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Overview

" Lipids —the what and the why
" Why use Martini to simulate lipids
" Lipids in Martini 2 and 3

o The Martini lipidome
o Naming standard
o Overall properties

" Examples of Martini lipid projects
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Lipids — definition
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* Naturally occurring fats or
fat-like compounds

* Insoluble in water
e Soluble in organic solvents

* Hydrophobic/amphipathic
molecules
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Lipids — definition
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* Naturally occurring fats or
fat-like compounds PIP,(4,5)
* Insoluble in water 8w
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* Hydrophobic/amphipathic
molecules
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Lipids — diversity
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van Meer G1, Voelker DR, Feigenson GW. (2008) Membrane lipids: where they

Ir:laavt\;'c.)el'l':iel.:;g:rra\nt‘:l'rye LLNL-PRES-2009709 are and how they behave. Nat Rev Mol Cell Biol. 9:112-24.

Membranes contain
100s of different lipid

types

Cells have 1000s
Currently
www.lipidmaps.org

has >50.000 unigue
lipid structures



Lipids — bilayers
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Lipid bilayer refers to the physical
bulk of the membrane, or the
“hydrophobic continuum”, and
the associated interfacial polar

i

* Lipids

e Other amphiphiles

e Membrane proteins
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White, S. H., Ladokhin, A. S., Jayasinghe, S., & Hristova, K. (2001). How membranes
shape protein structure. Journal of Biological Chemistry, 276(35), 32395-32398




Lipids — bilayers

Crystal

Gel

Fluid

Water Nitrogen
Other phospholipid atoms

Laugrenee Livermore Images from Eric Martz using RasMol, structures from: 7
National Laboratory =~ LLNL-PRES-2009709 Heller et al. 1993..J Phys Chem 97:8343-8360



Lipids — shape

Positive intrinsic curvature

Atftraction  Repulsion

Atftraction  Repulsion

Migelle

Attraction  Repulsion I nve I’ted h eXﬁa l. p ha se
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Lipids — properties

* Intrinsic lipid curvature (c,)
e Actual curvature (c)
* Hydrophobic thickness (d,)

* Area compression-expansion
modulus (K,)

* Splay-distortion modulus (K_)
* Fluidity

e Diffusion

* Area per lipid

* Order parameter

* Surface tension

e Acyl chain packing

» Lateral pressure profile

* Lipid packing stress

* Bilayer stiffness
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Lipids — “rafts” / domains / phases
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Lipids — bilayer/protein interactions

MsclL channel

™1

Hydrophobic matching:

to minimize exposure to
water, a membrane protein’s
hydrophobic domain is
embedded in the bilayer
hydrophobic core.

Cytoplasm
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Lipids — bilayer/protein interactions

KcsA channel MscS channel

Closed

Bass etal. 2002. Science 298:1582-1587

Uysal etal. 2009. Proc Natl Acad Sci 106:6644-6649 Wang etal. 2008. Science 321:1179-1183
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Lipids — bilayer/protein interactions

KcsA channel MscS channel

Open

Bass etal. 2002. Science 298:1582-1587

Morais-Cabral et al. 2001. Nature 414:37-42 Wang et al. 2008. Science 321:1179-1183
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Lipids — bilayer/protein interactions

Maltose transporter Ca?*-ATPase

Toyoshima and Nomura. 2002.
Nature 418:605-61 1

Oldham and Chen. 2011. Science 332:1202-1205
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Lipids — bilayer/protein interactions

Maltose transporter Ca?*-ATPase

Ca?*-bound

Toyoshima and Nomura. 2002.
Nature 418:605-611

Chen, Oldham, Davidson, and Chen. 2013. Nature 499:364-368
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Lipids — bilayer/protein interactions

Specific lipid-protein interactions
e.g. PI(4,5)P2 and binding to PLC61

General membrane properties
e.g. Protein conformational changes involving the
protein hydrophobic area are energetically coupled to

il
il

Inactive
(Closed)

1l

Active
(Open)

Lawrence Livermore Luis Borees-Arauio e o P e ,
' s ges-Araujo et al. (2022). Improved Parameterization of Phosphatidylinositide Lipid Headgroups
National Laboratory =~ LLNL-PRES-2009709 ¢ e Martini 3 Coarse-Grain Force Field. J. Chem. Theory Comput. 2022, 18, 357-373
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Lipid membrane molecule dynamics simulation
have been progressing rabbity

76 decanol 200 POPC 2304 DOPC 288 POPE 828 diC16:0PC 1 AQPO 63 lipid species 1 OMPF
52 decanoate ~ 55 ps 3.6 ns 1 BtuCD 540 diC18:2PC 278 DMPC ~ 20000 lipids 3 phospholipid
30 ps 15 ns 576 Chol 100 ns 40 pus species
12 WALP23 25 LipA
80 us 24 Lps0
24 L ps5

300 ns
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>
Pioneering Basic Increasing Realistic
complexity

Stevens JA, Griinewald F, van Tilburg PAM, Kénig M, Gilbert BR, Brier TA,
Thornburg ZR, Luthey-Schulten Z and Marrink SJ (2023 ), Molecular dynamics
simulation of an entire cell.

Front. Chem. 11:1106495.

Siewert J. Marrinka, Valentina Corradib, Paulo C.T. Souzaa, Helgi L. Ing6lfssonc, D. Peter Tielemanb, Mark S.P.
Sansomd. Computational Modeling of Realistic Cell Membranes. Chem Rev. 2019, 119, 9, 6184-6226.
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Why simulate lipids with Martini?

Most interesting lipid stuff happens beyond the s timescale

A lot of such interesting lipid stuff happens at large size scales

|

Computationally expensive to simulate with atomistic resolution

With Martini: Fewer degrees of freedom
+

Larger timesteps
(afforded by softer potential landscapes)

}

Between 100x and 1000x speedup over atomistic simulations

Lawrence Livermore
National Laboratory  LLNL-PRES-2008709 Adopted from Manuel 18



Martini 2 coarse-grained (CG) simulations for lipids

The Martini 2 CG force field

Lawrence Livermore
National Laboratory

Protein helical fragment

Approximately 4:1 mapping
of heavy atoms

A 2-3 orders of magnitude
speedup compared to
atomistic simulations

A large number of
parameterized lipids

Easy backmapping to AA @ @
Py (804)3

water benzene

X. Periole and S.J. Marrink. The Martini coarse-grained force field. In "Methods in molecular
LLNL-PRES-2009709 biology", Vol 924, L. Monticelli & E. Salonen Eds., Springer, 2013, pp 533-565. 19




Martini 2 coarse-grained (CG) simulations for lipids

The Martini 2 CG force field
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Approximately 4:1 mapping
of heavy atoms

A 2-3 orders of magnitude
speedup compared to
atomistic simulations

A large number of
parameterized lipids

Easy backmapping to AA

LLNL-PRES-2009709

TABLE 1: Interaction Matrix®

Q P C

sub da d a 0 5 4 3 2 1 da d a 0 5 4 3 2 1
Q da 0 0 o] I o} 0] 0 1 I I 1 I v v ViVl IX IX

d 8] I o] II o] o] 0 I I I 111 1 v Vv VI VI IX X
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P 5 0 0 Q 1 o} o] 0 o} O I 1 1 v v VI VI VII VI

4 0 0 o] o o} I I 1I n I 111 1 v v Vi VI VII VI

3 8] o] o] I o] I 1 II I I II I v v v v vl VII

2 I I I I o} I i 1I o I I I 1 o v VI VII

1 I 1 I I o] I I II I I I I 11 v v IV v VI
N da 1 1 I I I 11 i II il I I I v v v VI VI VI

d I I I 1 I 11 i 1I o I 111 I v v v VI VI VI

a 1 I I I I I I II I I II 11 v v v VI vl VI

0 v v w v v v v 111 or IV v v v IV Iv IV v VI
c 5 Vv v v v v v v v v IV v v oIV Iv IV v v

4 VI VI VI VI V1 VI v v IA v v v v IV IV Vv v

3 VII  vVII VI v vl VI v v v VI VIiooovE v v IV IV v v

2 IX X IX IX VII VII VI VI A\ VI VI VI V¥ v v v v v

1 IX X X X Vil vin v VI VI VI VIVI VIV v v v v

LJ interactions depend on hydrophilicity of CG bead

nine levels with 2.0<g <5.6 ki//mol; c=0.47 nm

Marrink, S.J., H.J. Risselada, S. Yefimov, D.P. Tieleman, and A.H. De Vries. 2007. The MAR TINI
force field: coarse grained model for biomolecular simulations. J. Phys. Chem. B. 111: 7812-7824.

20




Martini 2 coarse-grained (CG) simulations for lipids

DSPC DPPC
- . N
The Martini 2 CG force field | U T
Approximately 4:1 mapping o= ng ;H
of heavy atoms %o, Lo5s

Lawrence Livermore
National Laboratory

A 2-3 orders of magnitude
speedup compared to
atomistic simulations

A large number of
parameterized lipids

Easy backmapping to AA

DPPC, di-C16:0 palmitic tails
DSPC, di-C18:0 stearoyl tails

LLNL-PRES-2009709 21




Martini 3 coarse-grained (CG) simulations for lipids

The Martini 3 CG force field ARTICLES nature/methods

https://doi.org/10.1038/541592-021-01098-3

* Improved interaction W) Chock for updates
balance Martini 3: a general purpose force field for

* More granularity in bead coarse-grained molecular dynamics
types Paulo C. T. Souza©'2%, Riccardo Alessandri™', Jonathan Barnoud'?, Sebastian Thallmair ©4,

Ignacio Faustino’, Fabian Griinewald @, llias Patmanidis’, Haleh Abdizadeh’, Bart M. H. Bruininks @1,
Tsjerk A. Wassenaar', Peter C. Kroon©’, Josef Melcr ©?, Vincent Nieto?, Valentina Corradi®?,

* Different granularity in

bea d size Hanif M. Khan®¢, Jan Domariski’¢, Matti Javanainen ©°'°, Hector Martinez-Seara°,
. Nathalie Reuter©¢, Robert B. Best?, llpo Vattulainen©'", Luca Monticelli 2, Xavier Periole',
 And still fast D. Peter Tieleman @5, Alex H. de Vries' and Siewert J. Marrink'™

The coarse-grained Martini force field is widely used in biomolecular simulations. Here we present the refined model, Martini 3
(http://cgmartini.nl), with animproved interaction balance, new bead types and expanded ability to include specific interactions
representing, for example, hydrogen bonding and electronic polarizability. The updated model allows more accurate predictions
of molecular packing and interactions in general, which is exemplified with a vast and diverse set of applications, ranging from
oil/water partitioning and miscibility data to complex molecular systems, involving protein-protein and protein-lipid interac-
tions and material science applications as ionic liquids and aedamers.

Lawrence Livermore Souza et al. Martini 3: a general purpose force field for 09
National Laboratory LLNL-PRES-2009709 coarse-grained molecular dynamics. Nature Methods. 2021



Martini 3 coarse-grained (CG) simulations for lipids

central
Sc I e n ce This article is licensed under ©

Th e M a rti n i 3 I ipi dO me http//pubs.acs.org/journal/acscil

e Tailma pping down to The Martini 3 Lipidome: Expanded and Refined Parameters Improve

b Lipid Phase Behavior
tWO caroons Kasper B. Pedersen, Helgi 1. Ingélfsson,V Daniel P. Ramirez-Echemendia,* Luis Borges-Araﬁjo,V

Mikkel D. Andreasen, Charly Empereur-mot, Josef Melcr, Tugba N. Ozturk, W. F. Drew Bennett,

i Better b u I k bi Iaye r Lisbeth R. Kjolbye, Christopher Brasnett, Valentina Corradi, Hanif M. Khan, Elio A. Cino,
. Jackson Crowley, Hyuntae Kim, Balédzs Fébidn, Ana C. Borges-Aragjo, Giovanni M. Pavan,
p rOpertIes Guillaume Launay, Fabio Lolicato, Tsjerk A. Wassenaar, Manuel N. Melo, Sebastian Thallmair,

Timothy S. Carpenter, Luca Monticelli, D. Peter Tieleman, Birgit Schiett, Paulo C. T. Souza,*
and Siewert J. Marrink*

Cite This: https://doi.org/10.1021/acscentsci.5c00755 I: I Read Online

ACCESS ‘ il Metrics & More | Article Recommendations | @ Supporting Information

* Improved phase
behavior

Better structural
resolution

1

e

ABSTRACT: Lipid membranes are central to cellular life. Complement-  'mProved phase

* Weaker protein-lipid
ing experiments, computational modeling has been essential in unraveling pehavior

inte ra Ctions complex lipid-biomolecule interactions, crucial in both academia and
industry. The Martini model, a coarse-grained force field for efficient
>N

o P f t, t_” molecular dynamics simulations, is widely used to study membrane o ':1 Martini 3 SR
phenomena but has faced limitations, particularly in capturing realistic DPPC S p
ore rormation St lipid phase behavior. Here, we present refined Martini 3 lipid models with Updated Lipidome
. a mapping scheme that distinguishes lipid tails that differ by just two
n ee d S I m p rove m e nt carbon atoms, enhancing the structural resolution and thermodynamic
accuracy of model membrane systems including ternary mixtures. The
expanded Martini lipid library includes thousands of models, enabling
simulations of complex and biologically relevant systems. These advance-
ments establish Martini as a robust platform for lipid-based simulations
across diverse fields.

Lawrence Livermore K. Pedersen etal. The Martini 3 Lipidome: Expanded and Refined Parameters Improve 23
National Laboratory LLNL-PRES-2009709 Lipid Phase Behavior. ACS Cent. Sci. 2025



Martini 3 coarse—grained (CG) simulations for lipids

The Martini 3 lipidome

Lawrence Livermore
National Laboratory

Tail mapping down to
two carbons

Better bulk bilayer
properties

Improved phase
behavior

Weaker protein-lipid
interactions

Pore formation still
needs improvement
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Martini 3 coarse-grained (CG) simulations for lipids

The Martini 3 lipidome

Lawrence Livermore
National Laboratory

Tail mapping down to
two carbons

Better bulk bilayer
properties

Improved phase
behavior

Weaker protein-lipid
interactions

Pore formation still
needs improvement

LLNL-PRES-2009709
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Martini 3 coarse-grained (CG) simulations for lipids

Martini 3

The Martini 3 lipidome

* Tail mapping down to
two carbons

* Better bulk bilayer

properties POCL and POPC
arrangement
* |Improved phase around the
behavior ADP/ATP carrier
* Weaker protein-lipid
interactions
 Pore formation still
needs improvement
Lawrence Livermore K. Pedersen et al. The Martini 3 Lipidome: Expanded and Refined Parameters Improve

National Laboratory LLNL-PRES-2009709 Lipid Phase Behavior. ACS Cent. Sci. 2025
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Martini 3 coarse-grained (CG) simulations for lipids

The Martini 3 lipidome

* Tail mapping down to
two carbons

» Better bulk bilayer
properties

* Improved phase
behavior

* Weaker protein-lipid
interactions

* Pore formation still
needs improvement

Lawrence Livermore
National Laboratory LLNL-PRES-2009709
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Potential Mean Force (PMF) of pore formation
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K. Pedersen et al. The Martini 3 Lipidome: Expanded and Refined Parameters Improve
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Lipidome — Martini 3 lipidomics

The Martini 3 lipidome

e Lipid building blocks

* Lipid topology generator
supporting all major
headgroup and tail
groups

e Setup with insane
(next talk)

* Some changes in tail

nomenclature

. https://github.com/Martini-Force-Field-
Initiative/M3-Lipid-Parameters

Lawrence Livermore
National Laboratory LLNL-PRES-2009709

One letter Bead Corresponding Examples of corresponding fatty acid

name assignment®  atomistic tails names"

T cC CE:0 CO08:0 oclanayl

J cC G100 C10:0 decanoyl

u cCC C12:0 C12:0 laurayl

M CcCC C14:0 C14:0 myrisloyl

P cCCC G160 C16:0 palmiloyl

s CCCC c18:0 C18:0 stearoyl

K cCCCC C20:0 C20:0 arachidoyl

B CCCCC c22:0 C22:0 bahanoyl

X cCCCCC C24:0 C24:0 lignoceroyl

[ CCCoCC C26:0 C26:0 haxacosanoyl

R cDC C141 C14:7(9e) myristolaocy

Y cCDC C16: CA16:1(9c) palmitolacy

O CDCC G181 C18:1(9c) oldaayl

G cCDCC C20:1 C20:1(11e) aicasenayl (11-aicosancic acid) or
gondoic acid

E CCDhCC c22: G222 Me) or C22:1(13¢) arucoyl

M cCCDCC C24:1 C24:1(15¢) narvonic acid

W CCDC c181 C18:1(11c) cis-vaccenic acid

L coDc C1a:2 C18:2(9c,12c) linclaayl

F coDDoD c18:3 C18:3(9c,12¢,15c) alpha-linolanic acid

| cCDDC c20:2 C20:2(11 ¢, 14¢) sicosadisnoyl

Q cDODC C20:3 C2003(8e, 11, 14c) eicosatrienay| or dioma-
gamma-linodanic acid

A cFFDC C20:4 C20:4(5c,Be,11¢,14c) arachidonoy|

o= DFFDD C22:8 C22:8(4e, e, 10e,13c, 16, 19c) docosahexasnoic

acid

K. Pedersen et al. The Martini 3 Lipidome: Expanded and Refined Parameters Improve
Lipid Phase Behavior. ACS Cent. Sci. 2025 28



Lipidome — Martini 3 lipidomics
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Lipidome — Martini 3 lipidomics

 Cholesterol

Updated bonded setup, shape,
volume, and hydrophobicity

* Phosphatidylinositol

Improved conformational dynamics
and stability for all PIPs

* Glycolipids
Some lipopolysaccharide (LPS) and a

protocol for parameterizing
disaccharides

Lawrence Livermore
National Laboratory LLNL-PRES-2009709

pubs.acs.org/JCTC

Martini 3 Coarse-Grained Force Field for Cholesterol

Luis Borges-Araijo, Ana C. Borges-Aratjo, Tugba Nur Ozturk, Daniel P. Ramirez-Echemendia,
Baldzs Fébidn, Timothy S. Carpenter, Sebastian Thallmair, Jonathan Barnoud, Helgi I Ingélfsson,
Gerhard Hummer, D. Peter Tieleman, Siewert J. Marrink, Paulo C. T. Souza,* and Manuel N. Melo*

Cite This: J. Chem. Theory Comput. 2023, 19, 7387-7404 I: I Read Online

ACCESS | Ll Metrics & More ‘ Article Recommendations ‘ © Supporting Information

ABSTRACT: Cholesterol plays a crucial role in biomembranes by regulating
various properties, such as fluidity, rigidity, permeability, and organization of
lipid bilayers. The latest version of the Martini model, Martini 3, offers
significant improvements in interaction balance, molecular packing, and
inclusion of new bead types and sizes. However, the release of the new
model resulted in the need to reparameterize many core molecules, including
cholesterol. Here, we describe the development and validation of a Martini 3
cholesterol model, addressing issues related to its bonded setup, shape, volume,
and hydrophobicity. The proposed model mitigates some limitations of its

Martini 3
Cholesterol Model

Luis Borges-Araujo etal. (2023). Martini 3 Coarse-Grained Force Field for Cholesterol

.J. Chem. Theory Comput. 2023, 19, 7387—7404 30



Lipidome — Martini 3 lipidomics

 Cholesterol
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Systematic Approach to Parametrization of Disaccharides for the
Martini 3 Coarse-Grained Force Field
Astrid F. Brandner, lain P. S. Smith, Siewert J. Marrink,* Paulo C. T. Souza,* and Syma Khalid*
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ABSTRACT: Sugars are ubiquitous in biology; they occur in all kingdoms of life.
Despite their prevalence, they have often been somewhat neglected in studies of
structure—dynamics—function relationships of macromolecules to which they are
attached, with the exception of nucleic acids. Thls 1s largely due to the inherent

difficulties of not only studying the confor ics of sugars using
experimental methods but indeed also resolving their static structures. Molecular
dynamics (MD) simulations offer a route to the prediction of conformational bl
and the time-dependent behavior of sugars and glycosylated macromolecules. However,
at the all-atom level ofdetall MD lati are. often too computationally d
to allow a sy g of molecul in systems of interest. To
overcome thls, large scale imulations of complex biological systems have profited from
G lati Perhaps the most widely used CG force

ﬁeld for bxomolecu]ar sunulauons is Mamm Here, we present a parameter set for

pubs.acs.org/JCTC m

Martini-3 Coarse-Grained Models for the Bacterial
Lipopolysaccharide Outer Membrane of Escherichia coli

Rakesh Vaiwala and K. Ganapathy Ayappa*

Cite This: J. Chem. Theory Comput. 2024, 20, 1704-1716 I: I Read Online

ACCESS | |l Metrics & More | Article Recommendations ‘ @ Supporting Information
ABSTRACT: The outer lipopolysaccharide (LPS) b of G gative
bacteria forms the main barrier for transport of antimicrobial molecules into the O-antigen
bacterial cell. In this study we develop coarse-grained models for the outer membrane of Outer core %
Escherichia coli in the Mamm 3 fi k. The ¢ grained model force field was
ized and validated using all-at imulations of ic b of lipid
A and rough LPS as well as a pl ric b of LPS with the O- ‘é"?\ﬁ’
antigen. The bonded parameters were obtamed using an iterative refinement procedure

with target bonded distributions obtained from all-atom simulations. The membrane uldA
thickness, area of the LPS, and density distributions for the different regions as well as
the water and ion densities in Martini-3 simulations show excellent agreement with the
ll-atom data. Additionally the solvent ible surface area for individual molecules in I
water was found to be in good agreement. The binding of calcium ions with phosphate
and carhoxvlate moieties of I.PS is accuratelv cantured in the Martini-3 model. indicative

d
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Make your own lipid Martini force field

 Bartender, S warmCgG, etc
 Use what already exists

* Rationalize changes

* Current naming standards
 Be aware of over fitting

* Test, test and test

e .itp file format

* Make accessible to others,
git, MAD, Martini website
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Disaccharides Impact the Lateral Organization of Lipid Membranes 6
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Groningen Biomolecular Sdences and Biotechnology Institute and Zernike Institute for Advanced Materials, University of
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NMR Spectroscopy, Bijvoet Center for Biomolecular Research Department of Chemistry, Faculty of Sdence, Utrecht University,
Padualaan 8, 3584 CH Utrecht, The Netherlands

© Supporting Information

ABSTRACT: Disaccharides are well-known for their mem-
brane protective ability. Interaction between sugars and
multicomponent membranes, however, remains largely unex-
plored. Here, we combine molecular dynamics simulations and
fluorescence microscopy to study the effect of mone- and

i .m_ [=53 2‘_!8

Sucrose Trahalcss

Neon-reducing

disaccharides on membranes that phase separate into L, and sugars [ Sl T
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ides and reduding disaccharides. To unveil the driving force for |3 s [ 2 long : B s e
this process, simulations were performed in which the S L. b norma L]}
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nonreducine sugars and the membranes mav rationalize whv oreanisms such as weasts, tardirrades. nematodes. bacteria. and c B trehalose | mM] So2k L] L}
3 O sucrose [100 mM) B “Tan
3 0. 2 [m —
= Eoguunuusunuunuunian .
2 0.05 glucose (400 mM] s
B glucose [200 mM] 1
[} | TN U IR 1) S PP 1
0 0.5 1 15 2 0 05 1 15 ¢
Time (us) Time (us)
Lawrence Livermore Moiset, G., C.A. Lopez, R. Bartelds, L. Syga, E. Rijpkema, A. Cukkemane, M. Baldus, B. Poolman, and S.J. Marrink. 34
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Biochimica et Biophysica Acta 1848 [2015) 1319-1330
Contents lists available at ScienceDirect
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Characterization of thylakoid lipid membranes from cyanobacteria and @me
higher plants by molecular dynamics simulations

Floris J. van Eerden **, Djurre H. de Jong ®, Alex H. de Vries ®, Tsjerk A. Wassenaar ©, Siewert ]. Marrink *

? Gromingen Biomc ‘roningen, The Netherlands
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Lipid Clustering Correlates with Membrane Curvature as
Revealed by Molecular Simulations of Complex Lipid ) 390 A
Bilayers A Z— g A 40 A

Heidi Koldse, David Shorthouse, Jean Hélie, Mark S. P. Sansom*
Department of Biochemistry, University of Oxford, Oxford, United Kingdom

Abstract 7
Cell membranes are complex multicomponent systems, which are highly heterc
compasition. To date, most molecular simulations have focussed on relatively simp
0
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Koldsg, H., D. Shorthouse, J. Hélie, and M.S.P. Sansom. 2014. Lipid clustering correlates with membrane curvature
LLNL-PRES-2009709 as revealed by molecular simulations of complex lipid bilayers. PLoS Comput. Biol. 10: e1003911. 36
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Lipid Organization of the Plasma Membrane
Helgi L lngo]ﬁ;son, Manuel N. Melo,” Floris J. van Eerden, Clément Arnarez, Cesar A. Lopez,
Tsjerk A. Wassenaar, # Xavier Periole,” Alex H. de Vries,” D. Peter Tieleman,® and Siewert ]. Marrink*"

'Gmmugen B lecul and Biotechnology Institute and Zernike Institute for Advanced Materials, University of
Groningen, Nijenborgh 7, 9747 AG Groningen, The Netherlands
*Computational Biology, Department of Biology, University of Erlangen-Niirnberg, Staudtstr. 5, 91052 Erlangen, Germany

#Centre for Molecular Simulation and Department of Biological Sciences, University of Calgary, 2500 University Dr. NW, Calgary,

Alberta TZN 1N4, Canada
O Supporting Information

ABSTRACT: The detailed organization of cellular membranes
remains rather elusive. Based on large-scale molecular dynamics
simulations, we provide a high-resolution view of the lipid organization
of a plasma membrane at an unprecedented level of complexity. Our
plasma membrane model consists of 63 different lipid species,
combining 14 types of headgroups and 11 types of tails asymmetrically
distributed across the two leaflets, closely mimicking an idealized

lian plasma b We observe an enrichment of
cholesterol in the outer leaflet and a general non-ideal lateral mixing
of the different lipid species. Transient domains with liquid-ordered
character form and disappear on the microsecond time scale. These
domains are coupled across the two membrane leaflets. In the outer
leaflet, distinct ! of gangliosides are observed. Phosphoinositides show p ial cl ing in the inner

leaflet. Our data provide a lmyvlew on the lateral organization of lipids in one of life’s fundamental structures, the cell membrane.
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Computational Lipidomics of the Neuronal Plasma
Membrane

Helgi I. Ingdlfsson,’ Tlmothy S. Carpenter,' Harsh Bhatia,” Peer-Timo Bremer,” Siewert J. Marrink,>

and Felice C. Lightstone™

‘Blnsclsncss and Biotechnology Division, Physical and Life Sciences Dlrsc(orme, ZCenler for Apgllsd Smlnmm Computing (CASC),
Lawrence Li National L y, Li and Science and

Blotechnology Instnute and the Zernike Institute for Advanced Malenals Umversny of Groningen, Groningen, the Netherlands

ABSTRACT Membrane lipid composition varies greatly within submembrane compartments, different organelle membranes,
and also between cells of different cell stage, cell and tissue types, and organisms. Environmental factors (such as diet) also
influence membrane composition. The memb lipid composition is tightly lated by the cell, maintaining a homeostasis
that, if disrupted, can impair cell function and lead to disease. This is especially pronounced in the brain, where defects in lipid

Lawrence Livermore

National Laboratory LLNL-PRES-2009709

Ingolfsson, H. 1., Melo, M. N., van Eerden, F. J., Amarez, C., Lopez, C. A., Wassenaar, T. A., etal.
(2014). Lipid Organization of the Plasma Membrane. JACS, 136, 14554-14559.

Lipid tail

Headgroups

Glyco
SM

outer

PE

PC 1
Cholesterol 0

Other
PIPs
PS 3-6
SM
2

1 OOOOO ns

Inner

Ingolfsson, H. I., etal. (2017). Computational Lipidomics of the
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Molecular Structure of Membrane Tethers
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