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1 Introduction

Membrane proteins perform multiple functions and are vital to the survival of
all organisms (I). It is estimated that the genes coding for membrane proteins
make up 20-30% of the genomes of organisms (2). They serve as channels (3] 4),
transporters (BHT), receptors (8), enzymes (9)) and function in cell signaling (10}
[I1]), translocation of substrates (I2HI4)), energy transduction (15 [I6) and cell-
cell recognition (I7HI9). Due to their vital significance, advanced technological
methods such as NMR (20), cryo-electron microscopy (cryo-EM) (2I)) and X-ray
crystallography (22)) have been developed, in part, to determine structures of
membrane proteins. However, these experimental methods only provide a static
state of proteins while molecular dynamics (MD) simulations are eligible to
probe the dynamic behaviors of them with the high-resolution structure solved
(23). Therefore, preparing a membrane-protein system at atomic resolution
became a major concern of simulators.

Previous studies have emphasized the importance of building a native mem-
brane: not only are the lipid-protein interactions responsible for regulating or
stabilizing the conformation of membrane proteins (24H27), but also the com-
position of the membrane will influence their structure and function (28| 29).
Consequently, one should be especially careful to select the appropriate mem-
brane for a given membrane protein.
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Figure 1: Structure of E. coli BamA.
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To simplify and automate the building process of a native membrane-protein
system for MD simulations, CHARMM-GUI ( |http://www.charmm-gui.org )
(19, [30) provides a graphical user interface (GUI) of multiple modules for the
biomolecular simulation program CHARMM (81). And Membrane Builder (19)
is one of the modules in CHARMM-GUI, which o ers users a relatively easy way
to build complicated membranes with all types of lipids through a user-speci ed
and automated process, including PDB loading, protein orientation, system size
determination, generation for lipids, pore water, bulk water as well as ions, and
components assembly[{19).

In this tutorial, we will go through the process of preparing a membrane-
protein system step-by-step using BamA as an example (FigurE] 1). BamA is
the central component of BAM complex (3235). It is an outer membrane
protein (OMP) of Gram-negative bacteria, which is responsible for the folding
and insertion of other OMPs (38). It contains a transmembrane -barrel of 16
strands along with ve periplasmic polypeptide-transport-associated (POTRA)
domains (Figure[]). We are going to use the structure fromk. coli (PDB ID:
5AYW (33)), which includes up to 5 POTRA domains.

The tutorial is divided into two units: we will rst build the system in
CHARMM-GUI (Figure 2a) and then equilibrate it in NAMD (Figure 2b) (37).

The tutorial assumes some basic knowledge of VMD and NAMD. For the
accompanying VMD and NAMD tutorials, please see http://www.ks.uiuc.
edu/Training/Tutorials/


http://www.charmm-gui.org




	Introduction
	Membrane-protein System Building in CHARMM-GUI
	Read protein coordinates and manipulate structure
	Load PDB file
	Manipulate PDB file

	Orient the protein
	Orient and position protein
	Generate pore water

	Determine the system size
	Build the components
	Assemble the components

	System Equilibration in NAMD
	Melting of lipid tails
	Equilibration with protein constrained
	Equilibration with backbone constrained
	Equilibration of the whole system


