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Abstract—Computer-aided drug design could help much in the field of bioinformatics and biomedical engineering if there is a good model of CB1 and
CB2 receptors and a suitable algorithm for the obtained ligand-receptor complex. The purpose of this article is to find the most appropriate scoring function
and model for docking between cannabinoid ligands and cannabinoid receptors
that correlate well with the data from biological activity of the compounds. The
analysis of the obtained results indicates that the values of the ChemScore function correlate with the biological activity data at the highest degree and obtained
correlation has a biological sense. This combination will allow us to test virtually a large number of potential cannabinoid ligands.
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1

Introduction

An important task in the drug design is to find a bioactive conformation of a particular molecule defined as suitable to dock to the receptor binding site and to elicit a
biological response. Finding a correlation between the structure and biological activity
of cannabinoid receptors and their ligands is of interest to many researchers. To obtain
a significant correlation, it is essential that appropriate descriptors are employed.
Many of these descriptors reflect simple molecular properties and can provide insight
into the physicochemical nature of the investigated compounds. The biological activity can be described by some known mathematical function, F: Biological activity = F
[structure (parameters)] and it can be any measure of the parameters describing struc.
tural and physicochemical properties such as 𝐾" , 𝐼𝐶&' , 𝐸𝐶&' , 𝑒*+, , 𝐸[1]. The
structure-activity relationship is a mathematical expression derived by statistical or
related techniques.
In the current investigation, we present a study of cannabinoid receptors and cannabinoid ligands. Cannabinoid receptor type 1 (CBR2) and cannabinoid receptor type
2 (CBR2) are attractive targets for many researchers in the field of bioinformatics and
biomedical engineering [2-4]. The cannabinoids activate special receptors in the human body to produce a pharmacological action, particularly in the central nervous
system and the immune system. Cannabinoids could be useful for treating side effects
in cancer [5-9].
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Docking experiments with these receptors and cannabinoid ligands were performed
and evaluated with scoring functions embedded in the software GOLD 5.2. The results are presented in the following articles [10-12].
The main purpose of this article is to determine the correct way of ligand binding
to the receptor in order to find a complex with a minimal energy. Our goal is to find
the most appropriate scoring function and model for docking between cannabinoid
ligands and cannabinoid receptors that correlate well with the data from biological
activity of the compounds. This is important for determining the structure-activity
activity relationship (SAR) by using molecular docking.

2

Materials and Methods

We apply an optimization algorithm for selecting potent cannabinoid ligands using
the results of docking performed by genetic algorithm software GOLD 5.2 [13]. The
docking is a computational method which predicts the preferred orientation of one
molecule to other when bound to each other to form a stable ligand-receptor complex.
If we know the preferred orientation of the molecules, we may be to predict the binding affinity between ligand and receptor using scoring functions. These functions are
fast approximate mathematical methods used to predict the binding affinity between
investigated compounds (in our case cannabinoid receptors and cannabinoid ligands)
after they have been docked. We used four scoring functions provided with GOLD 5.2
(GoldScore, ChemScore, ChemPLP, ASP) which are described in Table 1 [13-18].
Table 1. Scoring functions used in docking experiments
Scoring functions
𝑆89_+AB - protein-ligand energy of H-bond
𝑆=>?_+AB - protein-ligand energy of Van der Waals
𝑆89_DEB (internal H-bond)
𝑆=>?_DEB (internal vdw)
𝐶ℎ𝑒𝑚𝑆𝑐𝑜𝑟𝑒 =
∆𝐺9DE>DEI - free binding energy
∆𝐺9DE>DEI +
𝐸J,KL8 - clash energy
𝐸J,KL8 + 𝐸DEB + 𝐸JM=
𝐸DEB - internal energy
𝐸JM= - covalent bonding energy
𝑓OPQRSTS = 𝑓STS −
𝑓STS - Piecewise Linear Potential
(𝑓J8+-W89 + 𝑓J8+-WJ8M + 𝑓J8+-W-+B ) 𝑓J8+-W89 - H-bond, depending on the distance
𝑓J8+-WJ8M - H-bonds, depending on the angles
𝑓J8+-W-+B - metal-bonds, depending on the distance
𝐴𝑆𝑃 = − 𝐶L 𝑆(𝑚𝑎𝑝) −
𝑆(𝑚𝑎𝑝) - total state score, all combinations of protein atoms p and
ligands atoms l;
𝑐DEB 𝐸DEB − 𝑐J,KL8 𝐸J,KL8
𝐶L - scaling factor;
𝐸DEB - internal energy;
𝐸J,KL8 - clash coefficients.
𝐺𝑜𝑙𝑑𝑆𝑐𝑜𝑟𝑒 = 𝑆89:;< +
𝑆=>?_+AB +
𝑆89_DEB + 𝑆=>?_DEB

Ligands used in the current investigation and their values of biological activity
(KA) from in vitro experiments are presented in Table 2 [18].
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Table 2. Biological activity of the cannabinoid ligands used in the studies
Ligands
Anandamide
N-Arachidonoyl dopamine
2-Arachidonoylglycerol
2-Arachidonyl glyceryl ether
Δ-9-Tetrahydrocannabinol
EGCG(Epigallocatechin Gallate)
Yangonin
UR-144

3

Values of biological activity
78 nM
21 nM
10 nM
33,6 μM
0,72 μM
150 nM

Results and Discussion

For the human cannabinoid receptor type 1 three structures were used: the first two
are models, obtained by algorithms for homology modelling (HM) in different software: MOE and Chimera, and the third is the crystal structure of the CBR1, obtained
by Protein Data Bank (PDBid: 5tgz) (https://www.rcsb.org/). For the human cannabinoid receptor type 2 was used a model of the receptor, obtained by HM in SwissModel [10,11] (Figure 1).
According to Shim et al. [19] it is known that the binding site for CBR1 is asparagine residue around the receptor. In our investigation of the three models of CBR1
this residue is Asp366. The binding site for CBR2 is known from the literature as the
cysteine residue in transmembrane helix 6 of the receptor homologous to C6.47 (355)
in the CB1 receptor with which the NCS moiety of AM-841 interacts [20]. In the
docking experiments between cannabinoid ligands and cannabinoid receptors the
binding site was defined as residues within 10 Å radius of Asp 366 for CBR1 and 10
Å radius of Cys257 for CBR2.

Fig. 1. Protein-ligand docking for cannabinoid receptors and cannabinoid ligands.
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For protein target – in our case the models of the CBR1 and CBR2, molecular
docking with software GOLD 5.2 generates several probable ligand binding conformations at the active sites around the receptors. The scoring functions from software
for docking–ASP, ChemPLP, ChemScore, GoldScore were used to rank the ligand
conformations by evaluating the binding density of each of the probable ligandreceptor complexes.
There are significant correlations between the values of ChemScore function
(docking results) and the values of affinity of the ligands (biological activity) for
CBR1 and CBR2. The obtained results are presented in Table 3 and Figure 2.
Table 3. Pearson correlation coefficient for CBR.
Functions
ASP
ChemPLP
ChemScore
GoldScore

CB1 (MOE)
0,963
-0,176
-0,994
0,065

CB1
CB1
(Chimera)
0,923
-0,472
-0,924
-0,341

CB1 (PDBid:5tgz)
0,881
-0,502
-0,831
-0,4393

CB2
CB2
(Swiss-Model)
-0,1343
-0,511
-0,9456
-0,342

Fig. 2. Relationship between the values of the biological activity of cannabinoid ligands and
the values of the ChemScore function for models of CBR1 and CBR2: A) CBR1 (model
obtained by HM in MOE); B) CBR1 (model obtained by HM in Chimera); C) CBR1
(crystal structure, PDBid:5tgz); D) CBR2 (model obtained by HM in Swiss-Model).
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As can be seen from Table 3 the values of correlations are higher with ChemScore
function: CBR1 (model obtained by HM in MOE, R= -0,994); CBR1 (model obtained
by HM in Chimera), R = -0,924; CBR1 (crystal structure, PDBid:5tgz), R=-0.831; and
CBR2 (model obtained by HM in Swiss-Model), R = -0.924. The results are presented
in Figure 3.

Fig. 3. The values of Pearson’s correlation coefficient between biological activity of cannabinoid compounds and the four scoring functions of GOLD 5.2 for different models of
CBR

A negative correlation between the values of ChemScore scoring function for models of CBR1 and CBR2 and the values of the affinity of the cannabinoid ligands was
established. It is known that as lower the value of the affinity constant is the biological effect of the ligands is the stronger [21-26]. Dependence that best describes the
biological effects using the docking is between ChemScore function and KA.

4

Conclusion

The research community focused mostly on improving scoring predictions, because
in common opinion, calculating a ligand in vitro activity is very difficult task. Therefore, typical strategy is to gather data from diverse set of scoring functions representing different approaches to create new function using simple linear regression technique.
The analysis of the obtained results indicates that the values of the objective function, named ChemScore function correlate with the data for biological activity of the
cannabinoid ligands at the highest degree and obtained correlation has a biological
sense. This combination will allow us to test virtually a large number of potential
cannabinoid ligands.

iJOE ‒ Vol. 15, No. 11, 2019

143

Short Paper— Scoring Functions and Modeling of Structure-Activity Relationships for Cannabinoid …

5

Acknowledgement

This paper is partially supported by SWU “Neofit Rilski”, Bulgaria, Project RPY –
B4/19; Project of the National Science Fund of Bulgaria, BNSF Н27/36; National
Scientific Program "Information and Communication Technologies for a Single Digital Market in Science, Education and Security (ICTinSES)", financed by the Ministry
of Education and Science.

6

References

[1] Sapundzhi F. (2015). Mathematical and computer modelling of ligand-target interactions.
PhD desertion. South-West University “Neofit Rilski”, Blagoevgrad, Bulgaria.
http://rd.swu.bg/media/40833/avtoreferat.pdf.
[2] Pacher P., Batkai S., Kunos G. (2006). The endocannabinoid system as an emerging target
of pharmacotherapy. Pharmacological Reviews. 58, 389–462. https://doi.org/10.1124/
pr.58.3.2
[3] Howlett A. (2002). The cannabinoid receptors”, Prostaglandins & Other Lipid Mediators.
68, 619–631. https://doi.org/10.1016/s0090-6980(02)00060-6
[4] Mackie K. (2005). Distribution of cannabinoid receptors in the central and peripheral
nervous system, Handb Exp Pharmacol. 168, 299–325.
[5] Mackie K. (2006). Cannabinoid receptors as therapeutic targets”, Annu Rev Pharmacol
Toxicol, 46, 101–122. https://doi.org/10.1146/annurev.pharmtox.46.120604.141254
[6] Al-Batah М., Zaqaibeh B., Alomari S., Alzboon M. (2019). Gene Microarray Cancer Classification using Correlation Based Feature Selection Algorithm and Rules Classifiers.
Journal of Online and Biomedical Engineering.15 (08), 62-73. https://doi.org/10.3991/
ijoe.v15i08.10617
[7] Matsuda L., Lolait S., Brownstein M., Young A., Bonner T. (1990). Structure of a cannabinoid receptor and functional expression of the cloned cDNA. Nature. 346, 561–564.
https://doi.org/10.1038/346561a0
[8] Munro S., Thomas K., Abu-Shaar M. (1993). Molecular characterization of a peripheral
receptor for cannabinoids. Nature. 365, 61–65. https://doi.org/10.1038/365061a0
[9] Gerard C., Mollereau C., Vassart G., Parmentier M. (1991). Molecular cloning of a human
cannabinoid receptor which is also expressed in testis. Biochem J. 279, 129-134.
https://doi.org/10.1042/bj2790129
[10] Herkenham M., Lynn A., Johnson M., Melvin L., de Costa B., Rice K. (1991). Characterization and localization of cannabinoid receptors in rat brain: a quantitative in vitro autoradiographic study. J. Neurosci. 11, 563–583. https://doi.org/10.1523/jneurosci.11-0200563.1991
[11] Sapundzhi F., Dzimbova T., Pencheva N., Milanov P. (2018). Computer modelling of
Cannabinoid receptor type 1. ITM Web of Conferences, AMCSE 2017, 02008. F. Sapundzhi, T. Dzimbova, N. Pencheva, P. Milanov, Molecular docking experiments of cannabinoid receptor, Bulgarian Chemical Communications, 50, Special Issue B, 2018, 44-48.
https://doi.org/10.1051/itmconf/20181602008
[12] Sapundzhi F., Dzimbova T. (2018). Computer modelling of the CB1 receptor by molecular
operating environment. Bulgarian Chemical Communications. 50 (Special Issue B), 15-19.
[13] GOLD, version 5.2 UserGuide, CCDC Software Ltd.Cambridge, UK (2010).
www.ccdc.cam.ac. uk/solutions/csd-discovery/components/gold/

144

http://www.i-joe.org

Short Paper— Scoring Functions and Modeling of Structure-Activity Relationships for Cannabinoid …

[14] Jones G., Willett P., Glen R., Leach A., Taylor R. (1997). Development and validation of a
genetic algorithm for flexible docking. J Mol Biol. 267, 727–748.
[15] Baxter C., Murray C., Clark D., Westhead D., Eldridge M. (1998). Flexible docking using
Tabu search and an empirical estimate of binding affinity. Proteins. 33, 367–382.
https://doi.org/10.1002/(sici)1097-0134(19981115)33:3<367::aid-prot6>3.0.co;2-w
[16] Korb O., Stützle T., Exner T. (2009). Empirical scoring functions for advanced proteinligand docking with PLANTS. J. Chem, Inf. Mod. 49, 84-96. https://doi.org/10.1021
/ci800298z
[17] Verdonk M., Cole J., Hartshorn M., Murray C., Taylor R. (2003). Improved protein-ligand
docking using GOLD. Proteins. 52, 609-623. https://doi.org/10.1002/prot.10465
[18] Pertwee R. (2006). Cannabinoid receptor ligands. Tocris Reviews. 16, 1-16. https://doi.org/
10.1074/jbc.m111.261651
[19] Shim J., Bertalovitz A., Kendall D. (2011). Identification of essential cannabinoid-binding
domains. Journal of biological chemistry. 286(38), 33422–33435.
[20] Pei Y., Mercier R., Anday J., Thakur G., Zvonok A., Hurst D., Reggio P., Janero D., Makriyannis A. (2008). Ligand-binding architecture of human CB2 cannabinoid receptor: evidence for receptor subtype-specific binding motif and modeling GPCR activation, Chem
Biol., vol. 15(11), 1207–1219. https://doi.org/10.1016/j.chembiol.2008.10.011
[21] Sapundzhi F., Popstoilov M. (2018). Optimization algorithms for finding the shortest
paths. Bulgarian Chemical Communications. 50 (Special Issue B), 115-120.
[22] Sapundzhi F., Dzimbova T., Pencheva N., Milanov P. (2016). Comparative evaluation of
four scoring functions with three models of delta opioid receptor using molecular docking.
Der Pharma Chemica. 8, 118-124. https://doi.org/10.14806/ej.18.a.446
[23] Sapundzhi F., Dzimbova T., Pencheva N., Milanov P. (2014). GOLD scoring functions
comparison to establish the relationship structure-biological action. Journal of Peptide Science, 20 (S1), S294.
[24] Sapundzhi F., Dzimbova T., Pencheva N., Milanov P. (2017). Modeling the relationship
between biological activity of delta-selective enkephalin analogues and docking results by
polynomials. Bulgarian Chemical Communications, 49 (4), 768-774.
[25] Maghawry N., Ghoniemy S. (2019). A Proposed Internet of Everything Framework for
Disease Prediction. Journal of Online and Biomedical Engineering. 15 (04), 20-27.
https://doi.org/10.3991/ijoe.v15i04.9834.
[26] Andrade T., Quintas M., Silva C., Restivo M., Chouzal M., Amaral T. (2013). Virtual Instrumentation in Biomedical Equipment. International Journal of Online and Biomedical
Engineering. 9, 28-30. http://dx.doi.org/10.3991/ijoe.v9iS1.2283

7

Author

Fatima Sapundzhi is Chief Assistant in Department of Communication and Computer Engineering and Technologies, Faculty of Engendering, member of University
Center for Advanced, Bioinformatics Research, South-West University "Neofit
Rilski", 66 Ivan Mihaylov Str., Blagoevgrad, Bulgaria. PhD on Informatics. Scientific
Interest: programming, computer modelling, electrical engineering, biotechnology,
bioinformatics.
Article submitted 2019-04-19. Resubmitted 2019-05-29. Final acceptance 2019-05-30. Final version
published as submitted by the authors.

iJOE ‒ Vol. 15, No. 11, 2019

145

