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EARLY AFFINITY TAGS

The first affinity tags used were large proteins utilized almost exclusively for protein 

expression and purification in E. coli. One of these tags, staphylococcal protein A, is 280 

amino acids in length and, because of its relatively large size and proteolytic stability, can 

increase the solubility and/or expression of heterologous proteins (Sambrook et al., 1989). 

Protein A fusions can be purified by affinity chromatography on IgG Sepharose (Kd = 10 

nM) and eluted with a low pH buffer (UNIT 9.5) or protease; however, the large size of the 

tag and/or the low pH elution can result in denaturation and loss of activity of the fusion 

protein, consequently altering its functional activity. Protease recovery can cleave the tagged 

protein itself, resulting in the same outcomes. In addition, the binding of fusion proteins to 

IgG complicates immunological analysis, and thus Protein A fusions are unsuitable for use 

as immunological reagents.

Recent advances in recovery technique have improved the ability to isolate Protein A and its 

associated protein complexes in its active form from IgG Sepharose. The use of Bio-Ox, a 

biotinylated form of the FcIII peptide, utilizes its high affinity towards IgG (Kd = 11 nM) 

(Strambio-de-Castillia et al., 2005). Bio-Ox competes with Protein A for binding to IgG, 

effectively eluting the recombinant protein. The addition of biotin increases the solubility of 

FcIII without affecting the binding affinity of the peptide itself (Strambio-de-Castillia et al., 

2005), and thus is an ideal elution method for purifying protein A fusions in their native 

forms. Commercial systems are available from GE Healthcare Life Sciences (Table 9.9.1).

LacZ, also known as β-galactosidase or β-gal, is a proteolytically stable 1024–amino acid 

protein which can be used as an affinity tag to increase expression of fusion proteins in E. 

coli (Sambrook et al., 1989). LacZ fusion proteins can be purified by substrate affinity 

chromatography on immobilized p-amino-phenyl-β-D-thio-galactosidase (APTG) and eluted 

with a high pH borate buffer. Detection is then achieved using a colorimetric enzymatic 

assay. LacZ is relatively immunologically neutral and so it is a useful fusion partner for the 

generation of antibodies to a protein of interest. Because of its extremely large size and 

tendency to form homotetramers in solution, the LacZ affinity tag can alter the functional 

activity of the purified fusion protein. In addition, LacZ fusion proteins are often insoluble. 

This insolubility has advantages and disadvantages: protein targeting to inclusion bodies can 
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allow the expression of gene products that are toxic to E. coli, but because LacZ must be 

correctly folded to bind APTG, LacZ fusion proteins must be refolded prior to purification 

and/or detection (UNIT 6.5).

COMMONLY USED AFFINITY TAGS

Although protein A and lacZ are still used as affinity tags today (see Table 9.9.1 for 

commercially available systems), many other affinity tags have recently been developed that 

improve upon these original protein fusion partners.

Polyhistidine

The polyhistidine affinity tag, also known as the His-tag or His6, usually consists of six 

consecutive histidine residues, but can vary in length from two to ten histidine residues. 

Polyhistidine was first used to purify recombinant galactose dehydrogenase by immobilized 

metal affinity chromatography (IMAC; UNIT 9.4) in 1991 (Lilius et al., 1991). Previously, 

IMAC had been used to purify proteins with naturally occurring histidine- or tryptophan-

containing sequences, but these sequences were not as generally applicable to protein 

expression and purification as would be desired for an affinity-tagging system (Smith et al., 

1988; Ljungquist et al., 1989).

Polyhistidine is so ubiquitous an affinity tag that most companies providing expression 

vectors or protein expression and purification reagents offer products related to this tag (see 

Table 9.9.1 for examples). Histidine readily forms coordination bonds with immobilized 

transition metal ions. Immobilized Co2+, Cu2+, Ni2+, Zn2+, Ca2+, and Fe3+ can all be used to 

purify polyhistidine fusion proteins, but Ni2+ is the most commonly used. If purification by 

Ni2+ is unsatisfactory, empirical determination of the most effective transition metal ion for 

purification of a specific polyhistidine fusion protein can be performed. There are several 

companies that offer IMAC resin. The matrix most widely used for IMAC is Ni(II)-

nitrilotriacetic acid (Ni-NTA), available from Qiagen (Waugh, 2005). Other resins used for 

the immobilization of transition metal ions include iminodiacetic acid agarose (chelating 

Sepharose, GE Healthcare) and carboxymethylaspartate agarose (Talon resin, Clontech). 

Commercially available IMAC resins are unaffected by protease or nuclease activity, and 

are appropriate for purification of fusion proteins from crude cell lysates. Most of these 

resins can be regenerated and reused indefinitely. Although polyhistidine does not usually 

cause a protein to be targeted to E. coli inclusion bodies, IMAC is amenable to denaturing 

agents (i.e., 8 M urea, 6 M guanidine·HCl, ionic and nonionic detergents, and low 

concentrations of reducing agents) for the purification of insoluble or membrane-bound 

proteins. High concentrations of reducing agents such as dithiothreitol (DTT) can reduce the 

immobilized metal ion and should be avoided. The relatively small size and charge of the 

polyhistidine tag rarely affects protein function, and elution by imidazole gradient is 

relatively mild, preserving the immunogenicity of polyhistidine fusion proteins.

While purification of a highly-expressed polyhistidine fusion protein can lead to relatively 

pure protein (>80%) in one chromatographic step, purification from insect and mammalian 

cells, which contain a higher percentage of His residues in their proteins than E. coli, can 

lead to significant background binding to immobilized metal ions. This may be 
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circumvented by using stringent wash conditions (e.g., 5 to 10 mM imidazole), although a 

stringent wash may cause premature elution of the protein of interest. The location of the tag 

(N-terminal, C-terminal, or internal) can also have an effect on IMAC. If a change in tag 

location does not increase the effectiveness of IMAC, a denaturing purification can be 

attempted.

Primary antibodies have also been developed for the detection of polyhistidine fusion 

proteins in vitro. Again, because of the predominance of histidine residues in mammalian 

and insect systems, anti-polyhistidine antibodies are notoriously promiscuous. Ni2+ resin can 

also be used to precipitate a polyhistidine-tagged protein for the detection of protein-protein 

interactions.

Glutathione S-Transferase

The pGEX E. coli expression vectors, which encode for N-terminal glutathione S-transferase 

(GST) molecules followed by protease cleavage sites, were first designed and used to 

express and purify antigens of the parasite Taenia ovis in 1988 (Smith and Johnson, 1988; 

Smith, 2000). Currently, pGEX vectors are available from GE Healthcare in all three 

reading frames and with three different protease cleavage sites (e.g., thrombin, factor Xa, 

and PreScission). GST fusion proteins can be purified by affinity chromatography (UNIT 

6.6) on commercially available glutathione (γ-glutamylcysteinylglycine) Sepharose (Kd = 

0.6 nM), which is affected by γ-glutamyl transpeptidase activity in crude cell lysates. 

Therefore, glutathione resin has a finite lifetime and can only be regenerated and reused 

between four and twenty times. Glutathione affinity chromatography is amenable to low 

concentrations of denaturing agents (2 to 3 M urea or guanidine hydrochloride), reducing 

agents (<10 mM 2-mercaptoethanol or dithiothreitol), and nonionic detergents (2% v/v 

Tween 20), depending on the nature of the fusion protein. GST fusion proteins are incubated 

with glutathione sepharose in order to facilitate croslinking between the two. The elution 

with 10 mM glutathione is relatively mild, often preserving protein function and 

antigenicity. A 70 kDa E. coli heat-shock-induced chaperonin often copurifies with eluted 

GST fusion proteins (Thain et al., 1996). This contaminant can be removed by treatment of 

cell lysates with 5 mM MgCl2 and 5 mM ATP prior to purification. Furthermore, GST can 

be cleaved from its fusion protein while still bound to glutathione agarose, providing a 

convenient method for separating the 26 kDa GST from the protein of interest.

GST fusion proteins are often expressed at high levels in E. coli (typical yields ~10 mg/

liter), which may result in accumulation of aggregated protein in inclusion bodies. 

Purification from inclusion bodies (UNIT 6.5) has both advantages and disadvantages. Some 

advantages are that protein targeting to E. coli inclusion bodies allows the high-level 

expression of toxic genes and the separation of inclusion bodies serves as a significant 

purification step from whole-cell lysate. Unfortunately, since glutathione affinity 

chromatography depends on the proper three-dimensional fold of GST, insoluble fusion 

proteins must be refolded and buffer exchanged before purification; however, some 

insoluble proteins may not refold correctly or into a soluble form. Another potential 

disadvantage of the GST tag is that the large 26 kDa size of the tag and its dimerization in 

solution may affect the properties of the fusion protein.
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GST fusion proteins can be detected by a colorimetric assay with the GST substrate 1-

chloro-2,4-dinitrobenzene (CDNB) or with anti-GST antibodies (e.g., GE Healthcare, 

Sigma, BD Biosciences). Precipitations of GST fusion proteins with glutathione-coupled 

beads are commonly used for the detection of protein-protein or protein-DNA interactions.

Maltose Binding Protein

pMAL E. coli expression vectors were designed in 1988 (di Guan et al., 1988; Maina et al., 

1988). Maltose binding protein (MBP) is often used to increase the expression level and/or 

solubility of its fusion partner, with typical yields of 10 to 40 mg fusion protein per liter 

culture. pMAL vectors are available for cytoplasmic or periplasmic expression in all three 

reading frames, with factor Xa, enterokinase, or genenase I protease cleavage sequences 

(New England Biolabs). Other MBP fusion vectors include pIVEX (Roche), which can be 

used for coupled in vitro transcription/translation.

MBP fusion proteins can be purified by affinity chromatography on cross-linked amylose 

resin. Amylose resins are commercially available, but are affected by amylase activity in 

crude cell lysates and can be regenerated and reused only three to five times. Adding 

glucose to bacterial growth media helps suppress amylase expression (see New England 

Biolabs pMAL fusion system FAQ: http://www.circuit.neb.com/neb/faqs/faq_pfp.html). 

Amylose affinity chromatography is not amenable to denaturing or reducing agents. Low 

concentrations of nonionic detergents (0.2% v/v Triton-X or Tween 20) may be used 

depending on the nature of fusion protein.

Like GST fusion proteins, high-level expression of MBP fusion proteins in E. coli may 

result in accumulation of insoluble protein aggregates in inclusion bodies. The large size of 

the MBP tag (45 kDa) may also affect protein function. Unlike glutathione affinity 

chromatography (UNIT 6.6), proteolytic cleavage of the tag while bound to amylose resin is 

not effective and the fusion protein must be eluted by free maltose before cleavage. A 10 

mM maltose elution is sufficient and mild enough to often preserve protein function and 

antigenicity. If proteolytic removal of the MBP tag is performed, free maltose must be 

removed from the cleaved MBP by an additional chromatographic step if MBP is to rebind 

the amylose column (NEB recommends standard DEAE chromatography.) Anti-MBP 

antibodies are available for the detection of MBP fusion proteins (e.g., BD Biosciences, 

Sigma, Zymed).

Calmodulin Binding Peptide

The calmodulin binding peptide (CBP) purification system utilizes a C-terminal fragment 

from muscle myosin light-chain kinase in order to purify proteins of interest from bacteria. 

With low levels of calcium present at physiological pH, this 26 amino acid fragment 

displays a fairly strong affinity (Kd = 10−9 M) for the protein calmodulin (Simcox et al. 

1995). Removal of calcium causes calmodulin to undergo a conformational change resulting 

in the release of its ligand. T7-based pET expression vectors have been engineered to allow 

attachment of the CBP affinity tag to either the C- or N-terminal of the fusion protein.
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Advantages of this system include its mild binding and elution conditions, which help to 

increase the ability of the fusion protein to maintain its native form following purification. 

One passage of crude cell lysate through the calmodulin affinity resin is sufficient, and the 

protein of interest is subsequently eluted at a neutral pH with 2 mM EGTA (http://

www.stratagene.com/manuals/214407.PDF). The 4 kDa size of the CBP tag itself is 

relatively small and is much less likely to affect the properties of the protein of interest, thus 

making this an appealing affinity tag in comparison to tags of larger sizes.

Intein-Chitin Binding Domain

The intein-chitin binding domain (intein-CBD) tag is a combination of a protein self-

splicing element (intein) with a chitin-binding domain, and allows for the purification of a 

native recombinant protein without need for a protease. Intein-CBD E. coli expression 

vectors were designed in 1997 (Chong et al., 1997). Commercially available vectors provide 

for intein-CBD expression on the N-terminus, C-terminus, or both termini of a heterologous 

protein of interest (IMPACT system, New England Biolabs).

CBD fusion proteins are purified by affinity chromatography on chitin resin. Commercially 

available resins can be regenerated at least five times. Nonspecific binding to chitin resin 

can be reduced by a stringent wash including high salt or detergent (2 M NaCl, 0.5% Triton 

X). Chitin affinity chromatography is not amenable to denaturing reagents such as urea or 

guanidine hydrochloride. Low concentrations of reducing agents (<1 mM dithiothreitol or 

<5 mM 2-mercaptoethanol) may be used during purification, but higher concentrations will 

prematurely activate the intein self-cleavage reaction. Low concentrations of nonionic 

detergents (i.e., 0.2% Triton-X or Tween 20) may also be used depending on the nature of 

the fusion protein.

The intein self-cleavage reaction is induced by overnight incubation with 50 mM DTT at 

4°C. 2-mercaptoethanol, cysteine, or hydroxylamine may also be used but are less effective 

(Chong et al., 1997), with the latter two forming permanent complexes with the cleaved 

protein. The production of proteins possessing an N-terminal cysteine and/or C-terminal 

thioester can be useful for protein labeling, ligation, or cyclization (Chong et al., 1997). 

Typical yields from intein-CBD expression and purification are ~0.5 to 5 mg cleaved protein 

per liter bacterial culture.

Streptavidin/Biotin-based tags

In vivo biotinylation of heterologous proteins containing a biotinylation signal peptide 

(BCCP) was first reported in 1990 (Cronan, 1990). The enzyme biotin ligase is responsible 

for attaching biotin to a BCCP-containing protein of interest via an amide linkage between 

the coenzyme’s carboxyl group and a lysine residue on the protein. The PinPoint Xa vectors 

available from Promega provide all three reading frames and a factor Xa cleavage site. 

Typical yields from the PinPoint expression and purification system are in the range of 1 to 

5 mg fusion protein per liter bacterial culture.

Biotinylated proteins can be purified by affinity chromatography on avidin resin, although 

purification by traditional, or tetrameric, avidin resin has an affinity constant of Kd = 10−15 
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M and thus requires a strong denaturing elution (e.g., heat, urea, or guanidine 

hydrochloride). Commercially available monomeric avidin resins have an affinity constant 

of Kd = 10−7 M (i.e., SoftLink avidin resin, Promega) and can be regenerated at least ten 

times and allow elution of biotinylated fusion proteins with a mild 10 mM biotin buffer. 

Denaturing reagents are not compatible with avidin affinity chromatography. Low 

concentrations of reducing agents or nonionic detergents may be used depending on the 

nature of the fusion protein.

There is little nonspecific binding to avidin in E. coli systems. Native BCCP does not bind 

to avidin; however, mammalian systems have at least four biotinylated protein species that 

can co-elute with the biotinylated protein of interest (Hollingshead et al., 1997). Biotinylated 

proteins can be detected by alkaline phosphatase (AP)- or horseradish peroxidase (HRP)-

coupled streptavidin, primary antibodies against biotin, or labeling with fluorescent or 

radioactive biotin. Biotin precipitation assays with streptavidin-coupled beads (UNIT 9.7) 

can be used for the detection of protein-protein or protein-DNA interactions. In addition, the 

high-affinity interaction of biotin and streptavidin (Kd ≅ 10−15 M) makes the biotin tag 

useful for the immobilization of fusion proteins on streptavidin-coated surfaces, such as 

surface plasmon resonance chips (Sensor Chip SA, Biacore).

In addition to the in vivo biotinylated BCCP tag, other purification systems utilize the high-

affinity interaction between biotin and streptavidin or avidin. Streptavidin-binding peptide 

(SBP) is 38 residues in length and can be used to immobilize fusion proteins on a 

streptavidin matrix. In addition, the Strep-Tag and Strep II-Tag (Sigma) are eight- to nine-

residue peptides that bind a mutant form of streptavidin. Strep-Tag was identified as an 8 

amino acid peptide that reversibly binds to the same pocket as D-biotin. Over the years, both 

the peptide (Strep-Tag and Strep II-Tag) and streptavidin core (Strep-Tactin) have been 

engineered for optimal binding affinity. A particular advantage to using Strep II-Tag is that 

it does not interfere with protein folding or secretion, making it well-suited for studying 

functional proteins. Many commercially available expression vectors can fuse Strep II-tag to 

the C- or N-terminal of a protein of interest for expression in bacterial, mammalian, and 

insect cells. The Strep II-Tag is resistant to cellular proteases, but a protease recognition site 

can be included in the cloning vector. It can be released by washing with desthiobiotin, a D-

biotin derivative. The column can be used an additional 3–5 times after washing with HABA 

(2-[4′-hydroxy-benzeneazo] benzoic acid), which removes desthiobiotin from Strep-Tactin.

Because the affinity of biotin for streptavidin is higher than that of any of the streptavidin-

binding peptides described above, streptavidin-bound SBP-tagged or Strep-tagged fusion 

proteins can be efficiently eluted by free biotin. Streptavidin itself can also be used as an 

affinity tag for purification or immobilization of fusion proteins on a biotinylated matrix.

His-Patch ThioFusion

Thioredoxin has the ability to accumulate to ~40% of the total cellular protein in E. coli. In 

addition, the thioredoxin moiety can in some cases confer solubility to formerly insoluble 

heterologous proteins expressed in E. coli. Unfortunately, the phenylarsine oxide matrix 

used to purify thioredoxin fusion proteins does not provide high-yield, high-purity product 

(Terpe, 2003). To address this problem, Life Technologies developed a mutant thioredoxin 
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molecule that has a cluster of histidines, such that when the thioredoxin molecule is properly 

folded, the histidines form a patch amenable to IMAC (His-patch ThioFusion expression 

system; see Polyhistidine). In addition, the tag is cleavable by Factor Xa, allowing the fusion 

protein to be separated from the His-Patch ThioFusion molecule, which is >100 residues in 

length and readily dimerizes in solution. While the cost of this expression system (>$900.00) 

might discourage its use as a first-line affinity tag, the His-Patch ThioFusion tag might be 

useful when other attempts at producing large amounts of soluble protein have failed.

Tandem Affinity Purification

Tandem affinity purification (TAP) is a dual-affinity purification method based on the 

fusion of two affinity tags to a protein of interest. TAP not only allows purification of a 

tagged protein, but also allows for isolation of protein complexes interacting with the protein 

of interest. The TAP tag itself consists of two different affinity tags, each of which is 

designed to isolate the protein of interest along with its interacting proteins in two 

successive steps (Li, 2011). The major advantage to this method is that non-specific 

background is reduced due to the two purification steps.

TAP was originally done in yeast using a 21-kDa tag composed of ProtA (Protein A of 

Staphylococcus aureus) and CBP (calmodulin-binding peptide) separated by a TEV protease 

cleavage site. This tag can be applied on either the C- or N-terminal. Although 20–30% of a 

protein of interest can be obtained using this method, TAP does not work well in higher 

eukaryotes. Additionally, such a large tag (21 kDa) can disturb protein function and CBP 

can interfere with calcium signaling. Although the original ProtA/CBP tag is still the most 

widely used, these disadvantages have lead to the creation of over 30 TAP variants.

Epitope Tags

Relatively short epitope tags such as FLAG, hemagglutinin (HA), c-myc, T7, and Glu-Glu, 

among others (Table 9.9.1), are used for the detection of fusion proteins in vitro and in cell 

culture. Their short, linear recognition motifs rarely affect the properties of the heterologous 

protein of interest and are usually very specific for their respective primary antibodies. One 

exception is the anti-myc antibody, which is somewhat promiscuous; however, specificity 

can be increased by using an enzyme-linked secondary antibody to detect a conjugated anti-

myc primary antibody, instead of using an HRP- or AP-anti-myc conjugate alone.

Epitope-tagged proteins can be purified using immobilized primary antibodies to the epitope 

tag although antibody affinity chromatography often involves a low or high pH elution 

which can irreversibly affect the properties of the fusion protein, and employs resin which 

has limited reusability. Epitope tags are therefore not the first choice when the main goals 

are high-level expression and fusion protein purification.

Reporter Tags

Enzymes such as β-galactosidase (β-gal), alkaline phosphatase (AP), chloramphenicol acetyl 

transferase (CAT), and horseradish peroxidase (HRP) serve as convenient reporters of 

protein expression and protein-protein interaction. These reporter tags can sometimes be 
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used for protein purification, but are frequently used as reporter tags for detecting protein 

expression.

β-Galactosidase—β-gal interacts with its substrate, 5-bromo-4-chloro-3-indoyl-β-d-

galactopyranoside (X-gal), to yield a blue precipitate. The advantages and disadvantages of 

lacZ as a protein purification tag have been discussed above (see Early Affinity Tags).

Alkaline Phosphatase—AP interacts with 5-bromo-4-chloro-3-indolyl phosphate/nitro 

blue tetrazolium (BCIP/NBT) to yield a purple precipitate. AP is commonly fused to 

primary antibodies for immunoblotting but can also be fused to any number of nonimmune 

proteins for far-western blotting (i.e., detection of a membrane-transferred protein by 

interaction with another protein; UNIT 19.7). Bacterial expression vectors are available to 

overexpress and purify AP-tagged proteins-of-interest (Gene Therapy Systems). Since AP is 

normally targeted to the E. coli periplasmic space, crude AP fusion protein lysates can be 

purified by periplasmic extraction (UNIT 5.2). AP fusion proteins can be further purified by 

immunoaffinity chromatography.

Chloramphenicol Acetyl Transferase—The ease and sensitivity of the assay for CAT 

activity made CAT one of the first reporter genes used for studies of mammalian gene 

expression (Podbielski et al., 1992). The CAT gene is not found in eukaryotes, and therefore 

eukaryotic cells contain no background CAT activity, which can be detected using the 

radioisotope-labeled or fluorescently-labeled substrates acetyl-CoA or chloramphenicol. 

CAT fusion proteins can be purified by affinity chromatography on immobilized 

chloramphenicol (i.e., chloramphenicol caproate agarose, Sigma) and eluted by free 

chloramphenicol.

Horseradish Peroxidase—Horseradish Peroxidase (HRP) is a 44 kDa protein that 

catalyzes the oxidation of numerous small molecule substrates, yielding a colored or 

luminescent product that is detectable by spectrophotometric methods. HRP can be coupled 

to primary or secondary antibodies or even other protein tags, and is commonly used for 

Western blotting, ELISA assays, and immunohistochemistry.

Some of the most common substrates for HRP that result a colored product are 3,3-

diaminobenzidine (DAB), 3,3,5,5-tetramethylbenzidine (TMB), and 2.2′-azino-di[3-

ethylbenzthiazoline sulfonate (ABTS). HRP-catalyzed reactions can be stopped by addition 

of acid when the desired degree of color change is reached. Colorimetric substrates are often 

used in ELISA and immunohistochemistry protocols.

Enhanced chemiluminescent (ECL) substrates are the most commonly-used substrates for 

detection of proteins by Western blotting. When an HRP-tagged primary or secondary 

antibody is used, antibody bound to the membrane can be detected by the light that is 

produced, either by film or CCD cameras. Utilizing a secondary antibody increases 

specificity and decreases background signal. A commercially-available plasmid for tagging 

a protein-of-interest with HRP for direct detection is not available, to our knowledge.
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DEVELOPING AFFINITY TAG TECHNOLOGIES

Some newer affinity tags have yet to be rigorously evaluated and consequently cannot be 

recommended above the tried-and-true affinity tags described above (see Commonly Used 

Affinity Tags). Still, many of these novel affinity tags contain unique properties that may 

make them quite useful in cases of troublesome purifications.

Small Ubiquitin-Like Modifier

Small ubiquitin-like modifier (SUMO) family proteins are ~100 amino acids in length and 

are highly conserved in eukaryotes. They are essential for normal cell functions such as 

nuclear transport, signal transduction, and protein stabilization. SUMO proteins function by 

forming a covalent bond with a target protein, typically at a lysine residue, which is later 

cleaved by SUMO protease. SUMO protease recognizes the sequence x-Gly-Gly-x, and 

therefore doesn’t cleave the target protein. This aspect of SUMO proteases make SUMO an 

attractive affinity tag because no recombinant linker region needs to be constructed and the 

native N-terminus of the target protein is maintained. Other advantages of SUMO are that it 

increases protein expression and solubility. Several commercial kits are available that utilize 

both yeast and human SUMO proteins and proteases (Life Technologies and LifeSensors). 

Since SUMO is not expressed in prokaryotes, most kits use E. coli to express the protein and 

typically include a polyhistidine tag. After SUMO is cleaved, the protein can be isolated 

using polyhistidine antibodies, Ni-NTA or NI-IMAC or chromatography. One kit, 

SUMOstar, allows for the expression and purification of SUMO-tagged proteins in insect 

and mammalian cells.

HaloTag®

The HaloTag® (Promega) is a 33-kDa protein based on a modified haloalkane dehalogenase 

found in bacteria. In bacteria, native dehalogenase acts through a nucleophilic displacement 

reaction to remove halides from aliphatic hydrocarbons (Los et al., 2008). Asp106 is 

responsible for forming the enzyme-substrate complex while His272 is responsible for 

hydrolysis of the intermediate. A point mutation, His272Phe, impairs hydrolysis leading to a 

covalent bond between the enzyme and substrate. The commercially available HaloTag® 

has the His272Phe point mutation along with other amino acid substitutions that lead to 

increased ligand binding.

Although other hydrolytic enzymes could be modified, haloalkane dehalogenase has several 

advantages: it is a small protein that does not demand the use of cofactors or post-

translational modifications for its enzymatic reaction. Also, ligands of haloalkane 

dehalogenase may be designed to diffuse through cell membranes, be nontoxic, and avoid 

cross-reactivity with other cellular proteins. (Los et al. 2008). For protein purification, an 

expression vector is transfected into a cell line in order to create a fusion protein. Synthetic 

HaloTag® ligand is then added to the cells to label the protein. The synthetic ligand can 

have one of many functional groups attached, including various epitope tags (e.g., GST). 

This versatility allows HaloTag® to be used not only for in vitro protein labeling and 

purification but also in vivo labeling. Cells are then lysed and the fusion protein captured on 

a purification matrix. The mutated hydryolase HaloTag® creates a covalent attachment to 

Kimple et al. Page 9

Curr Protoc Protein Sci. Author manuscript; available in PMC 2015 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the HaloLink® resin via an immobilized chloroalkane. This covalent bond allows for 

harsher wash conditions on the matrix. After washing, the protein of interest is cleaved from 

HaloTag with the use of TEV protease. HisLink® resin is utilized to remove TEV Protease 

from the protein, and the result is a highly pure, tag-free protein.

Profinity eXact

The Profinity eXact™ system (Bio-Rad) is based on the serine protease subtilisin from 

Bacillus amyloliquefaciens. Subtilisin, a member of the subtilase protein family, is 

somewhat promiscuous in its substrate choices. The action of subtilisin is to bind to residues 

P1-P4 of its substrate, resulting in the interpolation of the substrate’s backbone between β-

strands 100–104 and 125–129 of subtilisin (Biao et al. 2004). Engineering of subtilisin has 

resulted in a mutant subtilisin protein with reconstructed P1 and P4 binding pockets in order 

to increase sequence selectivity. Biosynthesis of subtilisin is dependent on a 75-amino acid 

N-terminal prodomain (Ruan et al., 2004). It is this sequence that has been modified to act as 

a tag. Using an expression vector, recombinant protein is created that contains the subtilisin 

prodomain tag on the N-terminus of the protein of interest. The recombinant protein is then 

applied to a column with immobilized subtilisin protease. Cleavage at the C-terminus of the 

tag by mature subtilisin protease is initiated by fluoride buffers and allows for the release of 

the purified target protein. The result is a protein with its native N-terminal that is tag-free.

Major advantages of the Profinity eXact™ system include that it does not require the use of 

any proteases. It allows for a quick 30 minute on-column purification and cleavage that can 

be performed in one step, enabling the purified proteins to maintain their native structure. 

Additionally, the column can be regenerated by removing the bound prodomain at pH = 2.1 

(Biao et al., 2004). The subtilisin prodomain tag is known to work well with soluble 

heterotrimeric G-protein α-subunits, which are often problematic when attempting to purify 

or over-express them. A hydrophobic portion of the tag itself increases the solubility of the 

fusion G protein, and it has been shown that no structure or activation dynamics are altered 

during the purification process using the Profinity eXact™ system (Abdulaev et al., 2005).

PDZ domain-based tags

Post-synaptic density protein (PSD95), Drosophila disc large tumor suppressor (Dlg1), and 

zonula occludens-1 protein (zo-1) were the first three proteins discovered to share the PDZ 

domain, a small (~10 kDa) structural domain common across species. PDZ domains bind to 

the C-termini of their protein targets, and are often found in signal transduction pathways 

where they scaffold different signaling components together. The N-terminal PDZ domain 

(PDZ1) of the Drosophila protein InaD has been suggested as a potential protein tagging 

system, as it binds the C-terminus of its target, NorpA, via an intermolecular disulfide bond. 

Proteins with a NorpA tag could be eluted from a PDZ-coupled resin (or vice versa) via 

reduction of the disulfide bond (Kimple et al., 2001; Kimple and Sondek 2002).

The PDZ/C-terminal peptide interaction has recently been harnessed for other applications. 

A human papilloma virus (HPV) E6 protein dipstick test is being developed that utilizes the 

binding affinity between E6 PDZ and its C-terminal targets (Arbor Vita). Like the InaD/
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NorpA interaction, technique could also potentially be utilized to tag and detect 

heterologous proteins.

AFFINITY TAGS AND PROTEIN PURIFICATION

Figures 9.9.1, 9.9.2, and 9.9.3 give general schemes for selecting an affinity tag based on 

three different desired protein purification outcomes: a large quantity of highly pure, 

untagged protein (Fig. 9.9.1), a medium quantity of highly pure tagged or untagged protein 

(Fig. 9.9.2), and a small amount of moderate-to-highly pure tagged protein (Fig. 9.9.3). 

These flow charts should be used as an initial guide but more difficult protein purification 

problems may require the use of a system different than those recommended.
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Figure 9.9.1. 
Flow chart describing the general scheme for choosing an affinity tag for protein purification 

if a larger amount (10–100 mg) of highly pure untagged protein is required. Experimental 

methods requiring this high quantity of pure, native protein include, but are not limited to, 

protein crystallography, NMR spectroscopy, isothermal titration calorimetry, and surface 

plasmon resonance. Solid lines indicate forward progression in purification optimization, 

dashed lines indicate steps backwards, and thick boxes indicate the final desired product, a 

protein of high purity and quality.
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Figure 9.9.2. 
Flow chart describing the general scheme for selecting an affinity tag for protein purification 

if a mid-range amount (0.1–10 mg) of high purity tagged and/or untagged protein is needed. 

An example of an experimental method requiring this quantity of tagged protein is surface 

plasmon resonance (SPR), where a biotin moiety could be sued to attach a protein ligand to 

a streptavidin-coated SPR chip. Other possible applications are in GST and Ni2+ 

precipitation assays, and mass spectrometry. Certain variants of the intien-CBD domain are 

useful for methods requiring a completely native protein. Finally, the His-tag and GST-tag 

systems are useful because both tagged and untagged proteins can be easily prepared from 

the same cellular lysate, and there exist many secondary reagents specifically for use with 

these two systems. Thick lines indicate the desired result has been reached.
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Figure 9.9.3. 
Flow chart describing the general scheme for selecting an affinity tag for purification of a 

small amount (<0.1 mg) of moderate-to-high purity tagged protein. Such a protein might be 

used in co-immunoprecipitation, Western blotting, far-Western blotting, ELISA, or gel 

overlay assays. Since only small amounts of protein are required, it is not usually necessary 

to optimize protein expression, leaving the choice of affinity tag to be based on the final use 

for the fusion tag—i.e., as a reporter or for general detection. Examples of epitope tags 

include the HA-tag, FLAG-tag, T7-tag, Myc-tag, and others.
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