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Abstract Lipidbook is a public database for force-field

parameters with a special emphasis on lipids, detergents

and similar molecules that are of interest when simulating

biological membrane systems. It stores parameter files that

are supplied by the community. Topologies, parameters

and lipid or whole bilayer structures can be deposited in

any format for any simulation code, preferably under a

license that promotes ‘‘open knowledge.’’ A number of

mechanisms are implemented to aid a user in judging the

appropriateness of a given parameter set for a project. For

instance, parameter sets are versioned, linked to the pri-

mary citation via PubMed identifier and digital object

identifier (DOI), and users can publicly comment on

deposited parameters. Licensing and, hence, the conditions

for use and dissemination of academically generated data

are often unclear. In those cases it is also possible to pro-

vide a link instead of uploading a file. A snapshot of the

linked file is then archived using the WebCite� service

without further involvement of the user or Lipidbook, thus

ensuring a transparent and permanent history of the

parameter set. Lipidbook can be accessed freely online at

http://lipidbook.bioch.ox.ac.uk. Deposition of data requires

online registration.

Keywords Lipid � Computer simulation � Force-field
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Introduction

Membrane proteins constitute about 25% of known genes

but over 50% of drug targets as they occupy key roles in

cellular transport and signaling pathways (Landry and Gies

2008). Molecular simulations of membrane proteins in a

native-like bilayer environment provide atomic-scale

insights into their function that are not easily obtainable in

any other way (Khalili-Araghi et al. 2009; Lindahl and

Sansom 2008; Marrink et al. 2009). Although force-field

parameters for proteins and water are well established and

published with the major simulation software packages,

this is not always the case for parameters for the lipids in

the membrane. In many cases protein function is known to

crucially depend on the identity of lipids and bilayer

composition but, nevertheless, simulations are often carried

out with non-native, model lipids because of the difficulty

of obtaining reliable parameters for native lipids. Recent

distributions of force fields such as GROMOS, Amber and

OPLS do not always include parameters for the lipid

molecules of interest, even though many have already been

parameterized independently. Such parameter sets are

dispersed across published papers, mailing list archives,

PhD theses and Web sites or can be obtained only by

personal communication from the original authors. For the

CHARMM simulation code, many lipid parameters are

provided in the standard CHARMM force-field files

(Feller and MacKerell 2000) and through the Membrane

Builder of CHARMM-GUI (http://www.charmm-gui.org),

a Web site that automates the setup of protein/membrane

CHARMM simulations (Jo et al. 2007, 2009). NAMD

users can build CHARMM POPE and POPC bilayers

with the Membrane plugin (I. Balabin unpublished, http://

www.ks.uiuc.edu/Research/vmd/plugins/membrane/) in VMD

(Humphrey et al. 1996). For Amber and CHARMM, the
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Glycam Biomolecule Builder (R. J. Woods et al. unpub-

lished, http://glycam.ccrc.uga.edu/ccrc/biombuilder/biomb_

index.jsp) is an online builder for carbohydrates and related

molecules, and the underlying force field was recently

enhanced with lipid and glycolipid parameters (Tessier

et al. 2008). An expanding database of lipid and small-

molecule parameters for the GROMOS force field is

curated in the Automated Topology Builder (ATB) and

Repository (A. E. Mark et al. unpublished, http://compbio.

chemistry.uq.edu.au/atb/) in formats appropriate for the

Gromacs, GROMOS and CNS simulation packages.

Although there exist databases for membrane protein

structures (Membrane Proteins of Known 3D Structure,

http://blanco.biomol.uci.edu/Membrane_Proteins_xtal.html

[White 2009]), proteins in implicit membranes (Orientation

of Proteins in Membranes [OPM], http://opm.phar.umich.

edu/ [Lomize et al. 2006]) and coarse-grained bilayers

(CGDB, http://sbcb.bioch.ox.ac.uk/cgdb/ [Scott et al. 2008]),

no general database was available to facilitate lipid mem-

brane simulations. Our new database Lipidbook provides a

central repository for membrane-related force-field parame-

ters for all force fields and simulation packages. It provides

a general platform for the dissemination of such parameters

and supports the user in assessing the parameters’ validity

and suitability for a given project.

Data in Lipidbook are meant to be ‘‘open,’’ in the sense

that anyone should be able to access, use, modify and

redistribute the data, as spelt out in the Open Knowledge

Definition (Open Knowledge Foundation 2010). Users are

encouraged to apply an ‘‘open’’ license to their own work.

Special attention is given to treating data in accordance

with any explicit or implicit license provisions while at the

same time providing the user unified and transparent access

to all data and the data’s history.

Methods

Lipidbook consists of a relational database (mySQL,

http://www.mysql.com), flat-file storage on disk and a Web

front end–based on the symfony framework (http://www.

symfony-project.org). The database stores metadata and

the location of the force-field files, either on disk on the

server or as links into the WebCite� archive (Eysenbach

and Trudel 2005) as described below. The front end allows

the user to interact with the database and the file storage,

handles user registration and permission checking and can

also initiate WebCite archival requests. The database was

initially populated from published parameters, unpublished

in-house parameterizations and user contributions.

A set of parameters is termed a package (Fig. 1). It

typically contains a topology building block that describes

the connectivity and particle types for the molecule of

interest and possibly additional parameter files that aug-

ment the description of particle types of the published force

field. It may also contain a three-dimensional structure of a

single molecule or, for membrane-forming lipids, a bilayer

patch. Molecular entities such as a lipid or a detergent

molecule are defined by their name and, where available,

their PubChem compound identifier (http://pubchem.ncbi.

nlm.nih.gov). Additional metadata are the force field

(e.g., ‘‘CHARMM27,’’ ‘‘GROMOS96 53a6’’) and the simu-

lation package file format of the parameter files (e.g.,

‘‘CHARMM,’’ ‘‘Gromacs’’). Each package also contains a

free-form abstract that briefly describes the parameter set

and alerts the user to specific features or points toward

other online resources. A package is linked to the scien-

tific literature by adding a reference to at least one primary

article in which the parameters were published, typically

including the digital object identifier (DOI) and the

PubMed identifier (http://www.ncbi.nlm.nih.gov/pubmed/).

Free-form entry is also possible in order to link to publi-

cations not indexed on PubMed. Further citations, such as

to experimental reports or other related parameterization

papers, can be added.

The ‘‘curator,’’ the creator of a package, is responsible

for maintaining and updating a parameter set. Alterations

are transparent to users because changes are versioned,

time-stamped and assigned a unique SHA1 checksum.

After a grace period for editing and polishing a deposition,

the current version of the package is automatically

‘‘locked’’ and further updates will create a new version in

the package (Fig. 1). A version can also be locked manu-

ally as soon as it is deemed stable. Changes can be docu-

mented in the abstract of the package and in comments that

are attached to each version.

A package stores a group of versions in chronological

order (Fig. 1), facilitating the tracking of the development

Package

Version 1
comments
checksums

topology A

parameters A

structure A

Version 2
comments
checksums

topology A

parameters B

structure A

Version 3
comments
checksums

topology A

parameters B

compound id
name
abbreviation
curator
licence
abstract
citations

time

Fig. 1 The basic organizational unit in Lipidbook is the package with

its associated metadata. It contains one or multiple versions, which in

turn reference the locally deposited files or link to files archived

through WebCite (Eysenbach and Trudel 2005) and comments

pertinent to the collection of files. The version number increases

with time. Versions in a package are persistent. In the example shown,

parameters A was updated to parameters B in version 2 and structure
A was removed from version 3
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of a particular set of files. A version contains the data files

themselves. Typically, some files change between versions,

whereas others are simply copied from a previous one.

Versions are persistent and never removed, and hence, any

version in the history of a parameter set is permanently

accessible to the user. Locked versions cannot be deleted,

although the curator can delete a whole package.

In cases where the licensing status of the data is unclear

and uploading data could potentially infringe copyright, no

data need to be deposited in the database. Instead of

uploading, a uniform resource identifier (URI, typically a

standard Web link) to a file stored elsewhere on the Internet

can be supplied. In order to guarantee permanent access to

the linked file and to have a transparent version history, the

linked file is archived through the independent WebCite

service (Eysenbach and Trudel 2005) on www.webcitation.

org. In this case, the version in the database contains the

unique, time-stamped WebCite URI instead of the file

itself. A package can contain both URIs and uploaded files

such as equilibrated whole bilayer systems generated from

linked parameters.

Usage

Users find packages by either browsing the database or full

text searching. Complete versions can be downloaded as a

zip archive that contains all files (or links to archived files)

and a text file with the relevant primary references and the

package license. Registered users can add comments to any

version in a package, noting successful use or problems.

Users can also subscribe to an RSS feed of newly uploaded

or changed packages to keep abreast of development.

Registered users can upload parameter sets through a

Web-based interface. They first choose the molecule type,

force field and simulation package. It is trivial to add new

force-field categories or molecules. A license under which

to publish the parameters must be selected. Lipidbook

offers licenses that are compatible with the Open Knowl-

edge Definition (Open Knowledge Foundation 2010),

which ensures that parameters are accessible and can be

modified and redistributed without undue restrictions. After

selecting a license, an abstract should be provided that

describes the parameter set. Then, the actual parameter files

are uploaded or URIs to files provided. Files are classified

as ‘‘topologies’’ (specific bond and atom-type information

for the parameterized molecule), ‘‘parameters’’ (general

parameters that supplement published force-field files),

‘‘structure’’ (a pdb file of a single molecule) and ‘‘bilayer’’

(a pdb file of a whole bilayer patch that can be used as a

starting point for a full simulation). Finally, a primary

citation must be provided if the license requires attribution

to the original authors. When supplied with the PubMed

identifier of an article, the package editor interface auto-

completes the citation data. Packages with incomplete

citation information and a license that requires attribution

are visible in the database but are not downloadable until

an appropriate reference has been provided. It is also

possible to add references to experimental data on the

parameterized lipid in order to facilitate validation of the

parameters.

In order to update a parameter set, the curator of the

package creates a new version in the package. The curator

selects the files (or URIs) that are kept unchanged from the

last version and uploads any new files or provides URIs

that replace or supplement previous ones. Changes can be

recorded in the abstract of the package and in the com-

ments that are pertinent to the new version. In a similar

manner, the curator can delete files. It is also possible to

edit the metadata of a package by, for instance, editing the

abstract or adding citations.

Discussion

Lipidbook is based on the simulation community’s phi-

losophy that the user is responsible for the choice of tools

and approaches. Our site simplifies obtaining parameter

sets for membrane simulations (together with links to the

relevant primary literature) by providing a choice of ver-

sioned packages of parameters, but it is no substitute for

informed use of these parameters.

To encourage contributions, deposition has been

designed to be easy. Package curators are typically experts,

and hence, there is no prescription enforced as to which files

have to be supplied. Authors of parameter sets are encour-

aged to curate their own packages to ensure that any user of

their work has the most current version of the parameters

and the correct reference to cite their work. Although

desirable, the parameter author will not always choose to be

the Lipidbook curator of his or her own work, for instance,

when time and effort have already been invested in his or

her own online distribution infrastructure. In this case, any

interested user can simply link to the original files on the

author’s Web page. The WebCite caching and archival

mechanism for URI links (Eysenbach and Trudel 2005)

ensures that a user of Lipidbook will obtain exactly the

same version of the parameters that the curator referenced at

the time of deposition. Using WebCite for parameter sets

also avoids potential copyright infringement in cases of

unclear licensing status (Eysenbach and Trudel 2005).

A number of features support the user in assessing the

validity and suitability of parameter sets, such as the direct

link to the primary reference, the curator-supplied abstract

and the community-supplied comments. Reproducibility of

studies is aided by the versioning system that ensures
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traceable and documented changes. Any registered user can

deposit and, thus, curate data sets. We encourage regis-

tration with full names and affiliation (and possibly a link

to a home page) so that users can also use the name of the

curator as an additional criterion to evaluate a parameter

set.

The new Lipidbook Web site (http://lipidbook.bioch.

ox.ac.uk) provides a database and storage facility for force-

field parameter and related files. It serves the membrane

simulation community, but the principle could be extended

to any small-molecule parameter sets as used in computa-

tional drug development. The Lipidbook framework also

lends itself to tagging of parameter files with DOIs so that

in the future it should become possible to uniquely refer-

ence and obtain the input parameters to a simulation via a

DOI, similar to the system that is currently used for

structures in the Protein Databank (Berman et al. 2000).
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