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Abstract. This article explores the molecular basis of enzyme catalysis, emphasizing the
role of active site dynamics and substrate interactions. By combining computational
modeling with experimental data, we uncover the mechanisms that enhance catalytic
efficiency and specificity. Our study contributes to the understanding of enzyme function
and the development of enzyme-based applications in biotechnology and medicine.
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Introduction

Enzymes are biological catalysts that accelerate chemical reactions with remarkable
specificity and efficiency. Understanding the molecular basis of enzyme catalysis is critical
for both fundamental biology and the development of biotechnological applications. In this
study, we integrate computational modeling with experimental approaches to investigate the
dynamic interactions within enzyme active sites. Our findings reveal how specific amino
acid residues and substrate positioning contribute to catalytic function, enhancing our
understanding of enzyme mechanisms. The insights gained from this research have
implications for the design of enzyme-based industrial processes and therapeutic strategies.
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