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Abstract — Recombinant proteins are produced from
recombinant DNA by using molecular technologies, and used
in many working areas such as biotechnology, biomedical
field and industry. However, purification of the recombinant
protein is one of the most challenging steps of this process.
Affinity tags are highly efficient tools to obtain the
recombinant proteins with high yield and purity. They are
used to facilitate the purification and detection of proteins,
alongside the separation of protein complexes. Moreover,
these tags might alter the enzymes specificity allowing the
manipulation of the desired enzymatic reactions. Especially
milk glycoproteins contain glycosidically attached a wide
variety of conjugated glycans that have different biological
functions. These bioactive glycans are isolated by the
application of various glycosidases. Recent studies suggest
that specific glycan types can be produced by affinity tag-
enzyme complexes that alter the enzymes target glycan type.
Such a manipulation on glycan production enables further
studies on individual glycan structures and their contribution
to the function of glycoproteins. In this review, we discuss
various affinity tags; poly his, glutathione S-transferase
(GST), maltose- binding protein (MBP), FLAG tag and other
tags in the terms of their purification efficiency and substrate
specificity.

Keywords — Affinity Tags, Enzyme Specificity, Glycans,
Protein Purification, Recombinant Protein.

I. INTRODUCTION

Proteins are involved in many biological reactions and
have various health benefits. However their use as
therapeutic agent is limited due to the lack of their
production naturally. Therefore these proteins have been
produced in large scale recombinantly in industry since
1970s [1]. The recombinant protein production and
purification are used in the many areas like academic
research, therapeutic and diagnostic applications and in the
industry [2]. The production and purification of proteins
are closely connected with each other. The selection of
host cell is related to purification of product as far as it is

related to amplification and isolation of the protein [3, 4].
For the isolation and amplification of a gene of interest,
there is a method in which the gene is cloned to provide
necessary amount of gene by inserting it into vector that
can multiply in living cells [5]. The expression process of
foreign protein inside the vector can be carried out in cell
culture of bacteria, yeasts, mammals, plants or insects, or
within the transgenic plants and animals [6]. Then the
expressed protein is purified with the help of specific tags
that are attached genetically (affinity purification). In this
process these tags bind to specific column whereas other
proteins that are produced by the host naturally are eluted
from the column [7]. The tag- protein complex which is
already attached to the column is separated by specific
agents that are competitive with tags [8].

Nowadays recombinantly produced proteins have a
significant role in many diverse areas such as
pharmaceutical, food, detergent, textile industry etc. They
also lead to new therapeutic approaches, drug
development and finding vaccine techniques to solve
worldwide threats like HIV, Ebola [9]. The most important
reason of use of recombinant proteins in industry is a high
yield as well as the economical advantages. Considering
the advantages, it is inevitable that the recent studies focus
on recombinant protein techniques. As summarized in
Table 1, many researches involve in variety of
recombinant proteins, which have different functions. As
an example, glucoamylase is one of the most significant
recombinant proteins in food industry for the production
of alcohol and glucose syrup whereas erythropoietin is
preferred in pharmaceutical industry for people whose
bone marrow does not provide enough red blood cells [10,
11]. Successfully production of these proteins is achieved
with an appropriate fusion tag system that enables high
yield and purity recombinant proteins.

Glycans release from glycoproteins by glycosidases are
discussed in this review as a model enzyme-substrate
complex. As well as the efficiency of substrate release, the

Table 1. Various recombinant proteins, their functions and production strategies.

Protein Function Expressed In _Affinity Tag  Application  Reference

Factor VIII Essential blood-clotting protein E. Coli GST Pharmaceuticals [12]

Alpha 1- antitrypsin Inhibits many kind of proteases N. Benthamiana Cysta-Tag  Pharmaceuticals [13]

Erythropoietin Controls red blood cell production Tobacco plants  Strep-Tag II Pharmaceuticals [10]
Hydrolyses polysaccharides from the nonreducing chain

Glucoamylase ends E. Coli SBD Food Processing [14]

Hydrolyses the glycosidic bond between two or more

Beta glucosidase carbohydrates E. Coli CBD Food Processing [15]
Breaks the peptide bonds in the backbone of the protein

Subtilisin B. subtilis FLAG  Detergent Industry  [16]

Luciferase Produces bioluminescence Baculovirus His-Tag Diagnostic Method  [17]

Endo-f-N- N-glycan isolation from milk glycoproteins E. Coli His-Tag  Food processing [18]

acetylglucosaminidase
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specificity of the enzymes is

substrate
characteristic of the enzymes. Especially for glycoproteins

a unique

with attached multiple glycan structures, substrate
specificity of glycosidases is critical. There are three
different glycan types (complex, high mannose and
hybrid) that they have unique biological functions.
Especially, the glycans containing sialic acid prevent
pathogen binding stimulate the brain development in
infants [19, 20]. Therefore, the cleavage of specific
glycans enzymatically provides investigations on the
determination of novel roles of glycans. This specificity of
the enzymes can help to understand the contribution of the
glycans to the roles of carious glycoproteins such as
lactoferrin and immunoglobulins by enabling only certain
types of the glycans attached to the polypeptide chain. We
previously show that different reaction parameters
including incubation time, temperature, pH and enzyme
amount altered the enzymes target glycans. However this
strategy results in low enzyme efficiency since the
conditions are not optimal for the glycan release of the
enzyme [21]. Recent studies suggest that enzyme
specificity can also be achieved with the help of fusion
tags that's alter the enzyme’s target substrate. Majorek et.
al. [22] analyzed the influence of His-tag on GenS-related
N-acetyltransferase (GNAT) enzyme from Pseudomonas
aeruginosa. The results showed that his-tag binds
substrate-binding site of GNAT affect the activity of
enzyme negatively, whereas it was not observed any
important change in the terms of enzyme structure.
Additionally, His-tag behaved inhibitor against substrate
of enzyme that was resulted in low affinity of enzymes to
its substrate. However, crystallization of the protein was
not affected by his-tag. Lee et. al. [23] analyzed
biochemical characterization of thioesterase 1 of E. coli
with C-terminal 6xHis-tag and compared with the enzyme
without His-tag at same temperature and pH. The
determination of kinetic parameters of His-tagged (HT)
and without His-tagged (WT) on seven substrates
suggested that presence of His-tagged enzyme shifted
more toward shortest chain-length substrate, p-nitro
phenyl acetate that HT has 5-fold higher catalytic
efficiency. On the other hand, HT has lower Kcat/ Km for
only two substrates palmitoyl-CoA and p-nitro-phenyl
dodecanoate, are 36- and 10-fold lower than WT. The
study suggested that though C-terminal His-tag did not
influence seriously all structure of enzyme, substrate
specificity and catalytic activity of enzyme are changed by
His-tag. According to suggestion of experiment, addition
of His-tag on C- terminus of enzyme was close enough
active site to influence substrate specificity.

In this review, we discuss how different fusion tag
applications affect the protein purification efficiency as
well as the substrate specificity that enables the study
individual substrate’s (such as glycans) biological roles in
advance. Fusion tags are primarily designed for the
production of recombinant proteins with high purity. In
addition to this main goal, fusion tags are expected to
increase the solubility of proteins that provides higher
yield of the production. The fusion tags should be applied
easily while it allows for the enzyme to maintain its

International Journal of Agriculture Innovations and Research

Volume 6, Issue 3, ISSN (Online) 2319-1473

activity. As fusion tags, we compare commonly used
strategies such as poly his, glutathione S- transferase
(GST), maltose-binding protein (MBP), FLAG tag as well
as other recent approaches in terms of these criteria.

II. FusioN TAGS

A. Histidine (HIS Tag)

The polyhistidine-tag or His-tag is one of the most
commonly used methods for protein purification due to its
relatively small size and charge. In purification process,
the composition of polyhistidine-tag can contain 3 to 10
His- residues (the hexahistidine-tag (~0.84 kDa) is widely
performed one at many studies) [24]. During the
purification of recombinant protein, His-tagged protein
binds immobilized alkaline earth metals (Ni?*, Co?*, Cu?",
Zn*"), and even some heavy metals such as Fe**, A" [1,
24]. Then, His-tagged protein is eluted from metal ions
column by imidazole. It can be fused to both N- or C-
terminal of target protein [25, 26]. The purification with
this method can be performed under either native or
denaturing conditions.

One of the successfully applications of polyhis-tagged
for recombinant protein production performed by Khan et
al.

[27] That used green fluorescent protein (GFP) as a
model for the studying comparison of single-, double- and
triple- hexahistidine tag at either the N- or C- terminus or
both. In this study, two hexahistidine tags were placed
consequently one other due to the presence of peptide
spacer that has 11 amino acids and was placed between
two tags. In the triple hexahistidine tag, one double
hexahistidine at C- terminal and a hexahistidine tag at N-
terminal were combined. According to results, the double
hexahistidine tag were detected with 3-fold greater
sensitivity than the single hexahistidine tag and the
dissociation rate of double hexahistidine tagged protein
was 10 times slower than single hexahistidine tagged
protein. The triple-tagged protein had 60% lower binding
characteristics. However the dissociation rate of triple-
tagged protein was similar with the double hexahistidine
tagged protein. The main result of this study, double
hexahistidine tag has potential to use it for protein
immobilization, detection and single step purification.
Karikari et al. [28] Represented expression and
purification of tau protein using a cleavable histidine tag.
The expression of pure tau protein in high-yield is critical
for in vitro taupathy studies resulting in tau protein which
has less aggregation capacity could be obtained. The
recombinant tau protein was purified with hexahistidine
tag then tag was removed with TEV protease. The
preparation of monomer-oligomer mixture of recombinant
tau protein could be used for many studies. However,
when the monomeric tau is required, the truncation of
products and aggregates should be removed. The
advantage of this method is that it provides highly pure
functional oligomeric and monomeric tau protein; up to
99% purity for only monomer and 95% for monomer-
oligomer mix. In another study, Panek et al. compared
recombinant trehalose synthase with hexahistidine tag and
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wild type trehalose synthase. Trehalose is a disaccharide
that can be used many areas like food, cosmetic industries
which is produced from maltose by trehalose synthase.
According to the results of this study, the recombinant
trehalose synthase with 6xhis tag had higher Km value
than wild type due to the presence of fused tag. Because of
that his- tagged recombinant protein had low affinity to
maltose [29]. Bewley et al. investigated the effect of C
terminus 6xhis tag on the HIV-1 Pr55Gag polyprotein
which is produced by human immunodeficiency virus
(HIV). The presence of C terminal 6xhis tag altered the
nucleic acid binding property of HIV-1 Pr55Gag protein.
After removal of 6xhis tag the recombinant protein
showed similar property with untagged Pr55Gag [30].
Zhao et al. used his-tag expression system to purified zinc
finger protein, ZNF191 (243-368). The effects of N
terminal 6xHis tag and C terminal 8xHis tag to
recombinant proteins were investigated. Based on UV
visible absorption spectroscopy, tagged proteins showed
similar properties. However, according to circular
dichroism (CD) spectroscopy and hydrolase activity,
tagged recombinant proteins showed differences [31].

B. The Glutathione - Transferase (GST) Tag

The glutathione-transferase (GST) tag is commonly
used affinity tag method, and its principle is based on high
affinity of GST for its ligand immobilized glutathione [32,
33]. GST is a 211 amino acid length protein and it is
considered as a large size tag [34]. Due to the large size of
GST, it is commonly removed from the recombinant
protein to prevent any limitations on the biological
functions/characteristics of the protein. During the
application of affinity medium to the chromatography; it
should be performed at low flow rate to increase the
binding capacity of tagged-proteins to the ligand. The
GST-tagged protein and ligand bind to each other
reversibly, and in the following step this complex can be
eluted by using elution buffer which contains reduced
glutathione [35]. This buffer provides mild and non-
denaturation conditions for target protein’s main structure
and function [24, 35]. In addition to the high binding
capacity to the ligand. The removal of GST tag from the
recombinant protein is based on the use of enzymes like
prescission protease, thrombin that cleaves the specific
recognition site so that GST tag and target protein are
separated from each other [36, 37]. GST is also used for
the increase of the solubility of the recombinant proteins
that provides easy and high yield protein purification [38].
According to results performed by Hayashi et. al. [39],
pCold-GST expression system applied for 10 proteins that
could not be expressed normally in conventional E. coli
expression strategies. Among these proteins, it was shown
that 9 of them were successfully expressed in soluble
fraction. They suggest that pCold-GST system can be used
to increase the expression level and purification.

Dojima et. al. [40] used GST tag to purely single chain
antibody variable region fragment from silkworm larval
hemolymph in single step. According to the results, GST
tag showed 5-fold lower expression level compared to the
His- tag purification. However, GST tag showed 91.8%
recovery and 83% purity, whereas his tag resulted in only
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43.7% recovery and significantly lower purity (below
10%). On the other hand, Maity et.al. [36] used two step
affinity purification for recombinant baculovirus, based on
a N- terminal GST and C-terminal 10xHis tag which are
both fused to recombinant protein. The binding of GST to
protein of interest followed by tag removal enzyme
(prescission) that cleavages and separates GST and
recombinant protein, then GST-cleaved protein were
flowed at column for His- tagged protein binding, then
His- tagged protein eluted with imidazole. The
combination these two tags at N- and C- terminal of
recombinant baculovirus and cleaving capacity of one of
tags provide highly purification and full-length
recombinant protein. In a different study Ryan et.al. [41]
Performed protein purification by following a dual affinity
tag strategy. Recombinantly produced H1.4, a kind of
most abundant and expressed linker histone proteins in
human, was purified by using N-terminal GST and C-
terminal 6xHis with two step affinity chromatography
procedure. During study the complex chromatography
methods were avoided, because denaturation and loss of
function of core histone proteins are common problems.
The final produced protein was considered to be highly
pure and proper size according to data obtained by mass
spectrometry. However it is readily to bind nucleosomes.
C. Maltose-Binding Protein (MBP) Tag

Maltose-binding protein (MBP) is another most popular
affinity tags. Generally, MBP which may place on the N-
or C-terminus of the target protein is used to enhance
expression level or solubility of target protein [42, 43]. In
purification of tagging proteins, MBP tagging proteins
binds to its ligand cross-linked amylose resin of affinity
chromatography [44]. After, the complex that contains
tagging protein and ligand are eluted with elution buffer
that contains 10 mM maltose from affinity
chromatography [34, 45]. MBP tag is commonly separated
from target protein by factor Xa, enter kinase, or genenase
I protease cleavage sequences [8, 46]. However this tag
method has some disadvantages such as the downstream
application might be complicated because of its large size
about ~ 42-kDa [47]. The other one is removal of MBP
might cause protein to mis- fold, and decrease of its
solubility [48].

To improve high yield protein purification, MBP is
frequently used in combination with other small tags such
as His tag, GST tag. Kurussi et al. [49] described a dual
protease protocol for expression and purification of
recombinant proteins. The dual His-MBP tag was used and
the cleaving of them one by one was carried out to
increase yield of nature recombinant protein. The using
MBP at N- terminal increased solubility and improved the
yield of recombinant protein. The MBP tag was then
removed by rhinovirus 3C protease to yield N- terminal
His6-tagged protein. The N- terminal His6-tag was
removed by His6- tagged tobacco etch virus (TEV)
protease. Slunchanko et al.

[50] Used different purification strategy about the using
cleavable his-tagged maltose binding protein to purify
steroidogenic acute regulatory protein (StAR). The StAR
protein is slightly soluble and is mostly obtained time
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consuming, cost procedure that may affect the protein
characteristics. Because of these reasons, to increase the
yield the yield of soluble protein and to obtain high-yield,
native, functional and aggregates-free StAR without the
necessity of denaturation and refolding, the his-tagged
MBP at N- terminus was used. Hang et al. [51] used
Aquaporin Z (Agp Z) that is found in the membrane of E.
coli was expressed using the maltose-binding protein/
polyhistidine dual - affinity tag fusion system. According
to their previous studies, the purification process which
was performed only MBP tag was limited under
denaturation conditions and in the presence of detergents.
However MBP tag was most effective fusion partner for
Aqp Z. But the results of following study said that dual-
affinity tag system could overcome from the limitations
under the same conditions. N- terminal MBP tag and C-
terminal his tag on Aqp Z showed that overexpressed in E.
coli and increased yield of the Aqp Z fusion protein in
soluble. Additionally, membrane proteins are toxic for
host cells normally. However, these results showed that
Aqp Z fusion protein performed no toxic effect on host
cells. Their results represented that MBP/His dual- affinity
tag fusion system enhance highly expression and
purification of major intrinsic protein channel proteins in
E. coli. Cho et al. [52] used type of fusion partner GST
and MBP for effects on the chemokines RANTES and
SDF lain

E. coli under various conditions. Chemokines are
expressed in slightly soluble or insoluble in E. coli.
Results showed that used MBP as fusion partner for
RANTES and SDF-la improve high yield soluble of
recombinant protein as compared to target proteins with
GST. Additionally, they studied double fusion system
containing His-tag and MBP tag result in enhance
recovery of recombinant chemokines.
D. Flag Tag

The FLAG is a kind of short affinity tag that has
hydrophilic 8 amino acids [53]. The FLAG tag can be
placed at either C- or N-terminal of recombinant protein
[34]. Due to the its significant advantages in the terms of
size, solubility, the presence of unique cleavage site, and
high- affinity to anti-FLAG antibodies, FLAG-tag may be
used to purify several recombinant proteins such as
immunoglobulins, cytokines and gene regulatory proteins
[3, 54]. However the use of this tag is limited with the low
specificity and high cost of anti-FLAG antibodies [46].
During the purification, FLAG-tagged proteins bind to
anti- FLAG monoclonal antibodies such as M1 [55] and
M2 [56] that have different binding characteristics [57].
According to type of resin for FLAG tag, the binding and
elution of FLAG tag to resin change. For the M1 resin, the
binding FLAG- tagged protein and resin is calcium
dependent, the separation of them is can be carried out
under mild conditions [58, 59]. For the M2 resin, the
binding tagged-protein and resin is calcium independent
and the elution tagged-protein from M2 resin requires
decrease in pH value [60]. After binding FLAG- tagged
proteins fused monoclonal antibodies are eluted with
FLAG peptide [61] (e.g., 3 x FLAG peptide [62]) or low
pH glycine buffer. After purification FLAG tag is cleaved
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by a kind of tag removal enzyme which causes the
separation of recombinant protein and FLAG tag [63].

Fatutsumori-Sugai et al. [64] used C-terminal FLAG tag
to purify MsbA and eluted FLAG-fused protein from M2-
immobilized resin by using arginine under acidic pH
condition. The purified MsbA with FLAG tag had more
active molecule than previously purified his-tagged
protein. The arg-elution method, in this study, caused the
efficient elution of active and folded proteins at low pH.
Pajecka et al. [65] investigated the kinetic properties and
cellular localization of glutamate dehydrogenase (GDH)
isoforms with and without short affinity tags; FLAG tag
and hexahistidine tag. The addition of N-terminal of these
tags to GDH isoforms did not affect the allosteric
regulation of isoforms by ADP and GTP. N-terminal
FLAG tag did not change the localization and kinetic
parameters. However the presence of FLAG tag at C-
terminus of mouse GDH isoform changed significantly
kinetic parameters of ADP that became fivefold less
sensitive to ADP activation.

E. Others

Up to now we have described the commonly used ones,
but there are even more various methods performed in
many researches. Wijekoon et al. [66] compared
recombinant copper-binding proteins with either poly-
histidine or poly- lysine tag. Because of the poly-histidine
tag has affinity for Cu (I) and Cu (II) the removal of it is
necessary for reliable characterization of the target
proteins. However the separation by protease may release
several residues that may affect the function of the protein
target. In this study, addition of poly-lysine residue to
copper binding protein separated by the carboxypeptidase
B to produce native recombinant protein. However this
removing procedure did not necessary since the poly-
lysine tag does not have affinity for either Cu (I) or Cu
(IT). Also the presence of the C- terminal poly-lysine tag
increased the isoelectric point and facilitated the
purification via cation-exchange chromatography. In
another study Islam et. al. [67] investigated ceramic
fluorapatite-binging (CFT) peptide as affinity tag that has
seven amino acids. They used tag with or without the
addition of hexalysine sequence to purify green
fluorescent protein (GFP). Two different combinations of
this tag were placed C-terminal of recombinant GFP and
CFT chromatography was applied to provide GFP
purification. To compare usefulness of CFT binding
peptide as tag, they also utilized hexahistidine tag and
immobilized metal ion affinity chromatography (IMAC).
According to results of this study; ceramic fluorapatite-
binding peptides with and without hexalysine showed
similar purity over 90%. Due to the limitations of IMAC,
CFT chromatography and this affinity tag could be used
alternative purification strategy.

Ding et al. [68] purified cytoplasmic domain of human
erythrocyte band 3 (cdb3) with hexahistidine tag or chitin-
binding tag. Three different expression vectors were used
to compare different affinity purification. N- and C-
terminal his tag and chitin-binding tag were purified by
immobilized metal column chromatography and affinity
chromatography on chitin resin, respectively. Results of
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this experiment show that, all three recombinant cdb3
represented similar structural and functional feature with
native cdb3. N- and C-terminal hexahistidine tagged cdb3
were obtained with higher yield than CBD-cdb3. However
cleaved CBD-cdb3 was more stable than his-tagged-cdb3,
after long period preservation. Jin et al. [69] used
recombinant plasmodium falciparum reticulocyte binding
protein homologue 5 (PfRHS) that is an antigen and is
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used to develop many types vaccines. For the purification,
they utilized C-terminal C-tag that is composed of four
amino acids; glutamic acid-proline- glutamic acid- alanine,
which is purified with a camelid single chain antibody,
called NbSyn2. C-tagged PfRHS5 was obtained >85%
recovery and>70% purity in a single step purification
under mild conditions. In a previous experiment, Hjerrild
et al. [70] utilized same protein. However they used

Table 2. Overview on the characteristics of major affinity tag methods.

Length (aa) & Binding Matrix Elution Advantages Disadvantages
Tag |Approx. Size (kDa) Condition
2-10 aa o Smallersize
(usually 6 aa) .Metal ions . e Less effect on target protein function o High Fisk of contgmination
His-tag 0.84 kDa (Ni*, Co*, Cu*, Imidazole and expression o It can interfere with enzyme
2+ 3+ . .
Zn7 Fe™) e [ess expensive method specificity
) e Quite purity yields e Cost of resin
FLAG 8 aa Anti-F LAC’ Low pH or e Minimal effect to fusionprotein e The use of this tag is limited
1.01 kDa monoclonal antibody | FLAG peptide o Makes the protein more soluble
e Higher degree purification e Bigger size
211 aa . Reduged e Increase the solubility of recombinant protein| e Decrease expression level of
GST 26 kDa Glutathione glutathione | Milder elution conditions than most of other recombinant protein
methods e More expensive method
® ] ess expensive resin
e Enhance the solubility of target e [ts largesize
396 aa . e Increase the expression of protein e Can be problematic about
MBP 40-42 kDa Cross-linked amylose Maltose o Efficient purification protein expression
e Removal of MBP decreases
the solubility of protein

hexahistidine tag for purification. C-terminal hexahistidine
tagged PfRHS were obtained >95% purity and <5%
recovery. The using C-tag at the purification of PfRHS has
high recovery than the using his-tag, according these two
studies. C-tag purification technique may be an important
part of clinical tests which recombinant proteins are used,
because of the obtaining them at high recovery.

Morris et. al. [71] selected recombinant proteins which
do not have heparin binding affinity to investigate them
with heparin-binding tag (HB-tag) to demonstrate the
utility of HB-tag in the protein purification. HB-tag has 34
amino acids and binding affinity for heparin-sepharose
resin. The addition of polyclonal antibodies caused the
elution of tagged protein from matrix under denaturing
condition, then tag was separated from protein with
thrombin or TEV protease. The heparin-binding affinity
tag provided single step rapid purification alternatively to
other purification technique.

III. CONCLUSION

Glycans have very attractive roles including cell-to-cell
interactions, stimulation of brain de elopement and
learning skills and prebiotic activity. However their
isolation is quite challenging due to lack of
deglycosylation approaches. Fusion tags provide an
opportunity to alter the enzymes target substrates allowing
to produce specific glycan structures. Successfully
application of the tags to the glycosidases will enable to
produce certain glycans or let attached to the glycans to
the proteins that will make further investigations feasible
in the future.
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