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Abstract
Histidine (His)-tag is widely used for affinity purification of recombinant proteins, but the yield
and purity of expressed proteins are quite different. Little information is available about
quantitative evaluation of this procedure. The objective of current study was to evaluate His-tag
procedure quantitatively and to compare it with immunoprecipitation using radiolabeled
tristetraprolin (TTP), a zinc finger protein with anti-inflammatory property. Human embryonic
kidney 293 cells were transfected with wild-type and nine mutant plasmids with single or multiple
phosphorylation site mutation(s) in His-TTP. These proteins were expressed and mainly localized
in the cytosol of transfected cells by immunocytochemistry and confocal microscopy. His-TTP
proteins were purified by Ni-NTA beads with imidazole elution or precipitated by TTP antibodies
from transfected cells after being labeled with [32P]-orthophosphate. The results showed that 1)
His-tag purification was more effective than immunoprecipitation for TTP purification; 2)
mutations in TTP increased the yield of His-TTP by both purification procedures; and 3)
mutations in TTP increased the binding affinity of mutant proteins for Ni-NTA beads. These
findings suggest that bioengineering phosphorylation sites in proteins can increase the production
of recombinant proteins.
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Introduction
Histidine (His)-tag affinity purification is a method of choice for the purification of a large
number of recombinant proteins expressed in various overexpression systems. The
popularity of this method is due in part to its many advantageous properties such as high
affinity of the His-tag in the recombinant proteins with nickel-nitrilotriacetic agarose (Ni-
NTA) beads and easy elution with imidazole buffer. In addition, the small size of His-tag
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does not interfere with biochemical activities of the tagged proteins in most cases. However,
the yield and purity of various proteins purified by this procedure are quite different.
Information is lacking about quantitative evaluation of this procedure.

His-tag procedure has been used to express tristetraprolin/zinc finger protein 36 (TTP/
ZFP36, also called TIS11 or Nup475) in E. coli (1,2) and human cells (3). TTP, a
hyperphosphorylated mRNA binding and destabilizing protein (4), regulates inflammatory
responses at the post-transcriptional level (5). TTP binds to mRNA adenylate and uridylate-
rich elements (AREs) with high affinity for UUAUUUAUU nucleotides (3,6-10). The
specific binding of TTP to AREs causes destabilization of those mRNA molecules coding
for proteins such as tumor necrosis factor-alpha (TNFα) (3,11-13), granulocyte-macrophage
colony-stimulating factor (GM-CSF) (14,15), cyclooxygenase 2 (16,17), interleukin 2 (18),
and transcription factor E47 (19). TNFα and GM-CSF mRNAs are stabilized in TTP-
deficient mice (12,14). These cytokines accumulate in TTP knockout mice and cause a
severe systemic inflammatory response including arthritis, autoimmunity, and myeloid
hyperplasia (20,21). Upregulation of TTP reduces inflammatory responses in macrophages
(22). These lines of evidence support the proposal that TTP is an anti-inflammatory protein
(5,23-26). TTP may play other important roles in normal physiology and disease
development. TTP is a potential target for the physiological control of blood pressure (27)
and for the prevention of suicidal behavior (28) and of obesity-associated metabolic
disorders (29). Finally, TTP may have nutritional significance in disease prevention since
TTP expression is increased by insulin (30,31), green tea (32), and cinnamon polyphenol
extract (33,34).

The objective of this study was to evaluate His-tag procedure quantitatively and to compare
it with immunoprecipitation (IP) using radiolabeled wild-type (WT) and mutant TTP
proteins in transfected human embryonic kidney (HEK) 293 cells. Our results demonstrated
that His-tag purification was more effective than IP and mutations in TTP increased the
yield of purified proteins by both purification procedures as well as the binding affinity of
mutant proteins for Ni-NTA beads.

Materials and Methods
Protein Expression Plasmids

WT expression plasmid (pHis-TTP or CMV.(his)6.N.hTTP) contained DNA sequence for
six histidine residues between the sequences for the initiator methionine and the second
asparate of full-length human TTP (GenBank accession no. NP_003398) (3,15). Plasmids
were produced by site-directed mutagenesis and by recombination of various DNA
fragments as described (3,35). These mutant plasmids contained serine and thronine to
alanine mutation(s) in human TTP, including S197A, S(197,228)A, S(197,218,228)A,
S(214,218,228)A, S(197,214,218,228)A, S(214,218,228,296)A, S(197,214,218,228,296)A,
S(88,197,214,218,228,296)A, S(88,186,197,214,218,228)A,
S(88,186,197,214,218,228,296)A, S(88,197,214,218,228)T271A,
S(88,197,214,218,228,296)T271A, S(88,90,93,197,214,218,228)A, and
S(88,90,93,197,214,218,228,296)A (35).

Transfection of Human HEK293 Cells
HEK293 cells were transfected with pHis-TTP plasmids using the calcium phosphate
precipitation method as described (3,13). HEK293 cells (0.7 million cells/10 mL medium /
10-cm dish) were grown overnight at 37 °C with 5% CO2 in Dulbecco's modified Eagle's
medium (DMEM) (Invitrogen) supplemented with 10% (v/v) fetal calf serum (FCS), 100 U/
mL penicillin, 100 μg/mL streptomycin, and 2 mM L-glutamine. The medium was replaced
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with 9 mL fresh medium and incubated for 4 h under the same conditions. The cells were
then transfected with 1 mL transfection mixture containing 0.5 mL of a DNA/calcium
solution (0.5 μg of pHis-TTP plasmid, 4.5 μg of pBS+ carrier plasmid, and 250 mM CaCl2)
and 0.5 mL of a HEPES/phosphate solution (50 mM HEPES, 280 mM NaCl, 2 mM
NaH2PO4, and 4 mM Na2HPO4, pH 7.1). The DNA/calcium solution was added dropwise to
the HEPES/phosphate solution while bubbling with a stream of nitrogen gas. The
transfection mixture was incubated for 20 min at room temperature before being added to
the dish (1 mL/10-cm dish).

In Vivo Phosphate Radiolabeling
HEK293 cells were washed next morning following transfection and incubated in 10 mL
fresh medium under the same conditions for 24 h. The old medium was removed from the
dish followed by wash twice each with 5 mL no-phosphate DMEM, pH 7.0. The dish was
added with 6 mL of no-phosphate DMEM plus 1% FCS (approximately 15 μM phosphate in
the medium, adjust to pH 7.0) and incubated at 37 °C with 5% CO2 for 3 h. The medium
was aspirate off. DMEM (4 mL without phosphate or serum) with [32P]orthophosphate (0.1
mCi/mL) was added to each dish. The dishes were incubated at 37 °C with 5% CO2 for 1.5
h.

Cell Lysis
Following in vivo radiolabeling, the hot medium was aspirate off. Cells in each plate were
washed three times each with 5 mL PBS and lysed directly in the plate at 4 °C for 1 h with
0.6 mL His-tag purification buffer (50 mM NaH2PO4, 250 mM NaCl, 50 mM NaF, 1 mM
PMSF, 1 μg/mL leupeptin, 0.5 % NP-40) plus 10 mM imidazole. The lysate was transferred
into a 1.5-mL microfuge tube and saved in − 20 °C overnight. The cell lysate was thawed at
37 °C for 30 min and centrifuged at 10,000g for 10 min. The 10,000g supernatant and the
pellet were stored at − 20 °C.

His-tag Purification Using Ni-NTA Beads
The 10,000g supernatant (500 μL) from soluble extracts was transferred to a 15-mL Falcon
tube and mixed with 50 μL of 50% slurry of Ni-NTA beads (Qiagen, Valencia, CA). The
mixtures were rotated at 4 °C for 2 h and then transferred into a Cytospin column inserted in
2-mL tube followed by centrifugation at 1000g for 2 min. The beads were washed four times
each with 0.25 mL wash buffer (50 mM NaH2PO4, 300 mM NaCl, 50 mM NaF, 0.05 %
Tween-20, pH8.0) plus 20 mM imidazole by centrifugation at 1000g for 2 min. The bound
proteins in the washed beads were eluted out with 50 μL of 100, 200, and 250 mM
imidazole in wash buffer by centrifugation at 1000g for 2 min. The eluted proteins and the
remaining beads were stored at − 20 °C. Radioactivity was counted using MicroBeta JET/
1450 Microbeta Wallac Jet Liquid Scientilation and Luminescence Counter (PerkinElmer
Life Sciences, Gaithersburg, MD).

Immunoprecipitation Using TTP Antibodies
The 10,000g supernatant (100 μL) from soluble extracts was thawed at 37 °C for 30 min and
mixed with 20 μL TTP antiserum raised against recombinant MBP-TTP (3). After
incubation for 90 min at 4 °C with gentle rotation, each tube was added with 50 μL of 50%
slurry of Protein A Sepharose CL-4B (Amersham Pharmacia Biotech) in His-tag purification
buffer plus 10 mM imidazole. This mixture was incubated for 30 min at 4 °C and
centrifuged at 2,000g for 5 min. The beads were washed three times each with 0.5 mL of the
above buffer. The final washed beads were suspended in 20 μL of the above buffer and 5 μL
of 5X SDS-PAGE sample buffer. Radioactivity in the suspension was counted as above.
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Protein Concentration Determination, SDS-Polyacrylamide Gel Electrophoresis (PAGE),
and Immunoblotting

Protein concentrations were determined with the Bio-Rad Dye assay kit and BSA as the
standard as described (3). SDS-PAGE and immunoblotting followed described procedures
(36). The primary antibodies were anti-MBP-TTP serum raised in New Zealand white
rabbits against the purified MBP-TTP fusion protein, as described previously (37). The
secondary antibodies were affinity-purified goat anti-rabbit IgG (H+L) horseradish
peroxidase conjugate with human IgG absorbed (Bio-Rad Laboratory).

Immunocytochemistry and Confocal Microscopy
HEK293 cells were grown overnight on glass coverslips in tissue culture plate (Becton
Dickinson and Company, Lincoln Park, NJ). The cells were transfected with pHis-TTP (50
ng DNA/1 mL/well) and incubated overnight as described above. After another 24-h
incubation, the cells were proceeded to immunocytochemistry using a similar procedure as
described (3) with TTP antibodies (1:5000 dilution). The slides were examined and imaged
with an LSM510 UV confocal microscope (Zeiss, Thornwood, NY).

Results
Expression and Localization of WT and Mutant TTP Proteins in Transfected Human Cells

HEK293 cells were transfected with pBS+ plasmid (carrier) and pHis-TTP plasmids coding
for WT and mutant TTP proteins with mutations at S(197, 218, 228), S(214,218,228),
S(214,218,228,296), S(197,214,218,228), S(197,214,218,228,296),
S(88,197,214,218,228,296)T271, S(88,186,197,214,218,228,296),
S(88,90,93,197,214,218,228,296), S(88,197,214,218,228)T271, S(88,186,197,214,218,228),
and S(88,90,93,197,214,218,228). Immunoblotting showed that all of these His-TTP
proteins were expressed in the transfected cells (Figure 1A). The mutant TTP proteins
migrated faster than the WT TTP protein on SDS-PAGE (Figure 1A, lane 1 vs. lanes 2−11).
Some of the mutant TTP protein bands were collapsed into a sharp band(s) (Figure 1A, lanes
4, 5, 8−10).

Confocal microscopy showed that endogenous TTP was almost undetectable in HEK293
cells transfected only with the pBS+ carrier plasmid by immunostaining with TTP
antibodies, since immunofluorescence intensity was extremely low in these cells (Figure
1B-1). WT TTP was overexpressed and mainly localized in the cytosol of HEK293 cells
following transfection with WT pHis-TTP plasmid (Figure 1B-2). Mutant TTP proteins
were also expressed and primarily localized in the cytosol of transfected HEK293 cells.
Confocal microscopy showed that most of the immunofluorescence was detected in the
cytosol of HEK293 cells after transfection with mutant plasmids encoding TTP proteins
with S(88, 90, 93, 186, 214, 218, 228, 296)A mutations (Figure 1B-3) and other mutations
(data not shown).

His-Tag Purification of WT and Mutant TTP Proteins from Radiolabeled Transfected Human
Cells

To quantify His-tag purification procedure for His-TTP proteins, radiolabeled cell extracts
were used. His-TTP proteins were essentially the only proteins eluted by imidazole solution
(35). Autoradiography showed that all mutant His-TTP proteins were expressed and purified
by Ni-NTA procedure (Figure 2A). The protein identity was determined by immunoblotting
with TTP antibodies (Figure 2B). This provided the basis for quantitative evaluation of His-
tag purification procedure.
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All of the mutant TTP proteins migrated faster than WT TTP protein on SDS-PAGE (Figure
2A and 2B, lanes 1 vs. lanes 2−10), in agreement with those in Figure 1A. However, some
of the mutant TTP protein bands shown in Figure 1A were collapsed into a single band(s),
whereas the bands of the purified proteins shown in Figure 2A and 2B were broad. The
immunoblot shown in Figure 1A was obtained from the soluble extracts of transfected
HEK293 cells without labeling or purification, whereas those in Figure 2A and 2B were
obtained from proteins purified with 100 mM imidazole elution after the cells were labeled
with [32P]. It was therefore possible that the fat bands in Figure 2A and 2B were due to more
His-TTP proteins in the purified protein samples than those used in Figure 1A. We tested
this possibility by performing a dosage analysis using 1, 2, 5, and 10 μg of proteins from two
mutant His-TTP proteins: S(88,90,93,197,214,218,228,296,)A and
S(197,214,218,228,296)A. Immunoblotting showed that the sizes of TTP protein bands were
gradually increased following the increased amounts of proteins used (Figure 2C). These
results suggest that the thickness of the mutant TTP protein bands on the immunoblot
(Figure 2B) is due in part to the increased amounts of mutant proteins used.

WT His-TTP protein was eluted the most by 100 mM imidazole solution and was more than
those by 200 and 250 mM imidazole combined (Table 1). Approximately 20% of His-TTP
was still bound to Ni-NTA beads. This elution pattern was different from those of the
mutant proteins, in which mutant proteins were eluted the most by 200 mM imidazole,
followed by 100 mM and 250 mM (Table 1). Furthermore, more percentages of mutant
proteins were bound to Ni-NTA beads after the three elutions than those of WT protein
(Table 1). HEK293 cells transfected with mutant plasmids resulted in more soluble protein
in the 10,000g supernatant than WT plasmid (Table 1). The yield of total eluted activities in
cells transfected with mutant plasmids was approximately twice of those of WT. However,
the specific activity of the purified protein between WT and the mutant proteins was less
significantly different (Table 1). These results suggest that mutations at the putative
phosphorylation sites increased the total soluble protein content and the specific His-TTP
expression in the transfected cells.

Immunoaffinity Purification of WT and Mutant TTP Proteins from Transfected Human Cells
WT and mutant His-TTP proteins were purified from the 10,000g supernatant of soluble
extracts from [32P]-orthophosphate-labeled HEK293 cells by IP with TTP antibodies (Figure
3) (35). This purification procedure resulted in more mutant proteins than WT protein (Table
2). However, the specific activities of purified mutant proteins were generally less than WT
protein except for the protein with S(197,214, 218, 228)A mutations (Table 2). IP showed
that the specific activity of WT TTP proteins was about twice of mutant TTP proteins (Table
2).

Discussion
His-tag affinity purification has been widely used for the purification of recombinant
proteins from various overexpression systems. However, the purity and yield of this
procedure depend on the proteins to be expressed. Detailed evaluation of this procedure was
not performed extensively. This study quantitatively evaluated His-tag procedure and
compared it with IP using radiolabeled WT and mutant His-TTP proteins. Radiolabeling of
phosphoproteome of transfected HEK293 cells allowed us to perform quantitative analysis
of His-TTP purification by both His-tag and IP procedures. The fact that almost all of the
purified proteins labeled with [32P] were His-TTP provided the basis for the differentiation
between His-TTP and copurified proteins.

One observation was that cells transfected with mutant plasmids yielded more soluble
proteins than those with WT. The yield of mutant proteins purified by His-tag procedure was
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approximately twice that of WT, apparently due to the increased total soluble protein
content in the mutant transfection (Table 1). IP also resulted in more mutant proteins than
WT (Table 2). It was possible that the lower recovery of WT protein in the soluble fraction
was partly due to more WT protein precipitated as insoluble aggregates than the mutant TTP
proteins. In our previous study, WT TTP protein was detected in the insoluble fraction and
compared to those in the soluble fraction. Approximately 20% of the expressed WT TTP
presented in the insoluble fraction and 80% in the soluble fraction (3). Based on the similar
immunostaining patterns of the mutant and WT TTP proteins (Figure 1B), we speculate that
the great majority of the expressed TTP proteins are presented in the soluble fraction. The
low percentage of WT TTP in the insoluble fraction was not sufficient to explain the much
less recovery of soluble protein from cells transfected with WT pHis-TTP. The specific
activities of the purified proteins between WT and mutant TTP were less significantly
different (Table 1), suggesting that it was unlikely that the difference in the quantity of
proteins between wild type TTP and mutants could be due to different expression levels of
plasmids in the cells. It has been reported that TTP is apoptotic (38). It was therefore
possible that WT TTP exhibited more toxic effects towards HEK293 cells than mutant TTP
proteins under these culture conditions. Taken together, the increased soluble protein in the
mutant transfection might be the reason why more His-TTP proteins were recovered in cells
transfected with mutant plasmids than those with WT plasmid.

Another point of interest was that mutations in TTP increased the binding affinity of mutant
TTP proteins for Ni-NTA beads. This conclusion was supported by the facts that higher
concentrations of imidazole were required to elute out the majority of mutant His-TTP
proteins from Ni-NTA beads (200 mM imidazole) than WT (100 mM imidazole) and that
more percentages of mutant proteins were still bound to the beads than WT after multiple
imidazole elutions.

In addition, our results demonstrated that His-tag purification procedure was more powerful
than immunoaffinity purification using TTP antibodies. This was supported by the fact that
recoveries of both WT and mutant His-TTP proteins were much higher in His-tag
purification that IP.

It was noted that mutant TTP proteins migrated faster on SDS-PAGE than WT TTP protein
(Figures 1A, 2A and 2B). Some of the mutant TTP protein bands shown in Figure 1A were
collapsed into a single band(s), whereas the purified protein bands shown in Figure 2A and
2B were broad. The fat bands in Figure 2 were due in part to more His-TTP proteins used
for the immunoblotting than those used in Figure 1A since more proteins used in the
immunoblotting resulted in broader bands on the immunoblot (Figure 2C).

It was also noted that mutant TTP proteins were phosphorylated to similar extent as the WT
TTP despite of extensive mutations at the phosphorylation sites in the mutant proteins. One
reason could be due to the increased soluble proteins recovered from the cells transfected
with mutant plasmids (Figure 2B). Another reason could be that proteins with more severe
mutations expose other phosphorylated sites otherwise not phosphorylated or
underphosphorylated in the wild type or less mutated proteins. TTP protein is
phosphorylated extensively in vivo (3, 4, 35, 39) and is a substrate for a number of protein
kinases in vitro (4, 11, 40). Complete identification of TTP phosphorylation sites and
associated protein kinases as well as the effects of phosphorylation on TTP functions are
active research areas (4, 41-43).
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Conclusion
This study evaluated His-tag procedure quantitatively and compared it with
immunoprecipitation using radiolabeled TTP expressed in transfected human embryonic
kidney 293 cells. The results demonstrated that 1) His-tag purification was more effective
than immunoprecipitation for TTP purification; 2) mutations in TTP increased the yield of
TTP by both purification procedures; and 3) mutations in TTP increased the binding affinity
of mutant proteins for Ni-NTA beads. These findings suggest that production of
recombinant proteins can be improved by bioengineering potential phosphorylation sites in
the amino acid sequences of proteins of interest.
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Notation

ARE AU-rich element

DMEM Dulbecco's modified Eagle's medium

FCS fatal calf serum

GM-CSF granulocyte-macrophage colony-stimulating factor

HEK human embryonic kidney

IP immunoprecipitation

MAP mitogen-activated protein

MBP maltose binding protein

Ni-NTA nickel-nitrilotriacetic agarose

PAGE polyacrylamide gel electrophoresis

TNFα tumor necrosis factor alpha

TTP tristetraprolin

WT wild-type

ZFP zinc finger protein
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Figure 1. Expression and localization of WT and mutant TTP proteins in HEK293 cells
(A) Immunoblotting. HEK293 cells were transiently transfected with pHis-TTP plasmids.
PBS-washed cells were lysed followed by centrifuged at 10,000g for 10 min. Soluble
proteins in the supernatant (10 μg/lane) were separated by SDS-PAGE. His-TTP proteins
were detected by immunoblotting with TTP antibodies. (B) Confocal microscopy. HEK293
cells were transfected with pBS+ control plasmid (1) and pHis-TTP plasmids encoding WT
TTP (2) and mutant TTP with S(88, 90, 93, 197, 214, 218, 228, 296)A mutations (3). The
cells were stained with TTP antibodies and labeled with goat anti-rabbit Alexa Fluor 488.
Immunofluorescence was recorded by confocal microscopy.
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Figure 2. His-tag purification of WT and mutant TTP proteins from radiolabeled HEK293 cells
HEK293 cells were transfected with the 10 plasmids. The cells were labeled with
[32P]orthophosphate (A and B) or not labeled (C). Soluble proteins in the supernatant (A and
B) were mixed with Ni-NTA beads followed by centrifugation. The pellet was washed four
times with 20 mM imidazole buffer. Proteins bound to the washed beads were eluted with
100 mM imidazole buffer. Proteins (4 μL/lane) were separated by SDS-PAGE. (A) [32P]-
labeled proteins were detected with autoradiography. (B) His-TTP proteins were identified
with TTP antibodies. Lane 1: WT His-TTP, lane 2: His-TTP with S197A mutation, lane 3:
His-TTP with S(197,228)A mutations, lane 4: His-TTP with S(197,218,228)A mutations,
lane 5: His-TTP with S(197,214,218,228)A mutations, lane 6: His-TTP with
S(197,214,218,228,296)A mutations, lane 7: His-TTP with S(88,197,214,218,228,296)A
mutations, lane 8: His-TTP with S(88,186,197,214,218,228,296)A mutations, lane 9: His-
TTP with S(88,197,214,218,228)T271A mutations, lane 10: His-TTP with
S(88,90,93,197,214,218,228,296)A mutations. (C) Effect of the amounts of His-TTP
proteins on their electrophoretic mobility. TTP proteins were separated by SDS-PAGE and
identified by immunoblotting with TTP antibodies 1: S(88,90,93,197,214,218,228,296,)A, 2:
S(197,214,218,228,296)A, a: 1 μg protein in 10,000g supernatant, b: 2 μg protein in 10,000g
supernatant, c: 5 μg protein in 10,000g supernatant, d: 10 μg protein in 10,000g supernatant.
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Figure 3. IP purification of WT and mutant TTP proteins from radiolabeled HEK293 cells
HEK293 cells were transfected with the 10 plasmids. The cells were subsequently labeled
with [32P]orthophosphate, lysed and centrifuged. Proteins in the supernatant of the soluble
extracts were mixed with TTP antiserum. Antibody-antigen complexes were precipitated
with Protein A Sepharose CL-4B. The beads were washed three times. The final washed
beads were suspended in SDS-PAGE sample buffer. Proteins were separated by SDS-PAGE
and detected by autoradiography. Lane 1: WT His-TTP, lane 2: His-TTP with S197A
mutation, lane 3: His-TTP with S(197,228)A mutations, lane 4: His-TTP with
S(197,218,228)A mutations, lane 5: His-TTP with S(197,214,218,228)A mutations, lane 6:
His-TTP with S(197,214,218,228,296)A mutations, lane 7: His-TTP with
S(88,197,214,218,228,296)A mutations, lane 8: His-TTP with
S(88,186,197,214,218,228,296)A mutations, lane 9: His-TTP with
S(88,197,214,218,228)T271A mutations, lane 10: His-TTP with
S(88,90,93,197,214,218,228,296)A mutations
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