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ABSTRACT  

 

Background: Dipeptidyl Peptidase IV (DPP-IV) is an established drug 

discovery target for type 2 diabetes mellitus (T2DM) therapy. On the other 

hand, molecular dynamics (MD) simulations have been widely employed to 

obtain insights of the protein-ligand interactions in structure-based drug 

design research projects. Moreover, a software to identify protein-ligand 

interactions called PyPLIF HIPPOS was made publicly available recently. 

Employing PyPLIF HIPPOS to identify the interactions of DPP-IV and its 

ligand ABT-341 during MD simulations was then of considerable interest. 

Objectives: The main aim of this study was to identify protein-ligand 

interactions of ABT-341 to DPP-IV during MD simulations. Material and 

Methods: The crystal structure of DPP-IV co-crystallized with ABT-341 

obtained from the Protein Data Bank with code of 2I78 was used as the main 

material. YASARA-Structure was employed for performing 10 ns prodution 

run MD simulations with snapshots in every 100 ps and PyPLIF HIPPOS 

was used to identify the protein-ligand interactions. Results: There were 23 

interactions involving 13 residues identified by employing PyPLIF HIPPOS 

during the MD simulations. Two of them identified in all snapshots, i.e., 

hydrophobic interactions to PHE357 and TYR666. Conclusions: PyPLIF 

HIPPOS was succesfully employed to identify the interactions of ABT-341 

to DPP-IV during MD simulations. 
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ABSTRAK 

 
Latar Belakang: Dipeptidil Peptidase IV (DPP-IV) merupakan target penemuan obat untuk terapi diabetes tipe 

2 yang sudah terbukti. Di lain pihak, simulasi dinamika molekul sudah dimanfaatkan secara luas untuk 

memperoleh wawasan mendalam terkait interaksi-interaksi protein-ligan dalam proyek-proyek penelitian 

rancangan obat berbasis struktur. Baru-baru ini, sebuah program komputer untuk identifikasi interaksi-interaksi 

protein-ligan bernama PyPLIF HIPPOS dipublikasikan dan dapat diakses masyarakat secara gratis. Pada 

penelitian yang dipaparkan pada artikel ini, PyPLIF HIPPOS dimanfaatkan untuk mengidentifikasi interaksi-

interaksi DPP-IV dengan ligannya ABT-341 pada simulasi dinamika molekul. Tujuan: Penelitian ini bertujuan 

untuk mengidentifikasi interaksi-interaksi ABT-341 dengan DPP-IV pada simulasi dinamika molekul. Bahan 

dan Metode: Struktur kristal DPP-IV dengan ligan ko-kristal ABT-341 dengan dari Protein Data Bank kode 

2I78 digunakan sebagai bahan utama. Simulasi dinamika molekul 10 ns production run dengan pengambilan 

snapshot setiap 100 ps dilakukan menggunakan YASARA-Structure. PyPLIF HIPPOS digunakan untuk 

identifikasi interaksi-interaksi protein-ligan pada penelitian ini. Hasil: Didapati 23 interaksi dengan melibatkan 

13 residu asam amino selama simulasi dinamika molekul. Dua dari interaksi yang teridentifikasi terdapat pada 

semua snapshot, yaitu interaksi hidrofobik dengan PHE357 dan TYR666. Kesimpulan: PyPLIF HIPPOS 

terbukti sukses mengidentifikasi interaksi-interaksi antara ABT-341 dan DPP-IV dalam simulasi dinamika 

molekul. 

 
Kata kunci: Dipeptidil Peptidase IV (DPP-IV); YASARA-Structure; Dinamika Molekul; PyPLIF HIPPOS. 

 

INTRODUCTION 

Diabetes mellitus has become one of major global health problems (Guariguata et al., 2014; Zheng, 

Ley, & Hu, 2018). More than 90% of the diabetes mellitus cases are type 2 diabetes mellitus (T2DM) 

and the complications of this T2DM reduces significantly the quality of life of most patients (Zheng et 

al., 2018). The most recent stategy in the T2DM therapy is the usage of Dipeptidyl Peptidase IV (DPP-

IV) inhibitors (Agrawal, Gautam, Pursnani, & Maheshwari, 2018; Wang, Sun, Sang, Liu, & Liang, 

2018). There are at least six drugs targeting DPP-IV available in the market for T2DM treatment, i.e., 

Vildagliptin, Sitagliptin, Linagliptin, Saxagliptin, Gemigliptin, and Teneligliptin (Agrawal et al., 

2018). Discovery of novel DPP-IV inhibitors is therefore of considerable interest. Interestingly, recent 

publications report some natural products as potential DPP-IV inhibitors (Li et al., 2018), e.g., 

berberine (Al-Masri, Mohammad, & Tahaa, 2009), and flavonoids (Fan, Johnson, Lila, Yousef, & De 

Mejia, 2013; Li et al., 2018). Insights from examining the interactions of these compounds to DPP-IV 

could be beneficial in further drug discovery and development for the therapy of T2DM (Fan et al., 

2013). 

Molecular dynamics (MD) simulations have become a prominent method to study the movement and 

atomic interactions of protein and ligand atoms overtime (Hollingsworth & Dror, 2018). A potent 

competitive ligand will stabilize the protein-ligand interactions in the binding pocket which, in turn 

stabilizes the structure of of the whole protein. The stability of the ligand binding modes to the protein 

could be then examined in MD simulations for 10 ns production run (Liu, Watanabe, & Kokubo, 

2017). The ligand binding modes to the proteins are considered stable if the deviation of the root-

mean-square deviation (RMSD) of the backbone atoms of the protein in the last 5 ns of the MD 
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simulations is less than 2 Å (Liu et al., 2017). It is then of considerable interest to obtain insights of 

the protein-ligand interactions from the stable ligand binding modes. On the other hand, a software to 

identify interactions from a protein-ligand complex named PyPLIF HIPPOS was made publicly 

available recently (Enade P. Istyastono, Radifar, Yuniarti, Prasasty, & Mungkasi, 2020; Enade P 

Istyastono, Yuniarti, Prasasty, & Mungkasi, 2021). The availability of PyPLIF HIPPOS offers 

possibilities to identify protein-ligand interactions from snapshots of MD simulations, which then 

could be employed to combine the lock-and-key theory and the induced-fit theory in computer-aided 

drug discovery research project. 

 
 

Figure 1. Structure of (1S,6R)-3-{[3-(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-

yl]carbonyl}-6-(2,4,5-trifluorophenyl)cyclohex-3-en-1-amine (ABT-341). 

 

Aimed to identify protein-ligand interactions of the complex DPP-IV and ABT-341 (Figure 1) in order 

to obtain insights for further discovery projects, the research presented in this article performed short 

MD simulations for 10 ns production run of the complex using YASARA-Structure followed by 

employing PyPLIF HIPPOS to identify protein-ligand interactions of the snapshors of the last 5 ns of 

the MD simulations. The results showed that ABT-341 stabilized DPP-IV, and hydrophobic 

interactions of ABT-341 to Phe357 and Tyr666 were identified as the conserved interactions during 

the MD simulations.     

MATERIAL AND METHODS  

Materials  

The crystal structure of DPP-IV with compound ABT-341 as the co-crystallized (2I78.pdb) obtained 

from Protein Data Bank (https://www.rcsb.org/structure/2I78 accessed on 21 May 2021) was used as 

the starting material for MD simulations input files. The MD simulations were performed using 

YASARA-Structure 20.12.24 (Krieger & Vriend, 2015) in a Google Cloud Platform (GCP) server 

with 16 virtual centrap processing units (CPUs), 16 GB memory and Ubuntu 16.04 LTS as the 

operating system. The analysis of the results of the MD simulations was performed in the same 

computer client used previously (Prasasty & Istyastono, 2020) with the following additional software: 

(i) Windows 10 Linux Subsystem Ubuntu 20.04.02; (ii) Miniconda 

(https://docs.conda.io/en/latest/miniconda.html accessed on 21 May 2021); (iii) PyPLIF HIPPOS 
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version 0.1.2 and its dependencies (Enade P. Istyastono et al., 2020; Enade P Istyastono et al., 2021); 

(iv) AutoDock Vina (Trott & Olson, 2010); (v) AutoDockTools-prepare 

(https://anaconda.org/insilichem/autodocktools-prepare accessed on 21 May 2021); (vi) PLANTS 

docking software version 1.2 (Korb, Stützle, & Exner, 2009); and (vii) SPORES version 1.3 (ten Brink 

& Exner, 2009).  

Methods 

The file 2I78.pdb obtained from the Protein Data Bank was loaded to YASARA-Structure 20.12.24 in 

the client computer. Since only amino acids from chains A and B, and the KIQ residue in chain B used 

in the MD simulations, unnecessary atoms were then removed. The KIQ residue was splitted from the 

first object and assigned as the second object. The first object was named “dpp4”, while the second 

object was named “ligand”. The module “Clean” was then applied to all objects. Simulation cell in 

cubic shape of 10 Å from objects 1 and 2 was then added and the “Boundary Periodic” was set for the 

simulations. The system was saved as “dpp4-kiq-r2md.sce”. The second system, which was the system 

without ligand, was also prepared by deleting the second object. The second system was saved as 

“dpp4-apo-r2md.sce”. 

Both sce files were uploaded to the GCP server to be subjected independently in the MD simulations 

using YASARA-Structure 20.12.24 with the similar settings used previously (Enade Perdana 

Istyastono & Prasasty, 2021). Compared to the settings used previously, which run for 100 ns with 

snapshots were taken at 10 ps time interval (Enade Perdana Istyastono & Prasasty, 2021), the 

simulations here were run for 15 ns with snapshots were taken at 100 ps time interval. The first 5 ns 

were considered equilibration time, while the subsequent 10 ns were considered as the production 

runs. The snapshots resulted from the MD simulatios were analyzed using the default macro 

“md_analyze.mcr”, and the snapshots of the production runs were converted to pdb files using the 

default macro “md_convert.mcr”.  

Together with all the pdb files resulted from running the “md_convert.mcr” macro, the files “dpp4-

kiq-r2md_analysis.tab” and “dpp4-apo-r2md_analysis.tab” resulted from running the 

“md_analyze.mcr” macro were copied to the computer client for further analysis. The stability of the 

molecular systems was analysed by following suggestions by (Liu et al., 2017), while the protein-

ligand interactions were identified from the pdb files of the production run snapshots by employing 

PyPLIF HIPPOS (Enade P. Istyastono et al., 2020; Enade P Istyastono et al., 2021). 

RESULTS AND DISCUSSION 

The RMSD values of the backbone atoms of the DPP-IV with and without ABT-341 were obtained 

from the files “dpp4-kiq-r2md_analysis.tab” and “dpp4-apo-r2md_analysis.tab”, respectively. Figure 2 

shows the RMSD values from 0 ns until 15 ns. It shows that both molecular systems have reached 
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equilibrium at 5 ns simulation time. Therefore, the subsequent 10 ns in the MD simulations could be 

considered as the production runs. According to the suggestions by Liu et al. (2017), the protein is 

considered as stable if the deviation of the RMSD values of the backbone atoms is less than or equal to 

2 Å in the last 5 ns from 10 ns production runs in MD simulations. Hence, both proteins in the two 

independent runs could be considered as stable, since the deviation of the RMSD values are 0.610 Å 

and 0.997 Å for DPP-IV with and without ABT-341, respectively. Notably, although both show stable 

molecular systems according to Liu et al. (2017), DPP-IV with ABT-341 shows more stable system 

compared to the one without ABT-341 (Figure 2). This indicates that the mechanism of ABT-341 as 

the DPP-IV inhibitors is by stabilizing the protein. 

The confirmation of DPP-IV stabilization by ABT-341 (Figure 2) has lead to an emerging urgency to 

obtain insights of the protein-ligand interaction for further uses. Insights of protein-ligand interactions 

have been proven to be advantegous in drug discovery and development research projects (Deng, 

Chuaqui, & Singh, 2006; Rognan, 2012; Salentin, Haupt, Daminelli, & Schroeder, 2014; Zhao, Xie, 

Xie, & Bourne, 2016). Moreover, the free and open source computational tool to assist in the protein-

ligand interactions identification called PyPLIF HIPPOS was made publicly available recently (Enade 

P. Istyastono et al., 2020). The percentage of the interactions during the MD production runs identified 

in this research are presented in Figure 2. 

 

 
Figure 2. The curves of RMSD values of the DPP-IV backbone atoms with ABT-341 (presented in black) and 

without ABT-341 (presented in grey) during the MD simulations. The snapshots were taken at 100 ps time 

intervals. 
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Figure 2. The percentage of all identified interaction during the MD simulations. 

 

The software PyPLIF HIPPOS was unfortunately designed to identify only results of the docking 

simulations using either PLANTS or AutoDock Vina. Some workarounds were required to employ 

PyPLIF HIPPOS to identify protein-ligand interactions in the MD simulations presented in this article. 

The snapshots of the MD simulations productions were converted to pdb files using YASARA-

Structure in the GCP server and copied to the computer client. By employing Windows 10 Linux 

Subsystem Ubuntu 20.04.02 and miniconda in it to adjust the system environment, all the snapshots 

were experienced re-docked simulations by employing AutoDock Vina with the module 

“rescore_only” (Trott & Olson, 2010). Prior to docking simulations, the complexes in pdb format were 

prepared by using module “splitpdb” in SPORES, and the binding pocket definitions for the docking 

configuration files were obtained by employing module “bind” in PLANTS. The re-docking 

simulations using AutoDock Vina resulted in ideal inputs for PyPLIF HIPPOS. Assisted by the 

binding pocket definitions, the configuration files for performing PyPLIF HIPPOS were also prepared. 

The “nobb” feature was used in using PyPLIF HIPPOS to avoid the identification of the backbone 

atoms (Enade P Istyastono et al., 2021). There were 13 binding residues identified during the MD 

production runs were GLU205, GLU206, ARG356, PHE357, TYR547, CYS551, TYR585, VAL656, 
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TYR662, TYR666, ASN710, VAL711, and HIS740. There were two conserved interactions during the 

MD production runs, i.e., the hydrophobic interactions to PHE357 and TYR666. The most conserved 

polar interactions identified here were the ones interacting to GLU206, i.e., the ionic interaction with 

the residue as the anion and the hydrogen bond interactions with the residue as the acceptor. These 

three residues have been frequently reported as one of the suggested binding residues in DPP-IV (Fan 

et al., 2013). Further research similar to the one performed by Istyastono et al. (2021) could be 

performed to pin point the most important binding residues.  

CONCLUSION 

Assisted by several computational tools commonly used in drug discovery, PyPLIF HIPPOS could be 

employed to identify the interactions of ABT-341 to DPP-IV during MD simulations.  
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