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Chapter 6

Appendix: The MARTINI coarse grained model

All systems were simulated using the MARTINI coarse grained force

field.55, 56 For the simulations presented in chapters 2-4 we used version

1.4, in chapter 5 version 2.0 was used. The MARTINI model, which is

based on the work of Smit et al. 113, has been parameterized extensively

over the past five years, using a chemical building block principle. The

key feature is the reproduction of thermodynamic data, especially the

partitioning of the building blocks between aqueous and oil phases. In

a series of applications 13, 55, 70, 114 the model has been shown to reproduce

many properties of lipid membranes.

6.1 Mapping

The MARTINI model uses a four-to-one mapping, i.e. on average four

heavy atoms are represented by a single interaction center, with an ex-

ception for ring-like molecules such as cholesterol that are mapped with

somewhat higher resolution (approximately three-to-one). Solvent is ex-

plicitly included. In this case water is modeled as a combined particle

representing four water molecules.

The model considers four main types of interaction sites: polar (P),

intermediately polar (N), apolar (C), and charged (Q). Within a main

type, subtypes are distinguished either by a letter denoting the hydro-

gen bonding capabilities (d=donor, a=acceptor, da=both, 0=none), or by a
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number indicating the degree of polarity (from 1=low polarity, to 5=high

polarity). For reasons of computational efficiency, in theMARTINImodel

all beads bare the same mass of 72 u.

6.2 Particle interactions

The nonbonded interactions between the CG sites are modeled by a set

of Lennard-Jones potentials and coulombic potentials. In addition, a

set of bonded potentials is used to describe chemical connectivity of the

molecules.

Nonbonded interactions. All particle pairs i and j at distance rij interact

via a Lennard-Jones (LJ) potential:

VLJ(rij) = 4ǫij

[(
σij

rij

)12

−

(
σij

rij

)6
]

, (6.1)

The strength of the pair interaction, determined by the value of the

well depth of the LJ potential, depends on the interacting particle types.

The value of ǫ ranges from ǫij = 5.6 kJ mol−1 for interactions between

strongly polar groups to ǫij = 2.0 kJ mol−1 for interactions between po-

lar and apolar groups mimicking the hydrophobic effect. The effective

size of the particles is governed by the LJ parameter: σ = 0.47 nm for all

normal particle types. For the special class of particles used for ring like

molecules, slightly reduced parameters were defined to model ring-ring

interactions: σ = 0.43 nm and ǫij is scaled to 75% of the standard value.

Charged groups such as the zwitterionic lipid head groups also inter-

act via a Coulombic energy function with a relative dielectric constant erel

(erel = 15 in version 1.4 and erel = 20 in version 2.0) for explicit screening:



6.2. Particle interactions 129

Vel =
qiqj

4πǫ0ǫrelrij
(6.2)

Both the LJ and Coulomb interactions are restricted to short range in-

teractions using a cutoff of 1.2 nm. To avoid generation of unwanted

noise, the nonbonded potential energy functions are used in their shifted

form, in which both the energy and force vanish at the cutoff distance.

The LJ interactions are shifted to zero between 0.9 and 1.2 nm, whereas

the Coulomb potential is shifted to zero between 0 and 1.2 nm. Shifting of

the electrostatic potential in this manner mimics the effect of a distance-

dependent screening. Nonbonded interactions between nearest neigh-

bors are excluded.

Bonded interactions. Bonded interactions are described by the following

set of potential energy functions acting between bonded sites i, j, and k

with equilibrium distance db and angle θa:

Vb =
1

2
Kd(dij − db)

2 (6.3)

Va =
1

2
Ka[cos(θijk) − cos(θa)]

2 (6.4)

The force constants K are generally weak, inducing flexibility of the

molecule at the coarse-grained level mimicking the collective motions at

the fine-grained level. The bonded potential Vb is used for chemically

bonded sites and the angle potential Va to represent chain stiffness.
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6.3 Interpretation of the simulation time scale

Due to the smoothness of the CG potentials, the effective time scale sam-

pled is larger than the actual simulation time. Based on a comparison

of diffusion constants in CG systems and systems modeled at atomic de-

tail, the effective time sampled by the CG model was found to be two-

to tenfold larger.56 When interpreting the simulation results with the CG

model, one can to a first approximation simply scale the time axis. The

standard conversion factor we use is a factor of four, which is the speed

up factor in the diffusional dynamics of CGwater compared to real water.

A similar scaling factor appears to describe the general dynamics present

in a variety of systems quite well. The time scale quoted in this thesis is

therefore an effective time scale, which should be interpreted with care.
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6.4 Modeling of the components used in this thesis

The models of the main components used in this thesis are depicted in

figure 6.4 and described in more detail below.

Figure 6.1: Figure showing the models of the main components used in this thesis. The coarse

grained beads (big transparent beads) are projected on the top of the original atomic structure.

In theMARTINImodel, the lipids DLiPC and also DPPE (not shown) possess the same topology

as DPPC. Distinction with DPPC, however, is made by using different particle types and charges

in bonded parameters (see text for details).

6.4.1 dipalmitoyl-phosphatidylcholine (DPPC)

In the coarse grained representation, the PC head group consists of two

hydrophilic groups: the choline (type Q0) and the phosphate group (Qa).

The former bears a positive charge, the latter a negative one. Two sites of

intermediate hydrophilicity (Na) are used to represent the glycerol ester

moiety. The palmitoyl tails (C16) are modeled by four C1 particles.
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6.4.2 dilinoleyl-phosphatidylcholine (DLiPC)

DLiPC differs from DPPC by the presence of two unsaturated bonds in

both tails. The linoleyl tails (C18:2) are represented by four particles, the

middle two by the C4 type to reflect the more hydrophilic nature of the

unsaturated bonds. The other two tail beads for the linoleyl tails are of

type C1. The central location of the C4 particles in the tail mimics those

present in ω6 fatty acids. Although the resolution of the coarse grained

model is necessarily limited, the closest analogue would be cis,cis-9,12-

octadecadienoic acid (also known as linoleic acid).

Parameters for the poly-unsaturated chains were optimized using all-

atom simulations of Feller et al..77 From quantummechanical calculations

these authors concluded that poly-unsaturated chains show an unusually

high degree of conformational flexibility compared to mono-unsaturated

or saturated chains. To mimic this behavior in the CG model, both the

force constant K and the equilibrium angle θa of the angle potential for

the CG particles representing the poly-unsaturated part of the lipid tails

were reduced from the standard values of K=45 kJ mol−1 to 10 kJ mol−1

and θa = 1200 to 1000. These parameters were further tested by compar-

ing the effective angle distributions obtained from simulations of bulk

poly-unsaturated alkanes, both at the CG and all-atom level. In addi-

tion we compared the level of backfolding (i.e. the tendency of the lipid

tail ends to reside near the interface) in lipid bilayers at both levels of

resolution. The characteristic significant increase in backfolding of poly-

unsaturated lipids is well reproduced at the CG level. The same parame-

ters were recently used to study the interaction of cholesterol and diC20:4-

PC (diarachidonoyl-PC), another ω6 fatty acid containing lipid.78 In this

study the characteristic feature of the experimental neutron scattering

profiles, namely an increased presence of the cholesterol head group in

between the bilayer leaflets, could be reproduced.
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6.4.3 dipalmitoyl-phosphatidylethanolamine (DPPE)

In the CG modeling of DPPE, only the positively charged choline head-

group (Q0) bead differs from the CG model of DPPC. In this case a pos-

itively charged bead of type Qd effectively represents the increased hy-

drogen donor propensity of the amine group.

6.4.4 cholesterol

Cholesterol is represented by eight CG particles. The hydrophilic head

group is modeled as SP1 (where the S denotes the special ring type), the

sterol body by four SC1 and one SC3 particle accounting for the presence

of a double bond, and two tail particles (SC1 attached to the sterol body,

and C1 for the terminal group). To enhance the bending rigidity of the

ring structure in cholesterol, the ring beads are connected by additional

distance constraints.

6.4.5 water

Water is modeled as a single type P4 site, each bead representing four

water molecules.

The parameters and example input files of the simulations described

in this thesis are available at http://md.chem.rug.nl/ marrink/coarsegrain.html.

For further details of the MARTINI model and its applications we refer

to the original publications 55, 56






