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Background 

Enzyme-catalysed reactions are ubiquitous in nature, sustaining virtually all life functions and 
underpinning a wide range of biotechnological applications. In living systems, enzymes rarely 
act in isolation but are organised into cascades, where multiple enzymes operate sequentially 
to convert substrates into products. Experimental evidence shows that sequential enzymes 
are spatially organised within cells, clustering in microcompartments, membrane-bound 
organelles, and other confined environments rather than being randomly distributed. Such 
compartmentalisation can enhance catalytic efficiency, protect unstable or toxic intermediates, 
and regulate metabolic fluxes. Inspired by these natural systems, synthetic nanocages have 
been developed to encapsulate enzymes and mimic cellular organisation. These structures 
offer promising platforms for advanced biocatalysts, therapeutic nanoreactors, and drug-
delivery systems. However, the physical principles governing their optimal performance remain 
poorly understood. 
 
 
Goal 

This project aims to develop multiscale computational models to uncover how enzyme 
encapsulation and nanocage properties govern the efficiency of enzymatic cascades. The 
resulting insights will be translated into general design principles for biomedically relevant 
systems and validated in collaboration with experimental researchers at Queen’s University 
Belfast. 
 
 
Requirements for applicants 

Master’s degree in biophysics, physics, or a closely related discipline. Solid programming skills 
in Python, knowledge of C/C++. Excellent command of English, with strong communication 
and scientific writing abilities. Strong motivation for interdisciplinary research and collaborative, 
team-oriented work. 
 
Scholarship/PhD student remuneration from grants  
6500 PLN gross 


