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A new scoring function H1 recently developed for molecular docking has been tested on the complexes of protein
tyrosine phosphatase 1B (PTP1B) from the PDB data bank and using docking of a set of inhibitors from the NIH
database. The function is based on the scoring functions of AutoDock and AutoDock Vina and is implemented in
the modified version of the AutoDock. The function performed well both in the case of the complexes from the PDB
databank and in a real docking process. Calculation of pKi for the complexes from the PDB databank was very ac-
curate. The molecular docking has been done with a modified version of AutoDock that uses spatial constraints and
a new search engine. Energies of complexes were minimized, and pKi values of the resulting complexes were es-
timated by the new scoring function. As shown previously, conformations of PTP1B in complexes with ligands can
be divided into five clusters. All five typical conformations of PTP1B binding pocket were used for docking. Better
docking results were obtained on the clusters with open WPD loop though some compounds could not be docked
well to such conformations of the enzyme. The function has shown a good “scoring power” (i. e. the ability to predict
pKi values) and “screening power” (the ability to enrich top 10 or 20% of predictions by real active compounds) thus
proving to be suitable for the virtual screening of potential PTP1B inhibitors. The performance of the new scoring
function H1 was much better than that of the original scoring function of AutoDock tested earlier.

TECTYBAHHS HOBOI OLJIHOYHOI ®YHKLIT 47151 MOJIEKYJISIPHOIO [JOKIHI'Y HA MPUKIIALI IHTIBITO-
PIB [TPOTEIHOTUPO3UH®OCPATA3N 1B
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Knroyoei crioea: npomeiHomupo3uHgocghamasa 1B; PTP1B; iHeibimopu; MoneKynspHuUl 0OKiHe

Hoea Hew00asHO po3pobrieHa oujiHo4YHa QpyHKYisi H1 Onsi MonekynsipHo20 QOKiHey mecmyearnacsi Ha KOMIeKcax
rpomeiHomupo3uHgpocghamasu 1B (PTP1B) 3 6aHKy daHux PDB i 3a doriomozoto dokiHay Habopy iHeibimopie 3 6a3u
OaHux NIH. ®yHkuis 6a3yembcsi Ha oyiHouYHUX ghyHKUisix AutoDock i AutoDock Vina i peanizogaHa 8 moducbikosaHiti
sepcii AutoDock. ®yHKuisi nokasana cebe dobpe sk y sunadky Komriniekcie 3 baHKy daHux PDB, mak i 8 pearbHoMy
OokiHey. Po3paxyHok pKi Onsi komrinekcie 3 baHKy daHux PDB susisuscsi dyxe modHum. MonekynspHuli OokiHe npo-
s8oduscsi ModugbikosaHoro eepcieto AutoDock, sika 8uKopuUCMOBYye NMPOCMOpPos8i 0bMEXeHHST i Hogul criocib MowykKy.
EHepeii komrinekcie MiHimisysanuce, i pKi 0rst ompumMaHUx KOMIIIEKCI8 oujHIoeanuck 3a 00romMo20oto Hoeoi ghyHKUi H1.
Sk 6yr10 nokasaHo paHiwe, koHghopmauii PTP1B 6 komrinekcax 3 nizaHéamu nodinstomscsi Ha n’amb 2pyn. Bei m'ampe
murnosux KoHgopmau,ili 38’s3ysanbHoi kuweHi PTP1B 6ynu sukopucmaHi 0515 dokiHay. Halikpaw,i pe3ynsmamu
ompumaHi rpu AoKiH2y Ha knacmepax 3 giokpumoro nemneto WPD, xoda Oesiki crionyku He 30amHi ymeoprosamu 00-
cmamHb0 006pi KOMIIEKCU 3 hepMEeHMOM y maKux KoHgbopmauisix. DyHKUIsS rioka3ara 8UCOKUU «OUIHOYHUU MOMeH-
uiarn» (mobmo 30amHicme rpozHo3ysamu 3HaqeHHs pKi) i «cKkpuHiHeosuli momeHujan» (30amHicmpb 36azaqysamu
sepxHi 10 abo 20% 8id poeHO3y8aHHs1 pearibHO aKmUBHUMU Crioflykamu). TakumM YUHOM, OujHo4YHa ¢byHKuist H1 eu-
seunack rnpudamHoro 0515 8ipmyarnbHO20 CKPUHIH2Y MomeHuitiHUX iH2ibimopie PTP1B. Pe3yrnbmamu HO80I OUiHOYHOI
yHKUii H1 6yru Habazamo Kpauwumu, Hix y 8UXiOHOI ouyiHO4YHOI ghyHKUii AutoDock, sika 6yra eunpobysaHa paHiwe.

TECTUPOBAHUE HOBOW OLIEHOYHOWU ®YHKLMN 41151 MOJIEKY/ISIPHOIO JOKUHIA HA TPUMEPE
UHTMMBUTOPOB INNTPOTEUHTUPO3NH®OCDATA3bI 1B
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Knroyeenie crioga: npomeuHmuposuHgpocgamasa 1B; PTP1B; uHeubumopsl; MoneKynspHbIl OOKUHe

Hoeasi HedasHO paspabomaHHas oueHo4YHas yHKkuus H1 Ona monekynspHoeo 0okuHea bbina npomecmupo-
8aHa Ha Komrisiekcax npomeuHmupo3duHgpocamassi 1B (PTP1B) u3 6aHka OaHHbix PDB u npu nomowu 0o-
KuHea Habopa uHeubumopos u3 6asbl daHHbIX NIH. @yHKyuss OCHOBaHa Ha OUeHOYHbIX QpyHKUusx AutoDock u
AutoDock Vina u peanu3ogaHa 8 modughuyuposaHHol sepcuu AutoDock. @yHKyusi nokasana cebsi Xopowlo Kak
8 cryyae Komriekcos u3 baHka aHHbix PDB, mak u e peanbHom ripouyecce OokuHea. Pacdem 3HadeHul pKi 0ns
Komrinnekcos u3 baHka daHHbix PDB 6bin o4eHb moYHbIM. MonekynspHbil 00oKuHe rnpogodurics Modughuyupo-
g8aHHoU sepcueli AutoDock, Komopasi ucrornb3yem rnpocmpaHCcmMeeHHbIe 02paHUYeHUs U HoBbIl criocob roucka.
OHepauu Komrnekcos MuHUMU3Uposanuchk, U pKi Orist MoryYeHHbIX KOMII/IEKCO8 OUEHUBAIUCh C MOMOWbI0 HO80U
yHkyuu H1. Kak 6b1r10 nokazaHo paHee, koHgpopmayuu PTP1B e kommnekcax ¢ nueaHoamu MOXHO pa3denumb
Ha nsmb epynn. Bce name munu4Hbix KOHghopMayul cessbigarou,eeo kapmaHa PTP1B ucnonb3oeanucs 0ns
OokuHea. Jlydwue pesynbmambi Moay4YeHbl npu O0OKUH2e Ha Knacmepax ¢ omkpoimot WPD-nemnet, xoms
Hekomopble coeOUHEHUSI HE Mo2ym 0bpa3osebisamb O0CMamMoO4YHO XOPOWUe KOMIMIIEKChI C MaKuMu KOHGOop-
Mmayusmu gpepmeHma. DyHKYUS rnokasarna 8bICOKUU «OUEHOYHbIU nomeHyuany» (m. e. criocobHocmb rpedcka-
3bi8amb 3HadeHus1 pKi) u «CKpUHUH208bIU nomeHyuany» (cnocobHocme oboeawams eepxHue 10 unu 20% om
npedckasaHuli pearnbHO akKmugHbIMU cOeOUHeHUsIMU). Takum obpa3om, oyeHouHast pyHkuyusi H1 nodxodum ons
8upmyarnbHO20 CKpUHUH2a nomeHyuasnbHbiXx uHaubumopos PTP1B. Pesynbmambi HO80U OUeHOYHOU ¢hyHKUUU
H1 6binu HamHo20 nyqwe, Yem y ucxodHol oyeHoYHoU ¢hyHKuuu AutoDock, komopas ucrbimbleanach paHee.
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Multiple biochemical processes, which depend
on dephosphorylation of phosphotyrosine residues
in proteins, are regulated by protein tyrosine phos-
phatases, including cell-signaling and metabolism
pathways [1-3]. Being known to be involved in in-
sulin receptor dephosphorylation, the intracellular
protein tyrosine phosphatase 1B (PTP1B) is consi-
dered to be a negative regulator of insulin signal trans-
duction [4]. For potential treatment of type 2 diabe-
tes and obesity PTP1B is considered to be one of the
most promising therapeutic targets [5]. The develop-
ment of potent and selective inhibitors of this enzy-
me engages constantly growing interest. Derivatives
of carboxylic, phosphonic, sulfonic acids, heterocyclic
and other compounds have been tested as PTP1B in-
hibitors [6].

Computer simulations are known to play a con-
siderable role in drug design studies, and such me-
thods have been already applied in the case of PTP1B.
Specified active compounds have been studied using
computer-based approaches, including molecular do-
cking [7, 8], an important tool used to understand a
detailed mechanisms of the inhibitor binding to an
enzyme. PTP1B is one or rare cases when the enzyme
is represented by a large amount of data in the PDB
data bank [9]. This is another evidence of the sig-
nificance of the enzyme, but it is also an issue for the
investigator. Computer simulations usually rely on
multi-dimensional optimization, which makes them
heavily dependent on starting conditions since the
energy surfaces are very complicated with a great
number of local minima. We have already studied
conformations of PTP1B and found that they can
be divided into 5 clusters. Each cluster is a group of
similar PTP1b conformations in protein-ligand com-
plexes representing a typical way of ligand binding
[10]. A cluster centroid is the most typical represen-
tative of the cluster that may be used for computer
simulations as a representative of its binding type.
Conformations of two clusters have the so-called
WPD-loop (an important moving part of the enzyme
at the entrance to the catalytic centre with WPD
(Tryptophan-Proline-Aspartic acid) sequence in the
middle) in an open position and three other ones in
a closed position. The WPD-loop plays an important
role in the enzyme functioning. It interacts with a
substrate during the catalysis of dephosphorylation.
There are many inhibitors that bind to the enzyme
with the open or closed WPD-loop. Using centroids
of all clusters we have already performed molecu-
lar docking with a modified version of the AutoDock
[11]. Unfortunately, we have not found the cluster
providing the best docking results. We have not also

found the dependence between the chemical struc-
ture and the kind of the cluster that gives the best
result for the compound. Despite that there were do-
ckings that gave results very close to the experimen-
tal ones.

The authors have recently developed a new sco-
ring function for molecular docking [12]. The func-
tion is based on the scoring functions of the well-known
docking packages AutoDock [13] and AutoDock Vina
[14]. The scoring functions used are very different in
nature, but share the same input and output format
making their combination practical. A new scoring
function H1 includes all terms of both scoring func-
tions. New weights for them are fitted by MLRA (Mul-
tiple Regression Analysis). The training set of protein-
ligand complexes was obtained from the refined set of
PDBbind (www.pdbbind.org.cn, version 2012) [15]
and included 2,412 complexes (some complexes were
excluded because of their incompatible format). A test
set consisted of 313 complexes that appeared in the
2013 edition of PDBbind. The new function H1 out-
performed both old scoring functions on both sets.

The aim of the present work was to study the new
scoring function on the example of PTP1B inhibitors.
First of all, we tested H1 on the known complexes of
PTP1B with inhibitors. The refined set of the PDBbind
database included 26 complexes. The results are sum-
marized in Table 1. The AutoDock Vina performs slight-
ly better on PTP1B compared to the H1 function. This
can be explained by the fact that 20 complexes were
included in the core set of the PDBbind already in 2007
version and used to train the AutoDock Vina scoring
function. As an additional validation, we have added
28 additional complexes from other sources, which
we consider reliable enough to be used. The perfor-
mance of our hybrid scoring function is much better
for this test set and for a combined set of 54 comple-
xes as well. It is also interesting to note that AutoDock
performs better than AutoDock Vina, which is not
usually the case.

The result of the H1 scoring function seems extra-
ordinary taking into account that the experimental
error of pK; determination is about 0.6 [16]. Unfor-
tunately, this is not sufficient. The results of docking
depend much on both the accurate scoring function
and the docking algorithms. The scoring function must
be tested in real docking, and it should provide at
least enrichment of results by active compounds.

That is why the new scoring function was tested
in conditions similar to our previous work [11]. The
same set of phosphorus containing inhibitors? from
the NIH database [17] was docked to the same PDB
structures representing five typical conformations

! The core set had 2,959 complexes in releases in 2013, and 2,897 complexes (2,412 of which were in the training set) in 2012. 313 new
complexes have been added, and 251 complexes have been removed from the core set.
2 Some of 208 compounds appeared to be redundant. The new set consists of 203 structures.
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Table 1

Comparison of the prediction power of the scoring functions on the known complexes
of PTP1B with the inhibitors where R is the non-parametric Pearson correlation coefficient,
RMSE is the root mean square error, and MAE is the mean absolute error

. . PDBBind*, 26 complexes Additional Set**, 28 complexes Both Sets, 54 complexes
Scoring Function
R RMSE MAE R RMSE MAE R RMSE MAE
H1 0.45 1.15 1.0 0.47 1.09 0.84 0.50 1.12 0.91
AutoDock Vina 0.39 1.16 0.92 0.15 2.58 2.25 0.05 2.03 1.61
AutoDock 0.23 2.89 2.58 0.39 1.83 1.38 0.21 2.41 1.96
* — 26 structures of PTP1B derived from PDBbind (refined set); ** — 28 structures of PTP1B outside of PDBbind (test set).
Table 2
Comparison of the docking results
. Cluster centroids
Parameter FScorlng open WPD loop closed WPD loop
unction
1NL9 1PHO 1Q6M 2CM8 2CNF
R AutoDock 0.15 0.29 0.23 0.24 0.17
H1 0.58 0.53 0.56 0.41 0.49
AutoDock 1.92 1.99 2.79 2.03 1.97
RMSE
H1 1.59 1.56 2.05 1.91 1.80

of PTP1B [11]. It is assumed that the inhibitors with
phosphonic groups are competitive inhibitors and
bind near the catalytic Cys215. Docking was per-
formed by a modified version of AutoDock using a
new search algorithm [18]. Positions of the atoms of
phosphorus were limited to the region around the
position of phosphorus (or sometimes sulfur) in the

10

y = 1.7055x - 4.8939
R?= 0.3346 °

Experimental pKi

original PDB files of the cluster centroids. There is
also a substantial difference. The previous versions
of AutoDock use the same function for docking and
scoring. In this version docking is performed by mi-
nimizing the energy of the ligand-enzyme complex,
and the scoring function is calculated later (the post-
processing stage). This was done because there were

Predicted pKi

Fig. The docking results for phosphorus-containing inhibitors in the active site of PTP1B (PDB code 1NL9). Round dots depict
outliers which can not be predicted well with the open WPD loop. The closed loop gives better results for them.
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some doubts about the suitability of H1 for docking.
There were also some technical difficulties. Never-
theless, such combination of docking (energy mini-
mization by more or less standard force field) and
scoring (estimation of the complex by the new scor-
ing function H1) proved to be workable.

As it follows from Table 2, the new scoring func-
tion and the new docking scheme provide a substan-
tial improvement. There is practically no correlation
between the predicted and calculated binding con-
stants [11]. Now the correlation is much better. The
values of Pearson’s correlation coefficient (R) being
of 0.5-0.6 are not bad for docking. For example, the
authors [19] compared more than 20 scoring func-
tions from different sources and their best function
gave R of 0.61 and RMSE of 1.78 for the test set of
195 complexes. This is very similar to our results.
They called this testing of ability to predict pK, value
a “scoring power” test.

The clusters with the open WPD look seem to be
preferable for docking phosphorus-containing inhi-
bitors. Correlation coefficients are higher and errors
are lower by using such clusters. Nevertheless, it is
hard to obtain good results for all ligands using only
one cluster (see Fig.).

In addition to the “scoring power” test, we decided
to test the “screening power”. In this case we selected
top 10% (21) and top 20% (42) predictions for each
cluster and checked how many true activities (expe-
rimental pKi>6.0) are among these ligands (Table 3).

As it can be seen from Table 3, the function H1
provides much better enrichment on all clusters.
Besides, the results are almost identical for all the
clusters (used, studied). Only 1NL9, being the best at
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Comparison of the “screening power”
of the scoring functions. There were 91 true active
compounds among 203 ligands
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1NL9 10 17 17 32
1PHO 7 18 16 36
1Q6M 12 18 29 36
2CM8 15 18 29 35
2CNF 14 18 27 36

“scoring power”, is the worst one here. 1PHO, another
cluster with the open WDP-loop, seems to be the
best in the both tests (good correlation, R = 0.53, the
smallest RMSE = 1.56). Though the old AutoDock’s
function is far from ideal, it gives better results for
the clusters with the open WPD-loop.

Conclusions

The new scoring function for molecular docking and
the new docking algorithm of the modified AutoDock
have been tested on the complexes of PTP1B with
inhibitors. The new approach has shown much bet-
ter results than our previous attempts. The scoring
function H1 and the new docking approach based on
the modified search engine and optimization of the
energy of the enzyme-ligand complex have proven
to be suitable for the virtual screening of potential
PTP1B inhibitors.
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Abbreviations: PTP1B — protein tyrosine phosphatase 1B; RMSE — root mean square error; MAE — mean average error;

pKi — -log,,(Ki) where Ki is the inhibition constant.
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