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ANALYSIS OF CONFORMATIONAL FLEXIBILITY OF LOOP 110-120
OF PROTEIN TYROSINE PHOSPHATASE 1B
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Conformations of the catalytic center of protein tyrosine phosphatase 1B (PTPIB) and surrounding loops
are known to be important in catalysis and inhibition of the enzyme. There were 98 conformations from 88 PDB
files representing PTPIB with different ligands which were analyzed to investigate the details of loop 110-120
movement and mobility of separate residues. The differences were identified by a special software tool which
performs multiple comparisons of selected parts of PDB files. The conformations were divided into 6 clusters.
1t was found that the loop formed by residues 110-120 can be characterized by four main conformations. Pre-
dominantly, the loop 110-120 adopts the main conformation and keeps it during WPD loop movement. Three
other conformations appear to be stabilized in case of closed WPD loop and seem to be favorable for PTPIB
with subunit structure.
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docking.

ore than a hundred protein tyrosine
M phosphatases can function either as neg-
ative or positive modulators in various
signal transduction metabolic routes in the human
organism [1]. Phosphorylation and dephosphoryla-
tion of protein residues in the living cell catalyzed
by protein tyrosine phosphatases is known to be
a key to regulating the biochemical processes.
Cellular metabolic routes controlled by tyrosine
dephosphorylation offer a wide range of drug tar-
gets for developing novel therapeutics [2]. Intracel-
lular protein tyrosine phosphatase 1B (EC 3.1.3.48)
implicated in insulin receptor dephosphorylation
is considered as a negative regulator of insulin
signal transduction and can also dephosphorylate
the leptin receptor-associated kinase [3]. Therefore
PTPIB is one of the most promising therapeutic
targets for potential treatment of type 2 diabetes
and obesity [4]. There is growing interest in de-
veloping of potent and selective inhibitors for this
enzyme [5, 6], especially derivatives of carboxylic,
phosphonic, sulfonic acids, heterocyclic and other
compounds, which have been identified as PTP1B
inhibitors [7, 8]. A lot of active compounds have
been studied by using computer-based approaches,
including molecular docking. Docking results were
also used to understand detailed mechanisms of
inhibitor binding to the enzyme [9, 10].
Flexibility of proteins is an intrinsic property
of biological importance being involved in cataly-
sis, as well as substrate recognition or inhibitor
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binding [11]. Conformational features of WPD
loop Thrl77-Prol85), R-loop (Valll3-Serll8)
and S-loop (Vall98-Gly209) of PTP1B provide a
smooth entrance and favorable microenvironment
for the substrates and inhibitors moving into the
binding pocket [12]. It is known that at least WPD
loop is a great challenge for computer modeling of
enzyme-inhibitor complexes. There are more than
100 PDB files in the RSCB Protein Data Bank
[13] which represent this enzyme with different
inhibitors. In this case an investigator is able to
analyze these conformations of binding site and
find the most representative among them. As more
and more data appear for different ligand-enzyme
complexes, this approach becomes more and more
feasible.

In our previous work [14] a special tool for the
analysis of experimental conformations of the ac-
tive site of PTP1B was used. The analyzed fragment
included the vicinity of catalytic Cys215, WPD
loop and a secondary binding site (Arg24, His25,
Ala27, Phe52, Arg254, Met258 and Gly259). It was
found that almost all of the most mobile residues
belong to the flexible WPD-loop. Lys120 appeared
to be highly mobile (RMSD deviation over 109
conformations 2.53A). Lysl20 is positioned near
the R-loop, which has been identified as an im-
portant structural feature of PTPIB from molecu-
lar dynamic study [15] and these flexible residues
were also referred to as loop 110-120 [16]. WPD
loop and loop 110-120 look like two large “paws”
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protecting the entrance to the catalytic pocket
(Fig. 1).

High mobility of Lys120 [14] which is located
at the beginning of the loop supports an idea that
the loop 110-120 is flexible and may probably play
an important role in the functioning of PTP1B [15].
We have already used 32 residues in both catalytic
and vicinal binding sites of PTP1B of chain A of
1Q6T [17] alongside with the residues of the WPD
loop as a template to find in all other files. In this
paper the fragment was extended by adding the
loop 110-120 and neighboring residues 121-125 to
analyze the molecular details of the loop 110-120
movement and mobility of separate residues of this
loop of PTP1B.

Methods

Analysis of crystal structures of PTP1B was
carried out using a special software tool created
by the authors [14]. The program ACTPDBCMP
(Active Part of PDB Comparison) finds a specified
fragment in all PDB files, builds a distance matrix
of the found fragments (RMSD of all atoms of the
fragment) and later performs hierarchical cluster
analysis. The centroids of the found clusters rep-
resent the most typical conformations of the frag-
ment’s residues.

A total of 113 PDB files were selected by
‘PTPIB’ query from the RSCB Protein Data
Bank. Twenty five files have not been accepted by

our software. Some of them had mutations in their
active site regions, some were not in fact PTP1B
(for example, 2FET), and the other lacked some
residues. Ninety eight fragments (sites) were found
in the 88 remaining PDB files.

Swiss PDB-Viewer [18] and Ligplot [19] were
used for visualization.

Results and Discussion

Using the database from 88 PDB files, we
have determined the mobility of amino acid resi-
dues of PTP1B. Root mean square deviations for
all residues belonging to the examined part of
the PTPIB chain are given in Table 1. The data
demonstrate essential contribution of 110-120 ami-
no acid residues to the total variability of confor-
mations. Apart from absolute and relative average
deviations, maximal and minimal values with cor-
responding pairs of crystal structures are present-
ed. As shown in Table 1, the most mobile residues
are Glull5, Leull9, Serll8, Lys120, Glyl17 and
Metl14, located in the middle and on one side of
this loop. In comparison with this, the flexibility
of residues on the other side of the loop (Argll2,
Asnll1l and Vall13) is significantly lower. Modera-
te changes are observed for Leull0 being placed
at the end of the list. It should be mentioned that
Leull9 is considered to be selectivity determinant
between PTPIB and TC-PTP [16]. This residue
can interact with bulky inhibitors and its mobility

Active site
(Cys215)
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Loop 110-120

Fig. 1. WPD loop (open conformation) and loop 110-120 (standard conformation) seem to protect the entrance

to the active site of PTPIB (1PHO0)
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Table 1. Analyzed amino acid residues sorted by their mobility ¢

Residue | RMSD, | RMSD, | RMop, | MaxPDB | UL | Min. PDB files
A % A files RMSD A RMSD
Phel82 4.64 100.0 9.43 1Q6T-B  1JF7 0.04 2F71 2F6V
Lysl16 4.00 86.3 11.73 1Q6N 1BZH 0.06 20BS  2QBQ
Aspl81 3.63 78.3 7.70 3177 INNY 0.04  1LQF-C ILQF-B
Glulls 3.57 77.1 11.37 1Q6J 1BZH 0.04 2F6Z 2F6T
Leull9 3.43 74.1 9.81 1Q6P 1Q6J 0.04 2F6Z 2F6T
Argd7 2.56 55.2 8.69 10ES INL9 0.08 1Q6M 1Q6J
Asp4$ 2.24 48.4 7.81 1Q6P 10EM 0.07 3180 IWAX
Serl18 2.17 46.8 767  2FIN-B  1Q6T-B  0.03 2F71 2F6T
Lys120 2.08 449 6.36 2FIN 1JE7 0.05 2F70 2F6V
Glyl17 1.94 41.8 771 2FIN 1Q6N 0.06 2F6V 2F6T
Met114 1.87 40.4 7.28 1Q6N ILQF 0.04 2F71 2F6T
Arg24 1.68 36.1 407  ILQF-C  1JF7 0.10 2ZN7  2ZMM
Tyrd6 1.67 36.0 694  2FJN-B  10ES 0.04 20BS  2QBQ
Gly218 1.66 35.8 7.08 3SME 1JF7 0.03 2ZN7 2QBP
11219 1.61 34.8 7.01 3SME 1PHO 0.04 2ZMM  2QBR
Glyl83 1.57 33.8 3.19 1JF7 1C84 0.03 2F6Z 2F6V
Prol80 1.48 31.8 3.28 2FIN 1JF7 0.05 2F6V 2F6T
Prol85 1.40 30.3 2.93 2CNE  10EM 004  ILQF-C  1LQF
Argl12 1.39 29.9 4.15 IQ6N  ILQE-D  0.07 DVEX  2VEV
GIn262 1.29 27.8 3.01 ISUG  10EM 007  1LQF-C 1LQF-B
Vall84 1.20 25.9 2.61 )CNE  10EM 0.04 2F6V 2F6T
Trpl79 1.18 25.4 2.85 1Q6N 1G7F 0.03 20BS  2QBQ
Ala217 1.02 21.9 428 3SME JF7 0.03 2CNE 1Q6S
GIn123 0.95 20.5 224  2FIN-B  10EM 0.05 JVEX  2CNI
Asp29 0.93 20.2 2.63 2)CNE IG7F 0.09 JHBI 2H4G
Arg254 0.92 19.8 367  1Q6N-B  10ES 0.05 2F71 2F6T
Thrl78 0.89 19.3 1.90 )CNE  INL9 0.03 2F71 2F6T
Asnlll 0.86 18.6 143 1Q6P-B  10EM 0.04 20BS  2QBR
Valll3 0.83 17.9 2.39 1Q6M 1JF7 0.02 2F6V 2F6T
Val49 0.82 17.7 3.11 IOEM  ILQF 0.06 2F70 2CMS
Ser216 0.77 16.6 2.58 3SME  3D9C 0.04 2F6V 2F6T
Arg221 0.76 16.3 1.53 3D9C 2FIN 0.03 2F71 2F6T
Cysl21 0.73 15.6 2.19 1Q6P-B  10ES 0.04 2F71 2F6T
Thri77 0.72 15.5 140  2FIN-B  2CNF 0.04 2F6Z 2F6T
Ser28 0.71 15.3 1.72 2CMB  10ES 0.04 2F6Y 2F6T
Gly120 0.68 14.6 2.38 3SME  1Q6P-B  0.02 2F6V 2F6T
Met258 0.67 14.4 1.93 1Q6P-B  10EM 0.05 )CNH  2CMB
Ala27 0.66 14.2 2.01 )CMB  10ES 0.03 2CM7 1BZC
Phe30 0.65 14.0 1.65 1Q6J 10ES 0.05 2ZMM  2H4K
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Table 1. Continue

Tyrl76 0.63 13.7 1.36 1Q6M 10ES 0.03 2F6Z 2F6T
Gly259 0.63 13.6 1.86 1ISUG 10EM 0.03 2F6W 2BGD
Alal22 0.63 13.6 2.16 2FJN-B 10EM 0.04 2ZN7 2ZMM
Phe52 0.56 12.1 1.56 1Q6J 10ES 0.05 2F6V 2F6T
Trpl25 0.55 11.8 1.74 2FJN-B 10EM 0.04 2ZN7 2B07
Cys215 0.51 10.9 1.51 3D9C 1Q6N 0.02 2F6V 2F6T
Tyrl24 0.50 10.7 1.64 2FJN-B 10EM 0.03 2F71 2F6T
Ser222 0.48 10.4 1.05 2CNH 10ES 0.03 2VEV 2QBP
Leull0 0.44 9.5 1.17 2VEU 10EM 0.03 2F6V 2F6T

2Average RMSD for all conformations as well as maximum and minimum RMSD and corresponding pairs of PDB
entries are presented. The designations —B, —C, —D mean chains B, C, D in corresponding PDB files.

may be an important factor in selectivity of the
inhibition.

Analysis of 98 monomeric forms of PTPIB
with the help of ACTPDBCMP resulted in the
finding of 6 groups (clusters) of similar conforma-
tions. The results are summarized in Table 2. They
are defined by two conformations of the WPD
loop and 4 conformations of the loop 110-120.
Cluster 3 is a cluster of oxidized structures which
have somewhat different conformation from clus-
ter 2. Main difference between clusters 2 and 3 is
conformation of Tyr46 and Arg47. The difference
between clusters 5 and 6 is mainly in side-chains
(it reaches up to 11.74 A for Met114). In this case
Metl14 and Glull5 are oriented in the opposite
directions. Backbones look much the same in this
case, but cluster 6 is twisted in the middle com-
pared to 5, which leads to the opposite orientation
of side-chains.

It follows from Table 2 that despite being
quite flexible the loop 110-120 adopts the same
conformation in most cases. Conformation of the
loop 110-120 of the first cluster with 2CM8 as a
centroid is the most typical one hereafter referred
to as standard conformation. This is a conforma-

Table 2. Clusters of PDB structures

tion of a B-strand type with two hydrogen bonds
between Glull5 and Serll8 and a hydrogen bond
between Valll3(O) and Lys120. Besides that it is
stabilized by additional internal and external hy-
drogen bonds. Internal hydrogen bonds are formed
by Argll2. They include a bond between OE2
atom of Glull5 and N atom of Argl12 and another
bond between ND atom of Asnlll and O atom
of Argll2. The most interesting among external
interactions is a salt bridge between Glull5 and
Arg221 (Fig. 2).

In the case of open WPD loop (cluster 2)
there are additional hydrogen bonds formed by
Argll12. Guanidinium group of Argll2 interacts
with Metl14 (CO group) and a carboxylic group
of Aspl81. At this conformation, phenyl of Phel82
comes close to the side-chain of Lysl16 (Fig. 1),
though the distance is greater than needed for
n-stacking. Both loops (WPD loop and the loop
region comprised of residues 110-120) keep the en-
trance to the active site open.

An overview of the four conformations of
the loop 110—120 is presented in Fig 3. Different
non-standard conformations of the loop 110-120
are observed only when WPD loop is closed. Both

CIuster | (b8 code) | suetares | 20M808 | WPPIOP | contomaon | Commens
1 2CM8 66 0 Closed 1
2 1PHO 21 1.88 Open 1
3 3SME 3 2.75 Open 1 o
Oxidized
4 1Q6P-B 5 2.31 Closed 2
5 1Q6N-A 1 2.86 Closed 3
6 1Q6T-B 2 2.99 Closed 4
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Fig. 2. Interaction between the loop 110-120 and amino acid residues of PTPIB (2CMS8, cluster 1)

loops function near the catalytic center of the en-
zyme [12, 20] to take part in substrate recogni-
tion and binding. WPD loop is much more flexible
and moves a distance of about 10 A between open
and closed states. This supports the role of Aspl81
acting as general acid/base in catalytic mecha-
nism of substrate dephosphorylation. Many crystal
structures of PTP1B have WPD loop closed onto
an inhibitor [21]. In contrast, the X-ray crystal
structures of PTP1B complexed with other ligands
indicate that WPD loop can remain open [22].
At the same time, loop 110-120 is more stable. It
was suggested previously [15] that residues Valll3-
Serl18 are important for WPD loop movement.
However, the change between the initial and final
state of R-loop, which shows the movement toward
the active site, is relatively small (less than 1 A).
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According to our results of calculations of
crystal structures, the loop 110-120 has a standard
conformation which is changed only from time
to time. It remains in the standard position when
WPD loop is open. Nevertheless, the loop can
change its conformation which happens at comple-
xation with some kinds of bulky inhibitors. It is in-
teresting to note that WPD loop in all such cases is
closed. Three non-standard conformations are ob-
served only for a limited number of structures. It is
also evident from Table 3 that most non-standard
conformations of the loop 110-120 are found in
PDB files with multiple chains of PTPIB. It ap-
peared that in five out of eight cases where several
chains are present loop conformations are different
from the most typical case 1. 1LQF contains four
chains with the same standard conformation 1.
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Loop 110-120

Fig. 3. Four conformations of the loop 110-120 (2CM8 — standard conformation 1), 1Q06P-B (conformation 2)
1Q6N-A (conformation 3), 106T-B (conformation 4); WPD loop is represented by open (1PHO) and closed

(2CM8) conformations

Table 3. Conformations in PBD files with multiple
chains

Loop 110-120 conformation
Name ; -
Chain A Chain B
1Q6N 3 1
1Q6P 1 2
1Q6S 1 2
1Q6T 1 4
2FIN 4 2
1JF7 1 1
1LQF? 1 1
2CM3 1 1

21 LQF contains 4 standard chains.

Besides that 1Q6J and 1Q6M, represented by only
one chain, belong to type 2.

Sometimes conformations of both chains are
non-standard. Some of them differ markedly from
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the standard one (difference up to 11.4 A in the
middle of the loop). This might be explained by
the influences of bulky inhibitors, though they
do interact only with the end of the loop 110-120
(residues 118-120). It is interesting to notice that in
such cases active sites of the chains are located at
a close distance (about 7 A for the closest residues)
and can influence each other. The dimerization
of PTP1B, which is anchored to the endoplasmic
reticulum in vivo [23], and other different protein-
protein interactions may influence activity of PT-
P1B.

In conclusion, a special tool for comparison
of selected parts of multiple PDB files for the same
enzyme has been applied to investigate loop 110-
120 of PTPIB. It was found that the loop 110-120
of the PTP1B is not as mobile as it was expected.
In most cases it adopts the same conformation.
Most non-standard conformations are found in
PDB files with multiple chains. The result may
help in further understanding of PTP1B function-
ing and provide a starting points for the computer
simulations of inhibitor binding.

ISSN 0201 — §470. Ykp. 6ioxim. ucypu., 2013, m. 85, No 5



V. Yu. TANCHUK, V. O. TANIN, A. I. VOVK

AHAJII3 KOH®OPMALIHOI
PYXJIUBOCTI IETJII 110-120
MPOTEIHTUPO3UH®OCPATA3H 1B

B. I0. Tanuyk, B. O. Tauin, A. 1. Bosk

IHcTuTyT GioopraHiuyHOI XiMii
ta Hadroximii HAH Ykpainu, Kuis,
e-mail: v_tanchuk@yahoo.com; vovk@bpci.kiev.ua

Kondopmarii KaTaJiTU4HOTO LIEHTPY
npoteiHTupo3uHdocdarazu 1B (PTPIB) Ta oto-
YylUMX TeTelb BiAirpaloThb BaXXJWBY pPOJb Yy
KaraJjisi i iHrioyBaHHi eH3uMy. 98 KoHboOpMalliit
3 88 PDB aiinis, siki npeacraBieHo PTPIB i3
pi3HUMHU JliraHJAaMU, MPOaHai30BaHO 3 METOIO
JOCJIIXXEHHS OCOOJIMBOCTEN PYXJIMBOCTI TMeTJi
110-120 Ta ii okpemux 3aJuMIIKiB. BigmiHHOCTI
BUSIBJIEHO 3a JIOTIOMOTOIO CIIelliaJIbHOro Ipo-
rpamMHoro 3abe3rneyeHHsl, sKe TPOBOAUTH Oara-
TOpa30Be IIOPiBHSHHSI OOpaHux yactuH PDB
(daiimi. Kondopwmartiii Oymo posmnomiseHo Ha 6
KkjactepiB. BusiBieHo, mo mnetis, sika cdopmo-
BaHa 3anumkamu 110-120, moxe OyTH oxapakTe-
pU30BaHa YOTHPMa OCHOBHUMM MOJIOXKEHHSIMU.
BoHa xapakTepusyeTbcsl, MepeBa’KHO, OCHOBHOIO
KoH(opMalli€to i 30epirae ii mig yac pyxy WPD
netwti. Tpu iHWI kKoHbopMalii € cTabiJibLHUMU
y pasi 3akputoi WPD nerni Ta, iMOBipHO, €
BiporinHimmmu 111 PTPIB i3 cyOommHMYHOIO
CTPYKTYPOIO.

KnwouoBi CcJIoBa: IPOTEIHTUPO3UH-
¢ocdaraza 1B, neHTpu 3B’I3yBaHHSI, KOH(Op-
Mallii, KJjacTepusalis, CTPYKTypHa MOMiOHICTb,
JIOKIHT.

AHAJIN3 KOH®OPMAIIMOHHON1
HHOABUXKHOCTH IETJIN 110-120
HNPOTEMHTUPO3INH®OCPATA3DI 1B

B. 10. Tanuyk, B. A. Tanun, A. H. Bosk

MucTutyT OMOOpPraHMYeCcKoil XMMUU U
Heprexumuu HAH Ykpaunsl, Kues;
e-mail: v_tanchuk@yahoo.com; vovk@bpci.kiev.ua

Kongopmanum  KaTaauTU4YECKOro  IIEH-
Tpa npoTenHTUpo3uHdocdaraszsl 1B (PTPIB) u
OKPY3KAIOIIUX TIeTeJIb UTPAIOT BaXKHYIO POJb Mpu
KaTaJn3e ¥ MHTMOMpOBaHUM 3H3UMa. 98 KoHpOop-
mauuii u3 88 PDB (aiinoB, nmpencraBisiiolmnx
PTPIB ¢ pasHbeiMM JuMrangamu, IIpoaHaJIM3U-
pOBaHbI C MLEJbI0 MCCAEAOBAaHUSI OCOOEHHOCTEN
nonBrzkHocT Trewin 110-120 m ee OTHENbHBIX
OCTaTKOB. Pa3nmuuus BBISBICHBI IIpU TTOMOILLIM
CIeMaJIbHOTO TPOrpaMMHOI0 o0ecreuyeHus, Ko-
TOpOE MPOU3BOAUT MHOTOKPATHOE CPaBHEHE BbI-
OpaHHbiX uyacteir PDB caiinoB. Kondopmaiuu
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ObIM pacripefesieHbl Ha 6 kiactepoB. OGHapy-
>KEHO, UTO memisi, copMUpPOBaHHAsI OCTaTKaMu
110-120, MoxeT OBITh OXapaKTepU30BaHA YEThIPb-
MsI OCHOBHBIMU TOJIOKeHUsIMU. OHa MPUHUMAET,
MNpPEeMMYILIECTBEHHO, OCHOBHYIO KOH(MOpMalLUio U
coxpaHseT ee Bo BpeMs aBuxkeHuss WPD metiu.
Tpu apyrue koHgopMaluu SIBIASIIOTCS CTaOWJIb-
HBIMU B ciydae 3akpeiToii WPD netnu u Bepo-
SATHO SBJISIIOTCS Oosiee BhironHbiMU Uist PTPIB ¢
CYOBEAMHUYHON CTPYKTYPOI.

KnwoueBbie caoBa: MNPOTEMHTUPO3UH-
¢ocdaraza 1B, ueHTpbl CBSI3bIBaHMS, KOHGOp-
MalMu, KaacTepusalus, CTPYKTYpHOe moaobue,
JTOKWHT.
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