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Eschatological scrutiny of unprofessional usage of molecular docking; how unreliability in
computational methods arises from amateurish mistakes

A B S T R A C T

The impact of computational methods in drug design and discovery is prevailing in both academic and industrial scales. Molecular docking is one of the favorite tools
for assessment of the interactions between a ligand and its congener macromolecule. In silico approaches and especially molecular docking are gaining much attention
in recent years due to their cost-effective nature. In this letter to editor, we want to briefly describe how an undisciplined and unorganized research with molecular
docking can result in highly equivocal results. This discussion can be useful for other scientist to avoid these pitfalls. This paper addresses the article by V. Suganya
and V. Anuradha entitled “In silico molecular docking of astaxanthin and sorafenib with different apoptotic proteins involved in hepatocellular carcinoma” published
in 6th of March 2019 on Biocatalysis and Agricultural Biotechnology.

Molecular docking is reckoned as a very instructive and informative
instrument in drug design and discovery (de Ruyck et al., 2016), pro-
tein-protein interactions (Safavi et al., 2019), bioremediation (Liu et al.,
2018) and also studying the catalytic mechanism of enzymes
(Bhattacharjee et al., 2017). Nowadays there are a growing number of
publications using this popular approach to identify the hit ligand
molecules for a specific macromolecular target; that can be a protein,
DNA and even RNA.

Recently a new term has been applied in the process of drug dis-
covery called “reverse docking” or “inverse docking” (Xu et al., 2018)
which is practically the reverse process of molecular docking; in which
a ligand molecule (or a few) will be docked against a large number of
proteins in order to identify the plausible targets which exhibit the best
computational free energy. SePreSA server can be easily used for this
reverse docking and drug repurposing purposes (Yang et al., 2009). This
process is especially useful for organic chemists which are not dealing
with the biological activity of molecules and the novelty of the syn-
thetic process or the new compounds they have obtained, is the main
point. So, as long as reverse docking verified the possible target mole-
cule, they embark on assessing the pharmacological activity of those
compounds to catch new hit molecules as drug candidates. Reverse
docking is not the only way to detect the potential other targets of a
specific compound. To identify the off-label targets of a drug (or ligand)
molecule, a database search is also very auspicious. For instance,
ChEMBL, Reaxys and SciFinder can be used for detection of similar li-
gand molecules with different biological activities than the “mother
ligand”. Normal molecular docking can be used thereafter to determine
the computational binding evaluation and the possibility of inhibition/
activation of that receptor.

In this letter to editor we want to address a few issues raised by
Suganya and Anuradha (2019) paper. First to emphasize is that pro-
moting apoptosis by a certain compound does not necessarily signify
that it interacts with apoptotic proteins. For instance, the compound
might interact with a battery of other proteins like transcription factors
e.g. NF- κB (Dolcet et al., 2005) or proteasome proteins (Gupta et al.,
2018) or many other pathways. Hence, suggesting a specific ligand
molecule for a specific protein molecule without underlying literature
evidence or without further experimental (or computational methods

like reverse docking) techniques which justify it, would be re-
prehensible.

In the paper by Suganya and Anuradha, a series of molecular
docking were performed with sorafenib and astaxanthin on growth
factor receptors EGFR and VEGFR and three apoptotic proteins (BCL2,
caspase 3 and caspase 9) to “prove” the mechanism of these molecules
as anti-cancer agents. Even if all of the component and methodology
used in this study were accurate, we would arguably declare that these
approaches are far enough to provide a clear insight about the me-
chanism of these anti-cancer molecules. The word “prove” which was
used in this article, could be applied when there were more appropriate
methods to assess the binding interactions. Today, it is generally ac-
cepted that molecular docking cannot say anything about the agonistic
or antagonistic nature of a certain ligand (Chen, 2015). A molecule can
demonstrate a highly negative free energy values in docking studies and
it only binds to a certain site on the receptor. It may be an agonist, an
antagonist, a partial or reverse agonist, an allosteric modulator or even
none of them. The pharmacological activity for a compound is closely
related to the conformational change it induces on its congruent re-
ceptor. Of course there are some computational methods in which you
can determine the nature of behavior (Miao et al., 2018) but molecular
docking is too preliminary to disclose any information like this.

The next point about this article, is that the proteins used, were not
satisfactorily prepared before starting the docking operation (no details
in the method section). It is plainly corroborated in previous surveys
that many structures embedded in protein data bank (PDB database)
are not ready for a molecular docking procedure (Bietz et al., 2016). In
order to have a legitimate structure for docking, certain parameters
should be checked. A reliable resolution is considered to be crucial for
this purpose. A typical C–C bond length is about 1.5 Å and as the
“numerical” resolution of X-ray crystallography rises, the ability for
distinguishing between different residues and their interconnection is
gradually lost. Many hydrogen-bond networks are irresolute and with
this cloudy binding pocket, no precise docking calculations can be
performed. In order to get rid of these problems, one might use mole-
cular dynamics (MD) to prepare the structure and additionally, many
other softwares provide in-built preparation tools. The other problem
with PDB proteins is that they sometimes lack some amino acid residues
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(which are lost during the crystallography process) and ought to be
added to the structure prior to docking. This procedure which is termed
loop modeling or loop building was not performed for the proteins of
this article. In the case of caspase 9 (PDB ID: 2AR9, which was used in
Suganya and Anuradha paper) the first 140 residues of all chains are
missed in the pdb structure and this can profoundly impinge the whole
result of docking operation. Of course, this part of the protein might be
irrelevant to the binding site but no description about the nature of this
region of the protein and its potential activity was addressed. To make
it even more complicated, we should add that 2AR9 is the dimeric
structure of caspase 9. It is well established that proteins shape dis-
similarly in their different morpheein structures (Wasserman and
Saphire, 2016). For an enzyme like caspase 9, in which dimer and
monomer can both exist in cellular environment there should be a
biochemical comparison between these two structures (which can be
done by surveying the literature or computationally by running a mo-
lecular dynamics simulation on each structure). To make it succinct, the
structure used in the dimeric state might have a distinctive structure
and/or function from the monomeric state.

One of the most conspicuous and irrefutable errors of the Suganya
and Anuradha study, is that the proteins used in the docking procedures
are the mutated forms. 2AR9 has six mutation and is not the native
structure of caspase 9 (Chao et al., 2005). Even if the function of the
protein remains unaffected by these mutations, the binding of a ligand
molecule can be influenced remarkably. This concept is fully in-
vestigated in a branch of pharmacology dubbed “pharmacogenetics”
(Ma and Lu, 2011). 4LQM (EGFR) another protein used in this study,
also displays one mutation according to the protein data bank. The title
of the related article to this structure also demonstrates that the role of
a mutation was assessed in lung cancer in that study (Yasuda et al.,
2013).

There is a term called “hydrophobic bond” which was used in the
Suganya and Anuradha research article and needs clarification.
Although it is more common to state “hydrophobic interactions” due to
the chemical nature of these interactions, there should be a transparent
viewpoint about the nature of them. Many interactions which have
been previously characterized as hydrophobic interactions are now
more precisely announced as “π-cation”, “π- π” as well as “π-anion”
interactions (Daze and Hof, 2016). The authors stated that His143
creates a hydrophobic interaction with astaxanthin. Because the imi-
dazole ring of histidine can take part in π-cation interaction (Liao et al.,

2013), this so-called hydrophobic interaction could be actually a π-
cation interaction.

Another unacceptable flaw in the aforementioned paper, is the in-
correct finding of the binding poses. According to the PDB database
(2OH4) and Hasegawa et al. article (Hasegawa et al., 2007), the re-
sidues which interact with the designed ligand are completely different
from those reported by Suganya and Anuradha (Fig. 1). Neither Leu834,
Pro837, Met867, Leu868, His874, Pro909 for astaxanthin nor Lys824,
Asp855 and Leu900 for sorafenib (Tables 5 and 6 from Suganya and
Anuradha paper) are not involved in interactions with ligand in the
previously examined paper by Hasegawa et al. Since their paper is ac-
companied by the crystallography, the docking process should be as-
sessed by this more accurate experimental assay. It would be obvious
also that molecular dynamics study reject these “bad binding poses” of
sorafenib and astaxanthin and repell the ligands out from the binding
site after a short nanoscale time of simulation.

Moreover the molecular docking study of Astaxanthin with 2W3L
and 4LQM resulted in a very superficial binding site. There should be a
comprehensive discussion in the article as why the binding pocket is so
near the surface of these proteins. Usually, a right binding pose should
be completely immersed deep in the structure of the receptor. Of
course, there can be some exceptions to this rule but we think that
based on other inaccuracies observed in the paper, this one is also
unknowingly overlooked.

Although molecular docking is a very effective and highly proficient
computational method, in the case where improper inputs are used, the
results would be definitely questionable. Lack of literature surveys
along with inexperienced application of in silico approaches, culminates
in unreliability of computational sciences like bioinformatics and che-
minformatics in academic society which should be strictly prohibited.
The future of in silico methods are under attack by these preposterous
and dubious findings. In today science in silico approaches play the
indispensable part for biomedical researchers. The design of many
drugs we use nowadays, have been started by these computer-aided
drug design (CADD) procedures (Sliwoski et al., 2013) but the cor-
rectness of methodology is of the essence for cultivating decent results.
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Fig. 1. Interactions between the ligand and VEGFR according to the PDB database (2OH4) (Hasegawa et al., 2007).
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bcab.2019.101224.

References

Bhattacharjee, N., Feliks, M., Shaik, M.M., Field, M.J., 2017. Catalytic mechanism of
peptidoglycan deacetylase: a computational study. J. Phys. Chem. B 121, 89–99.
https://doi.org/10.1021/acs.jpcb.6b10625.

Bietz, S., Fährrolfes, R., Rarey, M., 2016. The art of compiling protein binding site en-
sembles. Mol. Inform. 35, 593–598. https://doi.org/10.1002/minf.201600043.

Chao, Y., Shiozaki, E.N., Srinivasula, S.M., Rigotti, D.J., Fairman, R., Shi, Y., 2005.
Engineering a dimeric caspase-9: a re-evaluation of the induced proximity model for
caspase activation. PLoS Biol. 3, 1079–1087. https://doi.org/10.1371/journal.pbio.
0030183.

Chen, Y.C., 2015. Beware of docking!. Trends Pharmacol. Sci. 36, 78–95. https://doi.org/
10.1016/j.tips.2014.12.001.

Daze, K., Hof, F., 2016. Molecular interaction and recognition. In: Encyclopedia of
Physical Organic Chemistry 5 Volume Set. John Wiley & Sons, Inc., Hoboken, NJ,
USA, pp. 1–51. https://doi.org/10.1002/9781118468586.epoc3001.

de Ruyck, J., Brysbaert, G., Blossey, R., Lensink, M.F., 2016. Molecular docking as a
popular tool in drug design, an in silico travel. Adv. Appl. Bioinforma. Chem. 9.
https://doi.org/10.2147/AABC.S105289.

Dolcet, X., Llobet, D., Pallares, J., Matias-Guiu, X., 2005. NF-kB in development and
progression of human cancer. Virchows Arch. 446, 475–482. https://doi.org/10.
1007/s00428-005-1264-9.

Gupta, I., Singh, K., Varshney, N.K., Khan, S., 2018. Delineating crosstalk mechanisms of
the ubiquitin proteasome system that regulate apoptosis. Front. Cell Dev. Biol. 6.
https://doi.org/10.3389/fcell.2018.00011.

Hasegawa, M., Nishigaki, N., Washio, Y., Kano, K., Harris, P.A., Sato, H., Mori, I., West,
R.I., Shibahara, M., Toyoda, H., Wang, L., Nolte, R.T., Veal, J.M., Cheung, M., 2007.
Discovery of novel benzimidazoles as potent inhibitors of TIE-2 and VEGFR-2 tyr-
osine kinase receptors. J. Med. Chem. 50, 4453–4470. https://doi.org/10.1021/
jm0611051.

Liao, S.M., Du, Q.S., Meng, J.Z., Pang, Z.W., Huang, R.B., 2013. The multiple roles of
histidine in protein interactions. Chem. Cent. J. 7. https://doi.org/10.1186/1752-
153X-7-44.

Liu, Z., Liu, Yujie, Zeng, G., Shao, B., Chen, M., Li, Z., Jiang, Y., Liu, Yang, Zhang, Y.,
Zhong, H., 2018. Application of molecular docking for the degradation of organic
pollutants in the environmental remediation: a review. Chemosphere 203, 139–150.
https://doi.org/10.1016/j.chemosphere.2018.03.179.

Ma, Q., Lu, A.Y.H., 2011. Pharmacogenetics, pharmacogenomics, and individualized
medicine. Pharmacol. Rev. 63, 437–459. https://doi.org/10.1124/pr.110.003533.

Miao, Y., Demir, Ö., McCammon, J.A., Chodera, J., Amaro, R.E., Smith, J.C., Baudry, J.,
2018. Ensemble docking in drug discovery. Biophys. J. 114, 2271–2278. https://doi.
org/10.1016/j.bpj.2018.02.038.

Safavi, A., Kefayat, A., Abiri, A., Mahdevar, E., Behnia, A.H., Ghahremani, F., 2019. In
silico analysis of transmembrane protein 31 (TMEM31) antigen to design novel
multiepitope peptide and DNA cancer vaccines against melanoma. Mol. Immunol.
112, 93–102. https://doi.org/10.1016/j.molimm.2019.04.030.

Sliwoski, G., Kothiwale, S., Meiler, J., Lowe, E.W., 2013. Computational methods in drug
discovery. Pharmacol. Rev. 66, 334–395. https://doi.org/10.1124/pr.112.007336.

Suganya, V., Anuradha, V., 2019. In silico molecular docking of astaxanthin and sorafenib
with different apoptotic proteins involved in hepatocellular carcinoma. Biocatal.
Agric. Biotechnol. 19. https://doi.org/10.1016/j.bcab.2019.101076.

Wasserman, H., Saphire, E.O., 2016. More than meets the eye: hidden structures in the
proteome. Annu. Rev. Virol. 3, 373–386. https://doi.org/10.1146/annurev-virology-
100114-054923.

Xu, X., Huang, M., Zou, X., 2018. Docking-based inverse virtual screening: methods,
applications, and challenges. Biophys. Reports 4, 1–16. https://doi.org/10.1007/
s41048-017-0045-8.

Yang, L., Luo, H., Chen, J., Xing, Q., He, L., 2009. SePreSA: a server for the prediction of
populations susceptible to serious adverse drug reactions implementing the metho-
dology of a chemical-protein interactome. Nucleic Acids Res. 37. https://doi.org/10.
1093/nar/gkp312.

Yasuda, H., Park, E., Yun, C.H., Sng, N.J., Lucena-Araujo, A.R., Yeo, W.L., Huberman,
M.S., Cohen, D.W., Nakayama, S., Ishioka, K., Yamaguchi, N., Hanna, M., Oxnard,
G.R., Lathan, C.S., Moran, T., Sequist, L.V., Chaft, J.E., Riely, G.J., Arcila, M.E., Soo,
R.A., Meyerson, M., Eck, M.J., Kobayashi, S.S., Costa, D.B., 2013. Structural, bio-
chemical, and clinical characterization of epidermal growth factor receptor (EGFR)
exon 20 insertion mutations in lung cancer. Sci. Transl. Med. 5. https://doi.org/10.
1126/scitranslmed.3007205.

Milad Bagheri
Digestive Oncology Research Center, Digestive Disease Research Institute,

Tehran University of Medical Sciences, Tehran, Iran

Saeid Ghasemshirazi
Department of Computer Engineering, Shahid Bahonar University of

Kerman, Kerman, Iran

Ardavan Abiri∗

Department of Medicinal Chemistry, Faculty of Pharmacy, Kerman
University of Medical Sciences, Kerman, Iran

E-mail addresses: a.abiri@kmu.ac.ir, ard.abiri@ymail.com.

∗ Corresponding author.

Biocatalysis and Agricultural Biotechnology 20 (2019) 101224

3

https://doi.org/10.1016/j.bcab.2019.101224
https://doi.org/10.1016/j.bcab.2019.101224
https://doi.org/10.1021/acs.jpcb.6b10625
https://doi.org/10.1002/minf.201600043
https://doi.org/10.1371/journal.pbio.0030183
https://doi.org/10.1371/journal.pbio.0030183
https://doi.org/10.1016/j.tips.2014.12.001
https://doi.org/10.1016/j.tips.2014.12.001
https://doi.org/10.1002/9781118468586.epoc3001
https://doi.org/10.2147/AABC.S105289
https://doi.org/10.1007/s00428-005-1264-9
https://doi.org/10.1007/s00428-005-1264-9
https://doi.org/10.3389/fcell.2018.00011
https://doi.org/10.1021/jm0611051
https://doi.org/10.1021/jm0611051
https://doi.org/10.1186/1752-153X-7-44
https://doi.org/10.1186/1752-153X-7-44
https://doi.org/10.1016/j.chemosphere.2018.03.179
https://doi.org/10.1124/pr.110.003533
https://doi.org/10.1016/j.bpj.2018.02.038
https://doi.org/10.1016/j.bpj.2018.02.038
https://doi.org/10.1016/j.molimm.2019.04.030
https://doi.org/10.1124/pr.112.007336
https://doi.org/10.1016/j.bcab.2019.101076
https://doi.org/10.1146/annurev-virology-100114-054923
https://doi.org/10.1146/annurev-virology-100114-054923
https://doi.org/10.1007/s41048-017-0045-8
https://doi.org/10.1007/s41048-017-0045-8
https://doi.org/10.1093/nar/gkp312
https://doi.org/10.1093/nar/gkp312
https://doi.org/10.1126/scitranslmed.3007205
https://doi.org/10.1126/scitranslmed.3007205
mailto:a.abiri@kmu.ac.ir
mailto:ard.abiri@ymail.com

	Eschatological scrutiny of unprofessional usage of molecular docking; how unreliability in computational methods arises from amateurish mistakes
	Conflicts of interest
	Supplementary data
	References




