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Introduction
P53 is a sequence specific transcription factor that plays a critical 

role in regulating many cellular processes in response to a variety of 
stress signals [1]. These cellular processes include cell cycle arrest [2], 
senescence [3], apoptosis [4-7], DNA repair [8-11], and metabolism 
[12,13]. Additionally, p53 is considered one of the most important 
tumor suppressors as loss or mutation of p53 is found in approximately 
50% of all human cancers [14]. Further, at least 80% of TP53 mutations 
map to the DNA binding domain (DBD), which underscores the 
importance of the p53DBD in tumor suppression [15].

The domain organization of full-length p53 includes a 
N-terminal transactivation domain (residues 1-62) [16], followed 
by a proline rich region (residues 63-94) [17,18], a central DNA-
binding core domain (residues 94-312) [19], a C-terminal 
tetramerization domain (residues 325-356) [20], and a negative 
regulatory domain at the far C-terminus (residues 356-393) [21] 
(Figure S1). The N-terminal and C-terminal domains of p53 are 
both largely unstructured in their native states [22]. However, the 
DNA-binding domain and the tetramerization domains both fold 
into defined structures [23]. The structure of the p53DBD consists 
of an immunoglobulin-like central β-sandwich of two anti-parallel 
β-sheets. The β-sandwich serves as a scaffold to coordinate the 
DNA-binding surface that is composed of two loops (L2 and L3) 
that are stabilized by a zinc ion and a loop-sheet-helix motif (L1, 
S2 and S2’, H2) [19]. Zinc-bound p53DBD is known as holo p53DBD, 
whereas p53DBD without bound zinc is known as apo p53DBD [24]. 
The single bound zinc ion present in holo p53DBD stabilizes the L2 
and L3 loops and holds the L3 loop in the proper orientation for 
minor groove binding to DNA [19]. It has been suggested that a 
significant fraction of intracellular p53DBD may exist in the apo form 
due to the kinetics of zinc loss from p53DBD [24]. Apo p53DBD is less 
thermodynamically stable than holo p53DBD and more prone to 
precipitation [24]. Furthermore, it has been shown that apo p53DBD 
can inactivate holo p53DBD by converting soluble holo p53DBD into the 
aggregated form [24]. In fact, low intracellular zinc status is known 
to reduce the functionality of p53 as a gene transactivator [25].
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interactions between p53 and a multitude of cellular proteins with a variety of known functions. Because of these 
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artefactual protein-protein interaction raising the possibility of false positive results. Furthermore, the presence of the 
HIS-tag promotes aggregation and precipitation of the p53 DNA binding domain.

Purification of the full-length p53 protein has proved challenging, 
due to its aggregation propensity and high content of disordered 
regions [23]. Because of the difficulties associated with purification of 
the full-length p53 protein and the importance of the p53DBD in tumor 
suppression, there have been a large number of reports using the p53DBD 
alone for in vitro experiments. This is a valid stratagem because the 
p53DBD adopts a well-defined conformation that folds independently of 
the N and C terminus [26]. Moreover, the p53DBD hot-spot mutations 
(most frequently mutated residues in p53 found in the human 
population (Figure S1) affect the stability of the full-length protein to 
the same extent that they affect the stability of the isolated DBD [27]. 
Thus, the DBD dictates the stability of the full-length protein and 
therefore the effect of mutation on p53DBD stability is a direct indication 
of the mutation-induced effect on the full-length protein [27]. 

Initially the p53DBD was extensively studied for its functions of DNA 
binding and transcriptional activation [16,28-31]. However, the role of 
the p53DBD in protein-protein interactions is steadily emerging as an 
equally important function of the domain [32]. Many studies have 
implicated protein-protein interactions between the p53DBD and various 
proteins that play critical regulatory roles. It is often desirable to assess 
whether or not these interactions are direct in an in vitro setting with 
purified recombinant proteins. Throughout our experiences working 
with the p53DBD in an in vitro setting, we discovered critical factors 
that affect the reliability of these results. Since these critical factors are 
components of commonly used procedures for producing recombinant 
proteins, we believe there is a need to caution researchers against using 
these procedures for producing recombinant p53DBD. Herein, we report 
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a method to consistently produce soluble folded p53DBD. Additionally, 
we describe the deleterious effects of the commonly used 6x histidine 
tag (HIS-tag) when performing in-vitro experiments with the p53DBD.

Material and Methods 
E. coli expression constructs and cell line

The wild-type DNA binding domain (DBD) of human p53 (amino 
acids 94-312) was subcloned into the pET-15b vector (Stratagene) 
following restriction enzyme digestion with NdeI and BglII. The 
construct allowed for expression of a 6x HIS-tag fusion protein with 
the HIS-tag at the N-terminus. Additionally, the construct contained 
a thrombin cleavage site (LVPRGS) after the 6 histidine residues and 
before the first codon of the human p53DBD.

Minimal media preparation

1 L of minimal media contained 100 mL of 10X M9 salts (60 g/L Na2 
HPO4, 30 g/L KH2 PO4, 5 g/L NaCl, pH 7.4), 12.5 mL of 20% (weight/
volume) D-glucose, 10 mL of 100 g/L N15H4Cl, 1 mg biotin, 0.5 mL 2 
mg/mL thiamine hydrochloride, 2 mL 1M MgSO4, 0.2 mL 0.5M CaCl2, 
1 mL 15 mg/mL FeCl2  in 1M HCl, 1 mL 15 mg/mL ZnCl2  in water, 
2 mL 10% (weight/volume) yeast extract and carbenicillin added to a 
final concentration of 100 µg/mL. The carbenicillin, N15H4Cl, thiamine 
hydrochloride, FeCl2 and ZnCl2 were filtered through a 0.2 µM filter 
for sterilization. The remaining components were autoclaved for 
sterilization. All components were added to 900 mL of water and the 
solution was mixed thoroughly after each addition. Following addition 
of all components the pH of the media was adjusted to pH=7.4.

Protein expression and growth conditions

The human p53DBD DNA was transformed into E. coli BL-21 (DE3) 
gold cells using a standard heat shock procedure and plated on LB agar 
containing 100 µg/mL of carbenicillin. Colonies were suspended in 
minimal media, used to inoculate 1 L of minimal media and grown 
at 37ºC until an OD600 of 0.2 was reached. The temperature was then 
lowered to 20ºC and expression induced with 0.8 mM IPTG when the 
OD600 reached 0.6. Eighteen hours after IPTG induction the culture was 
centrifuged at 3629 x g for 10 minutes. The supernatant was decanted 
and the cell pellet was stored at -20ºC until purification.

Purification of recombinant human p53 DNA binding 
domain

A cell pellet from a 1 L culture was resuspended in 120 mL lysis 
buffer (25 mM NaH2PO4 pH 7.2, 300 mM NaCl, 5 mM imidazole) 
supplemented with EDTA-free protease inhibitor (Roche). The lysate 
was then sonicated on ice at 20% amplitude for a 2 min cycle with a pulse 
of 1 second on and 1 second off, followed by four 1 minute cycles with 
a pulse of 1 second on and 1 second off. The lysate was then cleared by 
centrifugation at 31,360 x g for 20 minutes at 4ºC. All subsequent steps 
were performed at 4ºC with buffers that were equilibrated to 4ºC. The 
cleared lysate was then applied to a 30 mL Ni-NTA (Pierce) column by 
gravity flow. Prior to application of the lysate, the Ni-NTA column was 
washed with 100 mL water and equilibrated with 200 mL lysis buffer 
that did not contain protease inhibitor. After application of the lysate, 
the column was first washed with 100 mL lysis buffer (without protease 
inhibitor) which was followed with an additional 100 mL wash of lysis 
buffer containing 20 mM imidazole. The protein was then eluted in 
10 mL fractions with 25 mM NaH2PO4  pH 7.2, 50 mM NaCl, 300 
mM imidazole. Protein containing fractions were assessed by SDS-
PAGE and Coomassie staining. The fractions determined to contain 

protein were pooled, treated with thrombin (4 units of thrombin per 
milligram of protein) and put into dialysis (10 kDa molecular weight 
cut off dialysis membrane) against 25 mM Tris pH 7.2, 5 mM DTT and 
10% glycerol. The thrombin cleavage and dialysis was conducted for 18 
hours at 4ºC. The HIS-tag cleaved protein was then applied to a 5 mL 
SP-HP sepharose cation exchange column (GE). A linear salt gradient 
(with 25 mM Tris pH 7.2 as buffer A and 25 mM Tris pH 7.2, 1 M NaCl 
as buffer B) at a flow-rate of 2 mL/min over 24 column volumes was 
used to elute the protein and 2 mL fractions were collected. Protein 
containing fractions were assessed and purity confirmed by SDS-PAGE 
and Coomassie staining.  

Protein quantification

The concentration of purified p53DBD was determined by dividing 
the absorbance at 280 nm by the extinction coefficient for p53DBD (15930 
M-1 cm-1). The extinction coefficient was estimated by the method of 
Gill and von Hippel [33].  

2D 1H-15N heteronuclear single quantum coherence (HSQC)

N15 ammonium chloride was used to selectively label p53DBD for these 
experiments. Pure p53DBD was buffer exchanged into 25 mM NaH2PO4  
pH 7.2, 150 mM NaCl, 5 mM DTT and 5% D2O and concentrated to 
80 µM. 2D 1H-15N heteronuclear single quantum coherence (HSQC) 
spectra were collected on a Bruker Avance 600 spectrometer equipped 
with a 5 mM TXI cryoprobe. Spectra were collected at 293 K with 32 
scans. The data was processed with NMRPipe [34] and analyzed with 
Sparky (Goddard and Kneller, SPARKY 3, University of California, San 
Francisco).

Precipitation test

A cell pellet from a 500 mL culture grown in zinc-supplemented 
minimal medium was purified via Ni-NTA chromatography as 
described above in the purification of recombinant human p53 DNA 
binding domain section. Following elution from the Ni-NTA column, 
the eluate was mixed to homogeneity and divided into 4 samples 
containing 1 mL of HIS-p53DBD. 4 units of thrombin was added to the 
+thrombin samples. The samples were dialyzed overnight at 4ºC in 
buffer containing 25 mM Tris pH 7.2, 10% glycerol with and without 
DTT. The next morning the precipitate was pelleted by centrifugation 
at 10,000 x g for 5 min. The concentration of soluble p53DBD that 
remained in the supernatant was quantified by dividing the absorbance 
at 280 nm by the extinction coefficient for p53DBD (15930 M-1 cm-1). 
The experiment was performed in triplicate and statistically significant 
differences between the + and – thrombin samples were determined by 
1-way ANOVA.

In-vitro coimmunoprecipitation

1 μM recombinant untagged p53DBD  (expressed in zinc-
supplemented growth medium) was incubated with either 1 μM 
recombinant HIS-tagged GFP (BPS biosciences) (C-terminal 6x HIS-
tag), 1 μM non-tagged GFP (Abcam) or alone in 25 mM NaH2PO4 pH 
7.2, 150 mM NaCl, 1% Triton-X 100. 30 μL of protein A/G agarose 
beads (Pierce) that were prebound with 2 μg of either rabbit anti-GFP 
(Abcam) or nonspecific rabbit IgG (Cell Signaling) and preblocked 
with 10% bovine serum albumin (BSA) were then added to each sample 
in a total volume of 500 μL. The samples were then incubated overnight 
(18 hours) at 4ºC. The beads were then pelleted by centrifugation and 
the supernatant was removed. The beads were washed four times with 
25 mM NaH2PO4  pH 7.2, 150 mM NaCl, 1% Triton-X 100. Protein 
was then eluted by resuspending the beads in 30 μL Laemmli buffer 
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and boiling at 95ºC for 5 minutes. The beads were then pelleted. 15 
μL of the supernatant was resolved by SDS-PAGE and transferred to 
a nitrocellulose membrane. The membrane was subsequently probed 
with a polyclonal sheep anti-p53 (Calbiochem) at a dilution of 1:2500 
and a monoclonal mouse anti-GFP (Santa Cruz) at a dilution of 1:1000. 
The experiment was performed in triplicate and the ratio of p53DBD:HIS-
GFP and p53DBD:GFP in the immunoprecipitate was quantified with 
ImageJ software [35]. 1-way ANOVA was performed to determine a 
statistically significant difference between the ratio of p53DBD:HIS-GFP 
versus p53DBD:GFP.

Results
Presence of the HIS-tag promotes p53DBD aggregation

In order to study p53DBD protein interactions we worked to establish 
the production of recombinant protein. Unfortunately, attempts 
to produce stable, soluble HIS-p53DBD from recombinant proteins 
expressed in E. coli proved to be challenging. While we were able to 
recover reasonable yields of pure protein with immobilized-metal 
affinity chromatography followed by cation exchange chromatography, 
we had a persistent problem with protein solubility. Initially, we 
attempted to prevent the precipitation with the commonly employed 
strategies of addition of glycerol and/or arginine and dilution of the 
protein [36]. However, using these strategies to keep the protein in 
solution severely limited the potential for downstream applications. 
Furthermore, when we attempted to collect a 2D 1H-15N Heteronuclear 
single quantum coherence (HSQC) spectrum of p53DBD (expressed 
in zinc-supplemented growth medium) in buffer containing 75 mM 
arginine (which we found worked well to solubilize the protein) we 
obtained a spectrum where all of the backbone amide signals were 
clustered between 7.8 – 8.5 ppm (Figure 1A), rather than dispersed 
beyond the random coil region in a unique manner as previously 
reported for holo p53DBD [37]. Thus, the purified p53DBD was unfolded 
or aggregated and we set out to investigate potential sources that may 
cause this.

Since the p53DBD contains a zinc finger [19] and the imidazole 
ring of histidine residues has affinity for divalent cations such as zinc 
[38], we decided to investigate the possibility that the HIS-tag on the 
p53DBD fusion protein was causing the observed protein aggregation. 
We therefore prepared two samples of p53DBD (expressed in zinc-
supplemented growth medium) at equal molar concentrations. One 
sample was treated with thrombin protease to remove the HIS-tag and 
the other sample was left untreated. Both samples were then incubated 
overnight at 4ºC. The next morning the samples were inspected for 
precipitate as an indication of protein aggregation. A large amount of 
precipitate was observed in the sample where the HIS-tag was intact. 
However, the amount of precipitate was significantly reduced in the 
sample where the tag was removed (Figure 1B). This result strongly 
suggested that the presence of the HIS-tag on p53DBD promoted 
precipitation/aggregation of the protein.

After observing such a substantial difference in the amount of 
precipitate present in the presence versus absence of the HIS-tag, we 
again attempted to collect a 2D 1H-15N  HSQC spectrum of untagged 
p53DBD (expressed in zinc-supplemented growth medium). Since 
removal of the HIS-tag resolved the precipitation problem, we were 
able to collect this spectrum in buffer that did not contain arginine. 
A marked improvement in spectra was observed upon removal of the 
HIS-tag, as a spectrum with a unique dispersed pattern of chemical 
shifts characteristic of a folded protein that is not aggregating was 
obtained (Figure 1C). Furthermore, the spectrum obtained is consistent 
with that previously reported for the p53DBD [35].

Zinc supplementation of E. coli growth medium is essential to 
the production of p53DBD

After observing that the presence of the HIS-tag on p53DBD was 
promoting precipitation of the protein we attempted to purify p53DBD 
that was expressed in E. coli grown in Lysogeny Broth (LB) medium 
at room temperature. However, before we could remove the HIS-tag 
by thrombin cleavage the protein started to precipitate. We did not 
observe this rapid precipitation when the protein was expressed in E. 
coli grown in minimal media and purified at room temperature. When 
minimal media was used we were able to successfully remove the HIS-
tag before the protein precipitated and thus were able to successfully 
keep the protein in solution thereafter. 

Since we noticed a substantial difference in precipitation kinetics 
when LB was used as the growth medium we looked into potential 
reasons for this difference. We noted that zinc is not added to the LB 
medium, while our minimal medium recipe includes ZnCl2 at a final 
concentration of 15 μg/mL. Therefore, we reasoned that the observed 
precipitation was likely a result of insufficient zinc. We suspected that 
the lack of zinc supplementation was leading to expression of p53DBD 
primarily in the zinc-free form (apo p53DBD), since apo p53DBD is 

Figure 1: The HIS-tag promotes aggregation of p53DBD: (A) 2D 1H 15N HSQC 
of p53DBD with the HIS-tag intact in buffer containing 25 mM NaH2PO4 pH 
7.2, 150 mM NaCl, 5 mM DTT, 5% D2O, 75 mM arginine. (B) Precipitation 
test comparing the amount of p53DBD present in the soluble fraction when 
the HIS-tag is left intact (-thrombin) versus when the HIS-tag is removed by 
thrombin cleavage (+thrombin) in the presence and absence of DTT. Both 
the cleaved and uncleaved p53DBD were in buffer containing 25 mM Tris pH 
7.2 and 10% glycerol. 5 mM DTT was present in the samples labeled +DTT. 
Statistically significant differences in the presence and absence of thrombin 
were determined by 1-way ANOVA (p<0.01 for DTT containing samples and 
p<0.001 for samples without DTT). (C) 2D 1H 15N HSQC of p53DBD with the HIS-
tag removed by thrombin cleavage in buffer containing 25 mM NaH2PO4 pH 
7.2, 150 mM NaCl, 5 mM DTT, 5% D2O.
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thermodynamically less stable and more prone to precipitation than 
holo p53DBD [24].

We decided to test the effect of zinc supplementation of the growth 
medium by purifying p53DBD expressed in E. coli grown in minimal 
media supplemented with 15 μg/mL zinc and comparing that to purified 
p53DBD expressed in E. coli grown in minimal media where zinc was not 
added. These proteins were purified at 4ºC which we found improved 
the stability of the p53DBD. Thus, this improvement in stability allowed 
for removal of the HIS-tag from the p53DBD protein purified from 
minimal media that did not receive zinc supplementation. Both proteins 
were purified from 500 mL of E. coli culture using identical procedures. 
However a difference in yield, cation-exchange chromatograms and 
appearance on SDS-PAGE was observed (Figure 2A-F). The fractions 
constituting the peak at a conductivity of 26.5 mS/cm were pooled 
and used for the subsequent NMR experiments. We then collected 2D 
1H-15N HSQC spectra with p53DBD that received zinc supplementation 
and p53DBD that did not receive zinc supplementation. We prepared 
both NMR samples at the same concentration (80 μM) and collected 
the same number of scans for the 2D 1H-15N HSQC spectra of each 
protein. We noticed a difference in spectra for the protein that received 
zinc supplementation compared to the protein that did not (Figure 
3A), which was not due to protein concentration (Figure 3B). While a 
high degree of spectral overlap was observed for the two proteins, there 
was a significant loss in signal intensity for approximately 35 residues 
(Figure 3C). This suggests that while the majority of the structure is 
maintained in the protein that did not receive zinc supplementation 
there is local structural perturbation. While these experiments can not 
conclude that apo p53DBD is present, the result is consistent with a high 
degree of structural fluctuation in the L2 and L3 loops expected in the 
absence of zinc (Figure 3D).

Figure 2: P53DBD purification from E. coli grown in minimal media with or 
without zinc supplementation: (A) P53DBD (25 kDa molecular weight) produced 
in E. coli grown in zinc supplemented minimal media, SDS-PAGE gel stained 
with Coomassie of Ni-NTA purification where the numbers refer to the eluate 
fraction number. (B) Chromatogram of cation exchange chromatography 
performed on Ni-NTA purified protein subjected to thrombin cleavage. (C) 
SDS-PAGE gel stained with Coomassie of protein eluted from cation exchange 
chromatography. (D), (E) and (F) are the same as experiments described in 
(A), (B) and (C), respectively, with p53DBD produced in E. coli grown in minimal 
media not supplemented with zinc.

Figure 3: 2D 1H15N HSQC of p53DBD from E. coli grown with and without 
zinc supplementation: (A) Overlay of 2D 1H 15N HSQC spectra of p53DBD that 
received zinc supplementation (red) and p53DBD that did not receive zinc 
supplementation (black). (B) SDS-PAGE gel stained with Coomassie of a 1:10 
dilution of the samples used to obtain the 2D 1H 15N HSQC spectra. (C) Ribbon 
diagram of the structure of p53DBD. Residues with a loss of signal intensity in the 
absence of zinc are colored blue. The zinc ion is depicted as a red sphere. The 
diagram was generated with Chimera software [39] (PDB ID code 2AHI). (D) 
Schematic diagram illustrating the expected structural perturbations of p53DBD 

in the absence of the zinc ion.

Figure 4: In vitro coimmunoprecipitation of p53DBD and HIS-tagged GFP: (A) 
Representative image of coimmunoprecipitation performed in triplicate. P53DBD 

was incubated with either HIS-tagged GFP (HIS-GFP), non-tagged GFP (GFP) 
or alone. Rabbit anti-GFP antibody was then used to immunoprecipitate (IP) 
the GFP protein. Interaction with p53DBD was then assessed by immunoblot 
(IB) with sheep anti-p53 antibody. (B) Quantification of the ratio of p53DBD to 
HIS-GFP and p53DBD to GFP in the immunoprecipitate. The data is presented 
as the mean of triplicate experiments and the error bars represent the standard 
deviation. 1-way ANOVA was used to demonstrate a statistically significant 
difference between the ratios of p53DBD:HIS-GFP and p53DBD:GFP (p<0.04).
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Utilization of HIS-tagged proteins can lead to the identification 
of artefactual protein-protein interactions with p53DBD

Two possible hypotheses exist to explain the p53DBD aggregation 
observed in the presence of the HIS-tag. The aggregation could be a result 
of intermolecular interactions between the p53DBD zinc finger and the 
HIS-tag or from HIS-tag chelation of zinc. Since the former hypothesis 
raises the possibility that artefactual interactions could be detected 
between p53 and a HIS-tagged interacting partner, we attempted to 
demonstrate an interaction between p53DBD and an irrelevant protein 
that should have no biological purpose for an interaction with p53DBD. 
We chose green fluorescent protein (GFP) and investigated if we could 
detect an interaction between p53DBD (expressed in zinc supplemented 
medium) and a HIS-tagged GFP by in vitro coimmunoprecipitation. We 
also performed coimmunoprecipitations with p53DBD and nontagged-
GFP as well as nonspecific rabbit IgG to serve as negative controls. As 
we predicted, we detected an interaction between p53DBD and HIS-GFP 
that was enriched relative to the non-tagged-GFP and nonspecific IgG 
controls (Figure 4). Based on this result, we argue that HIS-tags on the 
interacting partner should be avoided when attempting to demonstrate 
an interaction with p53. Additionally, we conclude that a HIS-tag 
should be avoided in all experiments that involve p53 in general as it 
can have major effects on the consistency and validity of results.

Discussion
Utilization of HIS-tags for affinity chromatography and LB as 

E. coli growth medium are two commonly employed strategies for 
purification of recombinant proteins [36,39,40]. These strategies are 
widely used without consideration of the potential impact on the 
resulting protein. The HIS-tag is often left on proteins after purification 
as it is a small tag and generally viewed as inconsequential [36]. 
However, we demonstrate that the presence of the HIS-tag can have 
detrimental consequences when used in experiments involving a 
zinc finger containing protein. Furthermore, we emphasize that the 
components of the growth medium need to be considered in order to 
produce properly structured proteins. 

The typical composition of LB medium purchased from 
manufacturers is tryptone, yeast extract and NaCl [41]. These 
formulations contain only trace amounts of divalent cations including 
zinc. We demonstrate that a lack of zinc supplementation can affect the 
structure of recombinant p53DBD expressed in and purified from E. coli 
grown in medium such as LB, which contains only low concentrations 
of zinc. We observed a loss of NMR signal intensity when we compared 
p53DBD purified from E. coli grown in media that received zinc 
supplementation versus non-supplemented media. The loss of signal 
intensity observed is consistent with local structural perturbation that 
would be expected from a high degree of structural fluctuation of the 
L2 and L3 loops when zinc is not present [42]. The zinc ion present in 
the p53DBD is known to coordinate and stabilize these loops in order to 
form the DNA binding surface and in its absence the p53DBD binds DNA 
non-specifically [24]. Therefore, the presence of the zinc ion and thus 
the production of holo p53DBD is critical for site-specific DNA binding. 
Moreover, the increased structural fluctuation of p53DBD in the absence 
of zinc could affect the results of experiments testing for potential 
protein-protein interactions with p53. For the aforementioned reasons, 
we note that zinc supplementation of the media needs to be considered 
when drawing conclusions from in vitro experiments with purified 
recombinant p53DBD. If the media lacks zinc supplementation, then 
the experiment is likely testing apo p53DBD and the interpretations of 
the results need to be adjusted accordingly. In addition, it is important 
to note that excess concentrations of zinc should be avoided when 
handling this protein as excess zinc causes p53DBD precipitation [24].

We provide compelling evidence that the presence of the HIS-
tag on p53DBD is problematic as it promotes the precipitation and 
aggregation of p53DBD. We believe it is important to remove the HIS-
tag from p53DBD immediately after purification on a Ni-NTA column 
in order to avoid the negative consequences from the tag. Removal of 
the HIS-tag greatly improves the solubility of purified recombinant 
p53DBD. Beyond the problems that the HIS-tag causes for solubility, 
it also affects the reproducibility and accuracy of results. We showed 
that by simply adding a HIS-tag on GFP we can detect an interaction 
between p53DBD and GFP. The interaction between p53DBD and GFP 
was diminished in the absence of the HIS-tag. This result casts doubt 
on studies demonstrating a direct interaction between p53 and a HIS-
tagged protein [43-46]. The interactions shown in these experiments 
could result from a true direct interaction or from artificial dimer 
formation between the HIS-tag and p53 zinc finger. As additional 
pieces of evidence in support of the interaction are presented in these 
studies, it is likely that the direct interactions are real. However, we 
believe it is important that this caveat is reported in the literature so 
that researchers avoid uncertainty associated with using HIS-tagged 
proteins to study direct interactions with p53. Moreover, the protein 
aggregation observed in the presence of the HIS-tag could lead to a 
loss of the protein and erroneous negative results. Therefore, we urge 
researchers to refrain from using HIS-tagged proteins when studying 
p53. The HIS-tag should be avoided on p53 and on any other protein 
that is being studied in relation to p53 as the deleterious effects would 
occur in either scenario. Additionally, these results likely extend to and 
should be considered when working with any zinc finger containing 
protein. 

In conclusion, we believe that the HIS-tag and LB growth 
medium are widely used for recombinant protein purification without 
consideration of how their use affects the quality of the purified 
protein and the subsequent experimental results. The experiments 
demonstrating the negative impacts of the HIS-tag and growth medium 
lacking zinc supplementation on p53DBD purification are significant 
because they provide explicit evidence of how such seemingly minor 
details can greatly impact results. Quite often, researchers work quickly 
or work with what’s in solution when working with “intrinsically” 
unstable proteins to overcome stability issues. We counter that perhaps 
some of these proteins can be stabilized by simple inclusion of sufficient 
concentrations of divalent cations or removal of the HIS-tag.
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