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a b s t r a c t 

We have previously performed a hierarchical in silico screen- 

ing of a Mycobacterium tuberculosis shikimic acid kinase [1] . 

Specifically, 11 compounds were screened from a library of 

154,118 compounds provided by ChemBridge [2] using UCSF 

DOCK [3] and the GOLD [4] program in the first and second 

steps, respectively. Molecular dynamic simulations were 

further performed on compound 2 (2-[(5Z)-5-(1-benzyl- 

5bromo-2-oxoindol-3-(5Z)-5-(1-benzyl-5-bromo-2-oxoindol- 

3-(5Z)-4-oxo-2 ylidene)-4oxo-2-sulfanylidene-1,3-thiazolidin- 

3-yl] acetic acid), which showed antimicrobial efficacy. These 

processes yielded ligand docking scores and trajectories. In 

this data article, we have added solvent-accessible surface 

area and PCA analyses, which were calculated from the 

raw docking scores and trajectories. Data obtained from 

molecular docking and molecular dynamic simulations are 

useful in two ways: 

(1) Further support for previous work 

(2) Provides a stepping stone for experimental scientists to 

conduct in silico studies and research ideas for other drug 

discovery researchers and computational biologists. 
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We believe that this article will provide an opportunity to 

develop new Mycobacterium tuberculosis therapeutics through 

searching for analogs and inhibitors against new targets. 

© 2024 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 

S
pecifications Table 

Subject Computational biology 

Specific subject area Docking simulation and molecular dynamics simulation 

Data format Raw, Analyzed 

Type of data Table, Figure 

Data collection We screened 154,118 compounds downloaded from Ressource Parisienne en 

BioinformatiqueStructurale, ChemBridge’s web-based chemical structure database by 

filtering for absorption, distribution, metabolism, excretion, and toxicity. We obtained 

the X-ray crystal structure of Mycobacterium tuberculosis shikimic acid kinase (MtSK) 

for molecular docking from the Protein Data Bank database [5] (PDB ID: 2IYQ). From 

the obtained structure, shikimic acid and water molecules were removed and 

hydrogen atoms and charges were added. Furthermore, a stable protein structure was 

obtained using the Energy Minimize module of MOE [6] . We used DOCK as the first 

step in a hierarchical screening to screen compounds from a compound library. First, 

we generated the protein structure surface using the DMS module of the UCSF chimera 

[7] to perform DOCK. The corresponding spheres were then placed in protein pockets 

using the SPHGEN package. A 5 Å cubic box was created around the spheres using the 

SHOWBOX package to limit the extent to which grids were generated, which were 

spaced 0.3 Å apart. After the DOCK calculations, further simulations were performed 

using GOLD for the 20 0 0 compounds with DOCK scores below −45.34 kcal/mol. The 

center coordinates used were x: 33.808, y: −35.244, z: 29.997, using default 

parameters. Ten conformations were generated for each compound using MOE for 

ligands with ≥75 GOLD score. We reran the GOLD program on the compounds that 

generated the conformations, and the average score for the conformations was used as 

the final GOLD score. Finally, the antimicrobial efficacy of compounds with ≥75 GOLD 

score were tested using Mycobacterium smegmatis . Molecular dynamic simulations 

were performed for the antibacterial compound 2 (2-[(5Z)-5-(1-benzyl-5-bromo- 

2oxoindol-3-ylidene)-4-oxo-2-sulfanylidene-1,3-thiazolidin-3yl]acetic acid) using 

GROMACS 2021.4 [8] . The simulation system was created using Solution Builder on the 

CHARMM-GUI server [ 9 , 10 ] and the compound conformation output by GOLD. The 

system was solvated by the TIP3P water model, and sodium and chloride ions were 

added to balance the charges. The resulting system is a 66 Å side cube containing 

24,051 water molecules, 22 sodium ions, and 30 chloride ions. Energies were 

minimized in up to 5,0 0 0 steps by the steepest descent method. Equilibration was 

performed for 100 ps under standard NVT and NPT conditions. The temperature and 

pressure were adjusted to 310 K and 1 bar, respectively. The final MD simulation was 

performed for 100 ns with a time step of 2 fs under NPT conditions. 

Data source location • Institution: Kyushu Institute of Technology 

• City/Town/Region: Kawazu/Iizuka/Fukuoka 

• Country: Japan 

Data accessibility Repository name: Molecular dynamics data for compound and Mycobacterium 

tuberculosis shikimic acid kinase targets 

Data identification number: 10.17632/725kx83gts.2 

Direct URL to data: https://data.mendeley.com/datasets/725kx83gts/2 

Related research article This data article supports the following paper we have published: 

S. Kawamoto, C. Hori, H. Taniguchi, S. Okubo, S. Aoki, Identification of novel 

antimicrobial compounds targeting Mycobacterium tuberculosis shikimate kinase using 

in silico hierarchical structure-based drug screening, Tuberculosis. 141 (2023) 102362. 

https://doi.org/10.1016/j.tube.2023.102362 . 

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.17632/725kx83gts.2
https://data.mendeley.com/datasets/725kx83gts/2
https://doi.org/10.1016/j.tube.2023.102362
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1. Value of the Data 

• This dataset gives ideas on processing and analysis for molecular docking and molecular dy-

namics simulations 

• This dataset will not only benefit drug discovery researchers and computational biologists,

but also provide a stepping stone for experimental scientists to perform in silico analyses. 

• This data will help researchers find inhibitors of other target proteins 

• Parameter files on molecular dynamics can contribute to efficient therapeutic drug design 

• This dataset provides the basic data necessary for in silico drug design infrastructure to ad-

vance analog pairing searches and organic synthesis development and effectively use the

data. 

2. Data Description 

This data article presents binding data for compound 2 (2-[(5Z)-5-(1-benzyl-5-bromo2-

oxoindol-3-ylidene)-4-oxo-2-sulfanylidene-1,3-thiazolidin-3-yl]acetic acid) to Mycobacterium tu- 

berculosis shikimic acid kinase (MtSK) not published in our previous paper. Fig. 1 shows the

sphere and box used to calculate UCSF Dock. Table 1 shows the Grid_vdw, Grid_es, and GOLD

Score (P450) for compounds 1–11, which were not shown in the original paper. Compounds are

oriented within this sphere. However, since the sphere must be researcher-selected, this infor-

mation may be useful for other studies. Fig. 2 shows the density, pressure, and temperature of

the system after equilibration of the compound 2–MtSK complex before MD simulation. Fig. 3

shows the solvent-accessible surface area (SASA) [11] mutations in compound 2 during MD.

Fig. 4 shows the structural mutations identified using PCA. The input and output files for the MD

calculations were stored in a data repository ( https://data.mendeley.com/datasets/725kx83gts/2 ).

We divided the folders by minimization, equilibration, and production and stored the shell

scripts and output files for each process. The video visualizing the MD trajectory using VMD

[12] was stored as 100nsMD.mp4 in the MD_Video file ( https://data.mendeley.com/datasets/

725kx83gts/2 ). 
Fig. 1. The position of the probe sphere indicating the orientation of the compound and box representing the region 

where the grid is calculated. 

https://data.mendeley.com/datasets/725kx83gts/2
https://data.mendeley.com/datasets/725kx83gts/2
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Table 1 

Grid_vdw Score and Grid_es Score for compounds and MtSK calculated by DOCK and GOLD Score (P450) calculated by 

GOLD. 

Name Chembridge ID Grid_vdw Grid_es GOLD Score (P450) 

compound 1 7951857 -34.760082 -10.883127 87.757 

compound 2 6680698 -32.720776 -15.487597 85.469 

compound 3 6345099 -38.167774 -8.109470 81.849 

compound 4 7606743 -29.117647 -17.205578 82.318 

compound 5 7983474 -32.058479 -14.042460 78.559 

compound 6 5728840 -35.901741 -10.531392 79.375 

compound 7 9022617 -35.976479 -13.731997 78.85 

compound 8 7442550 -37.342285 -10.506 84 9 77.707 

compound 9 7366078 -38.750999 -7.274676 77.48 

compound 10 6566230 -36.423145 -14.831291 77.325 

compound 11 7763637 -36.390656 -17.316345 78.177 

Fig. 2. Parameters after protein-ligand complex equilibration before MD run showing density gradient, pressure and 

temperature levels. (A) density, (B) pressure, (C) temperature. 

Fig. 3. Results of SASA analysis. The black line represents the area where the compound can contact the solvent during 

the MD simulation. 
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Fig. 4. Projections of trajectories of MtSK on the first two PCA eigenvectors of the trajectory. The black line shows free 

MtSK and the red line shows the results of PCA analysis of MtSK complexed with compound 2 (2-[(5Z)-5-(1-benzyl-5- 

bromo-2-oxoindol-3-ylidene)-4-oxo-2-sulfanilidene-1,3-thiazolidin-3-yl]acetic acid). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Experimental Design, Materials and Methods 

MtSK is essential for the survival of Mycobacterium tuberculosis and was investigated in the

paper [13] . The three-dimensional structure of MtSK, which is essential for the survival of My-

cobacterium tuberculosis , was obtained from the Protein Data Bank database (PDB ID: 2IYQ). The

MtSK–ADP complex was prepared by removing shikimic acid and water molecules from the

obtained structure. The stable protein structure was obtained by adding hydrogen atoms and

charges using the UCSF chimera software and minimizing the hydrogen atom energy with the

MOE’s energy minimization module. The first screening with 154,118 compounds was performed

using the UCSF DOCK program from our laboratory library. The protein structure surface was

generated using the DMS module of UCSF chimera in DOCK. The SPHGEN package in DOCK was

used to place the corresponding spheres in the protein pocket. To limit the extent to which

the grids were generated, a 5 Å cube box was created around the spheres using the SHOW-

BOX package. The grid spacing was 0.3 Å. The GOLD program was used to simulate 20 0 0 com-

pounds with DOCK scores of −45.34 kcal/mol or less, considering ligand flexibility. The center

coordinates used were x: 33.808, y: −35.244, and z: 29.997 using default parameters. Ten con-

formations were generated for each compound using MOE for ligands with ≥75 GOLD score. The

GOLD program was run again for the compounds that generated conformations, and the aver-

age score for the conformations was used as the final GOLD score. Compounds with ≥75 final

GOLD score were validated for antimicrobial efficacy in an assay with M. smegmatis. Molecular

dynamic (MD) simulations were performed for the in silico analysis of compound 2 (2-[(5Z)-

5-(1benzyl-5-bromo-2-oxoindol-3-ylidene)-4-oxo-2-sulfanylidene-1,3-thiazolidin-3yl]acetic acid), 

which showed antibacterial activity in this assay. MD simulations were performed for further in

silico analysis using GROMACS 2021.4. The simulation system was created using Solution Builder

on a CHARMM-GUI server with the compound conformation outputs from GOLD. The system

was solvated using the TIP3P water model, and the necessary ions were added to balance the

charges. The resulting system is a 66 Å cube box with one protein, one ligand, 24051 water

molecules, 22 sodium ions, and 30 chloride ions. The energies were minimized in up to 5,0 0 0

steps using the steepest descent method. Equilibration was performed for 100 ps under the stan-

dard NVT and NPT conditions. The temperature and pressure were adjusted to 310 K and 1 bar,

respectively. The final MD simulation was performed for 100 ns with a time step of 2 fs under
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PT conditions using the GROMACS module for trajectory analysis of the MD simulation and

MD for visualization. 

imitations 

Not applicable. 

thics Statement 

This data article does not include studies on human subjects, animal studies, or studies using

ata collected from social media platforms. 

ata Availability 

Are you linking to original data/code reported in your research, or are you linking to

eference data/code which is supporting your article? Any links to data or code will be published

longside your (Original data) (Mendeley Data). 
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