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Membranes are a special media where crucial reactions take place. In many cases these 

processes involve the change in protonation state of specific protein groups. For many years it 

was believed that protons were exchanged directly with bulk. However, there are lipids with the 

ability to hold and stabilize protons at physiological pH and may be very important in the stability 

and function of membrane protein complexes [1]. Dimyristoyl-Phosphatidylcholine (DMPC) is a 

phospholipid with considerably low pKa in solution, and because of that it is usually believed to be 

deprotonated in membranes. Due to the inherent deficiency of data in this area we, conducted a 

theoretical study aimed to evaluate the relevance of protonation in this phospholipid.  

We have performed several molecular dynamics simulations of DMPC bilayers in two different 

protonation states, one where all phospholipids are deprotonated and another where only one 

phospholipid is protonated in each monolayer. From these molecular dynamics simulations we 

did Poisson-Boltzmann/Monte Carlo calculations and, together with Linear Response 

Approximation [2,3] we were able to obtain a pKa value for a DMPC lipid embedded in the 

bilayer. 

Profiling the coordinate of the phosphate group according to the membrane normal, allowed to 

correlate the pKa of DMPC with how much buried the phospholipid is in the bilayer. 

 

1. T. H. Haines, Proc. Nat. Acad. Sci. USA, 80, 160 (1983) 
2. F. S. Lee, Z. T. Chu and A. Warshel, J. Comput. Chem. 14, 161 (1993)  
3. I. Eberini, A. M. Baptista, E. Gianazza, F. Fraternali, T. Beringhelli, Proteins, 54, 744 (2004) 
  


