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Thesis abstract 

The presented thesis describes the doctoral research regarding chemical systems, conducted 

by means of the computer-assisted methods developed by the Grzybowski Group. Said 

methods comprise the two software platforms, i.e., Cyclorg, allowing for discovery and design 

of cyclic reaction networks, as well as Kinetix, allowing for numerical analysis of 

the molecular interactions therein. 

In result of the Cyclorg-based research, a series of chemical cycles was identified from 

the output of published organic reactions, thereby proving that independent chemists 

working at different times have jointly – yet often unknowingly – created examples of cyclic 

reaction sequences. Cycles are a prominent feature of metabolism as well as cellular signaling, 

thereby attracting the interest from systems chemistry and biology. 

The Kinetix-based research has shown that chemical reactions, as well as entire networks 

thereof, operate similarly to low-pass filters when responding to the reactant concentration 

oscillations introduced by external means. The study of the realistic kinase cascade model 

allowed for discovery of an emergent property thereof, which allows for transforming 

time-varying signals into continuous ones, i.e., the higher the frequency of the introduced 

oscillatory signal, the higher the average strength of the received continuous signal. 

The dissertation is divided into four parts comprising (1) the introduction regarding systems 

chemistry, (bio)chemical cycles and the cascades thereof as well as the emergent properties 

relevant to the presented work, (2) the section describing the Cyclorg-based research and 

the examples of identified chemical cycles, (3) the section describing step-by-step 

the scientific process regarding the analysis of signal propagation in (bio)chemical systems by 

means of Kinetix software, and (4) summary of the results, which includes the equations of 

signal propagation, established over the course of the doctoral research. 


