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Dasatinib binding to 
Src kinase

• Molecular dynamics 
simulations (total of 35 µs)

• Ligand “finds” the known 
position (PDB: 3G5D)

• Amber99SB ff for the protein
• TIP3P ff for water
• GAFF ff with AM1-BCC for 

the ligand

• kon and koff can be estimated 
from the simulation, and 
therefore KA and ΔG

Movie from:
Y. Shan et al., J. Am. Chem. Soc. 2011, 133, 9181-9183.
http://dx.doi.org/10.1021/ja202726y



Figure from:
Y. Shan et al., J. Am. Chem. Soc. 2011, 133, 9181-9183.
http://dx.doi.org/10.1021/ja202726y
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Do we need the full simulation to 
calculate ΔG ?
• Can we estimate ΔH from the number of 

H-bonds and nonpolar contacts formed 
upon binding?

• Can we estimate ΔS from the number of 
water molecules displaced and the 
conformational restriction created upon 
binding?

This is what molecular docking 
methods attempt to do:
• Finding the optimal pose for the ligand at 

the surface of the protein
• Estimating ΔH as the sum of all interactions 

formed (protein-ligand), minus the sum of 
all interactions broken (protein-solvent, 
protein-protein, ligand-solvent, ligand-ligand)

• Estimating ΔS from the number of rotatable 
bonds immobilized upon binding, and the 
number of water molecules “liberated”.

Docking relies on a large number 
of approximations but is much 
faster than MD simulations.

Dasatinib binding to 
Src kinase
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AutoDock Vina 
scoring function

Chemical 
structure 
of ligand

Atom types & 
partial charges

Atom i is assigned 
type ti and partial 
charge qi.

Conformation-
dependent score

Sum over all (i,j) pairs 
that can move relative 
to one another

c =
�

i<j

ftitj (rij)

Distance between 
atoms i and jInteraction function 

(specific to the atom 
types of i and j)

Atom 
types

ftitj (rij) = htitj (dij)

Surface distance

dij = rij �Rti �Rtj



Interaction function

same for all 
atom types

Attraction between polar 
(and oppositely charged) 
atom types

Attraction between 
nonpolar atom types

htt�(d) = steric(d) + Hphobictt�(d) + Hbondtt�(d)

Figure from :
Trott & Olson. 2010. J. Comput. Chem. 
31, 455–461.
http://dx.doi.org/10.1002/jcc.21334



Scoring function

scoring 
function of 
pose “p”

sp = g(cp � cintra,1)

conformation-
dependent score 
of pose “p”

intramolecular part of the 
conformation-dependent 
score of the best ranking 
pose (#1)

c = cinter + cintra

g(cinter) =
cinter

1 + wNrot

number of rotatable 
bonds in the ligand

empirical 
weight = 0.0585

This score also 
corresponds to the 
binding affinity.

The function has 6 empirical parameters, 
that are adjusted to best reproduce a set 
of 190 known receptor-ligand structures.

See Table 1 from :
Trott & Olson. 2010. J. Comput. Chem. 
31, 455–461.
http://dx.doi.org/10.1002/jcc.21334



Performance: Ligand pose and 
conformation

Given its simplicity, the 
scoring function of 
AutoDock Vina works 
surprisingly well…

AutoDock Vina

AutoDock 4.0.1

Figure from :
Trott & Olson. 2010. J. Comput. Chem. 
31, 455–461.
http://dx.doi.org/10.1002/jcc.21334



Performance: Free energies of 
binding

Figure from :
Trott & Olson. 2010. J. Comput. Chem. 
31, 455–461.
http://dx.doi.org/10.1002/jcc.21334

AutoDock VinaAutoDock 4.0.1



What is missing?

Protein is treated as a rigid molecule.

• AutoDock Vina can perform “flexible docking”, with 
selected protein side chains allowed to flex.  The 
protein backbone remains rigid, though.

• Newer docking methods allow for larger-scale 
deformations of the protein.

This is a serious limitation if 
we expect the binding to 
follow an induced fit model.

Water is described only implicitly.

• Explicit water molecules can be added by hand, but 
this is not feasible for high-throughput studies.

• Newer docking methods allow for insertion of explicit 
water molecules around the ligand.

This is a problem if binding 
relies on bridging water 
molecules.

Many types of molecular interactions missing…

• Metal ligation, covalent bonds, cation–aromatic 
interactions, etc. (just to name some of the strongest 
ones)
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Nice ways to show a protein-ligand complex

www.nature.com/scientificreports/

8Scientific RepoRts | 7:44201 | DOI: 10.1038/srep44201

the maximum response of these compounds in the cAMP accumulation assay was well below 50%, categorising 
them as weak partial agonists.

Although the G protein-biased D2R-agonist hordenine shares structural similarities to the balanced agonist 
dopamine, receptor–ligand interactions obtained after docking and energy minimisation in presence of a D2R 
homology model appear to be different. Hordenine lacks a meta-hydroxyl group compared to dopamine, ren-
dering it unable to form hydrogen bonds to both residues Ser1935.42 and Ser1975.46 as dopamine does42 (Fig. 6). 
The receptor–ligand complex that results from docking and energy minimisation cannot explain whether double 
methylation of the nitrogen atom enables hordenine to form additional hydrophobic interactions compared to 
dopamine.

Taken together, we could observe partial or almost full agonist activity in the cAMP inhibition assays for three 
of four tested D2R-agonist VS hits. For the D2R-antagonist VS hit robenidine, we could not observe any activa-
tion in either assay. These results confirm the pharmacophore models and VS workflow.

Thus, the VS workflow proved to be able to identify hordenine as almost full D2R-agonist in Gi/o activation 
and simultaneous antagonism in β -arrestin recruitment, indicating that this substance acts as a G protein-biased 
agonist at D2R. Additionally, two VS hits with partial agonism in Gi/o activation, fumigaclavine A and salsolinol, 
were identified. The D2R-antagonist robenidine did not show any activation in either assay. The VS method based 

Figure 5. Receptor activation properties of hordenine. In comparison to dopamine, hordenine shows agonist 
properties in the inhibition of forskolin-stimulated cAMP accumulation (a). While no β -arrestin-2 recruitment 
was determined for hordenine (b), the test substance completely antagonised quinpirole-stimulated recruitment 
(c).

Figure 6. Conformation of hordenine and its receptor-ligand interactions obtained after docking and 
energy minimisation. We used an active-state homology model of D2R and performed MD simulations with 
the endogenous ligand dopamine42. Dopamine was removed from the model, hordenine was docked into the 
binding pocket and the resulting receptor-ligand complex was subjected to energy minimisation in a water 
box. Whereas dopamine is able to form two hydrogen bonds with both Ser1935.42 and Ser1975.46 in the D2UpR 
model42, our VS hit hordenine forms only a single hydrogen bond to Ser1975.46 due to the lack of a second 
hydroxyl group.

Figure from :
Sommer et al. 2017. Sci. Rep. 7, 44201.
http://dx.doi.org/10.1038/srep44201



Nice ways to show a protein-ligand complex

Figure from :
Shamsara. 2016. SpringerPlus 5, 334.
http://dx.doi.org/10.1186/s40064-016-1972-4 

Page 4 of 5Shamsara  SpringerPlus  (2016) 5:344 

xlsx” generated by CrossDocker from HMG-CoA reduc-
tase data set. Figure 2 shows reliability of the docked pose 
of a ligand with reference to the native conformation in the 
active site of the structure with PDB code 1HWJ.  

Discussion and conclusions
CrossDocker provides a good opportunity to perform 
cross-docking easily on a series of 3D structure of a same 
receptor and subsequent data collection and analysis. 
As it was suggested previously the structures with lower 
average RMSD and/or higher number of docked poses 
with RMSD <2.0 Å have higher probability for good per-
formance in virtual screening study and pose prediction 
(Vinh et  al. 2012; Ramezani and Shamsara 2015; Zhang 
et  al. 2014). Thus the reported results by CrossDocker 
can be used to achieve the best structures for computa-
tional drug design studies. Furthermore, if the most of 
the calculated average RMSD for a specific target is high 
and/or self-docking RMSDs are also high, it can indi-
cate poor performance of Autodock Vina on a specific 
target and vice versa. In some cases, it can be improved 
by increasing exhaustiveness parameter in configuration 
file that would also increase the computation time. In the 
example above the performance of Autodock Vina on the 
set of HMG-CoA reductase structures was reasonable 
with default setting (exhaustiveness = 8) (see Fig. 2 and 
calculated self-docking RMSDs in Tables  1, 2). Accord-
ing to the results of the obtained best RMSDs, struc-
tures  1HWJ, 1HWL, 3CCT and 3CDB would be more 
promising to use for binding pose prediction and virtual 

Table 2 RMSD of each ligand pose which has smallest energy docking to each PDB code protein

Receptors are in columns while co-crystalized ligands are in rows. The average of the calculated RMSDs for a receptor is presented. The number of successful docks 
(RMSD <2.0) is also presented for each receptor in the last row of the table. The RMSDs of self-dockings are in bold faces

Fig. 2 Docked pose (green) of the ligand of 2R4F PDB code in the 
active site of HMG-CoA reductade structure with PDB code 1HWJ. 
The experimental pose of the ligand in PDB code 2R4F is shown in 
magenta. ADP is shown in yellow color. The calculated RMSD is 0.96 Å. 
The atoms in the 1HWJ active site were color coded by their B-factors. 
Blue is for low B-factor and red is for high B-factor value. Higher 
B-factor may indicate flexibility of the residues (inaccuracy in crystal-
lography for some part of the protein also causes the higher B-factor)


