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Abstract In response to the rapidly growing field of
proteomics, the use of recombinant proteins has increased
greatly in recent years. Recombinant hybrids containing a
polypeptide fusion partner, termed affinity tag, to facil-
itate the purification of the target polypeptides are widely
used. Many different proteins, domains, or peptides can
be fused with the target protein. The advantages of using
fusion proteins to facilitate purification and detection of
recombinant proteins are well-recognized. Nevertheless,
it is difficult to choose the right purification system for a
specific protein of interest. This review gives an overview
of the most frequently used and interesting systems: Arg-
tag, calmodulin-binding peptide, cellulose-binding do-
main, DsbA, c-myc-tag, glutathione S-transferase, FLAG-
tag, HAT-tag, His-tag, maltose-binding protein, NusA, S-
tag, SBP-tag, Strep-tag, and thioredoxin.

Introduction

The production of recombinant proteins in a highly
purified and well-characterized form has become a major
task for the protein chemist working in the pharmaceu-
tical industry. In recent years, several epitope peptides
and proteins have been developed to over-produce
recombinant proteins. These affinity-tag systems share
the following features: (a) one-step adsorption purifica-
tion; (b) a minimal effect on tertiary structure and
biological activity; (c) easy and specific removal to
produce the native protein; (d) simple and accurate assay
of the recombinant protein during purification; (e)
applicability to a number of different proteins. Neverthe-
less, each affinity tag is purified under its specific buffer
conditions, which could affect the protein of interest

(Table 1). Thus, several different strategies have been
developed to produce recombinant proteins on a large
scale. One approach is to use a very small peptide tag that
should not interfere with the fused protein. The most
commonly used small peptide tags are poly-Arg-, FLAG-,
poly-His-, c-myc-, S-, and Strep II-tag. For some appli-
cations, small tags may not need to be removed. The tags
are not as immunogenic as large tags and can often be
used directly as an antigen in antibody production. The
effect on tertiary structure and biological activity of
fusion proteins with small tags depends on the location
and on the amino acids composition of the tag (Bucher et
al. 2002). Another approach is to use large peptides or
proteins as the fusion partner. The use of a large partner
can increase the solubility of the target protein. The
disadvantage is that the tag must be removed for several
applications e.g. crystallization or antibody production.

In general, it is difficult to decide on the best fusion
system for a specific protein of interest. This depends on
the target protein itself (e.g. stability, hydrophobicity), the
expression system, and the application of the purified
protein. This review provides an overview on the most
frequently used and interesting tag-protein fusion systems
(Table 2).

Polyarginine-tag (Arg-tag)

The Arg-tag was first described in 1984 (Sassenfeld and
Brewer 1984) and usually consists of five or six arginines.
It has been successfully applied as C-terminal tag in
bacteria, resulting inrecombinant protein with up to 95%
purity and a 44% yield. Arginine is the most basic amino
acid. Arg5-tagged proteins can be purified by cation
exchange resin SP-Sephadex, and most of the contami-
nating proteins do not bind. After binding, the tagged
proteins are eluted with a linear NaCl gradient at alkaline
pH. Polyarginine might affect the tertiary structure of
proteins whose C-terminal region is hydrophobic (Sassen-
feld and Brewer 1984). The Arg-tagged maltodextrin-
binding protein of Pyrococcus furiosus has been crystal-
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lized (Bucher et al. 2002). The crystals were visually
indistinguishable from crystals of the native protein;
however, the crystals did differ in mosaicity and diffrac-
tion. C-terminal series of arginine residues can be
removed by carboxypeptidase B treatment. This enzy-
matic process has been successfully used in several
instances, but often has been limited by poor cleavage
yields or by unwanted cleavage occurred within the
desired protein sequence (Nagai and Thogerson 1987).
The Arg-tag can be used to immobilize functional
proteins on flat surfaces; this is important for studying
interactions with ligands. GFP with an Arg6-tag on one of
its termini can be reversibly and specifically bound via
this sequence onto a mica surface, which has been
established as a standard substrate for electron and
scanning probe microscopy applications (Nock et al.
1997). While the Arg-tag is not used very often, in
combination with a second tag it can be an interesting tool
for protein purification.

Polyhistidine-tag (His-tag)

A widely employed method utilizes immobilized metal-
affinity chromatography to purify recombinant proteins
containing a short affinity-tag consisting of polyhistidine
residues. Immobilized metal-affinity chromatography
(IMAC; described by Porath et al. 1975) is based on the
interaction between a transition metal ion (Co2+, Ni2+,
Cu2+, Zn2+) immobilized on a matrix and specific amino-
acid side chains. Histidine is the amino acid that exhibits
the strongest interaction with immobilized metal ion
matrices, as electron donor groups on the histidine
imidazole ring readily form coordination bonds with the
immobilized transition metal. Peptides containing se-
quences of consecutive histidine residues are efficiently
retained on IMAC. Following washing of the matrix
material, peptides containing polyhistidine sequences can
be easily eluted by either adjusting the pH of the column
buffer or by adding free imidazole (Table 1). The method
to purify proteins with histidine residues was first

Table 1 Matrices and elution conditions of affinity tags

Affinity tag Matrix Elution condition

Poly-Arg Cation-exchange resin NaCl linear gradient from 0 to 400 mM at alkaline pH>8.0
Poly-His Ni2+-NTA, Co2+-CMA (Talon) Imidazole 20–250 mM or low pH
FLAG Anti-FLAG monoclonal antibody pH 3.0 or 2–5 mM EDTA
Strep-tag II Strep-Tactin (modified streptavidin) 2.5 mM desthiobiotin
c-myc Monoclonal antibody Low pH
S S-fragment of RNaseA 3 M guanidine thiocyanate,

0.2 M citrate pH 2, 3 M magnesium chloride
HAT (natural histidine

affinity tag)
Co2+-CMA (Talon) 150 mM imidazole or low pH

Calmodulin-binding peptide Calmodulin EGTA or EGTA with 1 M NaCl
Cellulose-binding domain Cellulose Family I: guanidine HCl or urea>4 M

Family II/III: ethylene glycol
SBP Streptavidin 2 mM Biotin
Chitin-binding domain Chitin Fused with intein: 30–50 mM dithiothreitol,

b-mercaptoethanol or cysteine
Glutathione S-transferase Glutathione 5–10 mM reduced glutathione
Maltose-binding protein Cross-linked amylose 10 mM maltose

Table 2 Sequence and size of affinity tags

Tag Residues Sequence Size
(kDa)

Poly-Arg 5–6
(usually 5)

RRRRR 0.80

Poly-His 2–10
(usually 6)

HHHHHH 0.84

FLAG 8 DYKDDDDK 1.01
Strep-tag II 8 WSHPQFEK 1.06
c-myc 11 EQKLISEEDL 1.20
S- 15 KETAAAKFERQHMDS 1.75
HAT- 19 KDHLIHNVHKEFHAHAHNK 2.31
3x FLAG 22 DYKDHDGDYKDHDIDYKDDDDK 2.73
Calmodulin-binding peptide 26 KRRWKKNFIAVSAANRFKKISSSGAL 2.96
Cellulose-binding domains 27–189 Domains 3.00–

20.00
SBP 38 MDEKTTGWRGGHVVEGLAGELEQLRARLEHHPQGQREP 4.03
Chitin-binding domain 51 TNPGVSAWQVNTAYTAGQLVTYNGKTYKCLQPHTSLAGWEPSNVPALWQLQ 5.59
Glutathione S-transferase 211 Protein 26.00
Maltose-binding protein 396 Protein 40.00
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described in 1987 (Hochuli et al. 1987). Hochuli has
developed a nitrilotriacetic acid (NTA) adsorbent for
metal-chelate affinity chromatography. The NTA resin
forms a quadridentate chelate and is especially suitable
for metal ions with coordination numbers of six, since two
valencies remain for the reversible binding of biopoly-
mers. Dihydrofolate reductase with a poly-His-tag was
successfully purified with Ni2+-NTA matrices in 1988
(Hochuli et al. 1988). The purification efficiency of this
system was dependent on the length of the poly-histidine
and the solvent system (Table 3). While the system
worked efficiently with His6-tagged proteins under dena-
turing conditions, His3-tagged proteins were efficiently
purified under physiological conditions. However, His6-
tagged proteins can be bound to Ni2+-NTA matrices under
native conditions in low- or high-salt buffers. After
binding, the target protein can be eluted by an imidazole
gradient from 0.8 to 250 mM. Washing with a low
concentration of imidazole (e.g. 0.8 mM) reduces non-
specific binding of host proteins with histidines. Elution
of His6-tagged proteins is effective within a range of 20–
250 mM imidazole (Hefti et al. 2001; Janknecht et al.
1991). A disadvantage of using imidazole is that it can
influence NMR experiments, competition studies, and
crystallographic trials, and the presence of imidazole
often results in protein aggregates (Hefti et al. 2001).
Another material that has been developed to purify His-
tagged proteins is TALON. It consists of a Co2+-
carboxylmethylaspartate (Co2+-CMA), which is coupled
to a solid-support resin. TALON allows the elution of
tagged proteins under mild conditions, and it has been
reported to exhibit less non-specific protein binding than
the Ni2+-NTA resin, resulting in higher elution product
purity (Chaga et al. 1999a, b). A final preparation of
enzymes exhibited a purity higher than 95% as ascer-
tained by SDS-PAGE. Purification with Co2+-CMA
allowed the development of a natural 19-amino-acid
poly-histidine affinity tag (HAT-tag; for the sequence, see
Table 2). Chloramphenicol acetyltransferase, dihydrofo-
late reductase, and green fluorescent protein with N-
terminal HAT-tags were purified under mild conditions in
one step with a purity over 95%. Adsorption of weakly
bound unspecific proteins was eliminated by using 5 mM
imidazole in the equilibration and loading buffer, and

150 mM imidazole was used to elute the HAT-tagged
proteins. Elution of tagged proteins was also possible by
decreasing the pH to 5.0. Urea turned out to have a much
stronger negative effect on the binding of HAT-tagged
proteins than guanidinium HCl. However, over-expres-
sion with HAT-tag has only been tested in bacteria.

Poly-histidine affinity tags are commonly placed on
either the N- or the C-terminus of recombinant proteins.
Optimal placement of the tag is protein-specific. Purifi-
cation using poly-histidine tags has been carried out
successfully using a number of expression systems
including bacteria (Chen and Hai 1994; Rank et al.
2001), yeast (Borsing et al. 1997; Kaslow and Shiloach
1994), mammalian cells (Janknecht et al. 1991; Janknecht
and Nordheim 1992), and baculovirus-infected insect
cells (Kuusinen et al. 1995; Schmidt et al. 1998). More
than 100 structures of His-tagged proteins have been
deposited in the Protein Data Bank. Proteins with a His-
tag may vary slightly as far as their mosaicity and
diffraction compared to the native protein (Hakansson et
al. 2000). In principle, it cannot be excluded that the
affinity tag may interfere with protein activity (Wu and
Filutowicz 1999), although the relatively small size and
charge of the polyhistidine affinity tag ensure that protein
activity is rarely affected. Moving the affinity tag to the
opposite terminus (Halliwell et al. 2001) or carrying out
the purification under denaturing conditions often solves
this problem. Purification of protein with a metal center is
not recommended because the metal can be absorbed by
the NTA. Purification under anaerobic conditions is also
not recommended because Ni2+-NTA is reduced. Never-
theless, purification of proteins with His-tag is the most
commonly used method.

FLAG-tag

The FLAG-tag system utilizes a short, hydrophilic 8-
amino-acid peptide (Table 1) that is fused to the protein of
interest (Hopp et al. 1988). The FLAG peptide binds to
the antibody M1. Whether binding is calcium-dependent
manner (Hope et al. 1996) or -independent (Einhauer and
Jungbauer 2000) remains controversial. Kinetic studies
for binding of FLAG-GFP, evaluated by BIACORE

Table 3 Affinity of polyhisti-
dine dihydrofolate reductase
(DHFR) for the Ni2+-NTA ad-
sorbent in 6 M guanidine hy-
drochloride (GuHCl) and 0.05 M
phosphate buffer (Hochuli et al.
1988)

Phosphate GuHCl

Retained (%) Eluted (%) Retained (%) Eluted (%)

Polyhistidine dihydrofolate reductase

(His)2-DHFR 30 10 <5 –
(His)3-DHFR 90 75 <10 –
(His)4-DHFR >90 30 10 10
(His)5-DHFR >90 20 50 50
(His)6-DHFR >90 10 >90 90
DHFR-(His)2 >90 90 <5 –
DHFR-(His)3 >90 80 <10 –
DHFR-(His)4 >90 50 10 10
DHFR-(His)5 >90 40 50 50
DHFR-(His)6 >90 30 >90 90
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analysis, were identical in the presence and absence of
Ca2+ ions. Additional targets are the monoclonal antibod-
ies M2 and M5, each with different recognition and
binding characteristics. The FLAG-tag can be located at
the C- or N-terminus of the protein. The system has been
used in a variety of cell types, including examples from
bacterial (Blanar and Rutter 1992; Su et al. 1992), yeast
(Einhauer et al. 2002; Schuster et al. 2000), and
mammalian cells (Kunz et al. 1992; Zhang et al. 1991).
The purification condition of the system is non-denaturing
and thus allows active fusion proteins to be purified. The
complex can be dissociated by chelating agents such as
EDTA or by transiently reducing the pH (Table 1). A
disadvantage of the system is that the monoclonal-
antibody purification matrix is not as stable as others,
e.g. Ni2+-NTA or Strep-Tactin. The purity of isolated
proteins is in the range of 90% (Schuster et al. 2000). In
general, small tags can be detected with specific mono-
clonal antibodies. To improve the detection of the FLAG-
tag the 3x FLAG system has been developed. This three-
tandem FLAG epitope is hydrophilic, 22-amino-acids
long (Table 2) and can detect up to 10 fmol of expressed
fusion protein. The FLAG-tagged maltodextrin-binding
protein of Pyrococcus furiosus has been crystallized
(Bucher et al. 2002) and the quality of the crystals was
very similar to that of crystals of untagged protein.
Finally, the FLAG-tag can be removed by treatment with
enterokinase, which is specific for the five C-terminal
amino acids of the peptide sequence (Maroux et al. 1971).

Strep-tag

The Strep-tag is an amino acid peptide that was developed
as an affinity tool for the purification of corresponding
fusion proteins on streptavidin columns (Schmidt and
Skerra 1993). Streptavidin mutants with a specific
mutation at position 44, 45, and 47 have a higher affinity
for the octapeptide Strep-tag II than for the native form
(for the sequence, see Table 2; Schmidt et al. 1996; Voss
and Skerra 1997; Kornd�rfer and Skerra 2001). This
streptavidin variant is called Strep-Tactin. Strep-tagged
proteins are bound under physiological buffer conditions
in the biotin binding pocket, and can be eluted gently with
biotin derivatives. Elution with 2.5 mM desthiobiotin is
recommended. The matrix can be regenerated with 4-
hydroxy azobenzene-2-carboxylic acid, which is yellow
in solution and red when bound on the matrix. The
binding conditions are very specific. Biotinylated proteins
such as the carboxyl carrier protein of Escherichia coli
are also bound on Strep-Tactin, but biotin or biotinylated
proteins can be blocked with avidin. The purification
conditions are highly variable. Chelating agents, mild
detergents, reduction detergents, and salt up to 1 M can be
added to the buffer. Denaturing purification conditions,
such 6 M urea, destroy the Strep-tag/Strep-Tactin inter-
action but not Strep-Tactin. The interaction between the
tag and Strep-Tactin is close to the range of 1 �M (Voss
and Skerra 1997). Fusion proteins can be specifically

detected by Strep-Tactin conjugates or by antibodies. The
tag can be engineered to either the C- or N-terminus of a
protein. Recombinant Strep-tag-hybrids are produced in
bacteria (Fontaine et al. 2002), yeast (Murphy and
Lagarias 1997), mammalian systems (S�rdy et al. 2002;
Smyth et al. 2000), plants (Drucker et al. 2002) and
baculovirus-infected insect cells. This method is recom-
mended for purifying active fusion proteins with a small
tag under anaerobic conditions (Hans and Buckel 2000;
Juda et al. 2001), and for metal-containing enzymes.
Integration of tagged proteins into the membrane is also
possible (Groß et al. 2002). Membrane protein subunits
with no tag could be co-purified. A special application of
the tag is that it can be used for eukaryotic surface display
(Ernst et al. 2000). The compatibility of Strep-Tactin
binding biotin and Strep-tag was used to observe the
rotating c-subunit oligomer of EF0EF1-F-ATPase (P�nke
et al. 2000). The use of Strep-tag has widely increased
during the last years. Recombinant proteins with the tag
can be used for NMR and crystallization (Ostermeier et
al. 1997). The Strep-tag system is of relevance for studies
on protein-protein interaction and special applications in
which large or charged tags are not functional.

c-myc-tag

The murin anti-c-myc antibody 9E10 was developed in
1985 (Evan et al. 1985) and is used as an immunochem-
ical reagent in cell biology and in protein engineering.
The antibody epitope of eleven amino acids (Table 2) can
be expressed in a different protein context and still
confers recognition by the 9E10 immunoglobulin (Munro
and Pelham 1986). The c-myc-tag has been successfully
used in Western-blot technology, immunoprecipitation,
and flow cytometry (Kipriyanov 1996). It is therefore
useful for monitoring expression of recombinant proteins
in bacteria (Dreher et al. 1991; Vaughan et al. 1996),
yeast (Sequi-Real et al. 1995; Weiss et al. 1998), insect
cells (Schioth et al. 1996), and mammalian cells (McKern
1997; Moorby and Gherardi 1999). The successful co-
immunopurification of interacting proteins expressed in
Agrobacterium-transformed Arabidobsis cells was also
reported (Ferrando et al. 2001). c-myc-tagged proteins
can be affinity-purified by coupling Mab 9E10 to divinyl
sulphone-activated agarose. The washing conditions are
physiological followed by elution at low pH, which could
exert a negative effect on protein activity. Purified c-myc-
tagged proteins have been crystallized (McKern et al.
1997). The c-myc-tag can be placed at the N- or C-
terminus (Manstein et al. 1995). It is a widely used
detection system but is rarely applied for purifications.

S-tag

The S-tag sequence is a fusion-peptide tag that allows
detection by a rapid, sensitive homogeneous assay or by
colorimetric detection in Western blots. The system is
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based on the strong interaction between the 15-amino-
acid S-tag (Table 2) and the 103-amino-acid S-protein,
both of which are derived from RNaseA (Karpeisky et al.
1994; Kim and Raines 1994). The S-protein/S-tag com-
plex has a kd of ~0.1 �M which depends on pH,
temperature, and ionic strength (Connelly et al. 1990).
The tag is composed of four cationic, three anionic, three
uncharged polar, and five non-polar residues. This
composition makes the S-tag soluble. The S-tag rapid
assay is based on the reconstitution of ribonucleolytic
activity. Tagged proteins can be bound on S-protein
matrices. The elution conditions are very harsh, e.g.
buffer with pH 2 (Table 1); however, it is recommended
to cleave the tag with protease to get functional proteins.
The system is functional to purify recombinant proteins
from bacteria (Lellouch and Geremia 1999), mammalian
cells, and baculovirus-infected insect cell extracts. The
system is often used together with a second tag. The
discovery of a hypersensitive fluorogenic substrate for
RNase A makes the system interesting for detection in
combination with high-throughput screening (Kelemen et
al. 1999).

Calmodulin-binding peptide

Purification of fusion proteins containing calmodulin-
binding peptide was first described in 1992 (Stofko-Hahn
et al. 1992). The peptide has 26 residues (for the
sequence, see Table 2) derived from the C-terminus of
skeletal-muscle myosin light-chain kinase, which binds
calmodulin with nanomolar affinity in the presence of
0.2 mM CaCl2 (Blumenthal et al. 1985) The tight binding
allows more stringent washing conditions, ensuring that
few contaminating proteins will be co-purified with the
fusion protein. A second elution step with EGTA and 1 M
NaCl is useful if the protein does not elute completely at
the first step. The system has a high specificity to purify
recombinant proteins in E. coli because there are no
endogenous proteins that interact with calmodulin. Re-
covery of fusion proteins is 80–90%. Reducing agents and
detergents in amounts up to 0.1% are compatible with the
system (Vaillancourt et al. 2000). Purification in eukary-
otic cells is not recommended because many endogenous
proteins interact with calmodulin in a calcium-dependent
manner (Head 1992). A calmodulin-binding peptide
thrombin fusion tag is an excellent target for isotopic
labeling with g[32]ATP using protein kinase A (Vailan-
court et al. 2000). His-tagged protein kinase can be
removed by Ni2+-NTA chromatography. This allows
studies of protein interaction or screening of bacterio-
phage expression libraries. The calmodulin-binding pep-
tide can be placed at the N- or C-terminus. The N-
terminal location may reduce the efficiency of translation,
while calmodulin-binding peptide at the C-terminus can
result in high expression levels (Zheng et al. 1997).

Cellulose-binding domain

More than 13 different families of proteins with cellulose-
binding domains (CBDs) have been classified. CBDs can
vary in size from 4 to 20 kDa; they occur at different
positions within polypeptides: N-terminal, C-terminal and
internal. Some CBDs bind irreversibly to cellulose and
can be used for immobilization of active enzymes (Xu et
al. 2002); others bind reversibly and are more useful for
separation and purification. CBDs of family I bind
reversibly to crystalline cellulose and are a useful tag
for affinity chromatography. Hydrogen bond formation
and van der Waals interaction are the main driving forces
for binding (Tomme et al. 1998). The advantage of
cellulose is that it is inert, has low non-specific affinity, is
available in many different forms, and has been approved
for many pharmaceutical and human uses. CBDs bind to
cellulose at a moderately wide pH range, from 3.5 to 9.5.
The tag can be placed at the N- or C-terminus of the target
protein. The affinity of the tag is so strong that an
immobilized fusion protein can only be released with
buffers containing urea or guanidine hydrochloride. This
denaturating elution conditions make refolding of the
fused target protein necessary. Fused proteins with CBDs
of families II and III can be eluted gently from cellulose
with ethylene glycol (McCormick and Berg 1997). This
low-polarity solvent presumably disrupts the hydrophobic
interaction at the binding site. Ethylene glycol can be
removed easily by dialysis. Recombinant CBD-hybrids
have been produced in bacteria, yeast, mammalian cells,
and baculovirus-infected insect cells (Tomme et al. 1998).

SBP-tag

The SBP-tag is a new streptavidin-binding peptide and
has a length of 38 amino acids (for the sequence, see
Table 2; Wilson et al. 2001). The dissociation constant of
the tag to streptavidin is 2.5 nM. SBP-tagged proteins can
be purified with immobilized streptavidin. The elution
conditions are very mild, using 2 mM biotin. Proteins
with C-terminal SBP-tagged proteins were expressed in
bacteria and successfully purified (Keefe et al. 2001).
Little is known regarding further applications, but the tag
seems to be an interesting tool to immobilize proteins on
streptavidin-coated chips.

Chitin-binding domain

The chitin-binding domain from Bacillus circulans con-
sists of 51 amino acids (Watanabe et al. 1994). The
affinity tag is commonly available in combination with
self-splicing inteins. The intein from the Saccharomyces
cerevisiae VMA1 gene, which consists of 454 amino
acids, is often used (Chong et al. 1996, 1997). Other,
shorter inteins have also been employed (Xu et al. 2000).
Self-cleavage of the thioester bond can be induced by
thiol reagents, such as 1,4-dithiothreitol or b-mercapto-
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ethanol (Table 2). The C- or N-terminal amino acid
residue of the target protein has an effect on in vivo and in
vitro cleavage (Xu et al. 2000). A high salt concentration
or the use of non-ionic detergents can be employed to
reduce non-specific binding, thus increasing purity. The
uncleaved fusion precursor and the intein tag remain
bound to the chitin resin during target protein elution and
can be stripped from the resin by 1% SDS or 6 M
guanidine HCl. Proteins with C- or N-terminal chitin-
binding domains fused with inteins have been expressed
in bacterial systems (Cantor and Chong 2001; Sweda et
al. 2001; Wiese et al. 2001).

Glutathione S-transferase-tag

Single-step purification of polypetides as fusions with
glutathione S-transferase (GST) was first described in
1988 (Smith and Johnson 1988). A 26-kDa GST of
Schistosoma japonicum (Taylor et al. 1994) was cloned in
an E. coli expression vector. Fusion proteins could be
purified from crude lysate by affinity chromatography on
immobilized glutathione. Bound fusion proteins can be
eluted with 10 mM reduced glutathione under non-
denaturing conditions. In the majority of cases, fusion
proteins are soluble in aqueous solutions and form dimers.
The GST-tag can be easily detected using an enzyme
assay or an immunoassay. The tag can help to protect
against intracellular protease cleavage and stabilize the
recombinant protein. In some cases GST fusion proteins
are totally or partly soluble. It remains unclear which
factors are responsible for insolubility, but in several
instances insolubility of GST fusion proteins was asso-
ciated with the presence of hydrophobic regions. Other
insoluble fusion proteins either contain many charged
residues or are larger than 100 kDa. In some cases
insoluble fusion proteins can be purified by affinity
chromatography if they are solubilized in 1% Triton X-
100, 1% Tween, 10 mM dithiothreitol, 0.03% SDS or
1.5% sarcosyl buffer (Frangioni and Neel 1993). Sarcosyl
inhibits co-aggregation of proteins with bacterial outer
membrane components. Purification of other insoluble
proteins must be done by conventional methods. It is
recommended to cleave the GST-tag from fusion proteins
by a site-specific protease such as thrombin or factor Xa.
The PreScission protease contains the human rhinovirus
3C protease including the GST-tag; the GST carrier and
the protease can be removed after proteolysis by affinity
chromatography on gluthatione-agarose. The GST-tag can
be placed at the N- or C-terminus and can be used in
bacteria (Smith and Johnson 1988), yeast (Lu et al. 1997),
mammalian cells (Rudert et al. 1996), and baculovirus-
infected insect cells (Beekman et al. 1994). GST fusion
proteins have become a basic tool for the molecular
biologist. They are also commonly used in studies on
protein-DNA interactions (Beekman et al. 1994; Lassar et
al. 1989), protein-protein interactions (Mayer et al. 1991;
Ron and Dressler 1992) and as antigens for immunology
or vaccination studies (McTigue et al. 1995).

Maltose-binding protein

The 40-kDa maltose-binding protein (MBP) is encoded
by the malE gene of E. coli K12 (Duplay et al. 1988).
Vectors that facilitate the expression and purification of
foreign peptides in E. coli by fusion to MPB were first
described in 1988 (Di Guan et al. 1988). Fused proteins
can be purified by one-step affinity chromatography on
cross-linked amylose. Bound fusion proteins can be eluted
with 10 mM maltose in physiological buffer. Binding
affinity is in the micro-molar range. Some fusion proteins
do not bind efficiently in the presence of 0.2% Triton X-
100 or 0.25% Tween 20, while other fusions are
unaffected. Buffer conditions are compatible from
pH 7.0–8.5, and up to 1 M salt. Denaturing agents cannot
be used. MBP can increase the solubility of over-
expressed fusion proteins in bacteria, especially eukary-
otic proteins (Sachdev and Chirgwin 1999). A spacer
sequence coding for ten asparagine residues between the
MBP and the protein of interest increases the chances that
a particular fusion will bind tightly to the amylose resin.
The MBP-tag can be easily detected using an immuno-
assay. It is necessary to cleave the tag with a site-specific
protease. The MBP can be fused at the N- or C-terminus
of the protein if the proteins are expressed in bacteria
(Sachdev and Chirgwin 2000). N-terminal location can
reduce the efficiency of translation. The MBP system is
widely used in combination with a small affinity tag
(Hamilton et al. 2002; Podmore and Reynolds 2002).

NusA, TrxA and DsbA

One disadvantage when heterologous proteins are pro-
duced in E. coli is that proteins frequently aggregates as
insoluble folding intermediates, known as inclusion
bodies. In order to recover an active protein, it must be
solubilized with denaturing agents such as 8 M urea or
6 M guanidine hydrochloride. One possibility to avoid
inclusion bodies is to use large affinity tags such as GST
or MBP. Hydrophilic tags, such as transcription termina-
tion anti-termination factor (NusA), E. coli thioredoxin
(TrxA), or protein disulfide isomerase I (DsbA) can
increase solubility. A disadvantage is, however, that
proteins with these tags cannot be purified with a specific
affinity matrix. The fusion construct must be used in
combination with a small affinity tag for purification.
Especially, the NusA protein increases the solubility of
fusion proteins (Davis et al. 1999). Usually, E coli NusA
protein promotes hairpin folding and termination (Gusar-
ov and Nudler 2001). Some insoluble proteins expressed
in E. coli remained soluble when tagged N-terminal with
NusA. NusA has often been used in combination with the
His-tag (Harrisson 2000). Thioredoxin can be fused to the
amino or carboxyl terminus of the protein of interest
(Katti et al. 1990; LaVallie et al. 2000), but typically the
trxA sequence is placed at the 5' end. DsbA increases the
solubility of the target protein in the cytoplasm and
periplasm of E. coli. It is recommended to cleave fusion
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proteins with NusA, TrxA or DsbA by a site-specific
protease; the cleavage site can be used as linker peptide.

Other tag-systems

There are also other tag systems in use, which are not
described in detail in this review:

Staphylococcal protein A gene fusion vectors were
developed to purify recombinant proteins by IgG affinity
chromatography (Uhl�n et al. 1983; Nilsson et al. 1985).
This protein is well-suited for affinity purification due to
its specific binding to the Fc part of immunoglobulins of
many species including human. Analogously to protein A,
protein G from Streptococcus strain G148 can be used in
the same manner because it binds the Fc portion of IgG
(Goward et al. 1990). Biotinylation of proteins using
small peptide tags are commonly used for detection,
immobilization, and purification (Cronan 1990). Different
tags, such the AviTag, PinPoint Xa protein purification
system, and Bio-tag (Schatz 1993; Tucker and Grissham-
mer 1996), have been described. The bacteriophage T7
and V5 epitopes are interesting tags for sensitive detec-
tion. Other epitope tags for detection are: ECS (entero-
kinase cleavage site), HA (hemaglutinin A), and Glu-Glu.

Cleavage of the tag

The presence of affinity tags may affect important
characteristics or functions of the protein to be studied.
Removal of the tag from a protein of interest can be
accomplished with a site-specific protease, and cleavage
should not reduce protein activity. Removal of the
protease after cleavage is easier using a recombinant
protease with an affinity tag or using a biotinylated
protease. A biotinylated protease can be directly purified
during affinity chromatography using Strep-tag/Strep-
Tactin chromatography, or in a second step with strep-
tavidin. Cleavage of the tag without using a protease is
also possible by introducing a self-splicing intein (Xu et
al. 2000). The most commonly used proteases are:
enterokinase, tobacco etch virus (TEV), thrombin, and
factor Xa. Recovery of the target protein depends on the
cleavage efficiency.

Enterokinase is often the protease of choice for N-
terminal fusions, since it specifically recognizes a five-
amino-acid polypeptide (D-D-D-D-K-X1) and cleaves at
the carboxyl site of lysine. Sporadic cleavage at other
residues was observed to occur at low levels, depending
on the conformation of the protein substrate (Choi et al.
2001). The molecular weight of the light-chain of
enterokinase is 26.3 kDa. One unit is defined as the
amount of enterokinase that will cleave 95% of 50 �g of a
fusion protein in 8 hat 23 �C. Biochemical analyses have
shown that the cleavage efficiency depends on the amino
acid residue X1 downstream of the D4K recognition site
(Table 4; Hosfield and Lu 1999). In contrast to other tags,

the FLAG-tag (DYKDDDK) has an internal recognition
site of the enterokinase.

TEV protease is a site-specific protease that has a
seven-amino-acid recognition site. The sequence is E-X-
X-Y-X-Q-S, and cleavage occurs between the conserved
glutamine and serine (Dougherty et al. 1989). X can be
various amino acid residues but not all are tolerated. The
optimal sequence for cleavage is E-N-L-Y-F-Q-S (Car-
rington and Dougherty 1988; Doughery et al. 1988). Best
results will be obtained when the TEV protease recogni-
tion site is placed between two domains. When cleavage
is not optimal, insertion of short linker sequence intro-
ducing structural flexibility can improve efficiency. The
high specificity, its activity on a variety of substrates, and
the efficient cleavage at low temperature makes TEV
protease an ideal tool for removing tags from fusion
proteins (Parks et al. 1994). The efficiency of cleavage is
dependent on both the tag and the protein fused to the
carboxyl terminus of the TEV cleavage site.

Thrombin is a protease widely used to cleave tags.
Cleavage can be carried out at temperatures between 20
and 37 �C for 0.3–16 h. In contrast to enterokinase and
factor Xa, thrombin cleavage results in the retention of
two amino acids on the C-terminal side of the cleavage
point of the target protein. The optimal cleavage site for
a-thrombin has the structures of X4-X3-P-R[K]-X1'-X2',
where X4 and X3 are hydrophobic amino acid and X1', X2'
are non-acidic amino acids (Chang 1985; Chang et al.
1985; Haun and Moos 1992). Some frequently used
recognition sites are L-V-P-R-G-S, L-V-P-R-G-F, and M-
Y-P-R-G-N. Cleavage between X4-X3-P-R-G-X2' is more
efficient than cleavage between X4-X3-P-K-L-X2'. Other
short recognition sites are X2-R[K]-X1', where X2 or X1'
are glycine. Examples are A-R-G and G-K-A, where

Table 4 Cleavage (%) of enterokinase through densitometry
(Hosfield and Lu 1999) based on the amino acid residue X1. The
sequence....-GSDYKDDDDK-X1-ADQLTEEQIA-... of a GST-cal-
modulin fusion protein was tested using 5 mg protein digested with
0.2 Uof enterokinase for 16 h at 37 �C

Amino acid in position X1 Cleavage of enterokinase (%)

Alanine 88
Methionine 86
Lysine 85
Leucine 85
Asparagine 85
Phenylalanine 85
Isoleucine 84
Aspartic acid 84
Glutamic acid 80
Glutamine 79
Valine 79
Arginine 78
Threonine 78
Tyrosine 78
Histidine 76
Serine 76
Cysteine 74
Glycine 74
Tryptophan 67
Proline 61
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cleavage occurs after the second residue. Five glycine
residues between the thrombin cleavage site and the N-
terminal tag enhance the cleavage (Guan and Dixon
1991). Using this “glycine kinker”, less enzyme is
necessary to effect complete digestion, and inappropriate
cleavage, where it occurs, may be avoided. Effective
digestion was carried out with pure Tris buffer, pH 8.
NaCl in the buffer has an inhibitory effect (Haun and
Moos 1992). Thrombin can be removed from the cleaved
product by affinity purification on p-amino agarose, gel
filtration with a superose-12 FPLC column (Yu et al.
1995) or benzamidine sepharose.

A factor Xa recognition site between the tag and a
protein of interest can be a useful tool to completely
remove N-terminal affinity tags. Factor Xa cleaves at the
carboxyl side of the four-amino-acid peptide I-E[D]-G-R-
X1 (Nagai and Thogerson 1984), where X1 can be any
amino acid except arginine and proline. Cleavage can be
carried out at temperatures ranging from 4 to 25 �C. The
predominant form of factor Xa has a molecular weight of
approximately 43 kDa, consisting of two disulfide-linked
chains of approximately 27 kDa and 16 kDa. On SDS-
PAGE, the reduced chains have apparent molecular
weights of 30 kDa and 20 kDa. Cleavage of the tag by
a site-specific protease such as factor Xa has sometimes
been ineffective, and non-specific digestion has been
reported using factor Xa (Ko et al. 1994). The reasons can
be insolubility of fusion proteins or the presence of
denaturing reagents. Cleavage can also be increased by
introducing a polyglycine region of five amino acids
(Rodriguez and Carrasco 1995). Dansyl-glu-gly-arg-
chloromethyl ketone irreversibly inactivates 95% of
factor Xa activity in 1 min at room temperature. Although
factor Xa has been less popular because cleavage requires
longer incubation time and is less effective, there are
several examples of its successful use (Pryor and Leiting
1997).

Conclusion

Affinity tags are important in protein purification. They
can be helpful for stabilizing proteins or enhancing their
solubility. Affinity chromatography usually results in 90–
99% purity. The choice of the purification system
depends on the protein itself and the further applications.
Sometimes the fused protein cannot be purified because
the tag is not surface-exposed. Using denaturing condi-
tions or placing the tag at the other terminus can solve this
problem. In many cases, a second affinity tag is used to
increase the purity after a second affinity chromatography
step (Pryor and Leiting 1997; Schioth et al. 1996);
alternatively, one tag can be used for purification and the
other for detection (Vaughan et al. 1996; Lu et al. 1997).
If two different tags are placed at opposite termini, full-
length products will be generated after two affinity
chromatography steps (Ostermeier et al. 1995; Sun and
Budde 1995). Multi-tagging is also possible, each tag
being suitable for a special application. Multi-tagging also

allows consecutive purification steps, resulting in high
purity. These highly purified proteins allow protein-
protein interactions to be measured. Associated proteins
can be identified using mass spectroscopy (Honey et al.
2001). A special multi-tag is the tandem affinity purifi-
cation tag (TAP; Rigaut et al. 1999; Puig et al. 2001). It
consists of a protein of interest, a calmodulin-binding
peptide, a TEV protease cleavage site, and protein A for
immobilization. The TAP tag allows the rapid purification
of specific complexes. The applications of the procedure
are similar to those of the yeast two-hybrid screen
(Fromont-Racine et al. 1997). The Tap-tag is a tool for
proteome exploration (Gavin et al. 2002). The method has
been tested in yeast but should be applicable to other cells
or organisms. Many tags with high affinity to their
binding partner are also useful tools to immobilize
peptides or proteins on surfaces. Immobilization of
biologically active proteins is important for research and
industry. Furthermore, the importance of affinity-tag
technology will increase for use in peptide/protein chip
design, high-throughput purification, peptide/protein li-
braries, large-scale production systems, and drug delivery
strategies.
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