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To whom it may concern, 

 

The PhD Thesis by Michal Bajczyk entitled “Biomimetic architectures, auto-replication and signal 

transduction in the systems of organic reactions” describes an investigation of two rather different but 

quite original topics: the occurrence of reaction cycles in an organic chemistry database and the response 

to reaction cascades to oscillations in the substrate concentration.  

 

The thesis is well written in excellent English. The introduction covers relevant literature on selected 

topics. It remains a somewhat superficial (probably inevitable given the breadth of science covered) 

overview  of separate fields without making too many connections between these.  

 

The work described in the thesis utilizes unique software packages developed by the Grzybowski group 

previously: Cyclorg and Kinetix. The former allows reaction cycles to be identified in the Reaxys database 

while the latter enables the analysis of complex kinetics involving oscillating reactions.  

 

In Chapter 4 the Cyclorg software is employed (and further developed) for identifying reaction cycles of 

various types, ranging from autocatalytic cycles to self-extinguishing ones. The challenges of reducing the 

search results to useful (as opposed to trivial or false-positive) outcomes is addressed and several useful 

filters were developed. An extensive set of cycles are described the give a good overview of the diversity of 

such cycles. In the majority of the cases these cycles involve different (and mostly incompatible) conditions 

in the various steps. Examples of cycles that can occur in one pot are very limited. Also the Reaxys database 

appears not easily searchable using filters for reaction compatibility. This represents a limitation of the 

approach.  

 

In Chapter 5 the Kinetix software is used to investigate the extent to which oscillations in the reactant 

concentration propagated downstream into reaction cascades. This question is relevant in the context of 

kinase signalling cascades which can respond in different ways to oscillations in substrate (i.e. Ca2+)  

concentrations. The behaviour of several different cascades is explored, ranging from a linear sequence of 

simple first-order reactions to a full-fledged model of a kinase cascade. The main finding is that, under 

specific circumstances, there is a sharp transition between a state where oscillations propagate to one 

where they are effectively dampened. Insight into the requirements on the kinetic parameters involved was 

obtained by numerical and, for the simpler systems, also analytical solutions. 

 

Overall this is an excellent thesis in the sense that it describes approaches that are conceptually novel and 

break new ground. New data and new insights have been generated. If I need to be critical then a more 

extensive discussion of the implications of the work would have been nice to see. At present the thesis 

merely ends with a short summary of the main results. 

 

Overall the thesis is of more than sufficient quality to be admitted to the defence. 

 

 

 

 
   

Date Our reference  

2 March 2020 PhD Thesis by Michal Bajczyk  

 

 



 

 2 › 2 

With kind regards, 

 

 
Prof. Dr. Sijbren Otto 

 
 
 
 
 

      


