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The materials of the XXXI International Symposium “Bioinformatics and Computer-Aided Drug Discovery” 
(Virtual, October 20–22, 2025) are presented. The Symposium is dedicated to addressing the emerging 
challenges and opportunities in in silico drug discovery. It covers contemporary areas of biomedical science 
focused on analyzing normal and pathological states of the organism and elucidating pathological processes at 
the cellular and molecular levels.

The main topics include the development and practical application of computational methods for identifying 
and validating new pharmacological targets, in silico design of potent and safe pharmaceutical agents, 
optimization of the structure and properties of drug-like compounds, and rational approaches to the use of 
pharmacotherapeutic agents in medical practice.

This information will be valuable to researchers developing computational methods and applying them to drug 
research and development using bioinformatics and chemoinformatics approaches based on post-genomic 
technologies. It may also be of interest to undergraduate, graduate, and postgraduate students specializing in 
related fields.

Responsible editors: Member of Rus. Acad. Sci. V.V. Poroikov, Prof. R.G. Efremov
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Dear Colleagues, 

On behalf of the Organizing Committee and the Administration of the Institute of 
Biomedical Chemistry, it is my great pleasure to welcome you to the XXXI Symposium on 
Bioinformatics and Computer-Aided Drug Discovery (BCADD-2025).

The Symposium was first initiated in 1995 by my teacher, Alexander Archakov, Member 
of the Russian Academy of Sciences (Member of the RAS), as part of the “Man and Drugs” 
Congress. Since then, it has been held annually under the leadership of Vladimir Poroikov 
(Member of the RAS), a leading Russian scientist in digital pharmacology and computer-aided 
drug discovery. The event has been co-organized by Nikolay Zefirov (Member of the RAS), 
and since 2018 jointly with Professor Roman Efremov.

BCADD 2025 highlights the enduring importance and dynamic progress of biomedical 
science in the discovering of new medicines. The analysis of large-scale biomedical data, 
advances in artificial intelligence and machine learning, and the development of modern bio  
and chemoinformatics methods are creating essential prerequisites for a deeper understanding 
of pathological processes and the identification of promising biomarkers and pharmacological 
targets. The widespread adoption of in silico approaches not only saves time and resources in 
the search for safer, more effective drugs but also provides a solid foundation for integrating 
and generating knowledge in this multidisciplinary field.

Last year, the XXX Symposium brought together more than 400 participants. We were 
honored to host 44 speakers from 17 countries, including Armenia, Australia, Brazil, Germany, 
India, Israel, Sweden, and the United States. Nearly forty young researchers took part in the 
Young Scientists’ Contest, with the best presentations receiving special diplomas.

This year, we have over 400 researchers registered from 50 countries. To foster better 
communication and overcome time zone challenges, the Organizing Committee has introduced 
an extended online E Poster Session, which will run for 22 days instead of the traditional 2–3 
hours. This format offers greater flexibility for our international participants.

The Symposium provides a valuable platform for researchers from around the world 
to exchange innovative ideas, discuss key challenges in bioinformatics, chemoinformatics, 
medicinal chemistry, and pharmacology, and establish new collaborations for future projects.
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University of Technology, Durban, South Africa 

17:20 

CONSENSUS METHODOLOGY FOR DIRECTED SEARCH OF COMPOUNDS 

WITH ANTIMICROBIAL ACTIVITY AGAINST S. AUREUS 

  Arina Golubeva 

Volgograd State Medical University, Volgograd, Russia 

17:40 

A CHEMINFORMATICS APPROACHES FOR THE IDENTIFICATION OF 

INHIBITORS AGAINST MACROLIDE 2'-PHOSPHOTRANSFERASE TYPE I 

  Carlos Alberto Lobato-Tapia 

Universidad Politécnica Metropolitana de Puebla, Puebla, Mexico 

 Keynote lectures 

18:00 

MACHINE LEARNING METHODOLOGIES AND THE FUTURE OF DRUG 

DISCOVERY 

  Rachelle Bienstock   

RJB Computational Modeling LLC, Chapel Hill, NC, USA 

18:30 

COMBINING MACHINE LEARNING AND STRUCTURE-BASED APPROACHES 

FOR THE EFFICIENT IDENTIFICATION OF NOVEL BIOACTIVE SCAFFOLDS  

  Alan Talevi   

National University of La Plata (UNLP), La Plata; Argentinean National Council of 

Scientific and Technical Research, La Plata; Boolzi SA, Buenos Aires, Argentina 

Tuesday October 21, 2025 

Chairpersons: Kunal Roy and Dmitry Shulga

 Keynote lectures 

09:00 

A NOVEL DRUG DESIGN APPROACH: QUANTITATIVE STRUCTURE-

INTERACTION ACTIVITY RELATIONSHIP (QSIAR) IN ANTI-TUBERCULAR 

AGENTS 

  Anil Saxena   

Global Institute of Pharmaceutical Education and Research, Kashipur, Uttarakhand, 

India 

09:30 

MULTI-AGENT DRUG DISCOVERY ORCHESTRA 

  Andrei Dmitrenko   

ITMO University, St. Petersburg, Russia; D ONE AG, Zurich, Switzerland 

 Oral presentations 

10:00 

TOXAI ASSISTANT - AN IN SILICO ALTERNATIVE TO RATS TESTING FOR 

ACUTE TOXICITY 

Oleg Tinkov 
Pridnestrovian State University , Tiraspol, Moldova

10:20 

REVOLUTIONIZING DRUG SAFETY ASSESSMENT VIA QSAR AND Q-RASAR 

BASED TOXICITY PREDICTION TO PROTECT HUMAN HEALTH 

Shubha Das 
Drug Discovery and Development Laboratory, Department of Pharmaceutical 

Technology, Jadavpur University, Kolkata, India 

10:40 
ADVERSE REACTIONS OF WORLD-WIDE APPROVED DRUGS 

Polina Savosina 
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MOLECULAR DYNAMICS AND PHARMACOPHORE MODELING OF THE 
INACTIVE MINERALOCORTICOID RECEPTOR 

FOR ANTAGONIST DISCOVERY

C.F. Lagos1,2, G. Recabarren-Gajardo3, A. Amoroso4, P. Cortés4, L. Rubio-Quiroz1,2, A. Vecchiola5

1Escuela de Química y Farmacia, Universidad San Sebastián, Concepción, Chile
2Centro Basal Ciencia & Vida, Santiago, Chile  

3Facultad de Química y de Farmacia, Pontificia Universidad Católica de Chile, Santiago, Chile
4Departamento de Ciencias Biológicas y Químicas, Universidad San Sebastián, Concepción, Chile 

5Facultad de Medicina, Pontificia Universidad Católica de Chile, Santiago, Chile

The mineralocorticoid receptor (MR) is a critical therapeutic target in cardiovascular and renal diseases. 
However, structural data on its inactive conformation remain limited. In this study, we employed molecular 
modeling to complete the recently published, yet incomplete, crystallographic structure of the MR-Esaxerenone 
complex, enabling the exploration of MR in its inactive state.

To characterize binding patterns and derive a pharmacophore model of pure MR antagonists, molecular 
dynamics simulations were conducted. Clustering strategies were applied to identify prevalent binding modes 
and pinpoint key residues in the protein-ligand interactions. This analysis revealed critical anchoring points 
that determine antagonist affinity and specificity for MR.

We conducted a virtual screening campaign of approximately 100 million compounds using the most 
representative binding mode. This effort led to the identification of several novel chemotypes with potential 
selective antagonist activity for MR. These compounds represent promising candidates for MR-targeted 
therapies, providing new opportunities in modulating this receptor for potential clinical applications.

Through molecular modeling and dynamics, we generated a detailed model of MR’s inactive state, 
identifying novel chemotypes for MR antagonists. This work underscores the potential of virtual screening 
and computational modeling in drug discovery for diseases modulated by MR.

This study was supported by FONDECYT REGULAR 1241969, Centro Basal Ciencia & Vida, FB210008, 
Powered@NLHPC: This research was partially supported by the supercomputing infrastructure of the NLHPC 
(CCSS210001), ChemAxon & OpenEye Scientific for academic software licenses.
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ON OUR UNDERSTANDING OF AGING, PERSONALIZED MEDICINE 
AND GERIATRIC CARE

G.N. Sastry

Department of Biotechnology, Indian Institute of Technology Hyderabad, Kandi, Telangana, India

The technological revolution being witnessed today largely owes to the emergence of Artificial 
Intelligence, and particularly machine learning, which has impacted the pharmaceutical and health care 
industries very significantly. The ability to ask scientific questions was greatly enhanced due to the new roads 
made by intelligent technologies, especially with the advent of Generative AI and large Language Models 
(LLMs). In this talk, I would like to bring the recent advances made in the areas of aging and personalized 
medicine with case studies and ongoing work from our group. Some of the fundamental questions on aging, 
metabolic disorders, degenerative diseases, and geriatric care will be addressed. Importantly, how these 
questions can be effectively addressed by using AI and ML approaches will be explained.
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A NOVEL DRUG DESIGN APPROACH: QUANTITATIVE 
STRUCTURE-INTERACTION ACTIVITY RELATIONSHIP (QSIAR) IN 

ANTI-TUBERCULAR AGENTS

A.K. Saxena

Global institute of pharmaceutical education and research, Kashipur, Uttarakhand, India

Computer-Aided Drug Design (CADD) is an important tool in drug discovery, encompassing both  
Ligand-Based Drug Design (LBDD) and Structure-Based Drug Design (SBDD). In recent years, SBDD 
has gained prominence due to advancements in molecular biology, including genomics, proteomics, and 
the availability of structural data on novel drug targets. A key component in analysing SBDD results is the 
docking score, which evaluates the interactions between a molecule and the target protein. However, docking 
scores often do not correlate with the observed biological activity. This discrepancy can be attributed to the 
limitations of scoring functions used in docking algorithms, which frequently overlook important factors 
such as entropy changes, solvation effects, and critical interactions that contribute to binding affinity. These 
factors limit the accuracy of predicted binding energy changes, leading to poor correlations between docking 
scores and actual biological activity. To address these challenges, a novel approach known as Quantitative 
Structure Interaction Activity Relationship (QSIAR) has been introduced. This approach considers the specific 
interactions between a ligand and the amino acid residues at the active site, treating them as independent 
variables, while the biological activity is treated as the dependent variable. In quantitative terms, this method 
can explain the observed anti-tubercular activity, such as the inhibition of mycobacterium ATP synthase, across 
various compounds, including 4-substituted amino sulphonyl-2-methyl-7-chloroquinolines, bisquinolines, 
imidazo[1,2-a]pyridine ethers, and squaramides. The developed and validated quantitative models have led to 
the identification of novel lead compounds through virtual screening of focused libraries, offering promising 
candidates for the development of new anti-tubercular agents.
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COMBINING MACHINE LEARNING AND STRUCTURE-BASED APPROACHES 
FOR THE EFFICIENT IDENTIFICATION OF NOVEL BIOACTIVE SCAFFOLDS 

C.L. Bellera1,2,3, L.N. Alberca1,2,3, D.N. Prada Gori1,2, L. Gavernet,1,2, A. Talevi1,2,3

1Laboratory of Bioactive Compound Research and Development (LIDeB), Faculty of Exact Sciences, 
National University of La Plata (UNLP), La Plata, Argentina 

2Argentinean National Council of Scientific and Technical Research (CONICET), 
CCT La Plata, La Plata, Argentina 

3Boolzi SA, Buenos Aires, Argentina 

Drug discovery and development is a long and costly process, with high attrition rates. Machine learning 
and artificial intelligence can contribute to streamlining the development cycle by intervening in various 
stages, including bioactive scaffold identification, hit-to-lead and lead optimization campaigns, and the design 
of clinical studies. 

In this talk, we present the computational workflow we developed at the National University of La Plata 
(Argentina), a workflow that combines in-house supervised and unsupervised machine learning algorithms and 
structure-based approaches (molecular docking and, occasionally, molecular dynamics). Our workflow was 
designed to provide high efficiency and be compatible with limited computational infrastructure. However, it 
yields very high early enrichment rates in various small-, medium-, and large-scale experimental validation 
instances, including real-world applications in relevant environments, achieving confirmed hit rates in the 
range of 25 to 100 % across different molecular targets. We present concrete examples from the fields of 
antiseizure, antiparasitic, antiviral, and antibiotic drugs.

This study was supported by Agencia Nacional de Promoción de la Investigación, el Desarrollo Tecnológico 
y la Innovación PICTs 2021-0404 and 2021-0478, UNLP Project ID EX010 and CONICET PIP 2022-
11220210100030CO. 
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AN INTEGRATED COMPUTATIONAL STRATEGY FOR PROFILING 
TERPENOID FOR DUAL-TARGET LEADS AGAINST KLEBSIELLA 

PNEUMONIAE PENICILLIN-BINDING PROTEIN 3 AND BETA-LACTAMASE

G.A. Gyebi, S. Sabiu

Department of Biotechnology and Food Science, Faculty of Applied Sciences, 
Durban University of Technology, Durban, South Africa

The coexistence of altered or overexpressed penicillin-binding protein 3 (PBP3) and β-lactamases has 
led to a significant decrease in treatment success rates of Klebsiella pneumoniae. Targeting both proteins 
simultaneously could offer a robust strategy to overcome resistance in K. pneumoniae. Herein, a curated 
library of 147,953 terpenoids—renowned for their structural diversity and multi-targeting potential against 
bacterial pathways—was screened via structure-based pharmacophore modelling and molecular docking. Five 
terpenoids with higher binding tendencies for K. pneumoniae PBP3 and KPC-2 beta-lactamase were identified. 
These leads exhibited favourable pharmacokinetic, drug-likeness, and low toxicity profiles. The most promising 
leads (TP93780 and TP156670) demonstrated superior binding free energies (BFE) against K. pneumoniae 
PBP3 (–24.40 ± 5.20 and –23.46 ± 3.50 kcal/mol) and KPC-2 beta-lactamase (–15.38 ± 4.09 and –16.83 ± 
3.75 kcal/mol) when compared to ceftaroline (–21.82 ± 8.64 kcal/mol) and clavulanate (–10.85 ± 34.40 kcal/
mol), respectively. The energetics revealed that the promising leads were driven by balanced hydrophobic and 
moderate electrostatic interactions, compared to the polar-dominated binding profile of the reference standards. 
The post-molecular dynamics structural analysis revealed an enhanced overall stability of the TP93780 and 
TP156670 bound structures. The principal component analysis (PCA) revealed more constrained and localised 
motions in the bound structures compared to a wider range and distinct conformational states in the unbound 
structures. The favourable molecular orbital energies revealed from density functional theory analysis and 
the thermodynamically stable terpenoid-bound structures underpin their potential as dual modulators of K. 
pneumoniae PBP3 and KPC-2 beta-lactamase. Further in vitro studies are currently underway.
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TRANSCRIPTOMIC PROFILING OF T CELLS IN 4T1 TNBC TUMORS

Md. Iftehimul1, R.H. Newman2, P.M. Muganda2, C.J. Rorie2, J.L. Graves Jr.2, D. Saha2

1Institute of Biotechnology, Bangladesh Agricultural University, Mymensingh, Bangladesh
2Department of Biology, North Carolina Agricultural and Technical State University, Greensboro, NC, USA

Triple-negative breast cancer (TNBC) progression is accompanied by a profound immunological 
reprogramming of the tumor microenvironment (TME), transitioning from an early immune-active phase to 
a late immune-suppressed phase, and development of metastatic niches. Activated T cells are considered key 
players in maintaining the immunoactive status and tumor responsiveness to immunotherapies. However, 
as the tumor progresses, tumor cells generally induce an immunosuppressed state that is often characterized 
by T cell exhaustion and immunosuppression. These behaviors suggest that a temporal plasticity may exist 
in tumor cells, including T cells.  We previously studied the plasticity of tumor cells (e.g., 4T1 TNBC cells) 
across different stages of tumor growth. However, the molecular plasticity of T cells in vivo remains poorly 
understood, which we aimed to investigate. To address this, we performed a transcriptomic analysis of 4T1 
tumors (derived from the same batch of 4T1 cells implanted orthotopically into the mammary fat pad in 
female BALB/c mice) at 1 week (early), 3 weeks (intermediate), and 6 weeks (late) post-tumor implantation. 
Sequence quality was assessed using FastQC v.0.12.1, trimmed using Fastp v. 0.24.0, and then aligned to the 
GRCm39 genome using HISAT2, read counts using FeatureCounts, normalized using DESeq, and analyzed 
differentially expressed genes (DEGs). We further examined gene expression markers for T cells and T cell-
related cytokines/chemokines and exhaustion/co-stimulatory factors. To understand the crosstalk between T 
cells and antigen-presenting cells (APCs), we also analyzed the signature genes for APCs, including dendritic 
cells (DCs), B cells, and macrophages. The expression of T cell-related genes declined from 194 genes at 
1 week to 156 genes at 6 weeks, with late-stage loss of genes related to TCR diversity (TRBV2, TRBV16, 
TRBJ1-1, TRBJ2-1; p<0.001) and downregulation of genes for CD8+ T cells at 3 weeks (p<0.05 vs. 1 
week). Natural killer T (NKT) and gamma-delta (γδ) T cells displayed marked transcriptional contraction 
by 6 weeks (p<0.0001), indicating clonal restriction and functional exhaustion. Cytokine and transcription 
factor profiles indicated dynamic polarization of T cell subsets. For instance, early (1 week) IL-12α/β-STAT4 
signaling (p<0.01) supported Tc1 responses; intermediate (3 weeks) IL-21 and BCL6 expression (p<0.05) 
suggested transient Tfc skewing; and late (6 weeks) AhR and IL-1β induction (p<0.05) reflected Tc17/Tc22 
transition. Pro-inflammatory cytokines (IL-12α/β) and chemokines (CXCL9/10) were increased over time, 
while immunosuppressive mediators (e.g., IL-10, TGF-β3, IDO1) declined significantly at late-stage tumors 
(p<0.05). The reason for reduced immunosuppression at late-stage tumors is unclear. Interestingly, APC-T 
cell crosstalk also deteriorated at 6 weeks. For example, we observed a decreased expression of T cell co-
stimulatory (CD28, p<0.01; ICOS, p<0.001) and antigen presentation genes at 6 weeks (CD74, H2-Aa, H2-
Ab1; p<0.001), which coincided with a collapse in B-cell functional signatures (p<0.0001). Although an early 
dominance of M1-like macrophage polarization was observed (IL-12α/β, STAT1, CCL5, CXCL9), persistent 
expression of M2-associated immunosuppressive genes (ARG1, p<0.0001; CD163 and C3ar1, p<0.001) 
across all three stages suggests a stable tolerogenic niche despite a reduced IL-10 level at 6 weeks (p<0.0001). 
These findings highlight that TNBC progression is characterized by progressive T cell functional decline, 
loss of TCR diversity, and impaired APC-mediated activation that is accompanied by sustained macrophage-
driven immunosuppression. These temporally coordinated immune shifts reflect possible tumor-driven 
adaptation toward immune evasion and metastatic facilitation, highlighting potential windows for stage-
specific immunotherapeutic intervention.
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DEVELOPMENT OF A VIRTUAL SCREENING PIPELINE FOR THE DISCOVERY 
OF NOVEL SARS-COV-2 MPRO INHIBITORS

D.O. Malikin, E.V. Radchenko, V.A. Palyulin

Lomonosov Moscow State University, Moscow, Russia

The COVID-19 pandemic underscored the critical need for rapid therapeutic development. A prime drug 
target for SARS-CoV-2 is the main protease (Mpro), an enzyme essential for viral replication. Inhibiting Mpro 
effectively halts the virus’s life cycle, making it a compelling target for antiviral drugs. While experimental 
drug screening is powerful, it remains resource-intensive and time-consuming. Virtual screening allows for 
the efficient prioritization of the most promising candidate molecules from millions of possibilities before they 
ever reach a lab.

In this work, we developed and applied a robust virtual screening pipeline specifically designed to discover 
novel Mpro inhibitors. Our integrated workflow combines QSAR modeling, molecular docking, ADMET 
property filtering, molecular dynamics simulations, MM-PBSA and mBAR calculations to computationally 
screen large compound libraries.

For QSAR modeling, we investigated a diverse set of machine learning algorithms. Crucially, we explored 
multiple descriptor sets and rigorously applied feature selection techniques during model optimization to 
identify the most relevant molecular features. This approach allowed us to select the top-performing, most 
generalizable model for the initial virtual screening phase.

To complement the ligand-based approaches, we implemented a structure-based virtual screening 
strategy that employs molecular docking. To overcome the limitations of standard scoring functions, we 
developed a target-specific scoring function for Mpro that integrates machine learning-based scoring functions 
to enhance the binding affinity prediction accuracy.

The top-ranking virtual hits were filtered based on the calculated ADMET properties to ensure drug-
likeliness and favorable pharmacokinetic profiles early in the discovery process. The most promising 
candidates were subjected to molecular dynamics (MD) simulations to evaluate the stability of the protein-
ligand complexes and estimate the binding free energies with the MM-PBSA method. The entire protocol was 
validated on known Mpro inhibitors to confirm its predictive accuracy.

For the most promising complexes we employed the Bennett Acceptance Ratio (mBAR) method, 
a rigorous statistical mechanics approach, to obtain high-precision estimates of the absolute binding free 
energies. This provided a robust and accurate ranking of the best compounds.

In conclusion, our approach, validated against known experimental data and adjusted for the specific 
target, demonstrates a significant advancement over standard virtual screening protocols. The pipeline has 
successfully identified several novel potential hit compounds. Future work will focus on the experimental 
validation of the top-ranked compounds and further structural optimization of confirmed hits.

This work was supported by the State Assignment of the Department of Chemistry, Lomonosov Moscow State 
University (project no. 121021000105-7).
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INTEGRATING CHEMOMETRICS AND DUAL 2D-QSAR MODELS WITH 
MOLECULAR DOCKING FOR LEAD IDENTIFICATION ADDRESSING 

TRYPANOSOMA CRUZI IN CHAGAS 

P.K. Ojha1, A. Biswas1,2 

1Drug Discovery and Development Laboratory (DDD Lab), Department of Pharmaceutical Technology, 
Jadavpur University, Kolkata, India

2Brainware University, Department of Pharmaceutical Technology, Kolkata, India

We developed dual quantitative structure–activity relationship (QSAR) models targeting Chagas, a 
widespread Neglected Tropical Disease (NTD). Existing therapies are limited by relapse, toxicity, and extended 
treatment periods. The causative Protozoan parasites Trypanosoma cruzi is transmitted by infected «kissing 
bug» but congenital, transfusional, transplant-associated and food-borne routes also contribute to infection [1]. 
Recent studies employed two distinct models for T.cruzi inhibition one with diverse chemical compounds and 
another focused on 2-aminobenzimidazole scaffold targeting a key enzyme in Chagas pathology. Although the 
observed (IC50) showed moderate potency, the compounds demonstrated limiting toxicity in vivo motivating 
the development of 2D-QSAR models for T. cruzi inhibition, using descriptors for interpretability, allowing 
identification of structural features correlated with inhibitory activity, guiding the design of new molecules. 
The first model was developed using 2D QSAR approach based on partial least squares (PLS) method in 
compliance with OECD guidelines, prediction accuracy was enhanced by Intelligent Consensus Prediction 
(ICP) yielding robust  acceptable statistical parameters, internal (= 0.784, = 0.725 etc.) and external (= 0.824, 
and = 0.821) validation metrics. Similarly the second model was also developed using PLS method adhering 
to OECD guidelines and was validated using different globally accepted internal (= 0.774, = 0.658 etc.) and 
external (= 0.697, and = 0.686) validation parameters. Statistical parameters of both models demonstrate 
reliability, robustness, accuracy, and predictive ability. Structural features like- hydrophobicity, aromaticity, 
hydrogen bond acceptors/donors, and heteroatoms were found to strengthen inhibitory activity. These two 
developed models were applied individually to predict the T. cruzi inhibitory activity of compounds from the 
coconut database and  QSAR-guided structural modifications were implemented to develop potential analogs 
of the top candidates from each models. Molecular docking was used to evaluate the binding affinity and 
interactions of these set analogs generated from both models and compared to a known T. cruzi inhibitor at 
the active site. In-depth in silico ADMET profiling was conducted to assess the least toxic compounds with 
potential application in Chagas treatment. 

1.García-Huertas, P., Cardona-Castro, N. (2021). Biomedicine & Pharmacotherapy, 142, 112020.
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REPURPOSING ANTIVIRAL COMPOUNDS AS PUTATIVE LEADS AGAINST 
MONKEYPOX VIRUS A42R PROFILIN-LIKE PROTEIN: A MOLECULAR 
DYNAMICS SIMULATION, FREE ENERGY LANDSCAPE, AND DENSITY 

FUNCTIONAL THEORY STUDY

G.A. Gyebi, S. Sabiu

Department of Biotechnology and Food Science, Faculty of Applied Sciences, 
Durban University of Technology, Durban, South Africa

Repurposing existing antivirals offers a rapid strategy to develop therapeutics against the global 
rise in MPXV cases. Herein, the molecular docking of Small Molecule Antiviral Compound Collection 
(SMACC) (3,146) for putative lead against MPXV A42R protein afforded the top 20 hit antivirals. Ensemble 
docking further identified the top six ACs viz: CHEMBL2172308, CHEMBL3110004, CHEMBL3133947, 
CHEMBL3133949, CHEMBL399129, and CHEMBL4454132 with favourable drug likeness and ADMET 
properties, alongside favourable safety profiles. Thermodynamic binding free energy (BFE) calculation 
of the hits identified CHEMBL3110004 (-30.64 kcal/mol), CHEMBL2172308 (-29.29 kcal/mol), and 
CHEMBL3133947 (-26.93 kcal/mol) as putative leads. The leads maintained thermodynamic stability and 
a compact A42R conformation throughout the 300-ns MD simulation. The BFE per-residue decomposition 
analysis unravelled a balance of favourable electrostatic and van der Waals contributions from binding site 
residues, including Thr39, Phe40, Asp19, Pro88, Thr84, and Pro107, as the complexes most stabilising 
terms. Moderate structural variation across MD clusters suggests key interactions with A42R binding site 
residues were preserved. The principal component analysis and free energy landscape analyses revealed 
that the CHEMBL2172308-, CHEMBL3110004-, and CHEMBL3133947-bound systems exhibited distinct, 
localized dynamic motions, suggestive of stabilization into functionally relevant conformations state. The 
balance between electrical stability, reactivity, and biological compatibility of the leads further position 
them as putative candidates to be repurposed as anti-MPXV compounds targeting the A42R protein. Further 
preclinical analyses are needed to verify the anti-MPXV of these leads. 
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ANTIBACTERIAL  ACTIVITIES OF MELDRUM’S ACID DERIVATIVES: 
IN VITRO AND MOLECULAR DOCKING STUDIES

M.L. Puteri Najihah1, H. Pungot1,2, M. Zulkifli1, M.H.M. Idris1,3

1Faculty of Applied Sciences, Universiti Teknologi MARA (UiTM), Shah Alam, Malaysia; 
2 Organic Synthesis Laboratory, Institute of Science (IOS), Universiti Teknologi MARA (UiTM) Selangor, 

Puncak Alam Campus, Malaysia 
3Drug Discovery Centre, Integrative Pharmacogenomics Institute (iPROMISE), Universiti Teknologi MARA 

(UiTM) Selangor, Puncak Alam Campus, Malaysia

Antimicrobial resistance (AMR) is a growing global health threat, caused by the rise of antibiotic-
resistant bacteria, which makes infections harder to treat. In 2019, AMR was linked to an estimated  
1.27 million deaths worldwide. This issue increases treatment costs, risks outbreaks, and limits the effectiveness 
of antibiotics. Meldrum’s acid derivatives are among the promising candidates due to their versatile structure 
and potential biological activity. This study evaluates the antibacterial potential of five synthesized Meldrum’s 
acid derivatives through both in vitro and in silico approaches. Antibacterial activity was tested against 
Bacillus cereus, Bacillus spizizenii, Shigella sonnei, and Proteus vulgaris using the disk diffusion, minimum 
inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) methods. Molecular docking 
was performed using SwissDock against Bacillus subtilis DNA gyrase subunit B (PDB ID: 4URM). Among 
the tested compounds, M3A exhibited moderate antibacterial activity as shown by visible inhibition zones in 
the disk diffusion assay, along with quantifiable MIC and MBC values. Molecular docking against B. subtilis 
DNA gyrase subunit B (PDB ID: 4URM) revealed a binding affinity of -7.1 kcal/mol, indicating a moderate 
interaction. The compound formed a key hydrophobic contact with an isoleucine residue at 3.4 Å, which 
may contribute to stabilizing its position within the active site. However, no significant hydrogen bonds were 
observed, and interaction with ASN54 was weak due to the longer distance (5.2 Å). In contrast, the positive 
control, Cefotaxime, showed a slightly stronger binding score of -7.4 kcal/mol and formed two hydrogen 
bonds with ARG144 at optimal distances (2.9 Å and 3.1 Å), indicating a more stable and specific binding. 
These findings suggest that while M3A can engage the target protein through hydrophobic interactions, 
further structural modification could enhance its binding strength and antibacterial potential. To conclude, 
M3A shows potential as a lead antibacterial compound, supported by both experimental and computational 
results. Further structural optimization and biological evaluation could enhance its efficacy and broaden its 
antibacterial spectrum, contributing to the ongoing search for effective alternatives to combat AMR. 

This study was supported by Fundamental Research Grant Scheme-Early Career (FRGS-EC) (Grant No.: 600-
RMC/FRGS-EC 5/3 (064/2024)).
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Wound healing is associated with high risks of bacterial infection. One effective approach to mitigating 
potential complications is the use of wound dressings based on nanofiber materials. These dressings prevent 
the formation of scar tissue and promote accelerated regeneration by mimicking the extracellular matrix 
and creating an optimal environment for cell attachment. To enhance the therapeutic effect and speed up 
regenerative processes, modern wound dressings are enriched with antimicrobial peptides (AMPs), growth 
factors (GFs), enzymes (ENZs), and various pharmaceutical agents.

A significant number of studies have been conducted on the incorporation of the following antibiotics 
into wound dressings: gentamicin, ciprofloxacin, vancomycin, mupirocin, and tetracycline. However, these 
drugs are only effective against specific bacterial strains, can exhibit toxicity upon topical application, and 
may inhibit tissue regeneration.

The biopolymer polycaprolactone (PCL) is widely used in biomedicine for wound healing. It constitutes 
a dense and porous substrate composed of a repeating chain [-(CH2)5-CO-O-]n. Surface modification with 
various functional groups enhances the sorption properties of the polymer. The antibiotic Baneocin, which 
consists of bacitracin and neomycin, was selected for this study. It is active against both Gram-positive and 
Gram-negative bacteria; its high bioavailability minimizes toxicity risks, and it is well-tolerated by skin tissues.

The aim of this work is to utilize theoretical modeling to study the effect of polycaprolactone surface 
modification on the sorption of components of the antibacterial drug Baneocin: bacitracin and neomycin.

Geometry relaxation and energy calculations for the structures were performed using the Density 
Functional Tight Binding (DFTB) method within the DFTB+ software package. The third-order parameter set 
3OB for biological and organic systems was employed.

Quantum chemical analysis showed that surface modification increases the sorption capacity for the 
components of Bacitracin compared to the unmodified surface. The main mechanism for improving sorption 
is the formation of a network of hydrogen bonds and electrostatic interactions. Surface activation with 
EDC further enhances binding, ensuring the formation of covalent amide bonds with the substrate, which is 
accompanied by a significant redistribution of charge, primarily along the C–N bond.

Thus, our simulated suture material represents a new approach to creating wound dressings based on 
polycaprolactone immobilized with Bacitracin. The resulting material is biocompatible, works against both 
Gram-types of bacteria, is non-toxic, and promotes fibroblast survival.

This work was supported by a grant from the Russian Science Foundation (RSF, project No. 24-79-10121).
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Neuroinflammation is a fundamental process in the central nervous system (CNS), mediated primarily 
by microglia and astrocytes, which regulate the immune response to external aggressions. Although it plays 
a protective role, its excessive activation can compromise neuronal homeostasis, favoring the release of pro-
inflammatory cytokines and contributing to the progression of neurological diseases. This condition directly 
impacts synaptic plasticity and cognitive processes and is associated with the worsening of neurodegenerative 
conditions. In this context, interest in natural compounds as modulators of this response is growing, given 
their chemical diversity and low toxicity profile. Among these, spilanthol stands out, an alkaloid found in 
jambu (Acmella oleracea), traditionally used in the Amazon region and recognized for its broad spectrum of 
biological activities, including analgesic, anti-inflammatory, and anxiolytic effects. Despite its pharmacological 
potential and potential ability to cross the blood-brain barrier, the molecular mechanisms underlying its role in 
neuroinflammation remain poorly explored. To address this gap, the present study conducted in silico analyses 
focusing on the transcriptomic profile of lipopolysaccharide (LPS)-induced microglial activation in BV2 cells. 
Public RNA-seq data available in the GEO repository (accession GSE79898) containing profiles of cells 
stimulated with LPS or maintained under control conditions for 4 hours were analyzed. A differential analysis 
was performed with the DESeq2 package, considering genes with padj < 0.05 and |log2FC| ≥ 1, and using the 
lfcShrink function to reduce fold change values. Subsequently, spilanthol target prediction was performed using 
different systems pharmacology platforms, including SwissTargetPrediction, SuperPred, PASS, and CTD, 
and the results were standardized for integration with differentially expressed genes. Functional enrichment 
analyses revealed coordinated activation of classic innate immunity pathways, such as TNF, NF-κB, IL-1/IL-
6, and IL-17, as well as processes associated with the inflammatory response. Gene repression, in turn, was 
limited and less organized. Integration with spilanthol target prediction highlighted four convergent genes: 
TLR2, NFKB1, MMP2, and KCNA3, directly related to microglial activation, transcriptional regulation, 
and tissue remodeling. These findings suggest plausible mechanisms by which spilanthol could modulate 
neuroinflammation by interfering with strategic inflammatory response points in the CNS. In conclusion, the 
study confirmed that stimulation of BV2 microglia with LPS triggers a robust and reproducible inflammatory 
response, validating the experimental model used. Furthermore, evidence has emerged that spilanthol may 
act as a modulator of critical neuroinflammation pathways, highlighting it as a promising candidate for the 
development of innovative therapeutic approaches for central nervous system diseases. Future experimental 
investigations are timely to deepen the understanding of its mechanisms of action and consolidate its clinical 
potential.
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Helicobacter pylori is a gram-negative bacterium who infects over 40% of world’s population and is 
major cause of gastric cancer. Its persistence on gastric mucosa relies on virulence factors such as urease, 
an enzyme that converts urea into ammonium, neutralizing the stomach acid. Even though infection may 
be treated by antibiotics, the emergence and spread of resistant strains compromises therapy efficacy and 
highlights the need for new bioactive compounds. Persea americana (Laureaceae), known as avocado, is an 
meso-american native vegetal specie mostly destinated to alimentary and cosmetic applications of the pulp, 
which the seed is treated as industrial waste. However, it is known that avocado seeds are rich in bioactive 
compounds. Within this context, this study aimed to evaluate urease inhibition by bioactive compounds in 
avocado seed extract.

Hydroalcoholic seed extract was prepared by 7 days maceration of previously dried and grounded 
avocado seeds. The result solution was filtered, and the solvents were eliminated by rotary evaporation and 
lyophilization to obtain the crude extract. Urease inhibition was analyzed in vitro, and enzyme activity was 
monitored by ammonium production. Chemical characterization was performed by high resolution mass 
spectrometry, and the proposed compounds analyzed in silico. Way2Drug PASS Online was applied to 
select compounds with Pa higher than Pi as “Urease inhibitor”. The selected compounds were optimized on 
physiological pH using MMFF94 on OpenBabel and docked on H. pylori urease chain B (available on Protein 
Data Bank, code 1E9Y using AutoDock Vina. The macromolecule was protonated by AMBER force field on 
Poisson-Boltzman and the gridbox was centered on active site, covering all important residues (20 x 26 x 22 
A). Protocol was validated by RMSD < 2 A with co-crystallographic ligand acetohydroxamic acid (AHA). 
Finally, compounds’ pharmacokinetic properties were predicted by SwissADME and analyzed according to 
Lipinsky rule of five.

Avocado crude extract showed 47.0 % of urease inhibition at 64 ug/mL. Mass spectrometry revealed the 
presence of long chain unsaturated fatty acids and acetogenins, such as avocadene, avocadyne, persediene, 
perseitol, persenone and persin. Twenty of twenty-three proposed compounds have Pa > Pi for urease inhibition, 
with higher value for palmitic and stearic acid (Pa = 0.665), and acetogenins Pa< 0.300. Only avocadyne, 
avocadyne acetate and chlorogenic acid don’t have urease inhibition between the listed activities and therefore 
were excluded for molecular docking. In the molecular docking, palmitic (-4.7 kcal/mol) and stearic acid  
(-4.9 kcal/mol) showed binding energies lightly superior to AHA (-4.3 kcal), while the best result was 
for perseitol, which presented a binding energy of -6.3 kcal/mol. This suggests that perseitol may act by 
new mechanisms, that differ from AHA and from PASS models. Perseitol-target complex was stabilized 
by hydrogen bond interactions between ligand hydroxyl groups and protein residues Ala169, Asp362 and 
Ala365, in addition to nickel complexation. In SwissADME prediction, perseitol follows the Lipinski rule 
with one violation, due to large number of hydroxyl groups. In addition, the substance has low gastrointesinl 
permeation and is bot permeant to blood-brain barrier. Also does not inhibit methabolism enzymes neither is a 
glycoprotein P substrate. These findings indicate that avocado seed may have potential for H. pylori treatment, 
and perseitol is a possible lead compound for urease inhibitor. Theses findings must be better evaluated by 
further studies, to understand perseitol isolated effect in vitro and propose possible molecular modifications to 
enhance its action before drug development.

Fundação de Amparo à Pesquisa no Espírito Santo and Federal University of Espírito Santo.
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The pyrimidine nucleus with a Schiff base moiety and a nitrile group is an excellent substructure for the 
development of agrochemicals and pharmaceuticals. In particular, some representatives of such compounds 
possess anticonvulsant and antiviral activities.

Our research group have obtained 6-oxo-4-pentyl-1,6-dihydropyrimidinyl-5-carbonitrile-2-hydrazones 
of substituted benzaldehyde (6a-c), isatin (7a-c), and salicylic aldehyde (8a-e), which have not been previously 
described in the literature, as a result of a condensation reaction between a hydrazine derivative 5 and the 
corresponding carbonyl compounds (Fig. 1). The building block of 3,4-dihydropyrimidine-2(1H)-thione 4, 
required for further synthesis of the compound 5, was constructed by the multicomponent Biginelli reaction 
between ethyl cyanoacetate 2, thiourea 3, and hexanal 1.

Figure 1. Structures and yield of all new compounds 9a-c, 10a-c and 11a-e.

The analysis of pharmacological activity of obtained compounds was carried out using computer 
technologies in silico on the PassOnline platform (http://way2drug.com/passonline/predict.php). Calculations 
of acute rat toxicity using GUSAR, rodent organ-specific carcinogenicity using ROSC-Pred, in silico 
prediction of adverse drug effects ADVERPred, prediction of interaction with the undesirable targets (antitarget 
prediction), prediction of drug-induced changes of gene expression profile using DIGEP-Pred, prediction 
of interaction of pharmacological substances with human kinome using KinScreen, prediction of toxicity 
taking into account the metabolism of drug using MetaTox, prediction of interaction with molecular targets, 
prediction of substrate/metabolite specificity were performed. Possible effective interactions with molecular 
targets are calculated and predictions of various types of activity are made. A prediction of interaction with 
tumor and non-tumor cell lines has been made. 

The results obtained indicate the possibility of obtaining new heterocyclic compounds for the purpose 
of creating unique molecular tools and drug prototypes. 

This work was supported by the SPSR (Belarus) no. 20240340.
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X-RAY CRYSTALLOGRAPHIC ANALYSIS OF 17-PYRIDIN-2-YL ESTRANE
DERIVATIVES: LEAD-LIKE COMPOUNDS AGAINST BREAST AND CERVICAL 

CANCER
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Abiraterone, used mainly as its prodrug abiraterone acetate, is a leading treatment for castration-
resistant prostate cancer through inhibition of CYP17A1 [1]. Ongoing studies also explore its potential in 
breast cancer therapy. Building on this, we previously synthesized novel 17-pyridinyl estrane derivatives [2]. 
Among them, 3-methoxy-17α-(pyridin-2-yl)estra-1,3,5(10)-trien-17β-ol (1) and 3-methoxy-17-(pyridin-2-yl)
estra-1,3,5(10),16-tetraen (2) showed notable antiproliferative activity against MCF-7 breast cancer cells. 
Molecular structures and absolute configurations of compounds of 1 and 2 were confirmed by single X-ray 
diffraction.

Also detailed structure analysis was performed by Mercury CSD [3] and CrystalExplorer [4]. Aromatic 
ring interactions between molecules were analyzed using the Aromatics Analyzer tool available in Mercury 
software. To gain deeper insight into the factors governing crystal packing, it is essential to qualitatively 
rank specific intermolecular interactions, as relying solely on geometric criteria may fail to identify the most 
significant or energetically dominant contacts [5, 6]. Consequently, a “whole-of-molecule” approach was 
employed for the crystal structures of compounds 1 and 2, in which pairwise intermolecular interaction 
energies were computed using the CE-B3LYPlevel of theory [7], as implemented in CrystalExplorer, to obtain 
accurate energy estimations.

The crystal packing of 1 and 2 is dominantly arranged by Van der Waals forces and corresponds to 
fingerprint plots of computed Hirshfeld surfaces. C–H···π interactions and π···π stacking can be observed. 
Intermolecular hydrogen bonding is not present in both compounds. Only intramolecular O–H···N hydrogen 
bond is observed in 1. The results of the calculations gives deeper insight to previous statements. The single 
dominant interaction is dispersion that is stabilizied by energy of –47.6 kJ mol−1 in the crystal structure of 1 
and –54.6 kJ mol−1 in 2.

This approach provides a detailed analysis of the drug structures and helps to understand the way they 
interact within the crystal structure, serving as a basis for understanding potential interactions in molecular 
docking.

The authors gratefully acknowledge the financial support of the Ministry of Science, Technological 
Development and Innovation of the Republic of Serbia (Grants No. ‪451-03-66/2024-03/ 200125 & 451-
03-65/2024-03/200125) and Provincial Secretariat for Higher Education and Scientific Research of the
Autonomous Province of Vojvodina [Project: New steroid derivatives – potential chemotherapeutics, No.
003056514 2024 09418 003 000 000 001/1]
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Type 2 diabetes mellitus (T2D) is a progressive metabolic disorder characterized by insulin resistance, 
defective insulin secretion, and chronic hyperglycemia. Accounting for over 90–95% of global diabetes 
cases, T2D has escalated to epidemic proportions, largely driven by obesity, sedentary lifestyles, and genetic 
susceptibility. Sustained hyperglycemia is a key factor underlying debilitating complications, including 
cardiovascular disease, nephropathy, neuropathy, and retinopathy, thereby intensifying its global health 
and economic burden. Therapeutic strategies frequently aim to attenuate postprandial glucose excursions 
by targeting digestive enzymes essential for carbohydrate hydrolysis. Human pancreatic α-amylase (HPA; 
EC 3.2.1.1), a 57 kDa enzyme that cleaves α-1,4 glycosidic bonds in starch and glycogen, plays a central 
role in glucose release. Although acarbose remains a clinically validated inhibitor of HPA, its undesirable 
gastrointestinal side effects necessitate the pursuit of safer, naturally derived alternatives.

Flavonoids, a diverse class of plant-derived secondary metabolites, have emerged as promising enzyme 
inhibitors due to their favorable safety and pharmacological profiles. Quercetin, a predominant phytoconstituent 
of Coccinia grandis L.—a traditionally consumed antidiabetic vegetable in India—has shown significant 
inhibitory activity in preliminary in-vitro studies (unpublished data). To elucidate its molecular mechanism, 
we applied an integrative computational framework. Molecular docking revealed that quercetin binds with 
high affinity at the catalytic site of HPA, while molecular dynamics (MD) simulations conducted over 500 
ns demonstrated remarkable stability of the HPA–quercetin complex. Detailed trajectory analyses, including 
RMSD, RMSF, radius of gyration (Rg), solvent-accessible surface area (SASA), principal component analysis 
(PCA), and hydrogen bond profiling, confirmed robust ligand–protein interactions under physiological 
conditions. Importantly, MM-PBSA free energy calculations highlighted the superior binding affinity of 
quercetin (–22.38 kcal/mol) compared to acarbose (–12.97 kcal/mol).

Collectively, these findings position quercetin as a potent natural inhibitor of HPA, exhibiting stronger 
binding affinity and structural stability than the standard drug acarbose. This study not only validates the 
ethnopharmacological relevance of Coccinia grandis L. but also advances quercetin as a promising lead 
compound in the rational design of safer and more effective therapeutics for managing type 2 diabetes through 
modulation of postprandial hyperglycemia.
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Helicobacter pylori (Hp) is a carcinogen class I that infects the human stomach and occurs in 
approximately 45% of the global population. Extended infections may lead to the development of gastric 
injury, and ultimately, gastric cancer. The release of some virulence factors of Hp, especially CagA, is related 
to the activation of the inflammatory pathways NF-κB and MAPK, which then lead to the overexpression of 
MMP-91. The metalloproteinases play an important role in tumor growth and metastasis by remodeling the 
extracellular matrix. Due to the rise of resistance of actual therapy, the search for novel anti-Hp molecules 
that also act synergically to prevent the damage caused to the host by inhibiting some of these downstream 
enzymes directly are necessary. In this way, we isolated two molecules, paepalantine (1) and 5-methoxy-3,4-
dehydroxanthomegnin (2) from Paepalanthus bromelioides through maceration of the floral heads in MeOH. 
Column chromatography (CH2Cl2 to obtain 1 and CH2Cl2/Ethyl Acetate 1:1 to obtain 2) was done and the 
substances were characterized by 1H NMR and mass spectrometry. We evaluated anti-Hp activity against ATCC 
43504 and clinical strain by broth microdilution technique to assed the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC). We also assessed the cytotoxic concentration (CC50) 
for gastric adenocarcinoma (AGS) and fibroblasts (L-929) cells to determine the selectivity index (SI). 1 and 
2 already have antibacterial and cytotoxic activity described. PASS Online was used to search for possible 
targets and was found MMP-9 with a probability of activity (Pa) around 0.5 among other relevant activities 
like antineoplastic and antagonist of endothelial growth factor, that suggests a potential for inhibiting cancer 
progression, and metastasis. Then, molecular docking was performed in GOLD, using GoldScore as primary 
scoring function and ChemScore for rescore, to trial the potential inhibition of these substances for MMP-9. 
CASTp 3.0 was used to determine the residues for the active site: Gly186, Leu187, Leu188, Ala189, His190, 
Leu222, Val223, His226, Gln227, His230, His236, Pro240, Glu241, Ala242, Leu243, Tyr245, Pro246, 
Met247, Tyr248, Arg249, Thr251, Pro255 added to Zn301. The docking was validated by redocking B9Z, 
the crystallized ligand, and a RMSD of 1.7487 Å was obtained and the results were compared to marimastat, 
a well-known MMP inhibitor described in literature.  1 and 2 presented a MIC of 8 and 16 for ATCC and 
clinical strain respectively. The MBC values were the same for the ATCC but not for the clinical strain. Both 
naphthopyranones showed activity against both Hp strains in vitro. PASS revealed a reasonable probability of 
activity for these molecules to inhibit the development of cancer and angiogenesis. The molecules presented 
similar docking scores compared to marimastat. Further structural modifications can be performed to achieve 
better results to enhance the interactions, especially with Zn301, which was not observed, probably due to 
the rigidity of 1 and 2. The structural improvements may also contribute to the selectivity index and even the 
antibacterial activity of these molecules.

Table 1. Summarized results for 1 and 2.

This study was funded by the Foundation of Support to Research and Innovation of Espírito Santo (FAPES), 
PROCAP DOUTORADO 2024 nº 14/2023 – grant number 2024-H3X2T.
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Cancer is one of the main pathologies affecting the population worldwide. In this context, breast cancer 
is considered one of the most frequent causes of death in women. Conventional therapies used for the treatment 
of this type of cancer cause adverse effects and many of the drugs used have decreased their efficacy due to the 
generation of cancer cells resistance.

Several research studies have focused on discovering promising therapeutic targets in order to innovate 
targeted therapies for breast cancer. Within these studies, it has been reported that HER2 is involved in 
signaling pathways related to carcinogenic processes, participating in the proliferation and survival of cancer 
cells, therefore, it represents promising pharmacological target to design treatment schemes focused on breast 
cancer. Consequently, it is essential to use the knowledge and tools offered by the field of medicinal chemistry 
to promote progress in the creation of new therapeutic alternatives for the treatment of this disease.  In this 
sense, the development of bioactive peptides with anticancer properties has demonstrated clinical applications 
and therapeutic benefits, which represents an opportunity to explore new strategies based on peptide therapy. 

In this project, we used computational methods in order to design 3D pharmacophoric model targeting 
HER2 receptor based on the structure of the HER2/Trastuzumab complex. Subsequently, a set of peptides 
were designed based on the structural requirements identified in the pharmacophoric map and their fit to the 
model was determined by virtual screening. The affinity of the peptides on HER2 receptor was explored by 
molecular docking studies and were predicted for potential allergenicity and toxicity. The most promising 
peptide identified in the in silico methodology, PHER37, was obtained by solid-phase chemical synthesis 
and was characterized by spectrometric (UHPLC-ESI-QTOF-MS) and spectroscopic (1H and 13C-NMR) 
techniques. The different analyses were consistent with the expected mass and molecular structure. 

The pharmacophore modeling allowed us to identify and establish the essential chemical-structural 
characteristics that a molecule must have in order to interact with HER2 and block its activity, which lays the 
foundation for the possible selection of compounds with potential inhibitory activity on this receptor that can 
be used as a useful strategy in the treatment of breast cancer. The peptide obtained is a potential candidate for 
its evaluation on breast cancer cell lines and for possible use in therapies targeting this disease.

The present study was conducted at the Escuela Superior de Medicina, Instituto Politécnico Nacional (ESM-
IPN), within the framework of the PhD Program in Medical Research.
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The terminal half-life (t1/2) is a crucial pharmacokinetic parameter for estimating the dose regimen and 
duration of action of a drug. Previously, few research papers have been published on the pharmacokinetic 
parameters that correlate with the chemical structure of pharmaceuticals, but these are time-consuming and 
costly. The main goal of the current study is to generate a quantitative read-across structure-activity relationship 
for terminal half-life estimation of diverse pharmaceuticals. The dataset of 895 pharmaceuticals has been used 
for 2D descriptor computation and model development. Herein, the combinatorial (q-RASAR) approach of read-
across and QSAR has been employed for model generation. Finally, the Partial Least Squares-based q-RASAR 
model is developed and validated based on the various validation parameters as per the OECD principles. The 
final q-RASAR model is statistically more significant, reliable, and robust than the corresponding QSAR 
model based on different statistical parameters (R2 = 0.617, Q2

(Loo)=0.601, error-based predictions = 0.221), 
external parameters (Q2

F1 & Q2
F2 are 0.635) [1]. It has been concluded that the presence of the RA function and 

the presence of 6-membered rings are accountable for the long terminal half-life. Similarly, the presence of 
the phenol/enol/carboxyl OH group, the presence of positively charged N, solubility, and average molecular 
weight contribute negatively to the terminal half-life. Additionally, the DrugBank database was screened and 
predicted the terminal half-life of new and untested pharmaceuticals using the model, which further helped in 
the prediction of the dosing frequency and accumulation profile of new pharmaceuticals. This study further 
helps to formulate and optimize safe and eco-friendly pharmaceuticals.

1. Roy, K., Kar, S., Das, R.N. (2015). Understanding the basics of QSAR for applications in pharmaceutical
sciences and risk assessment. Academic press.
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Conducting experimental studies on PFAS is challenging due to their vast chemical diversity, and the 
requirement for time- and resource-intensive investigation for each compound across all potential diseases 
and adverse effects. To address this issue, a quantitative structure-toxicity relationship (QSTR) workflow 
based on an adverse outcome pathway (AOP) was developed, relating the PFAS molecular structures to 
molecular initiating events (MIEs), as inferred from three PubChem bioassays (AID-1030, AID-504444, AID-
588855) [1]. The AID-1030 assay, which measures inhibition of ALDH1A1, gives mechanistic insight into 
reproductive toxicity from PFAS.  AID-54444 is linked to pathways relevant to pulmonary fibrosis, indicating 
PFAS’ perturbations in oxidative and pro-fibrotic signalling. AID-588855 captures signalling perturbations 
linked to lung cancer. The investigation was limited strictly to compounds that met the current Organisation 
for Economic Co-Operation and Development (OECD) definition of PFAS [2]. As the dataset contained 
fewer active compounds compared to inactive ones, data balancing techniques were applied to address class 
imbalance. The training data sets were balanced by 5 different types of oversampling methods (ADASYN, 
random oversampling, Borderline SMote, SMote, and SVM-SMote). Fourteen classifiers were trained using 
a machine learning algorithm for each of the balanced training sets, resulting in seventy models per dataset. 
Champion models were objectively chosen using the Sum-of-Ranking-Differences (SRD) analysis. The 
resulting models exhibit good predictive power and interpretability. SRD found that Gradient Boost, using 
random sampling, is the champion for AID-1030, Random Forest, using SVMsmote, for AID-504444, and 
Support Vector Classification, using Random oversampling, for AID-588855. SHAP analysis yielded the 
descriptor contributions that suggest plausible mechanistic links between PFAS structural motifs and AOP 
progression. Substructure analysis was also performed to identify the key substructures that contributed to 
toxicity. The pipeline supports the prospective virtual screening of extensive PFAS inventories. It enables 
integration with AOP-Wiki entries for prioritising compounds to focus on for in vitro testing and mechanistic 
follow-up, thereby supporting regulatory decision-making and prioritisation across jurisdictions. Collectively, 
this validated computational pipeline works as an AOP-aware screening and prioritisation instrument for 
emerging PFAS. 

1. Cheng,  W., Ng, C.A. (2019). Environ. Sci. Technol., 53, 13970–13980.
2. Wang, Z., Buser, A.M., Cousins, I.T., Demattio, S., Drost, W.,  Johansson, O., Ohno, K., Patlewicz, G.,
Richard, A.M., Walker, G.W., White, G.S.,  Leinala, E.  (2021). Environ. Sci. Technol.,55, 15575–15578.
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In drug discovery, identification of interactions between drugs (or drug candidates) and target proteins 
is an important issue. Machine and deep learning are fundamental artificial intelligence technologies of 
the 21st century and accurate methods of extracting structural patterns and building predictive models [1]. 
CYP17A1 is a dual function enzyme that catalyzes both 17α-hydroxylase and 17,20lyase reaction in steroid 
hormones biosynthesis. The disorders of this enzyme are accompanied with hormone-dependent tumors, 
especially prostate cancer. The lyase inhibition is preferred over hydroxylase because this leads to a better 
control of circulating C19 androgen precursors without decreasing the cortisol level. Both reactions share 
the same active site, making selective inhibition of a single reaction extremely challenging [2]. Our work 
aims to develop multiclassification neural network to identify non-inhibitors, inhibitors of predominately 
17α-hydroxylase reaction, inhibitors of predominately 17,20lyase reaction and determine structural patterns, 
which are significant for inhibition of these two reactions separately. 

The strategic workflow of the study includes five steps. The first step is data collection (ChEMBL, 
PubChem, BindingDB, and PatentScope databases), followed by preprocessing, standardization, 
and labeling: non-inhibitors of CYP17A1 (class 0) predominately 17,20 lyase inhibitors (class 1, 
Hydroxylase/Lyase IC50 ratio  >  5), predominately 17α-hydroxylase inhibitors (class 2, Hydroxylase/
Lyase IC50 ratio  <  5). The second step is the calculation of molecular fingerprints and descriptors 
(PADEL 1D and 2D descriptors; E-state, PubChem, Substructure, Klekota-Roth, 2D atom 
pairs fingerprints), which were used separately for multiclass classification model construction. 
The third step involves training fully connected neural networks with optimized                                                                                                                             
hyperparameters and evaluating the obtained models. The fourth step is identifying the model with the best 
performance and decoding the top 10 molecular fingerprints using feature selection technique based on 
random forest and variance threshold algorithms. The fifth step is the determination of the chemical space 
of non-inhibitors, 17α-hydroxylase inhibitors, and 17,20-lyase inhibitors separately. The best performance 
model, trained on Klekota-Roth fingerprints (KRFP), achieved accuracy of 0.87 and an F1score of 0.86. We 
analyzed the distribution of top-20 significant Klekota-Roth fingerprints, responsible for 17α-hydroxylase and 
17,20lyase inhibition manifestation. It was revealed that the key patterns for inhibitors of 17,20-lyase activity 
of CYP17A1, in contrast to inhibitors of 17α-hydroxylase activity: the presence of structures with conjugated 
double bonds (KRFP297), fragments of the secondary alkyl center (KRFP1), fragments with carboxylic-amide 
structural elements (KRFP4237). However, for inhibitors of 17α-hydroxylase activity, patterns corresponding 
to 1H-imidazole (KRFP2393) and 4- substituted pyridine (KRFP3616), as well as a trisubstituted benzene 
structural fragment (KRFP1592) are more remarkable.

The obtained model acts as a molecular ‘pattern detector’, highlighting the structural fingerprints that tip 
CYP17A1 dual activity. The performed framework provides a promising tool for drug design and discovery 
of selective 17,20lyase inhibitors – novel active pharmaceutical ingredients for treatment castration-resistance 
prostate cancer. 

This research was financially supported by the Belarussian Republican Foundation for Fundamental Research 
(grant No. Х25МП-016).

1. Satoh, H., et al. (2024) Drug Development Supported by Informatics, 168-173.
2. Wrobel, T., et al (2023) J. Med. Chem, 66, 6542-6566.
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The goal of the study was to investigate the role of electrostatic interactions within the AutoDock41 
scoring function and to estimate the influence of the quality of atomic charges (q) on the overall performance of 
the scoring function. For that purpose, we rigorously studied/tested AutoDock4 using CASF-2016 benchmark2 
to perform scoring power test (capability to predict correct ΔGbind) docking power test (capability to predict 
correct pose) and ranking power test (capability to correctly rank known ligands for a certain target on a set 
of various targets).

In case of scoring power test, the influence of different electrostatics is estimated via use of a number of 
charge schemes both for ligand (Gasteiger, 6-31G* ESP, MMFF94, PM7, Mulliken, Lowdin, DENR, Formal 
charges and zero charges) and receptor (Gaisteier, Kollman, MMFF94, PM7, DENR, Formal charges and 
zero charges) parts, followed by fitting w parameters of AutoDock4 equation to reproduce the experimental 
affinities. The importance of different contributions for docking power and ranking power test was estimated 
by switching off the specific contributions within the scoring function, without readjusting the regression 
weights for the rest of them.

Figure 1. Performance of the AutoDock4 in CASF-2016 tests.

Surprisingly, the study shows that the AutoDock4 is generally insensitive to the quality of atomic 
charges used. Moreover, it was discovered that the complete exclusion of the electrostatic interactions from 
the equation does not lead to any significant performance change in any of the aforementioned tests.

1. Huey, R., et al. (2007). Journal of Computational Chemistry, 28(6), 1145-1152.
2. Su, Minyi, et al. (2018). Journal of Chemical Information and Modeling, 59(2), 895-913.
3. Shaimardanov, A.R., Shulga, D.A., Palyulin, V.A. (2024). Journal of Computational hemistry,1806-1820.
4. Shaimardanov, A.R., Shulga, D.A., Palyulin, V.A. (2024). MedChem-Russia
5. Shaimardanov, A.R., Shulga, D.A., Ivanov, N.N., Palyulin, V.A. (2023). BCADD2023
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The dopamine D3 receptor (D3R) is a pivotal therapeutic target for neurological and psychiatric disorders. 
In this study, we developed an innovative in silico click chemistry approach to design D3R ligands with intrinsic 
blood-brain barrier (BBB) permeability. Using 1-phenyl-4-[4-(1H-1,2,3-triazol-5-yl)butyl]piperazine as a core 
scaffold, we systematically modified the 1,2,3-triazole moiety and screened candidates based on their predicted 
brain-to-blood concentration ratio (logBB). Among the generated compounds, 1-{4-[1-(decahydronaphthalen-
1-yl)-1H-1,2,3-triazol-5-yl]butyl}-4-phenylpiperazine emerged as the most promising, exhibiting superior
predicted D3R binding affinity and BBB permeability compared to the reference antagonist eticlopride.
Molecular dynamics simulations further validated its stable receptor interactions. This work introduces a
novel lead compound for D3R-targeted therapies and establishes a streamlined workflow combining in silico
click chemistry with BBB permeability assessment to expedite antipsychotic drug discovery.
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Adjuvant hormone therapy with selective estrogen receptor modulators (SERMs), such as tamoxifen, 
remains the standard treatment for premenopausal breast cancer patients [1]. While SERMs effectively reduce 
recurrence risk and exert beneficial effects on bone and cholesterol metabolism, their agonistic activity in the 
endometrium limits their use in postmenopausal women due to the risk of uterine cancer. Current adjuvant 
strategies rely on aromatase inhibitors, which, however, induce secondary osteoporosis—an opposite effect to 
that of SERMs [2].

The objective of this study was to explore molecular determinants underlying the endometrial safety 
of SERMs. We applied molecular dynamics simulations to investigate the estrogen receptor (ER) ligand-
binding domain (LBD) in complexes with clinically relevant SERMs. Both Asp351 and Phe404 emerged as 
key residues, as their interactions with SERM side chains are clinically associated with uterotropic effects 
and endometrial cancer risk. Asp351 in particular has been implicated in tamoxifen resistance, with mutations 
such as Asp351Tyr leading to altered receptor activation, while Phe404 mutations have been recently linked 
to poor clinical outcomes in patients resistant to selective estrogen receptor degraders.

Our results show that reduced interactions between the antiestrogenic side chains of SERMs and Asp351/
Phe404 strongly correlate with clinical observations of endometrial safety. The data indicate that hydrogen 
bonding, charge neutralization by cyclic amines, and π–π stacking are crucial for stabilizing antiestrogenic 
conformations. These features may explain why raloxifene-like SERMs, with their ability to neutralize 
the Asp351 charge via cyclic amines, demonstrate safer gynecological profiles compared with tamoxifen 
analogues.

Taken together, these findings establish a mechanistic link between ER side chain interactions and 
SERM pharmacology in different tissues. Optimizing side chain length, rigidity, and orientation could 
enable the rational design of next-generation SERMs that preserve efficacy in breast cancer treatment and 
chemoprevention, while minimizing adverse outcomes such as deep vein thrombosis, cataracts, and, critically, 
endometrial cancer. This approach provides a conceptual framework for achieving the “ideal SERM profile” 
for postmenopausal breast cancer therapy and prevention.

This study was funded by the Ministry of Science and Higher Education of the Russian Federation (Goszadaniye), 
agreement 075-03-2024-117, project No. FSMG-2024-0049.

1. Fisher, B., Costantino, J.P., Wickerham, D.L., Cecchini, R.S.,  et al. (2005) JNCI: Journal of the National
Cancer Institute, 97, 1652–1662, DOI: 10.1093/jnci/dji372
2. Tseng, O.L., Spinelli, J.J., Gotay, C.C., Ho, W.Y., McBride, M.L., Dawes, M.G. (2018). Ther Adv.
Musculoskelet Dis., 10, 71–90, DOI: 10.1177/1759720X18759291.
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Despite ecological and evolutionary differences, eusocial insects, especially Apis mellifera, share 
key social behavioural traits like foraging, defensive, and mite grooming. Among the various behavioural 
genes considered so far, allatostatin A (ast -A) is a well-studied insect neuropeptide crucial for regulating 
feeding, development, activity / sleep, and learning, with its effects mediated by gut neuroendocrine cells 
that express ast-A gene. However, this gene is restricted to Insect’s Order and its homologs such as galanin 
and somatostatin is reported in mammalian orders. This gene has diverse interacting partners in neuropeptide 
(NPF) pathways. Consequently, this study rigorously investigates the sequence diversity of allatostatin A 
(ast A) in Apis mellifera and other social organisms, with a keen focus on neuropeptide (NPF) pathway. The 
remarkable diversity indices, elevated dN / dS ratios, and a wide array of interacting partners within this 
pathway suggest a significant correlation between these factors and the evolution of social behaviour in both 
insects and mammals.

Multiple sequence alignment (MSA) of ast-A reveals a plethora of nucleotide positions that demonstrate 
substantial divergence across taxa. In contrast, several conserved nucleotide positions, denoted by asterisks (*) 
are posited to play a critical role in maintaining essential amino acid residues in the ast-A protein sequence. 
To elucidate these findings, MSA of AST-A protein from Apis mellifera, alongside its homologs in various 
social organisms, showcases a compelling mix of conserved and variable residues across these pivotal protein 
families. The high occurrence of identical or similar aligned amino acid residues among other orthologs 
underscores an impressive level of conservation. These highly conserved residues are instrumental in forming 
active-site pockets and consensus motifs that are vital for understanding the protein’s functional capabilities. 
Conversely, the variable residues correspond to structurally diverse regions composing the loop areas of 
these proteins. Leveraging the data on conserved residues, the phylogenetic tree constructed using maximum 
likelihood (ML) method for AST-A reveals robust branches with compelling bootstrap support. These tree 
topologies imply a shared evolutionary pathway among the selected social organisms. Notably, the average dN 
/ dS ratio being less than 1 indicates that AST-A protein is likely under negative selection, reflecting stringent 
functional constraints that have shaped its establishment within these evolving populations. Specifically, 
these constraints on certain amino acid residues are intricately linked to the regulation of behaviour in social 
organisms, underscoring the importance of allatostatin A in the evolutionary narrative of social behaviour.
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Chagas disease is a neglected tropical disease caused by the protozoan Trypanosoma cruzi (T. cruzi), 
responsible for approximately 12,000 deaths annually. Current therapies, such as nifurtimox and benznidazole, 
have limited effectiveness during the chronic phase and cause significant adverse effects, underscoring the 
urgent demand for safer and more effective therapeutic alternatives [1].

In this context, cruzain (CRZ) emerges as a promising therapeutic target due to its expression in all life 
forms of T. cruzi metacyclogenesis and its essential role in parasite survival. Non-covalent inhibitors derived 
from the 2-acetamidothiophene-3-carboxamide class have already demonstrated potent trypanocidal activity 
with low mammalian toxicity [2] . The present study aims to investigate the inhibition mechanism of CRZ by 
five selected derivatives of this class using Molecular Modeling techniques.

The docking protocol was validated by the redocking method using a cristallographic structure retrieved 
from the Protein Data Bank (PDB ID: 4KLB), consisting of the ligand AC1 bound to the cruzain enzyme. The 
softwares employed were the AutoDock Vina 1.2.0, AutoDock-GPU and DOCK6, and the top scored poses of 
100 replicates for each program were evaluated. These validated protocols achieved pose accuracies (RMSD 
≤ 2.0Å compared to the reference crystallographic pose) of 86%, 90% and 88%, respectively.

Subsequently, additional CRZ-ligand complexes were obtained through molecular docking of the 
remaining four compounds (AC2-5) selected from the work of Wiggers et al. (2013). The dockings were 
performed in decaplicates using the previously validated parameters. The ligands AC2-5 showed different 
hydrogen bonds when compared with the co-cristallyzed ligang AC1, interacting mostly with residues Ser61, 
Gly66 and Asn70. Ligand AC2 generally formed more hydrogen bonds than the other ligands. By using three 
different programs it was obtained a variety of possible ligand-enzyme complexes. After a group similarity 
analysis the best poses were selected.

The most promising complexes for each ligand were then subjected to Molecular Dynamics (MD) 
simulations using GROMACS 2024.1, performed in triplicate for a duration of 500 ns. System preparation for 
MD consisted of exclusion of water molecules from the tridimensional enzymatic structure, residue protonation 
adjustments (pH 5.5) and charge equilibration. Preliminary analysis suggest that the interaction with this class 
of ligands do not change significatively cruzain secondary structure or radius of gyration, and hydrogen bonds 
seem to be critical for ligand binding to the enzyme active site. Subsequent analyses will focus on enzyme 
structural dynamics and detailed enzyme-ligand interaction profiles.

The MD simulations are expected to provide detailed insights into the inhibition profile of the evaluated 
compounds, elucidating the molecular mechanism underlying CRZ inhibition. These findings may significantly 
enhance our understanding of CRZ inhibition mechanism and aid the rational design of novel inhibitors with 
improved anti-Chagasic activity.

The authors thank the Brazilian governmental agencies CAPES, CNPq and Fiocruz for the funding provided.

1. Pérez-Molina, J.A., Molina, I.(2018)/ The Lancet, 391, 82-94. DOI:10.1016/s0140-6736(17)31612-4
2. Wiggers, H.J., Rocha, J.R., Fernandes, W.B., Sesti-Costa, R., Carneiro, Z. A.,  et al. (2013). PLoS
Neglected Tropical Diseases, v. , e2370. DOI:1 0.1371/journal.pntd.0002370
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Cancer would be the major risk factor for mortality globally, with approximately 10 million deaths and 
injuries expected in 2030, representing for roughly about one in six deaths. Breast, colon, lung, prostate, and 
rectum cancers seem to be the most frequent malignancies. Cancer develops when normal cells become mutated 
into tumour cells together in multi-stage approach which further usually evolves among a pre-cancerous tumour 
to a malignant cancer. It’s interesting to note that the target protein PARP-1 plays a well-known role in DNA 
signalling and repair and is a preferred cancer target. PARP-1 is also implicated in a variety of certain other 
cellular processes, such as apoptosis, cell division, transcriptional control, as diversification, and chromosome 
stability [1]. PARP inhibition has emerged as a significant therapeutic strategy for treating various tumor 
types. This study evaluates a series of previously synthesized 2H-indazole derivatives as potential poly(ADP-
ribose) polymerase (PARP) inhibitors using computational approaches. Multiple scoring methods including 
AutoDock Vina, Glide, and MM/GBSA analysis demonstrated the inhibitory efficacy of these derivatives 
compared to the reference inhibitor NU1025. Compound 17, featuring a methyl substituent at the C-6 position 
and dimethoxyphenyl moiety at the N-2 position of the indazole ring, emerged as the most potent candidate. 
Molecular dynamics simulations over 100ns confirmed enhanced binding interactions between PARP1 and 
compound 17. The derivatives demonstrated strong interactions with key residues including Asp766, Gly888, 
Glu763, Ala755, and Ala935. PASS algorithm predictions further supported the antineoplastic potential of 
these compounds. This investigation establishes compound 17 as a promising PARP inhibitor candidate for 
cancer treatment, highlighting the therapeutic potential of novel 2H-indazole derivatives in affecting cancer 
cell cytotoxicity through PARP inhibition.

1. Sung, H., Ferlay, J., Siegel, R.L., et al. (2021). CA Cancer J. Clin., 71, 209.
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The development of synergistic anticancer combinations is of considerable interest in modern oncology. 
The combined application of drugs can provide an effect that exceeds the sum of their individual actions, 
leading to deeper tumor suppression and regression1. Combinations can block alternative survival pathways, 
reduce the likelihood of drug resistance, and allow dose reduction of individual components while maintaining 
therapeutic efficacy and lowering toxicity 2. An additional advantage is the sensitization of tumors resistant to 
monotherapy, as well as the combination of short-term response (targeted or cytotoxic agents) with long-term 
immune control (immunotherapy)3.

The search for effective combinations is carried out on cell models using the dose-response matrix 
approach, which makes it possible to evaluate the combined action of compounds. Various synergy models are 
applied for analysis, including Bliss, Loewe, ZIP, and HSA.

At the same time, the development of such therapeutic regimens is a labor-intensive and costly process. 
High-throughput screenings require significant resources, while multifactorial experiments generate large data 
volumes that demand complex bioinformatics processing. 

Under these conditions, computational approaches become especially relevant, as they narrow the search 
space for promising combinations and reduce the experimental burden. Machine learning enables the creation 
of predictive synergy models, optimization of candidate selection for validation, and improved reproducibility 
of results.

In this study, synergy prediction was performed based on drug combination data from the NCI-
ALMANAC and MERCK studies. Preliminary data evaluation, threshold optimization, model construction 
was carried out.

We employed the PASS DDI software for drug–drug interaction prediction. The method is based on 
PoSMNA descriptors4, which are used to establish structure-activity relationships (SAR) for drug pairs. SAR 
models were built and validated using a specifically designed cross-validation procedure which excludes 
intersections on individual compounds between drug pairs in training and test data sets. This procedure 
provides an objective and unbiased estimation of drug–drug interaction data.

The resulting models enable the assessment of potential drug synergy and can serve as a basis for the 
rational selection of candidates for further preclinical and clinical studies, with prediction accuracy exceeding 
70%.

This study was supported by the Program for Fundamental Scientific Research in the Russian Federation for 
the Long-Term Period (2021–2030), project No. 124050800018-9.
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2. Zhu, S., et al. (2021). Journal of Hematology & Oncology, 14, 156.
3. Duarte, D., Vale, N. (2022). Curr. Res. Pharmacol. Drug Discov., 3, 100110.
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The possibility of using proteomics to replace the standard set of biochemical analyses has long been 
considered attractive. However, label-free mass spectrometry of blood plasma has not yet yielded the expected 
results, since in terms of accuracy and speed of measurements it is significantly inferior to both ELISA and 
targeted proteomics. Previously, Philipp Geyer et al. [1] have shown that the plasma proteome of healthy indi-
viduals is stable. Therefore, in the present study, we hypothesized that there is a sub-proteome of plasma that 
destabilizes in ICU patients as their condition worsens and stabilizes as their condition improves. To test this 
hypothesis, we examined 8 groups of 7 ICU patients plasma samples collected over 7 consecutive days of ICU 
stay. Four groups showed improvement in overall condition (“Positive group”, PG), while four groups showed 
downgrade in overall condition (“Negative group”, NG) over time. The 7 patients selected for the study, were 
4 men (age 66.8+/-4.3, height 173+/-2.7 cm, body weight 76.3+/-6 kg) and 3 women (age 59.7+/-7.3, height 
160.7+/-5.2 cm, body weight 68.8+/-10.7 kg). The ICU subjects were monitored with the recording of basic 
vital signs and the calculation dysfunction scores (SOFA), on mechanical ventilation and continuous infusion 
therapy.

Frozen plasma samples were assigned random positions on a 96-well plate and prepared with a Tec-
an liquid handling station. Preparation included reduction of disulfide bonds, protein peptization, carbami-
domethylation, «trypsinolysis», solid-phase extraction, drying and reconstitution. Tryptic peptide samples 
were subjected to LCMS and panoramic DDA analysis on an Orbitrap Exploris 480 Mass Spectrometer was 
performed. Samples were analyzed in a random order. Data were analyzed with MaxQuant software against 
reference proteome (UP5640). Obtained intensities were further processed with in-house R scripts.

In total 253 proteins were identified, from them 12 demonstrated 7-day CV (iBAQ)  > 1 at least for one 
patient. Comparison of reliably identified proteins between different groups and days demonstrated that only 
66 proteins appeared in all samples. Appearance of four proteins (apolipoproteins A-L1 and D, kininogen-1 
and an immunoglobulin) could be associated with better patient’s condition (NG in early days and PG in late 
days), while appearance of complement component C6 could be associated with worsening. Analysis of pro-
tein representation between the PG and NG showed that only complement factor D and Cystatin-C were sig-
nificantly upregulated and complement C4A was downregulated in the PG in all days. Between-days compar-
isons revealed that five proteins including complement C3 significantly decreased with time in the NG, while 
complement C2 increased. For the PG five other proteins including apolipoproteins A-IV and D increased 
with time, while serum amyloid A-1 decreased. Analysis of 7-day CV of protein iBAQ values showed that for 
19 proteins the CV within the patient was significantly smaller than the CV of the same protein in the total 
dataset, thus indicating that these proteins could be considered as patient-specific. These proteins included 
hemoglobin and related proteins, complement components, apolipoproteins and immunoglobulins. Hierar-
chical clustering analysis of protein and clinical tests z-scores revealed that for all patients protein expression 
allowed clustering of adjacent days. 

Altogether we conclude that the stability of the proteome obtained by panoramic mass spectrometry is 
preserved even in intensive care unit conditions. 

This study was supported by the Russian Government (№122030900062-5).

1. Geyer, P.E., Mann, S.P., Treit, P.V., et al. (2021). Molecular & Cellular Proteomics, 20, 100035
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This study aimed to perform an in silico verification of cloning the S100B gene cDNA [1] into the 
pComb3XSS vector using the Benchling platform (benchling.com), to ensure successful subsequent protein 
expression. It demonstrates how modern bioinformatics tools can simulate and optimize critical molecular 
cloning steps before laboratory work begins, thereby reducing risks and costs.

Traditional cloning approaches often proceed without preliminary in silico analysis or rely on 
fragmented manual calculations, which can lead to unsatisfactory outcomes at the stages of restriction, ligation, 
transformation, or target protein expression. This study introduces comprehensive computer modeling using 
the Benchling platform, integrated into the standard laboratory workflow. This approach not only predicts 
experimental success but also enables the early identification of potential issues (e.g., the emergence of 
unintended stop codons, reading frame shifts, or incorrect placement of restriction sites). 

The complete cloning procedure was successfully simulated in this study. Key achievements include:
1. Construct Design. The recombinant plasmid pComb3XSS-S100B was designed and visualized using

Benchling.
2. Cloning Step Verification. Computer modeling of the restriction digestion with the selected enzymes

SacI and XceI and subsequent ligation of the linear S100B insert into the plasmid vector pComb3XSS was 
performed. The analysis confirmed the correct reading frame and preservation of the vector’s key functional 
elements.

The computer simulation of S100B cDNA insertion into the pComb3XSS vector conducted in this study 
represents the first and critical stage in developing a recombinant system for the investigation of this protein. 
The successful in silico construction using the Benchling platform confirms the feasibility of this approach. 
The resulting recombinant construct enables the subsequent expression and purification of the S100B protein, 
providing a foundation for fundamental research into its functions and for the development of novel diagnostic 
tools in medicine and pharmaceutics. Furthermore, the described method significantly reduces the time, 
consumable costs, and number of unsuccessful attempts in genetic engineering workflows, thereby enhancing 
the overall efficiency of scientific research in the fields of protein engineering and biotechnology.

1. Nurbekov, M.K., Terekhina, O.L., Dmitrenko, O.P., Lobanov, A.V.,  Lobanova, N.N. (2018).
Pathogenesis, 16(4), 148–152. DOI: 0.25557/2310-0435.2018.04.148-152
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MOLECULAR MODELING OF GES β-LACTAMASES 

D.A. Tatarnikova1, M.E. Kuznetsov1,2, I.V. Polyakov1,2

1Lomonosov Moscow State University, Moscow, Russia 
 2Emanuel Institute of Biochemical Physics of the Russian Academy of Sciences, Moscow, Russia

The most important mechanism underlying the antibiotic resistance in Gram-negative bacteria is 
the production of β-lactamases — enzymes capable of hydrolyzing β-lactam antibiotics. The GES family 
represents a distinct group among extended-spectrum serine β-lactamases (ESBLs). Their catalytic mechanism 
involves a nucleophilic attack by the serine residue (Ser64) on the β-lactam ring of the substrate, resulting 
in the formation of the acyl-enzyme complex. Deacylation of this complex and subsequent release of the 
hydrolyzed antibiotic occur via activation of a water molecule by the Glu166 residue, located on a critical 
structural element — the flexible Ω-loop. A distinctive feature of GES enzymes is their capacity to acquire 
point amino acid substitutions that broaden their activity spectrum, and the majority of functionally significant 
substitutions occur within the Ω-loop. For instance, the Gly170Ser substitution enhances carbapenemase 
activity (increasing 100-fold Kcat of imipenem hydrolysis) while simultaneously reducing activity against 
monobactams (80-fold decrease for aztreonam).

In this study, we investigate the impact of point amino acid substitutions on the flexibility of the 
Ω-loop and, consequently, on the activity of GES-family proteins. The 1 μs classical molecular dynamics 
(MD) trajectories were computed for the apo forms of nine proteins: GES-1, 2, 5, 6, 11, 12, 13, 14, 18.
Correlated residue motions were examined using dynamic network analysis. For a more comprehensive
analysis, the EnGens software package was employed to abstract the features of the active site and Ω-loop,
reduce dimensionality of the feature space with the PCA and UMAP techniques followed by clustering
procedures, enabling effective analysis of the MD data. We demonstrate that mutations induce changes in the
mobility and accessible conformations of the Ω-loop. Alas, these calculations were not sufficient to establish
a clear correlation between the dynamic behavior of the loop and the enzymatic activity of the protein. The
described procedure should be re-implemented for the enzyme-substrate complexes, not the apo forms, and
the cefotaxime ligand was chosen for subsequent consideration.  Initially generated force field parameters of
cefotaxime by Charm General Force Field (CGenFF) had high penalty values, requiring additional verification
and correction. Re-parametrization was  carried out with the VMD Force Field Tool Kit plugin and ORCA QM
software. All calculations were carried out at the MP2/6-31G* theory level. To validate the obtained parameter
values, we compared the structures obtained by QM and MM energy minimization. RMSD between the QM
and MM structures decreased from 1.02 to 0.65 Å for the old and the new values respectively.

The authors acknowledge financial support from the Russian Science Foundation, project 19-73-20032. The 
research is carried out using the equipment of the shared research facilities of HPC computing resources at 
Lomonosov Moscow State University. 
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DESIGN, DOCKING, ADMET, PASS, SYNTHESIS & BIO-EVALUATION 
OF NOVEL 7-O-SUBSTITUTED CHRYSIN AS AN ANTICANCER AGENT 

TARGETING VEGFR-2

K.R. Thombre, K.R. Gupta, M.J. Umekar

Department of Pharmaceutical Science,
Smt. Kishoritai Bhoyar College of Pharmacy, Kamptee, Nagpur, Maharashtra, India

Background. VEGFR-2 is a critical target in cancer therapy, facilitating tumor angiogenesis, yet existing 
inhibitors face toxicity and resistance issues. Chrysin, a flavonoid with anticancer properties, has VEGFR-2 
characteristics but suffers from poor pharmacokinetics. A series of 7-O-substituted chrysin derivatives was 
designed to enhance binding and drug-like properties by incorporating key hydrogen-bonding groups and 
hydrophobic elements, informed by VEGFR-2 structural analysis.

Objective. To design and assess novel chrysin derivatives through computational predictions and 
molecular docking; synthesize and characterize selected derivatives; and evaluate their antioxidant and 
anticancer activities in vitro, to identify effective candidates that exhibit favorable pharmacokinetics and 
safety.

Methods. Chrysin derivatives featuring alkylamino and ester substituents were designed using molecular 
docking against VEGFR-2. ADMET profiling was conducted to anticipate pharmacokinetics and toxicity. In-
silico cytotoxicity of chrysin and its hybrids was assessed using CLC-Pred and further analyzed on nine breast 
cancer cell lines via BC CLC-Pred. Selected derivatives were synthesized via alkylation and esterification, and 
characterized using UV, IR, NMR, and mass spectrometry. Antioxidant activity was evaluated using the DPPH 
assay, while anticancer efficacy against MCF-7 cells was assessed through cell viability assays, comparing 
IC50 values with those of ascorbic acid and sorafenib.

Results. Docking studies indicated strong binding affinities, particularly for ester derivatives. ADMET 
predictions suggested favorable drug-like characteristics. Compound C7 demonstrated remarkable antioxidant 
activity (IC50 = 0.6 µM), exceeding both chrysin and ascorbic acid. In anticancer tests, C7 and C8 displayed 
significant cytotoxicity (IC50 = 1.0 and 1.5 µM, respectively), outperforming chrysin and nearing sorafenib 
efficacy.

Discussion. The improved bioactivity and predicted safety of C7 and C8 highlight the efficacy of rational 
structural modifications in optimizing natural products. Their dual antioxidant and anticancer properties 
underscore their potential as lead compounds for VEGFR-2-targeted breast cancer treatments.

Conclusion. Ester-substituted chrysin derivatives, specifically C7 and C8, demonstrate promising 
VEGFR-2 inhibition and therapeutic potential, warranting further exploration as multifunctional anticancer 
agents.
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CHEMECAL PROFILE EVALUATION AND ACTIVITY OF 
TAMARINDUS INDICA L. SEEDS ON HELICOBACTER PYLORI AND UREASE 

E.S. Tonini, R.A. Romagna, D.N. Loose, L.C. Queiroz, R.C.R. Gonçalves, R.R. Kitagawa

Department of Pharmaceutical Sciences, Health Center Sciences, Federal University of Espírito Santo, 
Maruípe Campus, Vitória, ES – Brazil.

Helicobacter pylori is a bacterium with a high global prevalence (43.9%), which colonizes the stomach 
and is associated with the leading cause of gastritis, peptic ulcers, and gastric cancer. The current scenario 
indicates high rates of H. pylori resistance to established treatments, highlighting the need for new therapeutic 
alternatives. A valuable pathway lies in the ethnopharmacological investigation of plants that typically exhibit 
gastroprotective and antiulcer properties, a potential observed in traditional medicine in Tamarindus indica L. 
(Fabaceae), associated with the presence of phenolic compounds. H. pylori are highly adapted to the gastric 
environment and possesses several virulence factors that enable infection, most notably urease, an enzyme re-
sponsible for hydrolyzing urea into ammonia and carbon dioxide, creating a neutral microenvironment around 
the bacterium that allows it colonization in the host and is considered a promising target for new therapeutic 
alternatives. Seeking to expand knowledge about this plant species, coupled with the need to find therapeutic 
alternatives for the eradication of this bacterium, this study aimed to evaluate the chemical profile of T. indi-
ca L. seeds, their anti-H. pylori activity, and urease enzyme inhibition. The chemical profile was evaluated 
through liquid chromatography combined with mass spectrometry (LC-MS), from the identified compounds, 
a search for targets was carried out in the PASS Online server, identifying urease as a possible target of action. 
The urease inhibition was evaluated in silico molecular docking with the crystal structure of H. pylori urease 
(PDB: 1E9Y) in the GOLD 2024 software (X: 127.8063, Y: 129.2873, Z: 86.3672, 25Å radius) using Gold-
Score as primary score and ChemScore for rescore, and in vitro by inhibition of the Jack bean urease. The 
anti-H. pylori activity was assessed through the broth microdilution technique with ATCC and clinical strains. 
LC-MS analysis suggested the presence of interesting substances, such as trans-cinnamic acid (ATC), dicy-
clohexylurea, and 2,2’-(tetradecylamino)diethanol (2,2TD), associated with anti-H. pylori, with a minimum 
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of 512 µg/mL for the clinical 
strain. And at the concentration of 256 µg/mL, the inhibition of urease was 93.0% ± 2.34 and 93.6% ± 1.32 
for the methanolic extract and the 25% methanolic fraction, respectively. The docking was validated by red-
ocking the cocrystallized ligand and obtained a RMSD of 1.3967 Å. The best docking scores were observed 
for 2.2’-TD and ATC, 64.66 and 51.33, respectively, higher than acetohydroxamic acid (standard substance), 
with a score of 45.72. The literature has already described cinnamic acid and its derivatives as having urease 
inhibitory potential, and its possibly due to the carboxylate interaction with nickel atoms through electrostatic 
forces. However, no association was found in the literature with the activity observed for 2.2’-TD, which was 
able to interact at the binding site, and the long carbon chain may sterically impede urease activity, even with 
unfavorable interactions. Therefore, the substances noted in the seeds of T. indica L. demonstrated potential 
urease inhibitory activity, possibly presenting a synergistic effect between them, which can complement the 
treatment of H. pylori, although further studies are needed to understand the activity and mechanism of action 
of the isolated compounds.
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OPTIMIZED HPLC APPROACH FOR SIMULTANEOUS ANALYSIS OF 
CEFOPERAZONE AND ITS DEGRADATION PRODUCTS

B. Topalov1,2, S.J. Armaković1,3, M.M. Savanović1,3

1University of Novi Sad, Faculty of Sciences, Department of Chemistry, 
Biochemistry and Environmental Protection, Novi Sad, Serbia

2Hemofarm A.D., Vršac, Serbia
3Association for the International Development of Academic and Scientific Collaboration (AIDASCO), 

Novi Sad, Serbia

The insight into the chromatographic methods revealed a limited number of highly sensitive procedures 
providing the selective determination of both cefoperazone and its degradation products with straightforward 
isocratic elution. The wide variety of existing techniques offers multiple approaches for the development 
of a well-performing method that addresses the simultaneous separation of the parent compound and its 
degradation products. Most optimized HPLC (High Pressure Liquid Chromatography) methods use gradient 
elution with different mobile phases and compositions, resulting in retention times often over 15 min [1]. 
Therefore, the optimization of an isocratic procedure for the determination of cefoperazone and its degradation 
products would be beneficial in routine pharmaceutical analysis.

This research is focused on the optimization and determination of cefoperazone and its degradation 
products using HPLC–DAD (High Pressure Liquid Chromatography Diode Array Detection). Samples of 
0.5 cm³ were taken, filtered through 0.22 μm membrane filters, and analyzed using an HPLC–DAD with 
an Eclipse XDB-C18 column (150 × 4.6 mm, 5 μm). The column was kept at 30°C. An isocratic elution of 
acetonitrile (ACN): 0.1% H3PO4 of different compositions at a different flow rate was used, and cefoperazone 
was monitored at 205 nm, an appropriate wavelength of absorption of cefoperazone. During the HPLC method 
optimization, the mobile phase composition as well as the flow rate were adjusted. Maximum separation was 
achieved using ACN: H3PO4 (30:70, v/v) at a flow rate of 0.8 cm³/min, which resulted in sharp and well-
resolved peaks. The retention time was 6.7 ± 0.1 min. The hydrolysis of cefoperazone was performed at 25 
± 1 °C and 4 ± 1 °C for 7 days. At 25 °C, cefoperazone was hydrolyzed to its P1–P4 intermediates. At lower 
temperatures, hydrolysis was much slower, leading to the formation of mainly P1 and P4 intermediates. 
From these observations, it can be concluded that hydrolysis is a factor in the environmental degradation of 
cefoperazone. This study illustrates the capability of optimizing the HPLC method for precise monitoring of 
cefoperazone and its degradation products with a suitable analysis time.

The authors gratefully acknowledge the financial support of the Ministry of Science, Technological 
Development and Innovation of the Republic of Serbia (Grant Nos. 451-03-137/2025-03/200125 and 451-
03-136/2025-03/200125).

1. Alanazi, T.Y.A., Adel Pashameah, R., Binsaleh, A.Y. et al. (2023). Scientific Reports, 13, 15729.
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DECIPHERING CURCUMIN’S MULTI-TARGET ACTIONS IN METABOLIC 
SYNDROME USING NETWORK PHARMACOLOGY AND MOLECULAR 

DOCKING

N.A. Yusoff, S. Li

Advanced Medical and Dental Institute, Universiti Sains Malaysia, Kepala Batas, Pulau Pinang, Malaysia

Metabolic syndrome (MetS) is a multifactorial disorder characterized by obesity, insulin resistance, 
dyslipidemia, and hypertension, necessitating multi-targeted therapeutic approaches. Curcumin, the principal 
bioactive compound of Curcuma longa, exhibits antioxidant, anti-inflammatory, and metabolic regulatory 
activities; however, its molecular mechanisms in MetS remain incompletely understood. Network pharmacology 
and molecular docking provide integrative platforms for identifying therapeutic targets and pathways, thereby 
elucidating multi-targeted mechanisms of action. Curcumin has been reported to inhibit carbohydrate-
hydrolyzing enzymes such as α-glucosidase, α-amylase, and lipase. In this study, network pharmacology and 
molecular docking were employed to elucidate the molecular targets and signaling pathways of curcumin in 
MetS. Curcumin-associated genes were retrieved from HERB, SwissTargetPrediction, PharmMapper, and 
SEA databases, while MetS-associated genes were obtained from the Open Targets Platform. Overlapping 
targets were integrated into protein–protein interaction (PPI) networks constructed via STRING, and hub 
genes were identified through network topology analysis using Cytoscape 3.10.3. Functional enrichment, 
including Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses, was 
performed using the DAVID database. Molecular docking was conducted with AutoDock Vina (PyRx) and 
visualized in Biovia Discovery Studio. A total of 356 curcumin-related targets and 4046 MetS-related targets 
were identified, with 242 overlapping targets. Network analysis revealed ten hub genes, including TP53, JUN, 
AKT1, STAT3, and SRC. These genes were significantly enriched in the lipid and atherosclerosis pathway, 
AGE–RAGE signaling in diabetic complications, and endocrine resistance pathways, which are central to 
dyslipidemia, hyperglycemia, oxidative stress, and insulin resistance. Molecular docking demonstrated strong 
binding affinities of curcumin to TP53, JUN and AKT1 key targets with binding energies below –5 kcal/
mol. Collectively, these findings suggest that curcumin exerts therapeutic effects on MetS through multi-
target, multi-pathway mechanisms, supporting its potential as a complementary therapeutic strategy for the 
management of metabolic syndrome.

This study was supported by the Matching Grant Industry (BJIM) (EM30) Universiti Sains Malaysia (R502-
KR-ARU003-0000000501-K134).
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