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AB STRACT
The study was per form to com pare the out put of two dif fer ent dock ing pro grams (Mo le gro Vri tual Docker and Auto Dock) in simu la tion 
of ligand- receptor in ter ac tions for  and  2 ad ren er gic re cep tors. The ex act ness of the pre dicted ligand po si tions was es ti mated on the
ba sis of the thir teen known crys tal lo graphic struc tures of the ligand- receptor com plexes taken from the PDB da ta base. Sig nifi cant dif fer -
ences in dock ing re sults ob tained by us ing both tested pro grams were ob served. The over all RMSD- based scor ing sug gests that the pro -
ce dures and al go rithms im ple mented in Auto Dock lead to slightly bet ter re sults.
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INTRODUCTION
The use of the spe cial ized soft ware to help in un der stand -

ing the na ture of bio chemi cal re ac tions is a com mon prac tice 
nowa days. One of the fields in which such aid is greatly
bene fi cial is the simu la tion of ligand–re cep tor in ter ac tions.
For that pur pose, many tools and so lu tions were de vel oped,
in clud ing nu mer ous com puter ap pli ca tions. These pro grams
dif fer in many as pects. They use dif fer ent data for mats, of fer 
vary ing tools and pro vide so lu tions in dif fer ent forms. They
also of ten pro vide vary ing re sults.

The aim of this study was to com pare the per form ance of
Mo le gro Vir tual Docker (MVD) [3] and Auto Dock 4.0 [2]
soft wares for dock ing a cho sen set of ligand–re cep tor pairs.
Both these pro grams are widely known and com monly used
in our proj ects for dock ing simu la tions and of fer a wide
range of set tings to choose from while pre par ing the dock ing 
stud ies. Moreo ver, they also claim to give op ti mal re sults.

The dock ing r e sults were com pared with the ex peri men -
tally de ter mined struc tures of ligand- receptor com plexes,
includ ing â1 and â2 ad ren er gic re cep tors [1]. 

METHODS
Mod els of 1 and 2 ad ren er gic re cep tors ( 1-AR and

2-AR, re spec tively) were ob tained from the Pro tein Data
Bank da ta base at www.pdb.org. All of the pro tein struc tures
were crys tal lized with cor re spond ing ligands. The ligand
struc tures are pre sented in Ta ble 1.

Ta ble 1. Ligand- receptor com plexes used in the re search
Receptor

type
pdb 
code Systematic name Ligand Structure

2-AR

2rh1
(2S)-1-(9H-Carbazol-4-
yloxy)-3-(isopropyla-
mino)propan- 2-ol

(S)-Carazolol

3d4s

(2S)-1-(tert-butylamino)
-3-[(4-morpholin-4-yl-1,
2,5-thiadiazol-3-yl)
oxy]propan-2-ol

Timolol 

3ny8

(2S,3S)-1-[(7-methyl-2,
3-dihydro-1H-inden-4-
yl)oxy]-3-(propan-2-yla
mino)butan-2-ol

ICI-118,551

3ny9

ethyl 4-{[(2S)-2-
hydroxy-3-(propan-2-
ylamino)propyl]oxy}-3-
methyl-1-benzofuran-2-
carboxylate

n/a

3nya

(2S)-1-(propan-2-yla-
mino)-3-[2-(prop-2-en-
1-yl)phenoxy]propan-
2-ol

alprenolol

3pds

8-hydroxy-5-[(1R)-1-hy
droxy-2-[2-[3-methoxy-
4-(3-sulfanylpropoxy)
phenyl]ethylamino]
ethyl]-1H-quinolin-2
-one

FAUC50
(covalently
linked to 
the receptor)

3p0g

5-hydroxy-8-[(1R)-1-hy
droxy-2-{[2-methyl-1-
(2-methylphenyl)propan
-2-yl]amino}ethyl]-2H-
1,4-benzoxazin-3(4H)
-one
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1-AR

2vt4

4-{[(2S)-3-(tert-butyla
mino)-2-hydroxypropyl]
oxy}-3H-indole-2-carbo
nitrile

n/a

2y00

4-[2-[[(2R)-4-(4-hydro-
xyphenyl)butan-2-yl]
amino]ethyl]benzene-1,
2-diol

Dobutamine

2y01

4-[2-[[(2R)-4-(4-hydro-
xyphenyl)butan-2-yl]
amino]ethyl]benzene-1,
2-diol

Dobutamine

2y02

8-hydroxy-5-[(1R)-1-hy
droxy-2-[[(2R)-1-(4-met
hoxyphenyl)propan-2-yl]
amino]ethyl]-1H-
quinolin-2-one

Carmoterol

2y03
4-[1-hydroxy-2-(isopro-
pylamino)ethyl]benze-
ne-1,2-diol

Isoprenaline

2y04
(RS)-4-[2-(tert-butylami
no)-1-hydroxyethyl]-2-
(hydroxymethyl)phenol

Salbutamol

 
Mod els were pre pared us ing Yasara 11.2.15. Both wa ter

mole cules and co fac tors were re moved from the struc tures.
One es sen tial ligand mole cule from the bind ing site per
model was ex tracted from the file to be used for dock ing
simu la tions. The ini tial ligand po si tion from the crys tal lized
model served as a ref er ence mole cule for RMSD (root-
 mean- square de via tion) cal cu la tions. 

Dock ing was per formed us ing Mo le gro 2010.4.2.0 and
Auto Dock 4.0 soft ware. Mo le gro Vi trual Docker gen er ates
a series of dock ing poses and ar ranges them us ing en ergy
based cri te rion and the em bed ded scor ing func tion
(MolDock score). The pro cess in cludes dock ing of flexi ble
ligands into rigid tar gets of â1 and â2 ad ren er gic re cep tors
mod els. The dock ing space was lim ited and cen tered on the
bind ing site us ing a sphere with a ra dius of 10Ĺ.  Blind dock -
ing was car ried out with the fol low ing set tings:
– num bers of runs = 100,
– maxi mal number of poses = 10,
– maxi mal number of it era tions = 1500,
– al go rithm = MolDock SE.

Af ter wards, the dock ing re sults were col lected in a ta ble.
For each mole cule, the five com plexes with low est en ergy
were se lected. For these com plexes, MolDock Score,
Rerank Score, RMSD and HBond val ues were cal cu lated.
Also, the se lected five poses were visu ally ob served and best 
po si tions were cho sen. This helped to cre ate an ad di tional
mean of com pari son to the ref er ence ligands.

The Auto Dock 4.0 soft ware was em ployed to con duct the
sec ond set of dock ing simu la tions for the stud ied protein-
 ligand com plexes. The soft ware con sists of AutoGrid and
Auto Dock scripts and graphi cal user in ter face Auto Dock -

Tools. To be used for dock ing, it was nec es sary to save the
pro tein and ligand mole cules as .pdbqt files. Af ter wards, the
dock ing grid was pre pared to com pute the af fin ity po ten tial
grids us ing spe cific atomic probes for each atom type. The
number of grid points was cal cu lated in di vidu ally for each
model with de fault set tings, and it did not ex ceed 25 in any
axis. One grid point was equal to 0.375 Å. The grid box po si -
tion was cen tered in the bind ing site de pend ing on the
pro tein struc ture. 

The fol low ing pa rame ters were set to be used for the
dock ing pa rame ter file:
– number of runs = 100,
– search al go rithm type = Ge netic,
– maxi mum number of evalua tions = Long,
– type of out put = La marck ian.

The dock ing pro cess was con ducted us ing stan dard
autogrid4 and Auto Dock4 syn tax. 

RESULTS
The dock ing re sults ac quired from both Auto Dock 4.0

and Mo le gro Vir tual Docker are pre sented in Ta ble 2.

Ta ble 2. Re sults of the dock ing pro ce dures

PDB code

AutoDock MVD
Free energy 
of binding
[kcal/mol]

RMSD [Ĺ] MolDock Score 
[kJ/mol] RMSD [Å]

2rh1

-11.32 0.95 -143.44 1.56
-11.29 0.99 -140.77 1.76
-11.28 0.93 -139.56 5.81
-11.24 0.95 -138.07 1.40
-11.24 0.93 -136.31 1.11

3d4s

-8.46 0.48 -134.07 0.63
-8.46 0.44 -128.18 1.32
-8.43 0.48 -123.95 0.74
-8.42 0.41 -122.35 4.76
-8.42 0.57 -121.27 4.73

3ny8

-9.24 1.22 -113.44 13.11 
-9.20 1.03 -110.92 11.53 
-7.50 1.86 -108.78 11.52 
-6.64 3.79 -108.23 10.55 
-6.60 4.27 -104.39 1.77

3ny9

-10.80 0.82 -157.70 6.35
-7.29 2.40 -153.13 1.26
-6.76 2.25 -144.13 1.12
-6.74 4.51 -144.05 10.52 
-6.46 3.37 -136.76 9.84

3nya

-8.61 1.96 -107.43 11.48 
-8.50 1.95 -107.10 10.55 
-8.53 0.85 -105.69 11.98 
-8.41 0.89 -104.90 11.49 
-8.40 0.79 -104.17 2.72

3pds

-10.00 1.78 -164.54 11.86 
-9.51 2.45 -161.09 9.71
-8.54 4.24 -160.40 7.81
-8.19 4.03 -159.80 10.38 
-7.82 1.68 -159.02 8.46

3p0g

-12.04 1.25 -150.74 2.03
-9.25 3.57 -147.20 1.52
-8.59 2.12 -144.77 0.67
-8.54 2.12 -140.40 1.83
-8.53 3.35 -139.29 1.22

2vt4

-8.60 1.06 -133.21 0.91
-8.59 1.02 -133.15 1.53
-6.75 3.95 -125.12 6.11
-6.75 3.97 -123.25 6.16
-5.28 3.15 -122.41 5.16

2y00

-7.68 0.95 -131.21 7.62
-7.37 2.31 -124.46 0.83
-7.24 2.46 -123.51 9.35
-6.48 3.40 -121.37 9.53
-6.37 2.77 -118.45 5.41
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2y01

-7.26 1.21 -122.73 11.79 
-7.16 2.17 -121.89 9.33
-6.86 2.50 -121.41 13.07 
-6.17 2.84 -117.95 5.54
-5.48 3.11 -115.09 9.88

2y02

-10.02 0.55 -146.69 6.15
-8.24 2.12 -138.28 7.41
-8.13 2.63 -137.50 3.77
-7.66 2.80 -134.86 1.39
-7.56 2.94 -131.24 4.42

2y03

-7.51 0.73 -87.65 1.27
-7.45 0.76 -86.25 2.04
-7.43 0.74 -84.12 2.61
-7.42 0.78 -83.81 5.32
-7.38 0.79 -82.84 1.11

2y04

-6.44 1.44 -98.27 5.45
-6.40 1.32 -95.50 1.32
-6.39 1.29 -93.95 0.61
-5.91 2.39 -93.42 2.61
-5.71 2.31 -90.93 2.31

It can be seen that Auto Dock 4.0 per formed bet ter for
struc tures: 2rh1, 2vt4, 2y01, 2y02, 2y03, 3d4s, 3ny8, 3ny9,
3nya, 3pds. How ever, MVD gave bet ter re sults for 2y00,
2y04, 3p0g. For all cases, Auto Dock 4.0 pro vided an an swer
that could be called sat is fac tory. On the other hand, MVD
failed to dock the ligand to the pro teins 2y01, 3nya and 3pds. 
At the same, it was hard to de cide if the dock ing re sult was
ac cept able and whether these were really the best or not. An
in ter est ing ex am ple of such a case can be seen in Fig. 1. This
is the case of dock ing to the 2vt4 pro tein. The cor rect po si -
tion is out lined in green. The red and yel low po si tions
rep re sent, ac cord ingly, the RMSD val ues of 0,91 Å and 1,53
Å, re spec tively. As one can see, both rings are docked quite
well, while in the lat ter case, the chain is ro tated.

An other in ter est ing ex am ple is pre sented in Fig. 2a. In
this case, it was im pos si ble to achieve the goal of docking
the ligand by MVD. The RMSD val ues of the po si tions
range from 9.33 Å (yel low), to 13.07 Å (blue). No tice that no 
cor rect align ment was made, even in re gard to the rings. On
the other hand, Auto Dock had no prob lems in achiev ing the
cor rect dock ing posi tion, which can be seen in Fig. 2b. This
situa tion also oc curs in the case of 3ny8.

MVD soft ware in some cases failed to de ter mine the best
po si tion based on its scor ing func tion. Such an ex am ple is
pre sented in Fig 3. This is the case of the pro tein 3ny9. The
po si tion marked in green is the ex peri men tally de ter mined
po si tion. The red po si tion was cho sen by the soft ware, based
on its scor ing func tion. The yel low and green po si tions are,
ac cord ingly, placed as the sec ond and third best. Af ter ex am -
in ing this case, it may be con cluded that ac tu ally the sec ond
(yel low) po si tion is the best. This opin ion agrees with the
fact that the RMSD value of the sec ond po si tion is the low est 
of all. 

Fig . 1. Po si tions of the ligand docked to 2vt4 pro tein, cal cu lated by
MVD. The ex peri men tally de ter mined po si tion of the ligand is
pres ented in green. The red and yel low po si tions rep re sent the
RMSD val ues of 0.91 Å and 1.53 Å, re spec tively. Pro tein mod els were 
re moved for clar ity

Fig . 2. Po si tions of the ligand docked to 2y01 pro tein cal cu lated by
MVD (left) and by Auto Dock (right). The ex peri men tally
de ter mined po si tions of the ligand are pre sented in green. The other
po si tions are docked in cor rectly in the case of MVD, or close to the
cor rect po si tion for the AutoDock- based re sults

Fig . 3. Po si tions of the ligand docked to 3ny9 pro tein cal cu lated by
Mo le gro. The ex peri men tally de ter mined po si tion of the ligand is
pre sented in green

Fig . 4. Po si tions of the ligand docked to the 3p0g pro tein cal cu lated
by Auto Dock4.0. The ex peri men tally de ter mined po si tion of the
ligand is pre sented in green
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Ap ply ing the de fault scor ing func tion in the Auto -
Dock4.0 soft ware did not al ways give cor rect re sults. This
was ap par ent in the case of the 3p0g and 3nya pro teins. The
dock ing pro cess also failed to give good re sults in the first
case, where no po si tion over laps with the whole ligand in
Fig. 4. In the lat ter case, the scor ing func tion picked the blue
po si tion (RMSD 1,96 Å) over the yel low po si tion (RMSD
0,85 Å) which can be seen in Fig. 5.

DISCUSSION
Find ing the sources of bet ter ap pli ca bil ity for the tested

pro grams is not an easy task, due to both their com plex ity
and the nu mer ous dif fer ences dis played be tween the com pu -
ta tional tech niques ap plied by them. Both tested pro grams
use dif fer ent em piri cal force fields to ex press the strength of
in ter ac tions in the ligand- receptor sys tems; they also use dif -
fer ent search al go rithms. In ter est ingly, the MVD scor ing
func tion (MolDock Score) does not nec es sar ily cor re spond
to the true bind ing af fin ity. In the case of Auto Dock, the
bind ing free en ergy can be es ti mated and is com pa ra ble with
the avail able ex peri men tal data. 

One can also no tice that Auto Dock uses slightly more so -
phis ti cated in ter ac tions pa rame ters, com pared to MVD.
Some of the more sig nifi cant dif fer ences are:
1. Auto Dock com putes Cou lom bic in ter ac tions ap ply ing

Gas tei ger atomic par tial charges. MVD has im ple mented 
a sim ple scheme in clud ing three types of charges for
oxy gen and ni tro gen at oms.

2. Piece wise Lin ear Po ten tial (PLP) [4] is used in MVD to
ac count for the steric in ter ac tions and for hy dro gen
bond ing. This PLP is, how ever, based on the same pa -
rame ters for all atom- atom pairs. Analogi cal in ter ac tions 
in Auto Dock are ex pressed by the Lennard- Jones 6-12
po ten tial, whereas the cor re spond ing pa rame ters are
taken from the AMBER force field. This means that
more atom types are taken into ac count.

3. Fi nally, Auto Dock ac counts for the pres ence of wa ter and 
the sol va tion ef fect (al though in di rectly). Namely, the
desol va tion po ten tial based on the vol ume of at oms that
sur round a given atom and shield it from sol vent, is cal -
cu lated. No analogi cal pro ce dure is im ple mented in
MVD. This may be es pe cially im por tant in the case of
ligand- adrenergic re cep tor sys tems, as the re cent mo -
lecu lar mod el ing stud ies show that in ter ac tions with
wa ter mole cules con trib ute sig nifi cantly to the over all
ligand-envi- ronment in ter ac tions, even in the case of
bound ligands. The amino acid resi dues cre at ing the
bind ing cav ity are also ex posed to con tact with wa ter.
There fore, sal va tion ef fects are as sumed to be es sen tial
in the stud ied sys tems.

4. Al though both MVD and Auto Dock de fault search al go -
rithms have some fea tures in com mon (e.g. they both are
‘genetic’ -type al go rithms), only the Auto Dock al go -
rithm con sid ers the un bound states (con for ma tions) of
the ligand and re cep tor (this is nec es sary for cal cu lat ing
the sol va tion ef fects, for in stance).

All these dif fer ences and their com bi na tions can in flu -
ence the ob tained re sults and be re spon si ble for the vary ing
ef fec tive ness of both pro grams. The choice of a suit able pro -
gram should there fore be based not only on the ex act ness of
the re sults, but also on other fac tors, such as the avail able
time and the com pu ta tional re sources, as well as the speci -
fic ity of the ad dressed prob lem.

Con clud ing, the over all re sults sug gest that RMSD value
should not ex ceed 1 Å for a po si tion to be con sid ered as cor -
rect. In more com plex cases, both tested pro grams had
prob lems in pro pos ing a rea son able an swer. What is more, in 
some cases, it was ap par ent that RMSD is more re li able than
scor ing func tions when it comes to find ing the best re sults.
In most cases, the po si tions with the low est RMSD val ues
also had the low est en er gies, but this did not al ways hold
true. Over all, Auto Dock 4.0 gave bet ter re sults, but used sig -
nifi cantly more time and proc ess ing power to solve the given 
prob lems.
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