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A tumor suppressor protein PTPN14 interacts with the oncoprotein E7 of human papillomaviruses, leading to its
proteasomal degradation. Introduction of F1044S, G1055Q, and E1095A mutations into its phosphatase domain
restored the antitumor activity by impairing the interaction with E7, showing the therapeutic potential of this mutant
form against human papillomavirus-involved cancers. In this study, the phosphatase domain of PTPN14 containing the
three mutations was produced in an Escherichia coli expression system, purified using Ni-NTA affinity and size exclusion
chromatographies, and then crystallized. X-ray diffraction data with a maximum resolution of 1.50 Å were successfully
collected, and a preliminary diffraction analysis was conducted. Our crystals belonged to the P 21 space group with unit cell
parameters of a = 43.9 Å, b = 74.3 Å, c = 47.8 Å, and β = 102.0°. The asymmetric unit contains one protein molecule with a
45% solvent content and a 2.2 Å3/Da Matthews coefficient.
INTRODUCTION
Classical protein tyrosine phosphatases (PTPs), which catalyze
the removal of a phosphate group from phosphorylated tyrosine
residues, can be divided into receptor-type PTPs localized to the
plasma membrane and nonreceptor-type PTPs that reside in the
cytoplasm (Tonks, 2006; Lee et al., 2015). PTPN14, also called
PTP-Pez, PTP36, or PTPD2, is a nonreceptor-type PTP. PTPN14
functions as a key regulator of the Hippo signaling pathway (Mello
et al., 2017), one of the central cascades controlling cellular
proliferation and apoptosis, and is intimately associated with
tumorigenesis (Saucedo and Edgar, 2007; Meng et al., 2016).
Numerous studies have indicated that PTPN14 is an important
tumor suppressor as it inhibits the oncogenic activity of yesassociated protein, the core downstream effector of the Hippo
cascade (Wang et al., 2012; Huang et al., 2013; Michaloglou et
al., 2013; Wilson et al., 2014). Furthermore, PTPN14 is targeted
for proteasome-mediated degradation by the oncoprotein E7
of human papillomaviruses, the causative agents of cervical
and other cancers (White et al., 2016; Szalmás et al., 2017).
Human papillomavirus E7 recognizes the phosphatase domain
of PTPN14 via direct binding; this was structurally determined by
X-ray crystallographic and small-angle X-ray scattering analyses
(Yun et al., 2019; Lee et al., 2021). The E7 binding-defective
mutant PTPN14 was prepared such that Phe1044, Gly1055,
and Glu1095 in the phosphatase domain were substituted with
serine, glutamine, and alanine, respectively (Yun et al., 2019).
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Subsequent biochemical and cellular analyses proved that this
mutant is resistant to degradation in HeLa cervical cancer cells
and effective in the suppression of cancer cell proliferation,
migration, and invasion (Yun et al., 2019). In other words,
PTPN14 with F1044S, G1055Q, and E1095A (SQA) mutations
was verified as an effective tumor suppressor; therefore, it
appears to have therapeutic potential against cervical cancer,
one of the most prevalent cancers in women (Bray et al., 2018).
In a first step to characterize this mutant protein at the atomic
level, we attempted to express, purify, and crystallize the
phosphatase domain of the SQA mutant form of PTPN14. We
obtained crystals diffracted to 1.50 Å resolution and conducted a
preliminary diffraction analysis.

RESULTS AND DISCUSSION
The phosphatase domain of human PTPN14 (residues 886−1187)
containing F1044S, G1055Q, and E1095A mutations, referred
to as PTPN14 PTP(SQA) in this manuscript, was cloned and
expressed in an Escherichia coli expression system (Table 1).
The recombinant PTPN14PTP(SQA) protein was purified using NiNTA affinity and size-exclusion chromatographies. Using the
final protein sample, sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed to visualize
its purity by Coomassie blue staining (Figure 1). The protein
band of PTPN14 PTP(SQA) appeared as a single band on the
SDS gel, located between the 35 kDa and 43 kDa molecular

Bio Design l Vol .9 l No.4 l Dec 30, 2021

63

Crystallization of PTPN14PTP(SQA)

weight standards on the SDS gel (Figure 1), consistent with
the calculated molecular weight (35.2 kDa) obtained from the
ExPASy server (https://web.expasy.org/cgi-bin/compute_pi/pi_
tool).
After purification, automated screening of protein crystallization
conditions was performed using the sitting drop vapor diffusion

TABLE 1 I PTPN14PTP(SQA) production information
Source organism

Human

DNA source

cDNA

Forward primer*

CGCGGCAGCCATATGGTTGATGCCACCCGG
GTTCCC

Reverse primer*

TGCGGCCGCAAGCTTTTAAATGAGTCTGGAG
TTTTGGAGGAA

Expression vector

pET28a

Expression host

E. coli BL21(DE3) RIL

SHMVDATRVPMDERFRTLKKKLEEGMVFTEYE
QIPKKKANGIFSTAALPENAERSRIREVVPYEEN
RVELIPTKENNTGYINASHIKVVVGGAEWHYIAT
QGPLPHTCHDFWQMVWEQGVNVIAMVTAEEE
Complete amino acid
GGRTKSHRYWPKLGSKHSSATYGKFKVTTKS
sequence of
RTDSVCYATTQLKVKHLLSGQERTVWHLQYTD
the construct produced**
WPDHGCPEDVQGFLSYLEAIQSVRRHTNSML
EGTKNRHPPIVVHCSAGVGRTGVLILSELMIYC
LEHNEKVEVPMMLRLLREQRMFMIQTIAQYKFV
YQVLIQFLQNSRLI
*Restriction enzyme sites in the primers (NdeI for forward and HindIII for reverse
primers) are underlined.
**The F1044S, G1055Q, and E1095A mutations are marked in red and
underlined.

method. Initial crystals were obtained using a 40 mg/ml protein
sample in C3 of a PEG/Ion Screen, containing 20% polyethylene
glycol (PEG) 3,350 and 200 mM sodium acetate trihydrate.
Crystals were optimized by altering the protein concentration
to 30 mg/ml and the sodium acetate trihydrate concentration
in the reservoir solution to 50 mM (Figure 2 and Table 2). X-ray
diffraction data to 1.50 Å resolution were collected on beamline
11C at the Pohang Accelerator Laboratory (PAL; Figure 3) (Park
et al., 2017). The space group of PTPN14PTP(SQA) crystals was
identified as P 21, with unit cell parameters of a = 43.9 Å, b = 74.3
Å, c = 47.8 Å, and β = 102.0°. The total number of reflections was
2,838,848, merged to 46,882 unique reflections, with a merging
R factor of 5.2% and a completeness value of 98.0%. The data
collection and processing statistics are presented in Table 3. A
single PTPN14PTP(SQA) molecule was presumed to be present
in an asymmetric unit, with the solvent content and Matthews
coefficient calculated as 45% and 2.2 Å 3/Da, respectively.
Structure determination is currently underway; the molecular
replacement method is employed using the phosphatase domain
structure of wild-type PTPN14 (PDB code: 2BZL) as a search
model.

METHODS
Preparation of recombinant protein
The fragment containing residues 886−1187 of human PTPN14
(GenBank accession number NP_005392.2) was amplified by

FIGURE 2 I Crystals of PTPN14 PTP(SQA). Initial (left) and optimized
(right) crystals are shown with scale bars indicating 0.1 mm.

TABLE 2 I Crystallization
Method

Sitting drop vapor diffusion

Plate type

96-well sitting drop crystallography plate

Temperature (K)

291

Protein concentration (mg/ml) 30

FIGURE 1 I Purified PTPN14 PTP(SQA). Recombinant PTPN14PTP(SQA)
purified using HiLoadTM 25/600 SuperdexTM 75pg column was visualized
on an SDS gel by Coomassie blue staining. An arrowhead indicates
PTPN14PTP(SQA), the calculated molecular weight of which is 35.2 kDa.
MW, molecular weight marker; kDa, kilodalton; A 280, absorbance values
at 280 nm; mAU, milli absorbance units.
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Buffer composition of
protein solution

50 mM Tris-HCl (pH 7.5), 200 mM NaCl,
and 2 mM dithiothreitol

Composition of
reservoir solution

20% (w/v) PEG 3,350 and 50 mM sodium
acetate trihydrate

Cryoprotectant

20% glycerol

Volume of drop (μl)

0.4 (protein:reservoir = 1:1)

Volume of reservoir (μl)

70
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TABLE 3 I Data collection and processing statistics
Diffraction source

Beamline 11C, PAL

Wavelength (Å)

0.9794

Temperature (K)

100

Space group

P 21

a, b, c (Å)

43.9, 74.3, 47.8

α, β, γ (°)

90, 102.0, 90

Resolution (Å)

50.0−1.5 (1.53−1.50)*

Total No. of reflections

2,838,848

No. of unique reflections

46,882

Completeness (%)

98.0 (97.6)

Rmerge (%)

5.2 (33.0)

Average I/σ(I)

27.6 (6.2)

Redundancy

6.1

*Values in parentheses are for the highest resolution shell.

FIGURE 3 I X-ray diffraction image. Representative X-ray diffraction
photograph of the PTPN14 PTP (SQA) cr ystal with a 1.0° oscillation
range. Circles represent resolution ranges as indicated. The maximum
resolution at the edge of the film is 1.4 Å.

polymerase chain reaction and cloned into the pET28a plasmid
(Novagen) using the forward and reverse primers described
in Table 1. It was used as the template to prepare the mutant
form of the PTPN14 PTP domain containing F1044S, G1055Q,
and E1095A substitutions. The resulting recombinant pET28a
plasmid was transformed into E. coli BL21(DE3) RIL (Novagen)
competent cells. The cells were cultured in Luria-Bertani broth at
37°C until the optical density at 600 nm reached 0.6. Expression
of PTPN14 PTP(SQA) was induced by treatment with 0.5 mM
isopropyl-β-D-thiogalactopyranoside. After incubation at 25°C
for 16 h, the cells were centrifuged at 1800 × g for 30 min at 4°C
and resuspended in a lysis buffer containing 50 mM Tris-HCl
(pH 7.5), 200 mM NaCl, and 3 mM β-mercaptoethanol (β-ME) for
sonication on ice. Cell debris was removed by centrifugation of
the cell lysates at 18000 × g for 50 min at 4°C. The supernatant
was loaded onto Ni-NTA agarose resin (QIAGEN), washed with a
wash buffer containing 50 mM Tris-HCl (pH 7.5), 200 mM NaCl,
3 mM β-ME, and 30 mM imidazole. A butter solution containing
50 mM Tris (pH 7.5), 200 mM NaCl, 3 mM β-ME, and 300 mM
imidazole was used for protein elution. The N-terminal His6-tag
was removed by thrombin treatment at 4°C for 16 h. The sample
was then subjected to a HiLoad TM 25/600 Superdex TM 75pg
column (GE Healthcare) equilibrated with a buffer containing 50
mM Tris-HCl (pH 7.5), 200 mM NaCl, and 2 mM dithiothreitol.
The purified protein was concentrated to 40 mg/ml for
crystallization.
Crystallization and X-ray data collection
Protein crystallization conditions were screened using
commercial solutions. On day 3, initial crystals grew under
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the C3 condition of the PEG/Ion Screen (Hampton Research),
containing 20% PEG 3,350 and 200 mM sodium acetate
trihydrate. Improved crystals were obtained by altering the
protein concentration from 40 to 30 mg/ml and the reservoir
solution composition to 20% PEG 3,350 and 50 mM sodium
acetate trihydrate, as described in Table 2. X-ray diffraction data
were collected on beamline 11C at PAL (Park et al., 2017) and
processed using HKL 2000 (Otwinowski and Minor, 1997), as
summarized in Table 3.
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