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DBT-Bioinformatics and Computational Biology Centre (BIC) 

 
Multi Drug-Resistant (MDR) pathogens are a global concern and threat to public 

health that cause serious nosocomial and health-care-associated infections. However, some 

MDR bacteria cause community-acquired infections directly associated with increased 

morbidity, mortality, health care cost, and antibiotic use. Community-associated (CA) MDR 

bacteria develop multi-drug resistance against the antibiotic, leading to the infection's 

dissemination. The nosocomial pathogens include Enterococcus faecium, Staphylococcus 

aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacter spp are responsible for life-threatening infections worldwide and are 

collectively referred to as "ESKAPE" pathogens. With the advent of high-throughput 

techniques, rapid sequencing and generation of substantial bacterial whole genome 

sequence data storage were possible. Retrieving meaningful genomic information from the 

sequences is vital to understand the pathogenesis of the organism for better treatment. 

Genome annotation decodes the sequence's biological significance through detailed 

investigation and in-depth analysis. 

Moreover, for the past years of research and trials, no vaccine is currently available 

for these diseases. Despite the years of research for viable medications, the intricacy of the 

disease has always remained the same. A validated drug target is necessary for the 

scientific community's to identify a potential drug molecule. Furthermore, the threat is 

amplified by diminished treatment efficacy due to developing resistant strains. The 

currently available drugs are only fully effective in some cases due to the administration of 

injectables, hospitalization, and the socioeconomic reality of patients. The current research 

focuses on cutaneous and visceral disease, and although existing medicines due to the long-

term treatment courses, most are poorly tolerated or outright toxic leading to antimicrobial 

drug resistance. Therefore, it is necessary to identify potential drug targets and develop 

new drugs to combat nosocomial infections. Henceforth, we have processed computational 

studies to identify potent inhibitors for combating infectious and other life-threatening 

diseases in our current year. 

 



 

a. NOSOCOMIAL INFECTION  

Antibiotic resistance has become a global threat and has been a serious problem in 

recent years, necessitating the development of immediate therapeutics to combat drug 

resistance mechanisms. Extensive researches are still in progress to unveil the resistance 

mechanism conferred by drug targets in the bacterial species causing nosocomial 

infections. “Nosocomial” or “Healthcare-Associated Infections (HAI)” are widely used to 

refer to any class of disease affecting patients while undergoing medical care or even 

sometimes after treatment procedures. Gram-negative facultative anaerobe Serratia 

marcescens is a notorious pathogen belonging to the Enterobacteriaceae family. It is 

responsible for intravenous catheter-associated infections, urinary tract infections, blood-

stream endocarditis, and septicemia in humans. Due to the presence of several virulence 

factors and misuse of antibiotics, the control and treatment of S. marcescens infections has 

become difficult. Exploring the binding of antibiotic streptomycin would provide more 

insights into understanding the process of resistance in detail, which will be more useful in 

designing inhibitor molecules. Our findings provide a basic understanding of the 

Streptomycin adenylyltransferase (SMATase) protein, and further biophysical analysis 

coupled with structural studies will provide more insights into how SMATase may help to 

overcome antibiotic resistance. The scientific results obtained from this study (Prabhu.D, 

et.al. 2022) could aid in the design of lead molecules that synergistically combat antibiotic 

resistance and S. marcescens infection when administered with appropriate antibiotics. 

  



 
 
 

 

 

 

Figure 1: Schematic stepwise working principle of malachite green adenylation assay. 

Malachite green adenylation assay: detection of free phosphate liberated from the 

adenylation process is captured by malachite green solution at 620 nm. 

 



b. COMPUTATIONAL  INVESTIGATION ON COVID-19  

 

The SARS-CoV-2 pandemic has significantly threatened human healthcare and the 

world economy. Furthermore, new variants of SARS-CoV-2 are being reported worldwide. 

More specifically, the variants reported in South Africa (501Y.V2) and the United Kingdom 

(B.1.1.7) were found to be more contagious than the wild type. There are also speculations 

that the variants might evade the host immune responses induced by currently available 

vaccines and develop resistance to drugs under consideration. The mutations in the RBD 

domain of spike protein in the new variants could modulate the protein-protein interaction 

with the hACE-2 receptor leading to increased virulence. Hence, our study, (Murugan, N.A 

et al. 2022), unravelled the mechanism for the increased infection rate due to such 

mutations in these variants. We have also computationally studied the interaction of the 

spike protein in both wild-type and B.1.1.7 variant with hACE-2 receptor using combined 

molecular dynamics and binding free energy calculations using molecular mechanics-

Generalized Born surface area (MM-GBSA) approach. Finally, we demonstrated that with 

state-of-the-art computational techniques, we could predict the more virulent nature of 

variants of SARS-CoV-2 and alert the world healthcare system. 

In another study (Murugan, N.A et. al. 2022), a multi-level scoring approach was 

adopted to identify the multi-targeting potency of bioactive compounds in selected 

medicinal plants and compared its efficacy with two reference drugs, Nafamostat and 

Acalabrutinib which are under clinical trials to treat SARS-CoV-2. In particular, we 

employed molecular docking and implicit solvent free energy calculations and QM 

fragmentation approach for validating the potency of bioactive compounds from the 

selected medicinal plants against four different viral targets and one human receptor 

(Angiotensin-converting enzyme 2 -ACE-2), which facilitates the SARS-CoV-2 entry into the 

cell. The present study evidenced that Chebulagic acid, Geranine and Repandusinic acid act 

as multitargeting drug-cocktail by effectively inhibiting 3CLpro, PLpro and RdRp targets 

and weakening protein-protein interaction between spike protein and hACE-2. Moreover, 

Piperlonguminine and Piperine displayed significant inhibitory activity against human 

ACE-2 receptors. Therefore, the identified compounds can serve as potent multi-targeting 

phytomedicine for treating COVID-19. 



 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Mechanism of multi-targeting potential of selected phytochemicals 

 

Several studies have focused only on hospitalized patients with 30 to 90 days after one 

cycle of illness, but post-acute sequelae of COVID-19 existing even after a year remain 

unclear. Moreover, long-term sequelae in outpatients have not been documented, and 

henceforth myriad clinical sequelae in long haulers continue to evolve. In our study 

(Chitra, J, et.al, 2022), we reported three cases representing a single family presenting 

several post-acute sequelae, one after the other, extending beyond one year of recovery. To 

our knowledge, such a case series has not been reported in earlier studies. Herein, we 

present the sequelae in various organs namely neuropsychiatric (tinnitus, anxiety, 

depression, insomnia, and posttraumatic stress disorder, cognitive decline), cardiovascular 

(tachycardia, bradycardia), gastrointestinal (appendicitis) and Dermatologic 

(erythematous rash and acne) besides ophthalmic manifestations (conjunctivitis and dry 

eyes) in Long-COVID-19 and recommend management strategies.  



c. HIV  

HIV-1 latency consists of viral DNA; integrated inside the host genome; it remains 

transcriptional silent. In this study (Khan, M. A., & Singh, S.K, 2022), we have developed 

an atom-based 3 D-QSAR model by utilizing the 49 active compounds of the 5-substituted 

2-acylaminothiazoles derivatives. These compounds are further randomly divided into 

training (37) and test (12) datasets, yielding statistically significant R2 (0.90) and Q2 (0.85) 

results, respectively. The internal and external validation of the model shows highly robust 

and reliable results. Next, the model was visualized to check the favourable and 

unfavourable groups in terms of hydrogen bond donor, electron-withdrawing and 

hydrophobic group on the most active compound 96 and least active compound 30. The 

investigated model reveals the structural insights required to obtain more leads that are 

potent.  

 

 

Figure 3: QSAR Model of experimentally studied compounds and their derivatives as HIV-1 

latency-reversing agents  



d. CANCER: 

Cancer, the leading cause of death worldwide, accounts for 9.6 million deaths 

annually. Among the known drug targets, protein kinases predominates as therapeutic 

targets for treating cancer conditions. In the current therapeutic research, LIMK inhibitors 

are emerging as a potential therapeutic modality to treat cancer, exploiting the fact that 

LIMK aids in cell motility and is downstream of Rho kinase in cytoskeletal dynamics. In the 

current scenario, there is a paucity of effective LIMK inhibitors that are highly specific with 

minimal off-target effects. To date, the conformational transitions of LIMK2 from 

DFGinαCin (CIDI) (active) to DFGoutαCout (CODO) (inactive) states are yet to be probed 

and are essential for capturing the unique, druggable conformations. Therefore, this study 

(Nagarajan.H, et.al 2022) was intended to capture the diverse conformational states of 

LIMK2 for accelerating the rational identification of conformation-specific inhibitors 

through high-end structural bioinformatics protocols. Overall this study provides potential 

insights into the intermediate conformational druggable states of LIMK2 and the druggable 

conformations, especially the inactive states of LIMK2, as a specific therapeutic targeting 

mode. Thus, providing a widened avenue to ponder the allosteric sites or the isoform 

selectivity conformations for targeting LIMK2 in various disease conditions. 

We also probed the efficacy of quercetin, a bioflavonoid, against various cancers. In 

the study (Ramachandran, B. et.al. 2022), quercetin has been extracted from Ocimum 

basilicum and was used to evaluate its anticancer activity against human liver cancer cell 

lines (HepG2) by assessing cell viability (MTT) and variations in nuclear morphology 

(AO/EtBr dual staining) during apoptosis. The amount of quercetin extracted from O. 

basilicum leaves was found to be 0.82 mg with a retention time of 2.827 min. Quercetin 

showed dose dependent anticancer activity against HepG2 cells with IC50 value 50 μg/mL 

due to apoptosis that could have been mediated by Caspase-3 activity. Moreover, the study 

indicates the importance of water molecules in the catalytic site, which may suppress the 

growth of tumor cells which could assist in selecting potential leads for further analysis 

against liver cancer. Glioblastoma (GBM) is the most devastating and frequent type of 

primary brain tumor with high morbidity and mortality. GBM embodies a populace of 

cancer stem cells (GSCs) that is associated with tumor initiation, invasion, therapeutic 



resistance, and post-treatment reoccurrence. However, understanding the potential 

mechanisms of stemness and their candidate biomarkers remains limited. Hence in this 

investigation (Nayak, C, & Singh, S.K 2022), we aimed to illuminate potential candidate 

hub genes and key pathways associated with the pathogenesis of GSC in the development 

of GBM. Through integrated analysis and protein−protein interaction network analysis, five 

potential candidate hub genes (CTNNB1, ITGB1, TNC, EGFR, and SHOX2) were identified, 

which were positively correlated with the stemness of GBM and negatively correlated with 

the overall survival of patients. In our future perspective, we are aiming to 

design/discover/repurpose drug molecules targeting SHOX2 or TNC and characterize 

identified uncharacterized proteins to understand their role in gliomagenesis. 

 

 

Figure 4: Protein-Protein interaction network, Venn diagram represents significant 

intersecting DEGs among four different sample analyzed. 

 

 

 



                                                                                                                                  

e. DIABETES: 

Diabetes mellitus (DM) is one of the significant health problems worldwide. WHO 

estimated that 439 million people may have DM by 2030. Several classes of drugs, such as 

sulfonylureas, meglitinides, thiazolidinediones etc., are available to manage this disease; 

however, there is no cure for this disease. Salt inducible kinase 2 (SIK2) is expressed 

several folds in adipose tissue than in normal tissues, and thus SIK2 is one of the attractive 

targets for DM treatment. Several analogues have been reported and experimentally 

proven against SIK for DM treatment. But, identifying potential SIK2 inhibitors with 

improved efficacy and good pharmacokinetic profiles will be helpful for the effective 

treatment of DM. The present study aims to identify selective SIK2 inhibitors with good 

pharmacokinetic profiles. Due to the unavailability of SIK2 structure, the modelled 

structure of SIK2 will be an important to understand the atomic level of SIK2 inhibitors in 

the binding site pocket. In this study (Jayaprakash, P. et.al, 2022), different molecular 

modelling studies such as Homology Modelling, Molecular Docking, Pharmacophore-based 

virtual screening, MD simulations, Density Functional Theory calculations and WaterMap 

analysis were performed to identify potential SIK2 inhibitors. Five molecules from different 

databases, such as Binding_4067, TosLab_837067, NCI_349155, Lifechemicals_F2565-0113, 

and Enamine_7623111186 molecules were identified as possible SIK2 inhibitors. 

 

f. PARKINSON'S DISEASE (PD) 

Parkinson's disease (PD) is the second most common neurodegenerative disorder that 

affects dopaminergic neurons in the midbrain. A recent study suggests that Orphan Nuclear 

Receptor 1 (NURR1) impairment may contribute to PD pathogenesis. Our study (John 

Marshal, J et al. 2023) found three potent agonists for NURR1 protein based on structural 

and ligand-based screening methods. The pharmacophore is comprised of a hydrogen bond 

donor, a hydrophobic group, and two aromatic rings (DHRR). The Pharmacophore 

screening method screened 3142 compounds, of which 3 were screened using structure-

based screening. An analysis of the molecules using Molecular Mechanics-Generalized Born 



Surface Area (binding free energy) revealed a range of −46.77 to −59.06 Kcal/mol. After 

that, chemical reactivity was investigated by density functional theory, and molecular 

dynamics simulation was performed (protein-ligand stability). Based on the computational 

studies, Lifechemical_16901310, Maybridge_2815310, and NPACT_392450 are promising 

agonists with respect to NURR1. To confirm the potency of the identified compounds, 

further validation and experiments must be conducted. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Total number of intermolecular interaction between n NURR1 protein and lead 

compounds. 
 

g. TUBERCULOSIS (TB) 

Tuberculosis (TB) is the most contagious illness in the world due to its emerging 

resistance to first-line anti-TB medications. According to the reports, the effectiveness of 

treating TB is severely impacted by drug resistance, notably resistance caused by 

mutations in the pncA gene-encoded pyrazinamidase (PZase) to the front-line drug 

pyrazinamide (PZA). In the present study (data to be published), we investigated the 

resistance mechanism caused by the mutations D12N, T47A and H137R to better 



understand the structural and molecular events responsible for the resistance acquired by 

the pncA gene of Mycobacterium tuberculosis (MTB). The bioinformatics analysis predicted 

that all three mutations were deleterious and located near the active centre of the pncA, 

affecting its functional activity. Further, the simulation study results showed that mutations 

significantly reduced the structural stability and caused the rearrangement of FE2+ in the 

active centre of pncA. Moreover, essential dynamics analysis, including principal 

component analysis (PCA) and free energy landscape (FEL), concluded variations in the 

protein motion and decreased conformational space in the mutants. Also, the mutations 

potentially impacted the network topologies and altered the residual communications in 

the network. Furthermore, the MM-PBSA binding energy results confirmed that 

electrostatic interaction was the prime driving force for PZA binding, which further 

revealed a decrease in non-covalent interactions between pncA mutants and PZA drug was 

the primary cause of the drug resistance. This study provides a better understanding of the 

primary cause of the mechanism of PZA resistance and the structural dynamic behaviour of 

pncA mutants, thereby facilitating to design of new and potent chemical scaffolds to 

improve the efficacy of the available drugs against drug-resistant TB (DR-TB). 

 

 

 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 6: Principal Component-based Free Energy Landscape analysis (FEL) of WT and 

mutant pncA structures. The representative structure retrieved from the energy basin 

was superimposed with the initial structure. The rearrangement of FE2+ observed in the 

mutant structures.   



h. FLAVIVIRUSES 

Numerous pathogens affecting human is present in the flavivirus family namely west nile, 

dengue, yellow fever, and zika which involves in development of global burden and 

distressing the environment economically. Till date, no approved drugs are available for 

targeting these viruses. The recent outbreak of zika and dengue infections postured a 

solemn risk to worldwide public well-being. RNA-dependent RNA polymerase (RdRp) is the 

supreme adaptable enzymes of all the RNA viruses which is responsible for the replication 

and transcription of genome among the structural and nonstructural proteins of 

flaviviruses. It is understood that the RdRp of the flaviviruses are similar stating that the 

japanese encephalitis and west nile shares 70% identity with zika whereas the dengue 

serotype 2 and 3 shares the identity of 76% and 81%, respectively. In this study (Aarthy M 

et al. 2022), we investigated the binding site of four flaviviral RdRp and provided insights 

into various interaction of the molecules using the computational approach. Our study helps 

in recognizing the potent compounds that could inhibit the viral protein as a common 

inhibitor. Additionally, with the conformational stability analysis, we proposed the possible 

mechanism of inhibition of the identified common small molecule toward RdRp of flavivirus. 

Finally, this study could be an initiative for the identification of common inhibitors and can 

be explored further for understanding the mechanism of action through in vitro studies for 

the study on efficacy. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  A) Ligand representation in the flavivirus stating the common active site 
                   B) RMSD of the top four compounds in its bounded state with the four types  
                       of flavivirus  



  

ICSBCADD-2022 

 

Department of Bioinformatics organized five days International Conference cum Workshop 

on “Recent Trends in Structural Bioinformatics and Computer Aided Drug Design” 

ICSBCADD’2022 from 21st November to 25th November 2022. 38 distinguished scientists 

and eminent academicians from across India and countries like the USA, Singapore, Taiwan, 

and Japan participated. More than 200 participants from various countries across the 

world attained knowledge in Computational and Experimental Methodology regarding the 

problems in the healthcare sector which promotes a better understanding of biomolecular 

structure for the discovery of potent drugs against various diseases. It helped participants 

to develop technical proficiency in handling computational tools to respond to biological 

issues in the areas of Structural Biology, Structural Bioinformatics, Computer-Aided Drug 

Design, and Database development, Pharmacogenomics, Computational Genomics and 

Proteomics. It equipped the students and faculties to interact with renowned Scientists/ 

Experts in the above areas. 

Each session focused on topics such as “Structural Biology in terms of advancements 

in synchrotron radiation and Cryo-EM with more emphasis on membrane proteins and the 

catalytic reactions of the enzymes”. It was followed by a series of talks on “Bench to 

Bedside: On drug Discovery”.  In addition, the lectures were on topics such as “how 

bioinformatics transforms the patient care in terms of drug development and biomedical 



applications” and “the significant involvement of Machine Learning and Artificial 

Intelligence in drug development process”.  

 

 

 

 

 

 

 

 

 

The hands-on training was given by the Schrodinger team to the participants in the areas of 

molecular modelling and drug discovery in our workshop. Schrodinger team explained the 

techniques to access the software step by step to develop novel medicines for critical public 

health needs. More than 200 participants and students acquired knowledge with hands-on 

work experience in drug discovery. This five-day-long interface has undoubtedly thrown up 

challenges, illuminating ideas, fresh insights and alternative ways of thinking about the 

competitive yet cooperative combat that the world of computational identification of 

compounds that have the potential of becoming better drugs than the existing ones is itself 

more fascinating. 

 

 

 

 

 

 

 

 

 

https://www.schrodinger.com/node/407371
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