
 
Volume 3, Issue 5, 2025 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.org/                                         | Iqbal et al., 2025 | Page 1666 

 

MOLECULAR DOCKING INVESTIGATION OF VANILLIN-SCHIFF BASES AS A 
ARABINOSYLTRANSFERASE-C INHIBITORS 

 
Husna Iqbal1, Asad Ullah Khan2, Sidratul Muntaha3, Muhammad Omar4, Rahman Ali Khan5, 

Salma6, Sunbal Khan7, Abdul Latif8, Farhat Iqbal9, Naila10, Adnan Shahzad*11, Izharullah Mian12 

 
1,2,4,6,7,8,9,10, *11,12Institute of Chemical Sciences, University of Swat, Swat, Pakistan 

3Center for Plant Science and Biodiversity, University of Swat, Swat, 
5Center for Microbiology and Biotechnology, University of Swat, Swat, 

 
*11adnanshahzad@uswat.edu.pk 

 
DOI: https://doi.org/10.5281/zenodo.16742352 

 Abstract 
Based on their biological pharmacophore activity, schiff bases are potent. As a 
result, we chose different Schiff bases SB1–SB4 based on vanillin for their ability 
to bind to the MTB Arabinosyltransferase- C target enzyme. Molecular docking 
software AutoDock vina in the protein's Ligand Binding site pocket, Avogadro, 
Gaussian09 software, B3LYP theory, and 6-31g basis were used to investigate 
the inhibitory potential of a subset of vanillin-based Schiff bases, SB1-SB4. 
According to the findings of the molecular docking research, the compounds SB1–
SB4 show encouraging binding interactions with Arabinosyltransferase-C, with 
favourable binding energies ranging from -8.46 kcal/mol to -8.85 kcal/mol. 
Because of their significant binding energies, which indicate that they can 
effectively alter the activity of the Mycobacterium enzyme, these inhibitor 
chemicals are great candidates for the creation of novel therapeutics. With more 
investigation and testing of these medications, potent Mycobacterium inhibitors 
with enhanced effectiveness and fewer adverse effects might be developed. 
According to the findings, compounds based on vanillin-based Schiff bases exhibit 
superior inhibitory efficacy against specific enzymes Arabinosyltransferase-C 
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 INTRODUCTION 
About one-fourth of the world's population is 
infected with Mycobacterium tuberculosis (MTB), 
the pathogen that causes one of the most deadly 
and contagious diseases, tuberculosis (TB). [1] 
Around 10.4 million people had TB in 2016, 
according to the WHO, and it is a leading cause of 
death for those who have HIV. [2] One of the most 
common public health problems that causes havoc 
globally is multidrug-resistant (MDR) bacteria. 
4,90,900 of the 6,00,000 TB patients are multidrug 
resistant (MDR-TB). Antimicrobial medications 
EMB (ethambutol) and INH (isoniazid) are widely 
used to treat tuberculosis; however, in recent years, 

isoniazid (INH) has been proven to be resistant. [3] 
According to the most recent assessment, EMB 
resistance affects 2.3% and 3.8% of patients with 
new and recurrent tuberculosis, respectively, in the 
United States. [4-6] According to a list of 63 surveys 
on antituberculosis medication resistance carried 
out between 1985 and 1994, a small number of 
nations had a rate of acquired EMB resistance 
higher than 13.7%. A transferase enzyme called 
arabinosyltransferase C operates on arabinose, 
which is found in furanose form, and aids in the 
polymerisation of arabinogalactan, a crucial 
component of the cell wall of mycobacteria. [7] 
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EMB inhibits the biosynthesis of cell walls by 
blocking the synthesis of arabinogalactan and 
lipoarabinaomannan (LAM) through three 
arabinosyl transferases. [8] It is used in combination 
with isoniazid, pyrazinamide, and rifampin 
(rifampicin). i.eEmbA(Rv3794), EmbB(Rv3795) and 
EmbC(Rv3793). EmbA, EmbB and EmbC belongs 
to glycosyltransferase superfamily C(GT-C). While 
EmbC is linked to the production of LAM, EmbA 
and EmbB are involved in the biosynthesis of 
arabinogalactan. [3] LAM plays a significant role in 
several perspectives on the interactions between 
host cells and Mycobacterium species. [9] Since 
there is a considerable correlation between EmbC 
activity and the amount of LAM species generated 
from overexpression of the embC mutant of M. 
smegmatis with embC Mtb, EmbC is regarded as a 
high-quality target for ethambutol. [10] The 
transmembrane helices that make up the 
characteristic architecture of these M. tuberculosis 
Emb enzymes are synchronised with a hydrophilic 
C-terminal domain that comprises residues ranging 
from 719 to 1094 in the full-length enzyme. [11] 
While ligand-based computational virtual screening 
methods, when coupled with other techniques, are 
found to be an important part that is used for de 
novo characterisation, identification of potential 
inhibitors, and drug repurposing, structure-based 
drug discovery and computational approaches 
provide a valuable alternative to the costly and time-
consuming process of random screening. [12-14] 
Using molecular docking, the current study aims to 
assess the binding affinities of several functional 
derivatives of ethambutol and the already available 
medication isoniazid against Arabinosyltransferase 
C of Mycobacterium TB.[15-17] 
 
1. Methodology 
The binding interaction mechanism of the 
synthesized vanillin-based Schiff bases were 
evaluated for competitive and noncompetitive 
inhibition of the mark enzymes of Mycobacterium 

tuberculosis (DNA gyrase subunit A and DprE1) 
using molecular docking studies. The crystal 
structures of enzymes of interest were obtained from 
the Protein Data Bank. Protein was theoretically be 
prepared by using AutoDock MGL tools (1.5.6 
version) and optimized by removing all water 
molecules, heteroatoms, and cofactors for simplicity 
of calculations [18]. The best docking conformer 
with the lowest binding energy were selected for 
further investigations. The protein-ligand 
interaction results analysis were concluded from 
highly stable confirmer images, and the docking 
poses of selective vanillin-based Schiff bases against 
target enzymes were visualized by PyMol (3.1), 
AutoDock Vina (1.5.6 version), BIOvia Discovery 
Studio visualization (V 4), and LigPlot (2.2).[19, 20] 
 
2. Result and discussion  
2.1.  Molecular docking of vanillin-based Schiff 
bases: 
The selection procedures of receptor proteins were 
purely based on the literature survey. To assess the 
multi-domain antimycobacterial activity of ligands, 
different types of receptor proteins (mycobacterial 
protein) were taken into consideration that had 
different 3D structures and different functions as 
well; specifically, they all must have had some 
critical functions required for the survival of the 
target bacterial cell and its infection [21]. The 
selected receptor protein Arabinosyltransferase-C 
(PDB ID: 3pty) have important roles in carrying out 
essential cellular processes. The 
Arabinosyltransferase-C enzyme is essential for the 
mycobacteria's cell wall production [22] To inhibit 
the function of selected enzymes in our present 
study the synthesized vanillin-based Schiff bases 
(SB1-SB4) were selected for inhibition potential 
against Arabinosyltransferase-C and one standard 
Macozinone [23] (as shown in Scheme 1). Also test 
against these enzymes for comparative studies. 
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Figure 1. Structural formulae of vanillin-based Schiff bases (SB1-SB4) and Standard S1-S2 

 
The binding analysis of SB1 with 
Arabinosyltransferase-C shows that compound (SB1) 
possesses a great binding potential with docking 
score of -8.85 kcal/mol (shown in Table 1) and 
inhibition constant is 326.9nϺ. Compound (SB1) 
show interaction with Arabinosyltransferase-C 
enzyme in active site TYR-841, ARG-930, SER-1047, 
TRP-1057, ASP-1056 and GLY-1058. The title 
compound S1 was fitted in the active pocket of 
Arabinosyltransferase-C enzyme which allows, N-O 
and N-H groups to make hydrogen bonding 
interaction with ARG-930 (N-O…H-N), TRP-1057 
(N-O…H-N), and GLY-1058 (N-O…H-N) residues of 
Arabinosyltransferase-C enzyme. With a bond 
distance is 2.2Å each (shown in table 2) respectively. 
Beside these Hydrogen-bonds in active site, SB1 also 
exhibit hydrophobic, weak Vander Wall interaction 
and π-π interaction with, TYR-841 (N…O-H) amino 
acid of Arabinosyltransferase-C represented in Figure 
2. The Binding poses of compound (SB1) with above 
mention Arabinosyltransferase-C enzyme 3D 
structures are illustrated in Figure 2. The selected 
compound (SB2) show inhibition potential against 
to Arabinosyltransferase-C possess a docking score of 
-8.49 kcal/mol (shown in Table 1) and inhibition 
constant is 601.56nϺ. Compound (S2) show 
interaction with Arabinosyl transferase-C enzyme in 
active site, ARG-930, ASN-928, SER-1047, ASP-

1056.The title Compound (S2) was fitted in active 
pocket of Arabinosyltransferase-C enzyme which 
allow C-O and O-H group to form hydrogen bond 
interaction with ARG-930(C-O…HN), SER-
1047(OH…O), ASN-928(HO…HN) and SER-
1047(HO…HN) residue of Arabinosyl transferase-C 
enzyme with a bond distance is 1.8Å, 1.9Å, 2.2Å, 
2.2Å (shown in table 2) respectively. Beside these 
hydrogen bonds in active site, SB2 also exhibit 
hydrophobic, weak Vander Wall interaction and π-π 
interaction with ASP-1056(N…O) in Figure 3. In 
2021, Manu Kumar and Sandeep Kumar Singh 
tested the effects of aloin, a key component of aloe 
vera, on the enzyme arabinosyltransferase-C. While 
our experiment was similar to theirs, our 
compound's results were much different, coming in 
at -8.49 kcal/mol as opposed to their -6.3 kcal/mol 
[21]. The Binding poses of compound (SB2) with 
Arabinosyltransferase-C enzyme 3D structures are 
illustrated in Figure 2. Compound (SB3) was 
selected for their inhibition potential against the 
Arabinosyltransferase-C enzyme docking score is -
8.46kcal/mol (shown in Table 1) and inhibition 
constant is 629.76nϺ. Compound (SB3) interact 
with residues TRP-926, TYR-841, SER-1047 of 
Arabinosyltransferase-C enzyme. The compound 
(SB3) was able to be docked deeply within the 
binding pocket region of the Arabinosyl-transferase-
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C enzyme. Among these hydrogen bonds 
Participating in the interaction via the SER-1047 (O-
H…O), SER-1047 (H-O…H-N), SER-1047 (C=O…H-
N) (given in Figure 4) with a bond distance is 1.8Å, 
2.1Å, 2.1Å (shown in table 2) Beside these hydrogen 
bonds in active site SB3 also exhibit hydrophobic, 
weak Vander wall interaction and π-π interaction 
with TYR-841 (N…O-H) and TRP-926(N…O-C) 
amino acid of Arabinosyltransferase-C enzyme 
represent in (Figure 4). The Binding poses of 
compound (SB3) with Arabinosyltransferase-C 
enzyme 3D structures are illustrated in Figure 3. The 
selected compound (SB4) show excellent potential of 
inhibition against the Arabinosyl transferase-C 
enzyme with a Docking score -8.70kcal/mol (shown 
in Table 1) and inhibition constant is 417.41µϺ. 
Compound (SB4) show interaction with 
Arabinosyltransferase-C enzyme in active site GLY-
1058, ARG-930, SER-1047 and ASN-928. The title 
compound S4 was fitted in the active pocket of 
Arabinosyltransferase-C enzyme which allow C-O 
and H-O group to make hydrogen bonding 
interaction with ARG-930 (-C-O…H-N), SER-1047 
(O-H…O) and ASN-928 (H-O…H-N) residues of 

Arabinosyltransferase-C enzyme with a bond distance 
is .1.9Å,1.9Å and 2.0Å (shown in table 2) 
respectively. Beside these hydrogen bonds in active 
site SB4 also exhibit hydrophobic, weak Vander wall 
interaction and π-π interaction with GLY-1058 
(N…O) amino acid of Arabinosyltransferase-C 
enzyme represent in (Figure 5). The Binding poses of 
compound (SB4) with Arabinosyltransferase-C 
enzyme 3D structures are illustrated in Figure 5 
The standard compound macozinone show 
inhibitor opposed to Arabinosyltransferase-C 
possess a docking score -9.12 kcal/mol (shown in 
Table 1) and inhibition constant is 204.93 nϺ. 
Compound macozinone show interaction with the 
active site of Arabinosyltransferase-C enzyme is 
VAL-920 and TYR-841. Compound macozinone 
form a hydrogen bond with the active amino site of 
Arabinosyltransferase-C enzyme is TYR-841 (O…H-
N) with a bond distance is 2.3Å. Beside these 
hydrogen bond in active site, macozinone also 
exhibit hydrophobic, weak Vander Wall interaction 
and π-π interaction with VAL-920 (N…O) amino 
acid of Arabinosyltransferase-C enzyme. 

 
Table 1. Binding energy in (kcal/mol) of compound (SB1-SB4) with Arabinosyltransferase-C 

Compounds Binding energy in (kcal/mol) Inhibition constant 
SB1 -8.85 326.9nϺ 
SB2 -8.49 601.56nϺ 
SB3 -8.46 629.76nϺ 
SB4 -8.70 417.41µϺ 
Macozinone -9.12 204.93 nϺ 

 
Table 2. Residues involved in interactions and their distances of selected compounds with 
Arabinosyltransferase-C 

Compounds Interacting amino acids Interactions Types of interactions Distances(Å) 
SB1 ARG-930, TRP-1057, GLY-1058 NH…O=N, NH…O=N, NH…O=N H-Bonding 2.2, 2.2, 2.2 

SB2 
ARG-930, ASN-928, SER-1047, 
SER-1047 

C-O…H-N, H-O…H-N, H-O…H-N, 
O-H…O 

H-Bonding 1.8, 2.2, 2.2, 1.9 

SB3 SER-1047, SER-1047, SER-1047 O…HN, O…HN, O…HN H-Bonding 1.8, 2.1, 2.1 
SB4 ARG-930, SER-1047, ASN-928 C-O…H-N, O-H…O, H-O…H-N H-Bonding 1.9, 1.9, 2.0 
Macozinone SER-1047, ASN-928, ARG-930 O…HN, NH..O, O…HN H-Bonding 1.8, 2.1, 2.3 
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Figure 2. Binding poses of Compound (SB1) with Arabinosyltransferase-C enzyme (A), 2D interactions (B & C) 

(Hydrophobic interactions (D) and Aromatic interactions (E). 
 

 
Figure 3. Binding poses of Compound (SB2) with Arabinosyltransferase-C enzyme (A), 2D interactions (B & C) 

(Hydrophobic interactions (D) and Aromatic interactions (E). 
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Figure 4. Binding poses of Compound (SB3) with Arabinosyltransferase-C enzyme (A), 2D interactions (B & C) 

(Hydrophobic interactions (D) and Aromatic interactions (E). 
 

 
Figure 5. Binding poses of Compound (SB4) with Arabinosyltransferase-C enzyme (A), 2D interactions (B & C) 

(Hydrophobic interactions (D) and Aromatic interactions (E).
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Conclusion 
In this study, we investigated the inhibitory 
potential of Vanillin Schiff bases SB1-SB4 and 
standard compound Macozinone against 
Arabinosyltransferase-C by employing molecular 
docking techniques. These compounds were 
subjected to treatment with enzyme 
Arabinosyltransferase-C. Our results indicate that 
compounds SB1-SB4 exhibit significant inhibitory 
activity against Arabinosyltransferase-C, surpassing 
the reported compounds (Isoniazid, bedaquiline, 
pyrazinamide). Furthermore, we compared the 
binding energy of these compounds with that of the 
Macozinone and it was found that the binding 
energy of compounds SB1-SB4 was significantly 
comparable. Consequently, compounds SB1-SB4 
hold great potential as leading candidates for 
further pharmacological investigations aimed at 
developing treatments for Mycobacterium 
tuberculosis 
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