a generic immunoassay for
the detection of a wide range of polypeptides or
proteins tagged with a hexa-histidine sequence.
Finally, IMAC ligands have been used in protein
chips for the enrichment of proteins analyzed by
surface-enhanced laser desorption/ionization time-of-
flight mass spectrometry (SELDI-TOF-MS) (Kong
et al. 2006). Also as an enrichment method for mass
spectrometry, Jalili et al. (2007) derivatized phos-
phorylated peptides with a poly-histidine tag and later
enriched the tagged peptides on a nano-scale IMAC
column. The subsequent cleavage of the enriched
tagged peptides with factor Xa to release the target
peptides imparted even higher selectivity to the
process. The eluted peptides were then mapped using
mass spectrometry. This approach to the enrichment
of phosphopeptides at low concentrations produced
better results than those achieved by other, more
common enrichment methods. Similarly, Kaur-Atwal
et al. (2007) described the potential of interfacing
capillary IMAC with mass spectrometric detection.
The direct combination of these techniques allowed
the integration of on-line isolation of histidine-
containing peptides and mass spectrometric detection
in a high-throughput manner. IMAC beads with
diameters of 20 pm were packed into a 250 um
diameter fused silica column and the resulting capil-
lary IMAC column was used successfully in isolating
the histidine-containing peptides in order to simplify
complex peptide mass spectrometric analysis.
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Conclusions

The technology of exploiting the interactions
between poly-histidine fusion tags and immobilized
metal ions has proved to be a successful and generic
procedure for the isolation of antibody fragments,
membrane proteins, and fragile enzymes that are
otherwise difficult to purify. Incorporating a fusion
tag on the target protein is beneficial as the protein
purification method can be chosen without much
prior knowledge of the target protein. Such flexibility
is also a preferred quality of any downstream
purification technology as multiproduct processing
facilities are most commonly sought-after today.
Furthermore, advances in bio-separation demand
more cost-effective methods that have the potential
of meeting the most stringent product requirements.
For instance, lowering the cost of protein therapeutics
has become more important as healthcare funders are
increasingly reluctant to pay for expensive biotech-
nological pharmaceuticals (Aggarwal 2007). In addi-
tion, in order to design and manufacture protein
therapeutics for sale as bio-generics, new technolo-
gies are needed to control production costs and thus
achieve lowered pricing. Reducing the costs of
manufacture can also result in these therapeutics
becoming accessible to third-world nations.

Despite the many advantages of using IMAC and
poly-histidine tag in fulfilling these promises, there
remain several obstacles that need to be overcome
prior to the wider adoption of this technology. The
challenge of removing the fusion tag post-purification
is an important issue as well as the potential validation
steps to show that tags are removed correctly and
remnants are not present in the final product. This
review has discussed various approaches to overcome
these shortcomings. Finally, the ability to prepare a
wide range of recombinant proteins fused with poly-
histidine tags and to capture these proteins in a highly
specific manner are key advantages of the technology,
making it generic and highly valuable to any analysis
based on the binding of biomarker molecules.
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