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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.

ТЕСТУВАННЯ НОВОЇ ОЦІНОЧНОЇ ФУНКЦІЇ ДЛЯ МОЛЕКУЛЯРНОГО ДОКІНГУ НА ПРИКЛАДІ ІНГІБІТО- 
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Нова нещодавно розроблена оціночна функція H1 для молекулярного докінгу тестувалася на комплексах 
протеїнотирозинфосфатази 1В (PTP1B) з банку даних PDB і за допомогою докінгу набору інгібіторів з бази 
даних NIH. Функція базується на оціночних функціях AutoDock і AutoDock Vina і реалізована в модифікованій 
версії AutoDock. Функція показала себе добре як у випадку комплексів з банку даних PDB, так і в реальному 
докінгу. Розрахунок pKi для комплексів з банку даних PDB виявився дуже точним. Молекулярний докінг про-
водився модифікованою версією AutoDock, яка використовує просторові обмеження і новий спосіб пошуку. 
Енергії комплексів мінімізувались, і pKi для отриманих комплексів оцінювались за допомогою нової функції H1.  
Як було показано раніше, конформації PTP1B в комплексах з лігандами поділяються на п’ять груп. Всі п’ять 
типових конформацій зв’язувальної кишені PTP1B були використані для докінгу. Найкращі результати 
отримані при докінгу на кластерах з відкритою петлею WPD, хоча деякі сполуки не здатні утворювати до-
статньо добрі комплекси з ферментом у таких конформаціях. Функція показала високий «оціночний потен-
ціал» (тобто здатність прогнозувати значення pKi) і «скринінговий потенціал» (здатність збагачувати 
верхні 10 або 20% від прогнозування реально активними сполуками). Таким чином, оціночна функція H1 ви-
явилась придатною для віртуального скринінгу потенційних інгібіторів PTP1B. Результати нової оціночної 
функції H1 були набагато кращими, ніж у вихідної оціночної функції AutoDock, яка була випробувана раніше.
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Новая недавно разработанная оценочная функция H1 для молекулярного докинга была протестиро-
вана на комплексах протеинтирозинфосфатазы 1В (PTP1B) из банка данных PDB и при помощи до-
кинга набора ингибиторов из базы данных NIH. Функция основана на оценочных функциях AutoDock и 
AutoDock Vina и реализована в модифицированной версии AutoDock. Функция показала себя хорошо как 
в случае комплексов из банка данных PDB, так и в реальном процессе докинга. Расчет значений pKi для 
комплексов из банка данных PDB был очень точным. Молекулярный докинг проводился модифициро-
ванной версией AutoDock, которая использует пространственные ограничения и новый способ поиска. 
Энергии комплексов минимизировались, и pKi для полученных комплексов оценивались с помощью новой 
функции H1. Как было показано ранее, конформации PTP1B в комплексах с лигандами можно разделить 
на пять групп. Все пять типичных конформаций связывающего кармана PTP1B использовались для 
докинга. Лучшие результаты получены при докинге на кластерах с открытой WPD-петлей, хотя 
некоторые соединения не могут образовывать достаточно хорошие комплексы с такими конфор-
мациями фермента. Функция показала высокий «оценочный потенциал» (т. е. способность предска-
зывать значения pKi) и «скрининговый потенциал» (способность обогащать верхние 10 или 20% от 
предсказаний реально активными соединениями). Таким образом, оценочная функция H1 подходит для 
виртуального скрининга потенциальных ингибиторов PTP1B. Результаты новой оценочной функции 
H1 были намного лучше, чем у исходной оценочной функции AutoDock, которая испытывалась ранее.
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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 PDBbind1. 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 pKi 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 inhibitors2 from 
the NIH database [17] was docked to the same PDB 
structures representing five typical conformations 

1 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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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 

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  

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

Scoring Function
PDBBind*, 26 complexes Additional Set**, 28 complexes Both Sets, 54 complexes
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

Parameter Scoring 
Function

Cluster centroids
open WPD loop closed WPD loop

1NL9 1PH0 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

RMSE
AutoDock 1.92 1.99 2.79 2.03 1.97

H1 1.59 1.56 2.05 1.91 1.80

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 pKi 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 

“scoring power”, is the worst one here. 1PH0, 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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Table 3

Comparison of the “screening power”  
of the scoring functions. There were 91 true active 

compounds among 203 ligands

Cluster
centroid 

(PDB code)

Top 10%, 21 ligands Top 20%, 42 ligands
function function

Old H1 Old H1
1NL9 10 17 17 32
1PH0 7 18 16 36
1Q6M 12 18 29 36
2CM8 15 18 29 35
2CNF 14 18 27 36

Abbreviations: PTP1B – protein tyrosine phosphatase 1B; RMSE – root mean square error; MAE – mean average error;  
pKi – -log10(Ki) where Ki is the inhibition constant.


