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ABSTRACT

Density Functional theory (DFT), Quantitative Structure Activity Relation (QSAR) and docking methods were used to observed the anti-bacteria
activity of 2-[5-(aryloxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl] acetic acids derivatives. Several descriptors such as Highest Energy Occupied
Molecular Orbital (HOMO), Lowest Unoccupied Molecular Orbital (LUMO), LogP, molecular weight, dipole moment, chemical hardness,
chemical potential and solvation energy obtained via DFT method were employed to develop QSAR model. This was used to predict the
bioactivity (ICs) that fitted well with the observed 1Cs,. More so, every studied compound was docked against B. subtilis cell line (1a6f) and the
binding energy obtained from ligand-receptor interactions were reported.
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INTRODUCTION

Bacteria are most numerous organism formed in the universe. They are commonly found amidst man and they are advantageous to man [1-3].
They are very trivial to see with human eye unless it is assisted; this is because they belong to the class of prokaryotic cellular organization. They
are numerous in human body than the normal human-cells; thus, they are crucial for apposite enhancement, sustenance and resistance to illness
[4,5].

Many years ago, Bacillus subtilis, a constricted group of closely related sorts has been acknowledged not able to be distinguished on the root of
phenotypic physiognomies [6]. This genus called “Bacillus” comprised rod-shaped bacteria as well as bacteria that form endospore [7,8].
Bacillus is a Gram-positive species that is heterogeneous in nature and it is also a facultative anaerobic bacteria which can be controlled by
bacteriophages because of their highest occurrence in food production [9,10]. According to Pedersen et al., it is observed that B. subtilis
produces enterotoxins and emetic Toxin which lead to food-borne diseases [11]. More so, B. subtilis is more frequently met in the surroundings
[12].

Moreover, several years ago, acetic acid was first isolated through distillation of vinegar [13]. Due to its distinctive whiff and acerbic taste of
vinegar, it shows various features in its pure state i.e., Colourless with a severe and maddening scent of vinegar [14-16]. Most of the derivatives
of acetic acid proves to be useful in the manufacturing of chemicals, antibiotics, plastics, synthetic fibers and explosives [17,18].

Furthermore, Quantitative Structural Activity Relationship (QSAR) which is an arithmetic model helps to predict the toxicity of substance and
also render support in the case of classic chemicals [19-21]. In this QSAR model, molecular descriptors which described anti-bacteria activity of
2-[5-(aryloxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl] acetic acids Derivatives such as Highest Energy Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) energy, band gap energy, dipole moment, charges on every heteroatoms etc. [22-24] were
obtained by using Quantum Chemical Methods (QCM) via Density Functional Theory (DFT). This has been described to be suitable for creating
sufficient QSAR model. Thus, quantum chemical descriptors usage has prodigious significance [25-28].

In the past decade, docking has a means of ascertaining the interaction between ligand and receptor have received a great number of attention.
This is due to its ability to practically select enormous set of compounds and scoring as well as exposing the stages involved in prevention of
target binding site by ligands [29-31]. Thus, interaction energy calculations can be presented dock score form [32].

Therefore, as shown in Figure 1, Neelam et al., synthesized and screened seven compounds against B. subtilis and then optimized by using
density functional theory method [33]. These studied compounds are: 2-(5-(phenoxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl) acetic acid (3a), 2-(5-
((4-methylphenoxy) methyl)-1, 3, 4-oxadiazol-2-ylsulfanyl) acetic acid (3b), 2-(5-((4-methoxyphenoxy) methyl)-1, 3, 4-oxadiazol-2-ylsulfanyl)
acetic acid (3c), 2-(5-((4-chlorophenoxy)methyl)-1,3,4-oxadiazol-2-ylsulfanyl) acetic acid (3d), 2-(5-((4-bromophenoxy)methyl)-1,3,4-
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oxadiazol-2-ylsulfanyl) acetic acid (3e), 2-(5-((4-fluorophenoxy)methyl)-1,3,4-oxadiazol-2-ylsulfanyl) acetic acid (3f) and 2-(5-((4-
nitrophenoxy)methyl)-1,3,4-oxadiazol-2-ylsulfanyl) acetic acid (3g). So, the aim of this work is to calculate molecular parameters by using DFT
method and then build QSAR model for investigation of bioactivity of chosen molecules. Therefore, the optimized compound were docked
together with receptor (1a6f) so as to obtain free binding energy.
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Figure 1: The schematic structures of the 2-[5-(aryloxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl] acetic acids derivatives

Computational details
Molecular descriptors and QSAR studies

The optimization of equilibrium geometries for seven molecular compounds was executed via quantum chemical method. In this paper,
optimization of the molecular compounds was carried out by using 6-31(d,p) basis set for the calculation of molecular descriptors which describe
the bioactivity of the compounds. This was achieved using quantum chemical software i.e. Spartan 14 by wave function Inc (Spartan 14) [34].

Moreover, the obtained molecular descriptors were used to build QSAR model for biological investigation of the selected molecules [35].
Multiple linear regression method, a frequent arithmetic method was used in building the QSAR model and was then validated by considering
cross validation (R?) and adjusted R? (Equations 1 and 2):

Z(Yobs_Ycal)z
CV.R? =1 — =—0bs__cal’_ 1
Z(Yobs_Yobs)2 ( )

The R, adjusted could be calculated using Equation 2:

2 _ (N-DxR?-P

Re = ——">— )

Moreover, the optimized molecular structures were also used for docking study to estimate binding affinity of the molecules to the B. subtilis cell
line, MTCC 96 receptor (PDB ID: 1a6f). The docking software used to achieve this were Discovery Studio, Autodock tool, AutoDock vina
programme and Edu pymol version 1.7.4.4 which was used as post dock software. More so, the grid dimension used for 1a6f was 32 x 32 x 36 A
(grid size) together with 1.000 A as the grid-point spacing.

RESULT AND DISCUSSION

QSAR modeling

In this study, both dependent and independent variables were involved in the development of QSAR model via Multiple Linear Regression
(MLR) method. More so, the obtained molecular parameters served as the independent variable while Inhibitory Concentration (ICsg) against B.
subtilis cells line as dependent variable. The selected descriptors as shown in Table 1 were used to build the QSAR model, since the quality of
any developed QSAR model is a function of it predictability power. Therefore, it is noted that the developed model replicated the experimental
ICso well as revealed by the fitting factor (R?) (Figure 2). The calculated fitting factor (R?), 0.9996, revealed the adeptness of the model as shown
in Equation 3.

Furthermore, Cross Validation (CV.R?) and adjusted R? were considered in order to statistically validate the developed model. The CV.R? was
calculated to be 0.915 which was observed to be greater than the standard value (0.5) [36] and this disclosed the dependability and
appropriateness of the developed model as well as the adjusted R? (0.990) which was greater than 0.6 (Table 2).

ICsp = -1.648 — 0.017(SE) — 0.092(HBD) — 0.458(HOMO) — 0.613(GN) 3)

The predicted anti-bacteria activity of the ligands using the QSAR model as well as deviation from the experimental values were displayed in
Table 3.
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Table 1: The calculated molecular descriptors obtained from the studied compounds

B.
HOM | LUM | B DM SE Clep| G |LOG | yw | OVALI | ocp | HE | PO | HB | HB | subtilis
o) o) G (Debye) | (Kj/mol) | H N P TY T L A D (MTCC
96)
3| 646 | 085 | 28| 4ma 4849 | 28| 36 | 23| 320 | 22 | 141 | B1 | 105 [BO] 5 | 4 0.60
a 1 0 p 8 25 5 p 9
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Figure 2: Correlation between predicted and observed 1Cs
Table 2: Statistical parameters for validation of QSAR model
N p R’ CV.R’ R’
7 4 0.996 0.915 0.990
Table 3: Stepwise regression result for anti-bacteria activity
Compounds Observed Predicted Residual
3a 0.6 0.6 0
3b 0.55 0.55 0
3c 0.55 0.55 0
3d 05 0.49 0.01
3e 05 051 -0.01
3f 0.45 0.45 0
3g 0.4 0.4 0
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Docking and scoring

Investigation was carried out on the interaction between 2-[5-(aryloxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl] acetic acids derivatives and B.
subtilis cell line (1a6f) [37] which was obtained from protein data bank and from this investigation, nine conformations were observed. From
this docking study, highest free binding energy (i.e., More negative value) in every docking simulation which was presumed to be most stable
were reported. Therefore, the free binding energy calculated for compound 3a-3g are -5.4 kcal/mol, -5.8 kcal/mol, -5.6 kcal/mol, -5.6 kcal/mol, -
5.7 kcal/mol, -5.6 kcal/mol and -5.7 kcal/mol (Table 4).

Table 4: Interactions between ligands and 1a6f receptor

Comp. (Qg;/nnl%) H-Bond Between protein residues in the binding pocket and Drug Distance
3a -5.4 (i) LYS-11, LIG: O (ii) LEU-48, LIG:O (iii) VAL-46, LIG:O (iv) LEU-10, LIG:H (i) 3.4 (i) 2.4 (iii) 2.8 (iv) 2.8
3b 5.8 (YARG-68, LIG: O (ii) LEU-10, LIG:O (jii) VAL-46, LIG:O (i)2.2, (i) 2.9, (iii) 2.7
3¢ 56 (i) ASN-13, LIG: O (ii) LYS-11, Lng%g)Lnguolo LIG:O (iv) VAL-46, LIG:H (v) (i) 2.2, (ii) 3.2, (iii) 2.9, (iv) 2.7, (v) 2.3
ad 56 (i) LYS-11, LIG:N (i) LEU-48, L:%S-Ellél)Ll]El-J-olo' LIG:O (iv) VAL-46, LIG:O (v) (i) 32, (i) 3.3, (iii) 2.8, (iv) 2.8, (v) 2.7
3 57 (i) ALA-2, LIG:O (ii) ARG-65, LIG:O (iii) HIS-3, LIG:O (iv) ARG-9, LIG: O (v) (i) 2.7, (ii) 2.0, (iii) 3.3, (iv) 1.8,
' ARG-68, LIG:N (vi) ARG-9, LIG:O (v) 2.1, (vi) 2.4
3f -5.6 (i) LYS-11, LIG:O (ii) LEU-10, LIG:O (iii) VAL-46, LIG:O (iv) LEU-48, LIG:O (i) 3.4, (i) 2.7, (iii) 2.7, (iv) 2.7
3 57 (i) ASN-13, LIG: H (i) LYS-11, LIG:O (iii) LYS-11, LIG:O (iv) LEU-10, LIG: O (v) | (i) 2.5,(ii) 3.4, (iii) 3.4, (iv) 3.0, (v) 2.8,
9 ) VAL-46, LIG: O (vi) ARG-68, LIG: O (vi) 2.4

Moreover, as shown in Figure 3, exploration of the ligand-receptor complex revealed that H-bonds interaction played a protuberant role in the
binding of ligand to the enzyme which then affect it biological functions. So, Table 3, show the H-bonds and the distances in the ligand-receptor
complex. In this study, the residues involved in the interaction for each compound are; residue LYS-11, LEU-48 and VAL-46 formed hydrogen
bonds with compound 3a; for 3b, ARG-68, LEU-10 and VAL-46 were involved in the interaction. Moreover, the residues that took part in
hydrogen bond interaction for compound 3c, 3d, 3e, 3f and 3g are ASN-13, LYS-11, LEU-10, VAL-46, ARG-68; LYS-11, LEU-48, LEU-10,
VAL-46, LEU-48; ALA-2, ARG-65, HIS-3, ARG-9, ARG-68, ARG-9; LYS-11, LEU-10, VAL-46, LEU-48; ASN-13, LYS-11, LYS-11, LEU-
10, VAL-46, ARG-68 respectively. The selected ligand-receptor (1a6f) complexes showing stable conformation were displayed in Figure 3.
Thus, it was presumed that compound 3b inhibited 1a6f more than all other compounds and this could be a function of the structure of
compound 3b with the effect of Methylbenzene as the derivative as shown in Figure 1.
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3d

3e
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Figure 3: Binding interaction of 3a-3g with 1a6f
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CONCLUSION

In this paper, anti B. subtilis activity of 2-[5-(aryloxymethyl)-1,3,4-oxadiazol-2-ylsulfanyl] acetic acids derivatives was achieved by using the
obtained descriptors with the use of density functional theory method for QSAR study. The developed QSAR model reproduced the
experimental bioactivities. More so, the results gotten from docking study predicted stable conformations of the ligands within the enzyme’s
active gouge.
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