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Annotatsiya. Ushbu maqolada Oqsil tuzilishini aniqlash va vizualizatsiya 

qilish biologik jarayonlarni, dori vositalarini kashf etishni va molekulyar biologiyani 

tushunish uchun juda muhimdir. Raqamli texnologiyalarning rivojlanishi bilan oqsil 

tuzilmalarini 3D modellashtirish yanada aniqroq, samaraliroq va qulayroq bo'lib 

qoldi. Ushbu maqolada oqsil modellashtirishda zamonaviy hisoblash vositalari, 

sun'iy intellekt va vizualizatsiya dasturlarining qo'llanilishi o'rganiladi. Unda 

raqamli oqsil modellashtirish bilan bog'liq asosiy texnologiyalar, metodologiyalar, 

afzalliklar va qiyinchiliklar ta'kidlangan. Bundan tashqari, maqolada keng 

qo'llaniladigan vositalarning qiyosiy tahlili keltirilgan va sohadagi kelajakdagi 

tendentsiyalari keltirilgan. 

Kalit so‘zlar. Oqsil tuzilishi, 3D modellashtirish, bioinformatika, molekulyar 

vizualizatsiya, raqamli texnologiyalar, hisoblash biologiyasi, biologiyada AI, 

oqsillarni katlama, simulyatsiya vositalari.  

Annotation. Protein structure determination and visualization are 

fundamental to understanding biological processes, drug discovery, and molecular 

biology. With the advancement of digital technologies, 3D modeling of protein 

structures has become more accurate, efficient, and accessible. This paper explores 

the application of modern computational tools, artificial intelligence, and 

visualization software in protein modeling. It highlights key technologies, 

methodologies, advantages, and challenges associated with digital protein modeling. 
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Additionally, the paper provides a comparative analysis of widely used tools and 

discusses future trends in the field. 

Keywords. Protein structure, 3D modeling, bioinformatics, molecular 

visualization, digital technologies, computational biology, AI in biology, protein 

folding, simulation tools. 

Аннотация. Определение и визуализация структуры белков имеют 

фундаментальное значение для понимания биологических процессов, 

разработки лекарств и молекулярной биологии. С развитием цифровых 

технологий 3D-моделирование структур белков стало более точным, 

эффективным и доступным. В данной статье рассматривается применение 

современных вычислительных инструментов, искусственного интеллекта и 

программного обеспечения для визуализации в моделировании белков. В ней 

освещаются ключевые технологии, методологии, преимущества и проблемы, 

связанные с цифровым моделированием белков. Кроме того, в статье 

представлен сравнительный анализ широко используемых инструментов и 

обсуждаются будущие тенденции в этой области. 

Ключевые слова. структура белка, 3D-моделирование, 

биоинформатика, молекулярная визуализация, цифровые технологии, 

вычислительная биология, ИИ в биологии, сворачивание белков, инструменты 

моделирования. 

The study of protein structures is central to modern biology, medicine, and 

biotechnology. Understanding the three-dimensional (3D) conformation of proteins 

enables researchers to uncover functional mechanisms, design pharmaceuticals, and 

develop innovative biotechnological solutions. Traditional experimental methods, 

including X-ray crystallography and nuclear magnetic resonance (NMR), though 

reliable, are often time-consuming, expensive, and technically demanding.  

With the rapid advancement of digital technologies, computational 

approaches have emerged as powerful alternatives for protein modeling and 

visualization. This paper provides an extensive overview of digital technologies used 

in 3D protein modeling, including bioinformatics tools, molecular dynamics 
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simulations, artificial intelligence (AI), and cloud-based platforms. It evaluates their 

effectiveness, compares leading software solutions, and discusses their applications 

in various scientific domains. Furthermore, the paper highlights current challenges 

and outlines future prospects, including the integration of virtual reality (VR), 

augmented reality (AR), and quantum computing in protein science. 

Proteins are essential biomolecules that perform a wide range of functions in 

living organisms. Their function is directly related to their three-dimensional (3D) 

structure. Traditional experimental methods such as X-ray crystallography and NMR 

spectroscopy are time-consuming and expensive. Therefore, digital technologies 

have become crucial in predicting and visualizing protein structures efficiently. 

Proteins are fundamental macromolecules responsible for nearly all 

biological processes, including catalysis, signaling, immune responses, and structural 

support. The function of a protein is inherently linked to its three-dimensional (3D) 

structure, making structural analysis a critical aspect of molecular biology. 

Traditional laboratory-based techniques, such as X-ray crystallography, 

cryo-electron microscopy (cryo-EM), and NMR spectroscopy, have been widely 

used to determine protein structures. However, these methods often require 

significant resources, specialized equipment, and long processing times. 

The emergence of digital technologies has revolutionized protein science by 

enabling rapid, cost-effective, and highly accurate modeling and visualization of 

protein structures. These technologies leverage computational algorithms, machine 

learning, and large biological databases to predict protein folding and interactions. 

Levels of Protein Structure. Proteins exhibit hierarchical structural 

organization, which is crucial for understanding their function. 

Table 1. Levels of Protein Structure 

Structure Level Description Key Features 

Primary Structure Sequence of amino acids Determined by genetic 

code 

Secondary Structure Local folding patterns Alpha-helices, beta-sheets 
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Tertiary Structure 3D folding of a polypeptide Stabilized by interactions 

Quaternary 

Structure 

Assembly of multiple 

subunits 

Functional protein 

complexes 

Digital Technologies in Protein Modeling. Computational Methods. 

Homology modeling, Molecular dynamics simulation, Ab initio modeling.  

Artificial Intelligence and Machine Learning. AI-based tools have 

revolutionized protein structure prediction. For example, deep learning models can 

predict folding patterns with high accuracy. 

Cloud Computing and Big Data. Cloud platforms enable researchers to 

process large biological datasets and perform complex simulations efficiently. 

Bioinformatics Approaches. Bioinformatics tools analyze protein sequences 

and predict structural features using databases and algorithms. Sequence alignment 

and homology detection play a crucial role in modeling unknown structures. 

Homology Modeling. Homology (comparative) modeling predicts protein 

structure based on similarity to known structures. It is widely used due to its 

reliability when homologous templates are available. 

Molecular Dynamics (MD) Simulations. MD simulations model the physical 

movements of atoms and molecules over time, allowing researchers to study protein 

folding, stability, and interactions. 

Ab Initio Modeling. Ab initio methods predict protein structures from scratch 

without relying on templates. These methods are computationally intensive but 

useful for novel proteins. 

Table 2. Popular Software Tools for Protein Visualization and Modeling 

Software 

Tool 

Functionality Advantages Limitations 

PyMOL Molecular 

visualization 

High-quality 

graphics 

Requires learning 

curve 
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Chimera Interactive 

visualization and 

analysis 

User-friendly 

interface 

Resource-intensive 

AlphaFold AI-based structure 

prediction 

High accuracy 

predictions 

Limited 

interpretability 

MODELLER Homology modeling Reliable 

comparative 

modeling 

Depends on template 

availability 

VMD Molecular dynamics 

visualization 

Suitable for large 

systems 

Complex for 

beginners 

Applications of 3D Protein Modeling . Applications of Protein 3D 

Modeling. 

Table 3. Applications Across Scientific Fields 

Field Application Impact 

Medicine Drug design Targeted therapies 

Biotechnology Enzyme engineering Industrial efficiency 

Genetics Mutation analysis Disease understanding 

Education Visualization tools Improved learning 

Table4. Advantages of Digital Protein Modeling. 

Application Area Description 

Drug Discovery Identifying binding sites and designing drugs 

Biotechnology Protein engineering and enzyme optimization 

Medical Research Understanding diseases at molecular level 

Education Enhancing learning through visualization tools 

Advantages of Digital Protein Modeling. Reduces time and cost compared to 

experimental methods. Enables visualization of complex molecular structures. 

Facilitates remote collaboration. Improves accuracy with AI integration.  



 

Выпуск журнала No-48               Часть–5_Апрель–2026 

256 

Artificial Intelligence in Protein Structure Prediction. Artificial intelligence 

has dramatically improved protein modeling accuracy. Deep learning models can 

predict protein folding patterns based on large datasets. 

Key Contributions of AI: Predicting complex protein structures, Reducing 

computational time, Enhancing accuracy of models, Enabling large-scale protein 

analysis, Software Tools for Protein Modeling and Visualization.  

Table 5. Comparison of Popular Protein Modeling Tools 

Software Main Function Strengths Weaknesses 

PyMOL Molecular 

visualization 

High-quality 

graphics 

Requires expertise 

UCSF 

Chimera 

Visualization & 

analysis 

User-friendly High system 

requirements 

AlphaFold AI-based prediction Extremely 

accurate 

Limited 

customization 

MODELLER Homology 

modeling 

Reliable 

predictions 

Template-dependent 

VMD MD visualization Handles large 

datasets 

Complex interface 

Visualization Techniques. 3D Rendering. Modern tools use advanced 

rendering techniques to display protein structures in detailed 3D formats. 

Interactive Visualization. Users can rotate, zoom, and manipulate protein 

structures in real time. 

Virtual Reality (VR) and Augmented Reality (AR). Emerging technologies 

allow immersive exploration of molecular structures, enhancing both research and 

education. 

Applications of Protein 3D Modeling 

Table 6. Applications Across Scientific Fields 

Field  Application Impact 

Medicine Drug design Targeted therapies 
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Biotechnology Enzyme engineering Industrial efficiency 

Genetics Mutation analysis Disease understanding 

Education Visualization tools Improved learning 

Challenges and Limitations. Dependence on computational resources. 

Accuracy limitations in certain protein types. Data quality issues. Interpretation 

complexity  

Future Trends. Future developments in protein modeling are expected to 

include: Integration of quantum computing, More advanced AI algorithms, Real-

time 3D visualization using VR/AR technologies, Increased automation in structure 

prediction, Advantages of Digital Technologies, Significant reduction in time and 

cost, High scalability for large datasets, Accessibility for researchers worldwide, 

Integration with AI for improved accuracy. 

Challenges and Limitations. Despite their advantages, digital technologies 

face several challenges: High computational resource requirements. Limitations in 

predicting highly flexible proteins. Dependence on data quality. Complexity in 

interpreting results.  

Future Trends in Protein Modeling. Integration with Quantum Computing. 

Quantum computing may enable faster and more precise simulations of molecular 

interactions. 

Advanced AI Models. Future AI systems will further improve prediction 

accuracy and interpretability. 

Real-Time Simulation. Advancements in hardware will allow real-time 

protein folding simulations. 

Immersive Technologies. VR and AR will become standard tools for 

molecular visualization and education. 

The integration of digital technologies into protein science has significantly 

enhanced research capabilities. While traditional experimental methods remain 

essential, computational approaches provide complementary advantages. The 

synergy between AI, big data, and molecular modeling is reshaping the future of 

structural biology. 
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Digital technologies have transformed the field of protein structure modeling 

and visualization. Tools powered by artificial intelligence and computational biology 

have significantly improved prediction accuracy and efficiency. Despite existing 

challenges, ongoing technological advancements promise even greater capabilities 

in understanding protein structures and their functions. 

Digital technologies have transformed the modeling and visualization of 

protein structures, making them faster, more accurate, and widely accessible. With 

continuous advancements in artificial intelligence, computational power, and 

visualization techniques, the future of protein modeling holds immense potential. 

These innovations will play a critical role in advancing medicine, biotechnology, and 

scientific research. 
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