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Virtual-sites
Abstract

We present a new implementation of the virtual sites 

technique which completely suppresses the degrees of 

freedom of the hydrogen atoms in a POPC lipid bilayer 

allowing for an increased time step of 5 fs in all-atom 

simulations  of the CHARMM36 forcefield. We show that if 

the properties of the membrane are mostly unaffected by 

the procedure. We further test our procedure with 

transmembrane peptides WALP23 and WALP31 as well as 

the more complex Na,K-ATPase protein. The peptide 

reorientation, protein structure and ion binding to the 

protein is unaltered by using virtual sites.

Virtual interaction sites (VS) were introduced in 
GROMACS (Feenstra et al. JCTC 1999, Bjelkmar et 
al. JCC 2010) to accelerate all-atom simulations by 
suppressing the hydrogen degrees of freedom. See 
an example on the left. Suppression of the fast 
degrees of freedom allows an increase of the time-
step from 2 fs to 5 fs.

The structural properties of a simple transmembrane helix are 
unaffected by the VS procedure

Properties of a Transmembrane Peptide: WALP31

Properties of a Large Protein: Na,K-ATPase

Positions of H atoms are calculated from the positions of nearby heavy atoms. Here the positions of 
the two H atoms of the CH2 groups of the lipid tails are calculated from the three nearest C atoms.

The VS procedure increases the order parameters of the chains and 
slightly lowers the area per lipid. The head-group properties and their 
interaction with water are unaffected. The decreased lipid diffusion 
rate is a consequence of a lower number of degrees of freedom.
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(a) area per lipid (b) chain order parameters (c) P-N vector (head-group) distribution 
(d) Water molecule distribution around the head-group region (e) mean square 
displacement of the lipids in each monolayer (f) number density of the different 
constituents of the lipids. 128 POPC lipids.
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(a) Tilt angle w.r.t bilayer normal. Red and black curves differ only in starting velocities. 
Protein sequence is: GWW(LA)

12
LWWA.
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(a) round mean square displacement and (b) round mean square fluctuations of the 
alpha carbon atoms of the Na,K-ATPase transmembrane helices.

The structural properties of the Na,K-ATPase are unaffected, ion 
binding (not shown) is also identical with and without VS. 
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