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Assessment of molecular diffusion is of high importance in fields of drug delivery systems, biomaterial development, cell 
biology, etc. Assessment and comprehensive analysis of the diffusivity provides a deeper understanding of the diffusion 
phenomenon and heterogeneity of biomaterials. This insight eventually may lead to a rational control over the diffusivity. 
Fluorescence recovery after photobleaching (FRAP) is commonly employed to probe molecular diffusion by analysis of the 
recovery of fluorescence after photobleaching of fluorescently labelled molecules. Despite FRAP being a popular method, 
it is hard to analyze multi-fractional molecular diffusion due to limited possibilities of approaches for analysis. Here we 
present a novel simulation-optimization-based approach (S-approach) that significantly broadens possibilities of the analysis. 
In the S-approach, possible fluorescence recovery scenarios are primarily simulated and afterwards compared with a real 
measurement while optimizing parameters of a model until a sufficient match is achieved. This makes it possible to reveal 
multi-fractional molecular diffusion. The proposed S-approach is compared with a conventional, yet advanced analytical 
solution based approach (A-approach) which involves fitting an analytical solution of molecular diffusion to FRAP recovery 
profiles. The S-approach is superior for multi-fractional analysis compared to the analytical one, however, diffusion of a single 
population of molecules can be assessed by either of the approaches.

Figure 1: Left: Distribution of diffusion coefficients of cytochrome c loaded into (HA/PLL)24 multilayers. Right: 
Schematics depicting various interaction states of cytochrome c in polyelectrolyte multilayer and corresponding keywords.
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