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ABSTRACT
Protein tyrosine phosphatases constitute a family of cytosolic and receptor-like signal transducing
enzymes that catalyze the hydrolysis of phospho-tyrosine residues of phosphorylated proteins. PTP1B,
encoded by PTPN1, is a key negative regulator of insulin and leptin receptor signaling, linking it to two
widespread diseases: type 2 diabetes mellitus and obesity. Here, we present crystal structures of the
PTP1B apo-enzyme and a complex with a newly identified allosteric inhibitor, 2-(2,5-dimethyl-pyrrol-1-yl)-
5-hydroxy-benzoic acid, designated as P00058. The inhibitor binding site is located about 18Å away from
the active center. However, the inhibitor causes significant re-arrangements in the active center of
enzyme: residues 45–50 of catalytic Tyr-loop are shifted at their Ca-atom positions by 2.6 to 5.8Å. We
have identified an event of allosteric signal transfer from the inhibitor to the catalytic area using molecu-
lar dynamic simulation. Analyzing change of complex structure along the fluctuation trajectory we have
found the large Ca-atom shifts in external strand, residues 25–40, which occur at the same time with the
shifts in adjacent catalytic p-Tyr-loop. Coming of the signal to this loop arises due to dynamic fluctuation
of protein structure at about 4.0 nanoseconds after the inhibitor takes up its space.

Abbreviations: PTP: protein tyrosine phosphatase; P00058: 2-(2,5-dimethyl-pyrrol-1-yl)-5-hydroxy-ben-
zoic acid, inhibitor;; pNPP: para-nitrophenol phosphate, used as substrate in measuring of activity of
PTP’s;; MDS: molecular dynamics simulation.
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1. Introduction

Protein tyrosine phosphatases (PTPs) constitute a superfamily
of transmembrane, receptor-like (RPTPs) and non-transmem-
brane signal transducing enzymes that catalyze dephosphor-
ylation of protein phospho-tyrosine residues. These enzymes
have one or two homologous catalytic domains (Zhang,
2003) featuring the hallmark active site sequence Cys X5 Arg,
also known as the PTP signature motif. PTPs are key regula-
tory components in signal transduction pathways, and they
control multiple signaling pathways in the cell by antagoniz-
ing the phosphorylation of tyrosine residues by protein tyro-
sine kinases (PTKs). PTP1B, the first PTP identified, plays a
key role as a negative regulator of insulin and leptin receptor
signaling, which are responsible for glucose and energy
metabolism as shown in Figure 1 (Zhang & Zhang, 2007). It
is therefore involved in various fundamental processes, such
as cell growth, proliferation, differentiation and survival or
apoptosis, as well as cell adhesion and motility (Hunter,

2000). PTP1B also is implicated in the regulation of diverse
signaling pathways controlling inflammation and immunity
in myeloid and lymphoid cells (Feldhammer et al., 2013), is
required for HER2þ breast carcinogenesis, plays a role in the
hypoxia response (Banh et al., 2016), and recently was identi-
fied as a potential therapeutic target in Rett syndrome
(Krishnan et al., 2015). Consequently, cellular pathways regu-
lated by tyrosine phosphorylation are well established as a
rich source of drug targets for the development of novel
therapeutics.

More than three hundred crystal structures of human p-
Tyr PTP1B alone and in complexes with various inhibitors
can be found in the Protein Data Bank (Berman et al., 2000).
The first structure was determined at 2.8 Å resolution in the
pioneering work of Barford et al. (1994) and Jia et al. (1995).
Later the analysis was expanded to higher resolution, which
– together with crystal structures of two transition state ana-
logs (Brandao et al., 2010) – added significant detail to the
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originally proposed catalytic mechanism (Pannifer et al.,
1998). The catalytic site extends for more than 7Å around
the central catalytic residue, Cys215, which executes a
nucleophilic attack on substrate phospho-tyrosine residues.
At least twelve additional amino acids are involved in PTP1B
catalysis. The large size of the catalytic site reflects two steps
of the reaction during which a certain number of specific
functions must be performed (Figure 2). Those are the sub-
strate-binding p-Tyr-recognition loop, residues 45–50; the P-
loop, 215–222, which includes the nucleophile Cys215,
Ser222, and Arg221, involved in binding the PO4 group and
in transition state stabilization; the WPD-loop, comprising
residues179–187, which alternates between open and closed
conformations and is responsible for activating the catalytic
water molecule, and the Q-loop (residues 261–262), which is
active in the second step of catalysis (Brandao et al., 2010).

Here, we present two crystal structures of human PTP1B
at atomic resolution, the apo-enzyme and its complex with a
novel allosteric inhibitor P00058, 2-(2,5-dimethyl-pyrrol-1-yl)-
5-hydroxy-benzoic acid. We have observed and analyzed
changes in the protein main-chain conformations in
extended loops that form part of the active site or are
located close to it. The results establish the structural effects
of the newly described inhibitor and explain how they influ-
ence the catalytic reaction.

2. Material and methods

2.1. Cloning

The catalytic domain (1-321aa; 37 kDa MW) of the human
PTP1B was PCR-amplified from PTPN1 cDNA (Life
Technologies/Invitrogen; cDNA clone MGC:23121) with a set
of custom-designed primers. The PCR product was cloned
into a modified pET15b vector (EMD Novagen) that gener-
ates a fusion protein with an N-terminal hexa-histidine tag.
Mutations were introduced by site-directed mutagenesis with
specifically designed primers carrying one substitution each.
Pfu Ultra II high fidelity DNA polymerase (Stratagene) was
used for mutagenesis PCR. The original DNA was removed
by addition of DpnI restriction enzyme (NEB). All constructs
were verified by Sanger sequencing.

2.2. Expression and purification

The expression vector was transformed into E. coli BL-
21(DE3) Gold (Stratagene, La Jolla, CA). Cells were grown in
standard LB broth (Sigma-Aldrich) supplemented with 50mg/
L kanamycin in 1 L Tunair flasks at 37 �C to an OD600 of 0.6.
The temperature was then lowered to 30 �C, and IPTG was
added to a concentration of 0.5mM. After 3 h, cells were har-
vested by centrifugation, flash-frozen in liquid nitrogen, and
stored at �80 �C.

When needed, cells were thawed on ice and resuspended
in binding buffer (100mM HEPES, pH 7.5, 500mM NaCl, 5%
glycerol, 0.2mM tris(2-carboxyethyl)phosphine [TCEP]) sup-
plemented with 0.5% CHAPS, phenylmethylsulfonylfluoride,
and benzamidine. After disruption by sonication and centri-
fugation at 60,000 g for 40min, the cell-free extracts were
passed through a DE-52 column (5� 7.5 cm) pre-equilibrated
with the same buffer followed by a gravity-loaded 10-mL Ni-
nitrilotriacetic acid (NTA) column (Qiagen, Germantown, MD).
This column was washed with 10-15 column volumes (CV) of
wash buffer (100mM HEPES, pH 7.5, 500mM NaCl, 5% gly-
cerol, 25mM imidazole, and 0.2mM TCEP) supplemented
with 0.5% CHAPS, followed by 10 CV of wash buffer. The
His6-tagged protein was eluted in the same buffer containing
250mM imidazole. This sample was concentrated using a
VIVASpin unit (Sartorius NA, Edgewood, NY) and loaded onto
a Superdex 200 column (2.6� 60 cm; GE Healthcare) equili-
brated with gel filtration buffer (10mM HEPES, pH 7.5,
100mM NaCl, 0.2mM TCEP). Elution was carried out at a
flow rate of 2.5mL/min at 8 �C and PTP1B was eluted as an
apparent monomer. This sample was concentrated to 34mg/
mL and divided into 1.25mg aliquots, immediately flash-fro-
zen, and stored at �80 �C.

2.3. Crystallization

PTP1B crystals were grown in Intelliplates at 4 �C using the
vapor diffusion method (Hampton Research, Aliso Viejo, CA,
USA) and a protein concentration of 15mg/mL. The buffer
composition was 10mM HEPES (pH 7.5), 100mM NaCl, and
0.2mM TCEP. The sitting drops were equilibrated against a
reservoir solution of 0.2M MgCl2, 0.1M HEPES at pH 6.8 con-
taining 16% PEG3350. PTP1B crystallized in hexagonal prisms
of more than 200 microns in length. These crystals were
robust enough to persist for over eight months without any
appreciable change in diffraction quality. The crystals were
flash-frozen in liquid nitrogen in a solution consisting of
mother liquor supplemented with 20% DMSO. Crystals of
both the apo-form and the inhibitor complex belong to
space group P3121 with one protein molecule per asymmet-
ric unit, the same space group and unit cell parameters as
the crystals studied in the first structural work of human
PTP1B (Barford et al., 1994).

2.4. Inhibitor search and co-crystallization

Our search for activity-regulating ligands of PTP1B concen-
trated on 14 compounds whose chemical formulas include

Figure 1. The role of human protein tyrosine phosphatase PTP1B in insulin and
leptin signaling. The diagram is taken from Zhang and Zhang (2007), and
slightly modified.
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one to four benzyl rings and one pyrrole ring. Seven of these
compounds were confirmed as PTP inhibitors. Soaking
experiments were performed at room temperature employ-
ing inhibitor concentrations between 100 lM and 200 lM
ranging from 1h or 2 h to 20 h. Only one compound dis-
played clear electron density in its binding site, the pyrrol
derivative of benzoic acid, 2-(2,5-dimethyl-pyrrol-1-yl)-5-
hydroxy-benzoic acid, hereafter termed P00058. In the PDB
file this compound is denoted as transducing signal transfer,
TST. Its chemical formula and inhibition kinetics are pre-
sented in Figure 3. Crystals of the PTPB1-P00058 complex
were obtained by soaking enzyme crystals in 200mM inhibi-
tor at room temperature for 80 mins.

The choice of taking P00058 as a suitable compound for
solution is determined by the task of the work where we
have paid special attention to the question of signal transfer.
It is known that this compound has been used and it is a
part of large collections of trial inhibitors (Eswaran et al.,
2006). Its detailed structure as an inhibitor has not been yet
studied. We have found that P00058 is bound with apo-
enzyme although it is not a strong inhibitor. In compare
with other checked compound it has structure of rather
small size. So we have found it is rather suitable inhibitor
which seems not to be produced large disturbance around
of binding place.

2.5. Assay and kinetic experiments

The p-nitrophenyl phosphate (pNPP) assays were conducted
with 215 nM PTP1B in 25mM HEPES (pH 7.4), 100mM NaCl,
1mM DTT and 1mM EDTA using 0–1mM P00058 and
0–20mM pNPP. The absorbance of the chromogenic product
was measured at 405 nm. P00058 was determined to have
an IC50 of 500 mM using a pNPP assay. Further kinetic analysis

demonstrated that P00058 non-competitively inhibits PTP1B
enzymatic activity as shown in the Lineweaver-Burk plot
(Figure 3). The measured value IC50 of 500 mmol shows that
inhibitor P00058 is rather weak. However, it is suitable for
solving of our task. Final decision has been done after evalu-
ation of kinetic and crystallographic data. It was shown that
it is classic allosteric inhibitor with a single binding site.

2.6. Structure determination and
crystallographic refinement

X-ray diffraction data for both the apo-form of the protein
and its complex with inhibitor were collected at 100�K on
beamline 31-ID (LRL-CAT) at the Advanced Photon Source,
Argonne National Laboratory, using a MAR165 detector. The
autoPROC toolbox was used for the X-ray data processing
(Vonrhein et al., 2011). The human PTP1B apo-structure was
determined by the difference Fourier method using as start-
ing model the structure with PDB code 2HNP (Barford et al.,
1994). Following several alternating cycles of restrained
refinement, the improved model revealed clear electron
density allowing the placement of ordered solvent mole-
cules. The crystal structures of apo-PTP1B and PTP1B/P00058
were refined with iterative cycles of manually rebuilding
models and crystallographic refinement using the programs
COOT (Emsley et al., 2010) and BUSTER (Bricogne et al.,
2011). During the final cycles of model building, TLS param-
eterization (Schomaker & Trueblood, 1968) was included in
the refinement, which comprised one protein chain, a Mg2þ

ion, an inhibitor molecule, several solvent molecules and a
number of structural water molecules. Details of data collec-
tion and refinement statistics are provided in Table 1.

2.7. Protein main-chain shift induced by P00058

Main-chain atom shifts were identified by Ca-atoms shifts in
complex of PTP1B with inhibitor compared to the apo-pro-
tein structure with the help of software package COOT.
Changes in surface side-chains in MDS computational experi-
ment were evaluated by analysis of the surface electrostatic
potentials generated by PyMol (DeLano et al., 2000).

2.8. Molecular dynamics simulation

In order to understand how the local conformational
changes transfer from the binding site of inhibitor to the
active site, we have used the molecular dynamics simulation
approach. The starting apo-enzyme model has been

Figure 2. Two-step mechanism of dephosphorylation as catalyzed by PTP1B. The diagram is taken from Brandao et al. (2010), with slight modifications.

Figure 3. Inhibition kinetics of P00058. A: Chemical formula of P00058. B:
Lineweaver-Burk plot confirms the non-competitive nature of the inhibition of
the human protein tyrosine phosphatase PTP1B by P00058; IC50 ¼500 mM.
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constructed from the above crystal structures of non-hydro-
gen protein atoms. At first, it has been completed by the
side-chains for a few absent surface residues. Then, the pro-
tein molecule have been completed with the corresponding
hydrogen atoms. And finally, the protein has been sur-
rounded approximately by seven layers of water molecules.
The system state of relaxation trajectory has been saved at
time points of 10 ps. We can consider in detail all the con-
formational changes which are occurred in the protein mol-
ecule. During the relaxation process the atoms are shifted
and some large external parts of protein structure can be
deformed and shifted as a whole. Thus, the correct compari-
son of two selected at different time points structures
requires us to place each of them in the internal coordinate
system. In this system the principal axes of the molecules
were determined by calculation of its ellipsoid of inertia, and
the origin was placed in the center of masses of the mol-
ecule. This important transformation has been applied for
each sequential point of trajectory and for correct superpos-
ition of structure from two points in time. Also, a procedure
for aligning two proteins was used also in PyMol program
(DeLano et al., 2000).

The computational calculations have been carried out
with the help of programs based on the MDS standard soft-
ware PUMA (Lemak & Balabaev, 1995, 1996) and modified by
us PUMA-CUDA which is compatible with supercomputer
code signs. Force field AMBER (Wang et al., 2000) was used
as well as the program to generate the water medium model
TIP3P (Mahoney & Jorgensen, 2000). The resulting trajectories
of molecular dynamics were investigated by the Trajectory
Analyzer of Molecular Dynamics TAMD (Likhachev et al.,
2016; Likhachev & Balabaev, 2007; 2009). We do not pretend
to study the longer process of protein folding which occurs
in 1–10ms time scales (Klepeis et al., 2009). As usually, at
docking analysis the significant changes are observed in

protein-ligand complexes for a time scale of 10 ns (see, for
example, Baskaran et al., 2012). For our aims we have used
time up to about 25 ns.

The molecular dynamic model for study the relaxation of
the protein complex at binding allosteric inhibitor has been
built as follows.

� Initial apo-protein model has been based on the coordi-
nates taken from high resolution crystal structure. The
protein was then sunk into seven surrounding water
layers and relaxed during 24ns.

� The relaxation process of model docking was divided into
several stages. The model of inhibitor was taken from the
crystal of the complex and then was placed out of pro-
tein surface at about 8Å (Figure 4). For the inhibitor the
force field AMBER has been applied (Wang et al., 2000).

A steering docking is described below. At the first stage,
0–16ps, we fixed the protein coordinates, but allowed to
move the inhibitor under control of the steering potential in
order to place it into already known binding site. At the
second stage, 16–100ps, the protein with inhibitor at binding
site begins to relax with the steering potential. At the last
stage, 100–24000ps, the protein complex was relaxed with
the standard potentials for protein and inhibitor. Renewing
of the data in docking has been done each 0.1ps, and the
data for trajectory output were escaped each 10ps.

3. Results and discussion

3.1. Structures of human PTP1B apo-protein and its
complex with P00058

The human PTP1B fragment studied here lacks the C-ter-
minus of full length PTP1B and includes 321 amino acids

Table 1. Crystallographic data and refinement statistics for the human protein tyrosine phosphatase PTP1B and its complex
with allosteric inhibitor P00058.

Data PTP1B apo-form PTP1B with P00058

Data collection
Wavelength (Å) 0.97929 0.97929
Resolution range (Å) 76.52� 1.77 (1.78� 1.77) 76.47� 1.84 (1.85� 1.84)
Space group P3121 P3121
Unit cell parameters a, c (Å) 88.35, 104.74 88.30, 104.79
Number of reflections 46,463 40,071
Completeness (%) 99.9 96.4
Data cutoff (rI) 0.0 0.0

Refinement and structure statistics
Rwork 0.199 (0.212) 0.196 (0.212)
Rfree 0.212 (0.299) 0.205 (0.225)

RMS deviations of coordinate error
from Luzzati plot (Å)

0.23 0.21

RMS deviations from ideal geometry
Bond lengths (Å) 0.008 0.008
Bond angles (�) 0.920 0.950

Numbers of atoms
Protein non-H atoms 2,348 2,317
Water oxygen atoms 135 118
Salt heterogenic atoms C, O, N 12 None
Metal ion (Mg2þ) 1 1
P00058 non-H atoms None 17

Ramachandran plot statistics
Disallowed regions None None

ID Protein Data Bank 7KEY 7KLX

Note. Statistics for highest resolution shell are shown in parentheses.
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with molecular weight of 37 kDa. For both apo-PTP1B and its
complex with P00058, we were only able to see electron
density for residues 3–281 because the mobile C-terminal 40
residues cannot be properly defined. Pathways for the main
peptide chains are very similar in both structures with small
changes in some loops, particularly the catalytic p-Tyr- and
WPD-loops (Figure 5). Furthermore, we can see essential re-
arrangements in the surface side-chains. The whole molecule
contains seven a-helixes and nine b-strands ranging from 5
to 10 residues in length. Each structure contains one Mg2þ

ion situated near the side-chains of Glu129 and Glu130. In
the PTP1B family the conserved part of human PTP1B
sequence comprises residues 30 to 278, and it is found in all
protein groups of the PTP superfamily (Barford et al., 1994;
Zhang, 2003). Notably, PTP1B belongs to those proteins that
have swap domains (Lafita et al., 2019). Formally, we can
describe the structure of human PTP1B as consisting of two
blocks. The first includes residues 86–203 with secondary
structure components a-6b-a. The second includes residues
221–281 within three a-helixes at the C-terminal part of
the molecule.

The binding site of inhibitor P00058 is located at the
external part of the molecule between the extended b-sheet

and a-helix 188–199 (Figure 5) and is situated approximately
18 Å away from the catalytic Cys215 at the opposite side of
the enzyme molecule. P00058 binds to PTP1B via hydrogen
bonding to the side-chains of Lys197 as well as a number of
non-polar contacts.

3.2. Changes in PTP1B structure induced by allosteric
inhibitor P00058

At first, we consider changes in the protein main-chain,
namely the shifts in Ca-atoms, that occur in the inhibitor
complex compared with the apo-protein (Figure 6(a)). The
largest shifts are in residues 45–50, whose Ca-atoms vary
between 0.2 Å and 5.8 Å (Figure 6(b, c)). These residues cor-
respond exactly to the p-Tyr-loop and play a key role in the
first step of catalysis where the substrate tyrosine phosphate
is captured and the covalent intermediate is formed.
Notably, the orientation of the phenyl ring in Tyr46 changes
dramatically. We also observed much smaller Ca-shifts in the
vicinity of the catalytically important WPD-loop, in which res-
idues 185 and 186 shift by 0.31 and 0.43 Å, respectively. The
rest of the protein chain has an average shift of 0.12 Å, vary-
ing from 0.09 to 0.25 Å. There is only one notable exception,

Figure 4. Model of human PTP1B in water medium at the initial stage of relaxation (left).
Model of complex with P00058 at the initial docking stage without water for clarity (right).

Figure 5. Ribbon view of complex of human PTP1B with allosteric inhibitor P00058. A: The three loops related to the active site are marked in red and labelled. B:
Conformations of inhibitor P00058 and surrounding amino acid residues 195–201 of the protein a-helix. Distances of hydrogen bonds are in Å and indicated by
dashed lines.
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the N-terminal helix, where Ca-atoms of residues 3–9 shift by
0.2 to 0.8 Å.

More changes are observed in the conformations of side
chain surface residues. In globular proteins around 60% of
amino acids are accessible to solvent. Most of these residues
are hydrophilic, polar, or charged, and potentially very
mobile. We estimate that P00058 binding induces a change
in approximately 12% of the protein surface of PTP1B. Most

of these occur on the ‘front’ side of the enzyme where the
active site is located as shown in Figure 7, whereas the ‘back’
side remains largely unchanged. Interestingly, an extended
positively charged (blue) arch with the catalytic Cys215 of
the P-loop at the bottom of a shallow cleft on its center
remains unchanged. The most significant change is observed
in an adjoining large, negatively charged (red) region, indi-
cated by arrow 1 in Figures 7(c) and 7(d). This change

Figure 6. A: Superposition of ribbon diagrams of the apo-form (green) and its complex with inhibitor (red) of the human PTP1B with P00058. The most substantial
deviation is found for the p-Tyr-loop. In this view, the binding site of the inhibitor is located behind the protein molecule. B: Shift of the catalytic p-Tyr-loops of
human PTP1B, residues 45–50, induced by contact with inhibitor. C: Shifts of Ca-atom positions, in Å, as a function of residue number.

Figure 7. Changes in the structure of human PTP1B induced by the allosteric inhibitor P00058. (A) Apo-protein and (B) complex with inhibitor P00058. The catalyt-
ically related p-Tyr-loops Arg45-Ser50 are shown as black arches. Electrostatic potential surfaces of (C) apo-protein and (D) complex with the inhibitor. Red color
corresponds to the negative potential, blue color – to the positive one. Four black arrows point to the regions of surface that change in the complex with inhibitor.
The bent black arrow situated between arrows 1 and 2 indicates the direction of the structural changes that are transmitted to the catalytic p-Tyr-loop.
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Figure 8. Relaxation trajectories of the apo-structure of human PTP1B for the polar Coulomb electrostatic and non-polar Van der Waals parts of energy. Initial
model was taken from the crystal apo-protein structure immersed in the water media. Red overlay shows an averaged value taken with 5ps averaged time points.

Figure 9. Changes in the protein structure of human PTP1B and the Ca-shifts at some time pair moments in the complex of protein after the binding of allosteric
inhibitor P00058 at the beginning time course.
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reflects a rearrangement of the extended chain segment
28–33 containing the charged residues Asp29 and Arg33.
Through transfer disturbance, these residues change their
conformations, which results in the view of the surface elec-
trostatic potential.

3.3. Molecular dynamics simulation of human PTP1P in
complex with inhibitor

Tracing of relaxation trajectory of the electrostatic Coulomb
and non-polar Van der Waals parts of energy for the protein
model of human PTP1B apo-form in water medium are pre-
sented in Figure 8. The initial part of trajectory, from 0 up to
1500ps, is related a structure refinement of the protein mol-
ecule with the numerous hydrogen atoms including a few
layers of water molecules. The rest part of trajectory demon-
strates the fluctuation of energy values. Generally, other pro-
tein structure show the similar relaxation trajectories.

We can now describe the structural changes in the com-
plex of apo-protein with inhibitor after binding the inhibitor.
We analyzed the local changes in protein main-chain which
have been observed as the shifts of Ca-atoms taken for two
selected time moments. We have considered such structural
changes along the time axis using small intervals, each 10ps,
each 100ps, and the large ones, each 1000ps. Generally,
event sequence can be described as follows. In the first
moments, 0–200ps, the averaged background Ca-shifts
equals to about 0.6 Å and slightly increase to 0.8–1.2 Å at
4000–7000ps. Beginning from 200 up to 24000ps we have

also observed a large increase of Ca-shifts only for some lim-
ited groups of residues, from 3.5 to 6.0 Å, with only one
exception, from 7.0 to 8.0 Å, at time moment nearly 4000ps.
Looking at the protein structure we have observed that the
changes occur in definite external parts of protein molecule
in different time. The distinctive Ca-shifts and their vector in
the protein structure are presented for some time pair
moments in Figures 9 and 10.

Traveling along the trajectory, we have found appearance
of slightly different kinds of protein structures with displace-
ment of some groups of atoms mostly on the protein sur-
face. There are no sequential connections between these
structures. One distinctive of them has been found for time
moment pair 3000–4000ps, it is presented in Figure 10.
Large Ca-shifts of elongated strand 25–40 occur at the same
time with that of adjacent contacting catalytic p-Tyr-loop,
residues 45–50. In fact, this is the main result seen from MDS
experiment for binding of allosteric inhibitor to the enzyme.
Now we could answer the question - how conformational
signal transfers from inhibitor to catalytic center. The protein
molecule generates such a signal due to dynamic fluctuation
of protein structure at about 4000ps time moment after the
inhibitor takes up its space. The Ca-shifts in p-Tyr-loop and
adjacent contacting strand are presented in more details in
Figure 11. The maximal shifts appear in two parts of the pro-
tein main-chain exactly in the same time pair moments,
3000–4000ps. Correspondingly, changes are arousing in cata-
lytic p-Tyr-loop in two functional states of enzyme, before
and after binding the inhibitor, as shown in Figure 12. We

Figure 10. Changes in the protein structure of human PTP1B and the Ca-shifts at some time pair moments in the complex of protein after binding of allosteric
inhibitor P00058. Marked in black residue vector shifts at 3000–4000ps time pair are connected with two functionally important parts of enzyme, before and after
binding the inhibitor.
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have checked the Ca-shifts of p-Tyr-loop and found that
they remains the same up to observed 24.0 ns.

We consider now the changes of protein surface side-
chains. Mostly such residues are related to the polar and
charged residues and have been clearly seen on the protein
surface in the view of surface electrostatic potential (Figure
7). In fact, we have already observed strong displacement of
the elongated chain segment 28–33 with the charged resi-
dues Asp29 and Arg33 in crystal structure of the complex
(see arrow 1 in Figure 7(c, d)). This is confirmed now by the
current result taken with the molecular dynamic simulation.
Preliminary analysis of the surface side-chains changes of the
whole protein shows that in compare with Ca-shifts an
amount of surface residues are two times more as wells an
average shifts increase twice or even more.

4. Conclusion

Comparison of the crystal structures of the apo and complex
of human PTP1B with allosteric inhibitor has revealed

distinctive changes in polypeptide chain pathways and corre-
sponding surface polar side-chains. And this occurred despite
the inhibitor was rather weak, it had very small size, and has
been removed at about 18 Å from the catalytic loop. Most
significant change is connected with catalytic recognition p-
Tyr-loop, and adjacent elongated strand which result an allo-
steric inhibition of enzyme. We have faced here with the
novel scientific task to know how conformational signal
transfers from the inhibitor binding site to the catalytic cen-
ter. We have studied this by analyzing the molecular
dynamic of the enzyme after inhibitor takes up its space. The
summary of observed scenario of distortion of catalytic loop
is described shortly here. During the fluctuation in water
medium the slightly changed variants of protein structure
have been observed. One of them displays a distinctive
changes which results the shift of catalytic p-Tyr-loop pos-
ition, the same as observed in the crystal of complex.
Analyzing the molecular dynamic trajectory we have con-
cluded that no specific way of signal transfer has been
observed. And that is related to the main protein chain as
well as to the surface side-chains. Important distortion of

Figure 11. Ca-shifts in catalytic p-Tyr-loop (a) and adjacent contacting strand (b) taken from the molecular dynamic trajectory of human PTP1B complex with allo-
steric inhibitor P00058. Arrows shows the maxima of Ca-shifts rising for the same time pair moments 3.0–4.0 nanoseconds. Note that Ca-shift scale (a) twice less in
compare with scale (b).

Figure 12. Conformation of catalytic p-Tyr-loop (a) in two functional states of enzyme: before (green) and after binding the inhibitor (red color). Ca-shifts of resi-
dues 44–50 of the loop (b). The apo and complex structures have been taken at 0 and 4000ps, correspondingly.
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some key catalytic atomic groups is arising solely due to the
conformational shifts of the neighbor protein segments in
the process of molecular fluctuation.

It is important to note that the observed here process is spe-
cific for the structure of definite protein. However, the common
‘scenario of distortion’ of active site suggests to be general, and
it is determined by the molecular dynamic features of the pro-
tein structure in complex with allosteric inhibitor.
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