
Supplementary material to 

Coarse-grained molecular dynamics of pH-
sensitive lipids 
Isabel Lado Touriño 1,*, Arisbel Cerpa-Naranjo2  

1 Engineering Department, School of Architecture, Engineering and Design, 
Universidad Europea de Madrid, Villaviciosa de Odón, Spain  

2 Engineering Department, School of Architecture, Engineering and Design, 
Universidad Europea de Madrid, Villaviciosa de Odón, Spain  

* Correspondence: misabel.lado@universidadeuropea.es 

Molecular Dynamics 

Molecular dynamics (MD) is a computer simulation method that predicts how every atom in a 
molecular system will move in space during a certain period of time (the so-called simulation 
time) [1]. If the positions of all atoms in a system are known, the force exerted on each atom by 
all other atoms can be calculated, and classical Newtonian dynamic equations  can be used to 
predict the spatial position of each atom as a function of time, thus creating the so-called MD 
trajectory. A wide variety of important processes such as conformational changes, transport 
across membranes or ligand docking, among others, can be studied by analyzing a MD 
trajectory.  

The forces in a MD simulation are calculated from a set of equations and parameters known as 
forcefield [2]. More precisely, a forcefield is used to calculate the potential energy of a system of 
atoms as a function of of intramolecular (for instance, energies associated with covalent bonds 
or angles between bonds) and intermolecular (electrostatic and van der Waals energies) energy 
components. Once the potential energy is known, the force acting upon an atom is determined 
by the gradient of the potential energy, with respect to atomic displacements.  

Molecular systems can be modeled at different levels of spatial resolution, which results in two 
different types of MD simulations. In atomistic models, all atoms are explicitly simulated. In 
coarse-grained models, the system is represented by a reduced number of degrees of freedom. 
This is done by grouping several atoms into a single interacting site called bead (see the coarse-
grained  model of the imizadole ring in figure S1. The transparent yellow ellipses are the beads 
that represent this molecule). Due to the reduction in the degrees of freedom, coarse-grained 
simulations require less computation resources and enable extended timescales and larger 
systems to be addressed. 

 

Coarse-Grained Model Building and parameterization 

The parameters of the forcefield need to be known to calculate the potential energy of the 
system. Most parameters used in this work are well known and can be found in references [3, 4] 
However, some of the interactions of the new lipids has to be parameterized. The coarse-
grained model of the ISUCA-derived headgroup is shown in Figure S1. It consisted of two SP1 
beads and one SC4 bead to represent the N containing groups and the C=C, respectively. The 
glycerol moiety, as well as the hydrocarbon chains were represented by the same model as that 



used to described POPC in reference [3]. For the charged version, the top-left SP1 bead was 
replaced with a charged SQd particle following the model for charged histidine [4].  

 

Figure S1. Coarse-grained model of ISUCA-Pal Ol (left) and imidazole ring showing bead types (right). 

 

To parameterize the bonded interactions between imizadole ring (protonated and 
unprotonated) and glycerol, we used structural data that were obtained from comparison to all-
atom simulations. The parameters for this new structure had to be calculated, as they do not 
exist in the literature. The all-atom simulations were converted into a “mapped” CG simulation 
by identifying the center-of-mass of the corresponding atoms as the CG bead. Some distribution 
functions were then calculated for the mapped simulation and compared to those obtained 
from a true CG simulation. Subsequently, the CG parameters were systematically changed until 
satisfactory overlap of the distribution functions were obtained.  

The atomistic model of the lipid bilayer used to parameterize the coarse-grained model 
consisted of 32 ISUCA-2 Pal Pal lipids and 1600 water molecules (Figure S2).  



 

Figure S2. Atomistic model of a ISUCA-Pal Pal lipid bilayer. 

 

To obtain the structural parameters needed to parameterize bonded interactions, we did a 
molecular dynamics simulation in the NPT ensemble during 2 ns using the COMPASS 
forcefield [5]. 

All-atoms and CG calculations results of some distances and angle distribution functions, as 
well as the radius of gyration of the lipid bilayer, are compared in Figure S3. The CG data were 
obtained using the bonded parameters shown in Table 2. Parameters not shown in this table 
were taken from references [6] and [7]. As can be seen, the lower resolution of the CG model 
does not allow a perfect reproduction of all the degrees of freedom of the underlying atomistic 
model. This is a well-known result previously found by other authors [S4, S5]. The parameters 
in Table S1 were finally chosen to run our CG molecular dynamics simulations. 



Figure S3. Comparison of structural parameters obtained from both atomistic and CG molecular dynamics 
simulations. 

 

Table S1. Functional forms and parameters used to describe bonded interactions of the headgroup of 
ISUCA-derived lipids. 

Bonded 
Interaction 

Functional form Beads Parameters  

   ko1 (kcal/mol Å2) ro (Å) 
     
Bond stretch 𝐸𝐸 =

𝑘𝑘𝑘𝑘
2

(𝑟𝑟 − 𝑟𝑟𝑟𝑟)2 Na-Na 
Na-SP1 

2.99 
17.95 

3.7 
3.1 

   ko1 (kcal/mol) θo (°) 
Angle bending 𝐸𝐸 =

𝑘𝑘𝑘𝑘
2

(θ − θ𝑜𝑜)2 NaSP1SC4 
NaSP1Na 
NaSP1SP1 
NaSP1SQd 

12 
12 
12 
12 

115 
100 
115 
115 

1Bond and angle force constants 
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