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The aim. The number of runs in the docking process with AutoDock 4 is known to play an important role in the validity of the
results obtained. The greater the number of runs it is often associated with the more valid docking results. However, it is not
known exactly how the most ideal runs in the docking process with AutoDock 4. This study aims to determine the effect of
the number of runs docking processes with AutoDock 4 on the validity of the docking results.

Materials and methods. The method used is the redocking process with AutoDock 4.2.6. The receptor used is an estrogen
receptor with ligand reference estradiol (PDB ID 1GWR). Variations were made on the number of runs from 10 to 100 in
multiples of 10. The parameters observed were RMSD, free energy of binding, inhibition constants, amino acid residues, and
the number of hydrogen bonds.

Results. All experiments produce identical bond free energy, where the maximum difference in inhibition constant is only
0.06 nM. The lowest RMSD is indicated by the number of runs of 60, with a RMSD value of 0.942. There is no linear relation-
ship between the number of runs and RMSD, with R in the linear equation of 0.4607.

Conclusion. Overall, the number of runs does not show a significant contribution to the validity of the results of docking with
AutoDock 4. However, these results have only been proven with the receptors used.
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U3YHEHUE BIMAHUA KOJTUYECTBA 3ANMYCKOB
AUTODOCK 4 HA CPEAHEKBAAPATUYECKOE OTK/TIOHEHUE
PE3YZIbTATOB JOKUHTA
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Lienb. M13BeCcTHO, 4TO KOAMYECTBO 3aMycKoB AoKUHra ¢ AutoDock 4 nrpaeT BaXKHY0 po/ib B JOCTOBEPHOCTM NONYYaEeMbIX pe-
3yNbTaToB. Yem Honblue KOMYecTBO 3anycKoB, TeM Honblue J0CTOBEPHbIX Pe3ynbTaToB JOKMHIA. OfHAKO TOYHO He U3BecT-
HO, KaK Hanbosee onTMMmanbHO paboTaeT foKuMHF ¢ AutoDock 4. 3To nccnefoBaHWe HamnpaBieHo Ha onpeaesieHne BANAHUA
KO/IMYecTBa 3anyCcKoB npoliecca fokuHra B AutoDock 4 Ha A4OCTOBEPHOCTb Pe3y/bTaTos.

Martepuanbl U meToapbl. B KauecTBe MeToZa Ucciea0BaHMA UCMOIb30BaAW Npouecc peaokuHra ¢ AutoDock 4.2.6. Micnonb-
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3yemMblii peLenTop npeacTaBafer coboit peLenTop 3CTPoreHa € 3TaZIoHHbIM iMraHaom actpaguona (PDB ID 1GWR). Bapbu-
poBanu Konm4yectso nporoHos oT 10 ao 100, kpaTHbie 10. HabaogaembiMm napametpamum 6o RMSD, cBobogHasa aHeprus
CBA3bIBAHWA, KOHCTAHTbI MHIMBMPOBAHUA, AMUHOKUCAOTHbBIE OCTAaTKM U KOIMYECTBO BOAOPOAHbIX CBA3EN.

Pe3ynbratbl. Bce aKkcnepMmeHTbl BbipabaTbiBalOT MAEHTUUYHYIO CBOOOAHYIO SHEPTUIO CBA3M, rae MaKCMMabHan pasHULA B
KOHCTaHTe MHrMbUpoBaHuAa cocTasnseT Bcero 0,06 HM. HanmeHbliee cpeaHeKkBaApaTUYHoe oTKNoHeHne (RMSD) onpeaens-
eTcA KONMYEeCTBOM NPOroHOB, paBHbIM 60, NpY 3HaYeHUN CpeAHEKBAAPATUYHOIO OTKAOHEHMUA, paBHoro 0,942. YctaHOBAEHO,
YTO MEeXAY KOAMYEeCTBOM MPOroHOB M NPOCTPAHCTBEHHbIM BbipaBHMBaHWEM (RMSD) HeT IMHEeMHOWM 3aBMCUMOCTH, TaK Kak

K03 duumeHT Koppenaumm (R) paseH 0,4607.

3aknoueHue. B Lenom, Koan4ecTso 3anyCKOB He OKa3blBaeT 3Ha4YMUTe/IbHOINo BK/1ada B AOCTOBEPHOCTb pe3y/bTaTOB MNpPo-
Lecca AOKUHra C AutoDock 4. OpHako aTn pe3ynbraTbl CNpasea/inBbl TO/IbKO C peuentopamu, UCNOJIb30BAHHbIMK B AdHHOM

nccnegoBaHun.

KntoueBble cnosa: AutoDock 4; foKUWHT; KonMyecTBo 3anyckos; RMSD; Bapuauuma

INTRODUCTION

Molecular docking (or simply called docking) is one
of the most common in silico experimental methods.
The ease in the process of preparation, implementation,
and analysis of results is one of the attractions of the
method [1]. However, docking is one simple, yet com-
plex method. As one of the most popular in silico meth-
ods, docking has several advantages and disadvantages.
In addition to the speed and practicality, docking also
offers a fairly complete observation to analyze complex-
es between drug-receptors, which are even very difficult
to do in vitro or in vivo. However, the results obtained
generally have a large degree of variation, where repro-
ducibility is one of the important issues in the level of
confidence in the results of docking [2]. For this reason,
the validation of docking results is absolutely necessary.

The results of the validation docking are influenced
by various factors, both related to the conditions and
settings of the software-hardware and protocol used.
The different settings and variations of various factors
can cause differences in the value of Root-mean-square
deviation (RMSD), which shows the degree of difference
in the position of each atom before and after the dock-
ing process is carried out [3]. The RMSD value itself is the
main indicator of the docking validation process, where
the smaller the RMSD shows the position of the atom
which is getting closer to the original position before the
docking process is carried out. Ideally, to be declared
valid, the RMSD value docking from the crystallographic
ligand should not be greater than 2 A [4]. This provision
also applies to AutoDock 4, one of the most popular
docking software.

In AutoDock 4, there are several parameters that can
affect the RMSD value of docking results, such as position
and size of grid box, regulation of rigid/flexible amino acid
residues, presence of water molecules, and number of
runs of docking processes [5]. Of these factors, the num-
ber of runs is interesting for further investigation because
different from other factors, the number of runs does not
depend on the type of ligand or the receptor used [6]. In
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general, number of runs shows the number of repetitions
of the Lamarckian Genetic Algorithm performed to obtain
variations in the ligand pose on the grid box that has been
determined [7]. Logically, the larger number of runs will
provide an opportunity for the ligand to reach the most
ideal pose and approach the crystallographic pose, al-
though this will certainly increase the time needed [8].
However, there is currently no clear limit on how many
number of runs are ideal for obtaining the smallest RMSD
with the shortest docking time.

This study aims to determine the effect of the num-
ber of runs docking processes with AutoDock 4 on the
validity of the docking results as indicated by the RMSD
value. We will try to prove whether the larger number of
runs will also give smaller RMSD or vice versa. In addi-
tion, we also determined the linearity of the relationship
between number of runs to the RMSD value seen from
the correlation coefficient (R).

MATERIALS AND METHODS

The hardware used is the ASUS A46CB series Ultra-
book with an Intel™ Core i5-3337U@1.8 GHz and Win-
dows 7 Ultimate 64-bit SP-1 operating system. The soft-
ware used is AutoDockTools 1.5.6 and Autodock 4.2.6
software from The Scripps Research Institute, Inc (USA).
Information on 3D dimensional structures of receptor
proteins obtained from the website of Protein Data
Banks (http://www.rcsb.org).

The receptor used is an estrogen receptor with li-
gand reference estradiol (PDB ID 1GWR). Receptors are
downloaded in the format. pdb then the unused part
including water molecules is removed, added non-polar
hydrogen, given charged, and arranged size and coordi-
nate grid box using AutoDockTools 1.5.6 [9]. The refer-
ence ligand, estradiol, is extracted and then reused for
the redocking process after added non-polar hydrogen,
given charged, and set torque. The size and coordinates
of the grid box are adjusted automatically with the li-
gand co-crystal position of each receptor by making the
ligand position the center of the grid box [10]. The grid
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coordinate used for x, y, and z dimensions is —7.351,
—4.233 and 12.804, respectively. While the grid box size
is 40 x40 x 40 A.

Docking search parameter used are Lamarckian Ge-
netic Algorithm with the number of genetic algorithm
varies from 10 to 100 runs with multiples of 10, popu-
lation size 150, the maximum number of energy evalua-
tion is medium with 2500000, the maximum number of
generations 27000, with the default docking parameter
used for run options.

The main parameter observed is the RMSD value to
determine the validity of the docking results, where the
linearity of the relationship between number of runs as
a control variable and RMSD as the dependent variable
is determined in the form of a correlation coefficient (R).
In addition, observations of other parameters such as
the free energy of binding (AG), the inhibition constant
(K), amino acid residues, and the number of hydrogen
bonds [9]. The selection of poses for each run is done
by looking at the re-rank score of the AG and K value,
where the conformation with the most negative AG and
the smallest K value is representative for the conforma-
tion of the number of runs. Observation of these pa-
rameters is done to observe differences in the results of
docking that occur due to differences in number of runs.

RESULTS AND DISCUSSION

The docking results show that the difference in num-
ber of runs does not give a significant difference to all
observed parameters, even parameters such as AG and
the number of hydrogen bonds show identical results
for all number of runs. The RMSD value of each number
of runs is in the range 0.942 to 0.97, with the smallest
RMSD produced at number of runs 60. This result is in-

teresting, because it turns out that the smallest value
of RMSD is not indicated by the largest number of runs.
These results become information updates, where re-
searchers generally use a standard number of runs of at
least 100 in the docking process which requires a longer
processing time [9, 11], where the number of runs that
are lower can actually provide a better RMSD value. This
result provides a new dimension for the docking process
with AutoDock 4, where in addition to conducting orien-
tation to determine the ideal coordinates and grid box
size [12], the number of runs that provide the smallest
RMSD must also be determined in advance.

On the other hand, other parameters such as K and
amino acid residues also did not show a significant dif-
ference. The K value shown varies in the range 15.57
to 15.63 nM with a difference of only 0.06 nM and the
lowest value produced on number of runs 90, indicating
there is no difference in the K. value of the difference in
number of runs used. Amino acid residues show almost
the same results for each number of runs with interac-
tions shown in the amino acids 353-Glu, 384-Leu, 388-
Met, 391-Leu, 404-Phe, 424-lle, 521-Gly, 524-His, and
525-Leu. The difference in amino acid residues is shown
on number of runs 20, 30, 40, and 90, with variations in
interactions occurring in amino acids 384-Leu and 391-
Leu. These results indicate that variations in the number
of runs can lead to small variations in the K value and
the residual amino acids obtained. Again, these results
emphasize the importance of carrying out an orientation
to determine the most ideal number of runs before car-
rying out the docking process [11]. The complete results
of the docking process include the values of RMSD, AG,
K, amino acid residues, and the number of hydrogen
bonds from each number of runs can be seen in Table 1.

Table 1 - The results of redocking 1GWR receptors with variations in number of runs

Number of runs

Parameter
100 90 80 70 60 50 40 30 20 10
RMSD (A) 0.950 0.948 0.951 0.953 0.942 0.948 0.956 0.970 0.958 0.951
(kca?/GmoI) -10.65 -10.65 -10.65 -10.65 -10.65 -10.65 -10.65 -10.65 -10.65 -10.65
353-Glu  353-Glu  353-Glu  353-Glu  353-Glu  353-Glu  353-Glu  353-Glu  353-Glu  353-Glu
384-Leu - 384-Leu 384-Leu 384-Leu 384-Leu = = 384-Leu  384-Leu
388-Met 388-Met 388-Met 388-Met 388-Met 388-Met 388-Met 388-Met 388-Met 388-Met
) . 391-leu  391-leu 391-leu 391-leu 391-lLeu 391-leu 391-lLeu 391-lLeu = 391-Leu
A'r‘;'s?guaecs'd 404-Phe  404-Phe 404-Phe 404-Phe 404-Phe 404-Phe 404-Phe 404-Phe 404-Phe  404-Phe
424-1le 424-1le 424-1le 424-1le 424-1le 424-1le 424-1le 424-1le 424-1le 424-1le
521-Gly  521-Gly  521-Gly  521-Gly 521-Gly = 521-Gly 521-Gly 521-Gly  521-Gly  521-Gly
524-His  524-His  524-His  524-His  524-His  524-His  524-His  524-His  524-His  524-His
525-Leu  525-leu  525-Leu  525-Leu  525-Leu  525-Leu  525-Leu  525-Leu  525-Leu  525-Leu
Number of
hydrogen 3 3 3 3 3 3 3 3 3 3
bonds
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Figure 1 — The relationship between number of runs to the RMSD value at the 1GWR receptor

To observe the linearity of the relationship between
the number of runs and the RMSD obtained, a compari-
son was made with the chart to obtain the R. The results
of the observation show that the equation of linearity
between the number of runs and RMSD is y = 0.0011x +
0.9464 with the value R = 0.4607, as shown in Figure 1.
These results confirm that the relationship between the
number of runs and RMSD is indeed not linear, where
increasing the number of runs does not necessarily in-
crease the validity of the docking results. In other words,
an increase in number of runs does not guarantee the
better validity of docking results. This result also sup-
ports opinions which state that the most ideal number if
runs are in the range of around 50 to 60, where RMSD in
that range is at the smallest value [9].

CONCLUSION

This simple study successfully proved that even
though number of runs has an influence on the
RMSD value of the docking results, the influence
shown does not have a linear relationship. The most
ideal number of runs in the range 50 to 60, with
larger numbers of runs not showing a smaller RMSD
value. However, this study has limitations, including
the type of receptor and the docking software used.
Further research using other types of receptors in
large quantities and other docking software such as
AutoDock Vina can be done to increase confidence
in these findings. Still, this discovery can be a ba-
sic guideline for research using the docking method
with AutoDock 4.
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