Steered molecular dynamics of protein membrane complexes

S. Stepaniants, S. Izrailev and K. Schulten

Beckman Institute, 405 N. Mathews, Urbana, IL 61801, USA and Department of Physics, University of Illinois, 1110 W. Green St., Urbana, IL 61801, USA

November 6, 1997

Abstract

AAAA

Introduction

AAAAAA

Method

SMD simulations of the DLPE monolayer and the PLA_2-membrane tightly and loosely bound complexes were carried out using the program NAMD1.53-β version with version 19 of the CHARMM (?) force field.

DLPE monolayer

The structure of the DLPE monolayer with water was obtained from the bilayer structure (?) after the deletion of the corresponding lipid and water molecules using DELETE routine of X-PLOR. Repulsive harmonic potentials were applied to water oxygen atoms and lipid atoms to provide a nonrigid boundary for the system. In simulations for the DLPE monolayer the boundary for the system was defined as a cylinder {x^2 + y^2 < 43.0^2 Å^2 ; −26.0 Å< z < 26.0 Å}. The direction of the membrane normal was chosen as the z-axis. In addition the oxygens with coordinates {41.0^2Å^2 < x^2 + y^2 ; −21.0 Å< z < 21.0 Å} of the outer water molecules were restrained to harmonic springs with stiffness k ≈ k_BT/Å^2 to ensure inelastic energy absorbent layer around the system. This was implemented through the definition of harmonic restraints in NAMD1.53-β.

PLA_2 membrane complexses

The loosely and tightly bound structures of PLA_2 membrane complexes were obtained from (?). Like in the case of DLPE monolayer repulsive harmonic potentials were applied to water oxygen atoms and lipid atoms to provide a nonrigid boundary for the system. The boundary for the system was defined as a hemisphere √ x^2 + y^2 + (z + 15)^2 < 45 Å with the cenetr located at z = −15 Å. The direction of the membrane normal was chosen as the z-axis. The oxygens with coordinates 40.0^2Å^2 < x^2 + y^2 + (z + 15)^2 of the outer water molecules were restrained to harmonic springs with stiffness k ≈ k_B T/Å^2. The systems were equilibrated at 300 K for 50 ps followed by 50 ps of free dynamics.

Extraction of the lipid

External forces were applied to the nitrogen atom of the lipid head group by means of the harmonic restraints in NAMD1.53-β to facilitate its transition from the DLPE monolayer into the aqueous solution and into the active site of the PLA_2. The nitrogen atom of the lipid head group was restrained harmonically to a point which was moved with the constant velocity.

The absolute value of the force acting on the lipid was chosen to be

F (x, t) = K(vt − x) , (1)

where v = 0.014 Å/ps, is the velocity of the restraint point chosen so that the lipid moves by about 7 Åout of the plain of the membrane in 500 ps and k = 500 is the harmonic restraint coefficient.

In all simulations we assumed a dielectric constant ϵ = 1 and a cut-off of Coulomb forces with a switching function starting at 10.7 Å and reaching zero at a distance of 14.3 Å. All atoms, except for nonpolar hydrogens, were described explicitly. An integration time step of 1 fs was employed.

Results and discussion

AAAAAA