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Abstract 
 
Water molecules play important roles in maintaining the cell membrane functions and providing unique 

environments for biological reactions on cell membranes. In this study, all-atom molecular dynamics 

simulations were performed to investigate the dynamics of water molecules around cell membrane surfaces. 

Firstly, we showed that temperature dependencies of water translational and rotational motions near a 

membrane surface are different from those in bulk. Decreasing temperature enhances the water retardation on 

the membrane surface, and the lateral motions of water molecules are correlated with the vertical motions. 

Next, we found anomalous dynamics of water molecules on membrane surfaces. The translational and 

rotational diffusion of water molecules on the membrane surfaces exhibit subdiffusion and aging. The 

anomalous diffusion is attributed to both divergent mean trapping time (continuous-time random walk) and 

long-correlated noise (fractional Brownian motion). Moreover, we found that hydration dynamics on the lipid 

membranes exhibits 1/f noise. Constructing a dichotomous process for the hydration dynamics, we provided 

an evidence that the origin of the 1/f noise is a combination of a power-law distribution with cutoff of 

interoccurrence times of switching events and a long-term correlation between the interoccurrence times. 

Finally, water permeation through an Aquaporin, which exclusively permeates water molecules across cell 

membranes and regulate the osmotic pressure of the cell, was investigated. Analyzing the effects of the 

conformational fluctuations of amino acids on water permeation, we found that 1/f fluctuations of amino 

acids generate non-Poisson water permeation in AQP1. 

These results provide new insights on the water molecules that play important roles for the function of cell 

membranes. 

 


