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Research focus in biochemistry and molecular biology on bio-membranes has experienced a 
steady increase in the last 30 years, particularly given the fact that many different classes of 
lipids, their main constituents, play fundamental roles in the structure and organization of cell 
and organelle membranes. Lipid membranes properties are recognized to have a remarkable 
impact on the function of cells, as they embed membrane proteins and channels and are, 
accordingly, host to a variety of cellular recognition and transport processes. Owing to the 
remarkable fluidity of membranes under physiological conditions, the knowledge of their 
structural and dynamical properties at the molecular scale remains to a large extent 
fragmentary. Over the last two decades, atomistic simulations provided novel and needed 
molecular scale insight into such properties thereby serving as an additional, complementary 
source of information to the current arsenal of experimental tools. A great and constant 
improvement of the protocols and force field used has allowed better modeling of these 
systems and satisfactory agreement are now being reached when comparing simulation data to 
“wet” lab experiments. Membranes overall physical properties are however not modulated by 
the nature of their lipid constituents alone, but also and sometimes as importantly by the 
surrounding solvent properties. The nature of the conductive media and the ionic strength in 
the vicinity of cell membranes are known to tune several key processes such as peptides and 
enzymes recognition, channels ionic transport, etc... The thesis of Josef Melcr stands out as a 
landmark contribution in this context, undertaken to check and improve current generation 
force fields to accurately model the interaction of lipids with commonly encountered cations.  
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The candidate has submitted in this PhD Dissertation the results of a thorough investigation of 
the interaction of Na+, K+ and Ca++ cations with zwitterionic and negatively charged 
phospholipid model membranes (bilayers) using atomistic molecular dynamics simulations. 
Using concepts derived from NMR investigations that link the order parameters of lipid head 
group moieties to amount of bound cations, and comparing the data to experiments, it was 
clearly shown that commonly used force fields do not properly model these cations binding.  
 
A Large effort was then devoted to develop an alternative to overcome this limitation. By 
implicitly including electronic polarization as a mean field correction (referred to as 
Electronic Continuum Correction) Melcr et al. demonstrated that a much better agreement 
with experiment could be achieved. Quite interestingly, such a correction improved the 
simulations results for several Force Field models. Furthermore, a valuable feature of the 
correction proposed was the fact that it could be modeled as a simple scaling of the atomic 
charges and Lennard-Jones σ parameter of the cations and of the head group atoms of the 
lipids. Accordingly its implementation turns out to be straightforward and does not require 
any change in the FF functional.  
 
To comment on the Form of the PhD Thesis, the dissertation consists of an introductory 
section, two separate concise chapters devoted respectively to the methods used and the 
results of the investigations cited above, and copies of the papers co-authored by the 
candidate. Josef Melcr is the main contributor, i.e. First Author in two out of the 3 published 
papers. One main critique that does not diminish from the importance of the work and insight 
provided by the Thesis concerns the inclusion of the work on modeling the transmembrane 
potential that seems unrelated to the core of the thesis.  
 
To summarize, this is a solid contribution in the field of membranes simulations. It is 
expected that these very interesting and novel results will be largely and quickly used by the 
modeling community. Besides, they will certainly trigger investigations along the same lines 
to check the effects of the ECC protocol when considering ions interaction with amino- and 
nucleic acids.   
 
Hence, in my opinion, this work more than fulfills the requirements for a PhD degree. I am 
looking forward to discuss more in depth some of the results of his research during the Thesis 
oral defense. 
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