
Experiments 
Installing Gromacs (Linux OS or Linux subsystem): 

• Download g++ from cmake.org/download/ (cmake-version.tar.gz) 

• Download fftw from fftw.org/download.html (fftw-version.tar.gz) 

In terminal: 

• Unpack cmake ( tar xzvf cmake-version.tar.gz) 

• Move to unpacked folder (cd cmake-version) 

• Run configuration (./configure) 

• Install cmake (make) 

• Install cmake (sudo make install) 

• Unpack fftw (tar xzvf fftw-version.tar.gz) 

• Move to unpacked directory (cd fftw-version) 

• Run configuration (./configure) 

• Install fftw (make) 

• Install fftw (sudo make install) 

• Install Gromacs (sudo apt-get install Gromacs) 

• Success! 

 

Creating a membrane (All-Atom/Coarse-grained): 
Membranes were created using the tool offered by CHARMM-Gui (Pin-Chia Hsu, 2017) (Sunhwan Jo, 2008) (Yifei Qi†, 

2015). 

 

Predicting protein structures: 
To predict the structures of our grafted cyclotides we used AlphaFold Colab (Jumper, 2021). 

 

Using Gromacs 
As Gromacs or Molecular Dynamics simulation, in general, is a very complex and versatile topic, we are limiting the 

following section to what we learned about using Gromacs so far and how to set up a very basic system. 

When starting with Molecular Dynamics, one should always consider that most simulations are very computationally 

intensive. 

When the goal is to simulate a complex system (e.g., more than a protein in water) and a supercomputer is 

unavailable, one should consider using a so-called coarse-grained forcefield. 

Forcefield is a data file used by Gromacs which contain numeric values required to compute interaction forces 

between different kind of atoms. 

During our project we used 2 different kinds of forcefields to run our simulations: 

• All-Atom: a forcefield that computes interaction forced between each atom available in the simulation, very 

computationally intensive. 

• Coarse-grained: a forcefield that sums up groups of atoms into a single entity, describing it with the average 

chemical properties of the single atoms constituting it. 

Thanks to coarse-grained forcefields (in our case Martini (Marrink, 2007)), we were able to run some simulations on 

our computers as well and achieved some good results, although, as might be clear already, the resulting simulations 

aren't as realistic as when using an all-atom forcefield. 

 



File types: 

To perform any kind of simulation, Gromacs uses the so-called .gro file format. 

A .gro file contains the structural information of, e.g., a protein, molecule, or a composition of different molecular 

structures, and the size of the virtual box within this composition are placed. 

In order to create such box for e.g. a protein, one can download the .pdb file of the protein and convert it into a .gro 

file (see Gromacs command pdb2gmx). 

Apart from the virtual box containing all components, Gromacs requires (lots) of settings to be made, so it knows 

precisely how to calculate forces between atoms. 

Those settings for the simulation are stored in .mdp files and contain information like which method shall be used to 

keep the temperature or pressure of the .gro file at the given values or how long the simulation is supposed to be. 

As mentioned before, there are many settings to be made here, which reflects how many scenarios Gromacs can be 

applied. 

Next-up are topology files (.top), which (in some way) contain a resume of a .gro file by listing its different molecules 

by name and in the same order. 

The last file required to run a successful simulation is the index file (.ndx), which allows the user to sum up atoms of 

the .gro file into groups by their molecule number. 

Note that this file only needs to be provided by the user if any non-standard groups are being used in the .mdp file 

(e.g., for coupling purposes), else it's automatically generated by Gromacs. 

 

Running a simulation: 

If the files described in the section above are at hand, it's possible to run the simulation! 

For this purpose, a .tpr file is being generated by Gromacs, which sums up all settings and files used for the 

simulation program. 

Before a so-called "production" (the simulation we want) can be run, a couple of short pre-simulations have to be 

made to have a physically correct virtual box (aka .gro file). 

If we skip those pre-simulations, our system could contain overlapping atoms, or isn't set to a certain temperature or 

pressure! 

Therefore the first simulation to be run is a so-called minimization, which is often also referred to as "relaxing" the 

system: atoms or molecules which, e.g., overlap or show other forms of inappropriate geometry are slightly moved 

to bring the total energy of the system under a certain threshold (previously defined in the .mdp file). 



After lowering the total energy to a realistic value, it's time to bring the system to our desired temperature (which 

consists of the total kinetic energy of the system). 

This simulation step is called NVT equilibration, where NVT stands for number, volume, and temperature, three 

characteristic values of the system which are tried to keep constant. 

Temperature is introduced to the system by raising the kinetic energy of its particles. 

These kinetic energies are adapted until the temperature plateaus (around) the value defined in the .mdp file. 

 

After obtaining the desired temperature, we need to introduce a realistic pressure to our system. 

This simulation is referred to as NPT equilibration, where, instead of volume, the pressure is tried to keep constant 

(therefore, the volume of the system must be modified). 

The NPT simulation is considered successful once the density remains constant (note that the pressure can still 

fluctuate widely, therefore density is used as a review metric). 



  
As mentioned before, pressure can still fluctuate wildly as instantaneous pressure is relatively meaningless and only 

makes sense as an average over time. 

If the equilibration or minimization didn't yield the wanted result, it might be helpful to redo them, increasing their 

duration. 

Now that our system has been successfully prepared, it's time for the production run (the simulation which gives us 

the result we want). 

There are plenty of use cases for molecular dynamics simulations. Therefore, it is futile to describe a general 

approach in how a production run is supposed to be performed. 

As a warning it may be said that although the minimization as well as the nvt and npt equilibration were successful, 

errors can still occur later on which may require extensive troubleshooting. 
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