
GROMACS demo (for GROMACS version 4.5) 

Part 1. System setup and Energy Minimization step 
 

In this demo we will demonstrate how to simulate Molecular Dynamics (MD) 

using the GROMACS software package. We will use different programs of the 

package so it is strongly recommended to check their usage and options at 

the URL http://manual.gromacs.org/current/  
 

The demo will perform a complete molecular dynamics (MD) simulation of a 

small peptide in water. The only input files we need to do this is a pdb 

file of a small peptide (for instance you can use cpeptide.pdb) and 

several GROMACS input files (.mdp extension) to specify the options for 

the different simulations (energy minimization, position restrained and 

Molecular Dynamics)  

 

 

Before we can start any simulation we need a molecular topology file. 

This topology file ( .top extension ) is generated by the program 

pdb2gmx. The only input file of the pdb2gmx program is the pdb file of 

our peptide ( .pdb extension ).  

 

Because most pdb files do not contain all hydrogen atoms, the pdb2gmx 

program will also add them to our peptide. The output file which contains 

the structure of the peptide when hydrogen atoms are added is a gromos 

structure file ( .gro extension )   

 

At this point we must select the force field we want to use for the 

simulation. One option is to select it interactively from a list (try 

pdb2gmx –h to see the options). Here we will introduce it directly with 

the flag –ff and the option gromos43a2 for the peptide and the flag      

-water with option SPC for solvent (no water molecules are present in 

cpeptide.pdb but we will include them in the system later) 

 

pdb2gmx -ff gromos43a2 -water SPC -ignh -f cpeptide.pdb  
 
 

If the pdb file is correctly processed, a conf.gro file and a topology 

file topol.top are created. The first one contains the coordinates of the 

atoms of the system, whereas the second has the information of the force 

field.  

Also, a posre.itp file will also be created. This will be useful in case 

position restrains are used in the simulation (see below). 

 

Notice that the program writes information on the computer screen. If you 

want to check more carefully all the information you can always redirect 

the output to a file and visualize it later by doing for instance 

 

pdb2gmx -ff gromos43a2 -water SPC -ignh -f cpeptide.pdb >& out 
 
In this case, the output of pdb2gmx program can be found in file out. 

 

  

http://manual.gromacs.org/current/


 

Because a simulation of a peptide in vacua is a bit unrealistic, we have 

to solvate our peptide in a box of water. genbox is the program we use to 

do this. 

 

The genbox program reads the peptide structure file and an input file 

containing the sizes of the desired water box. The output of genbox is a 

gromos structure file of a peptide solvated in a box of water. The genbox 

program also changes the topology file ( .top extension ) to include 

water. First we will use the program editconf to define the right boxsize 

for our system. In this case we will center the peptide in a cubic box 

and add 0.5 nm distance from the peptide to the end of the box in all 

directions 

 

editconf -f conf.gro -d 0.5 -bt cubic 
 
A new structure file named out.gro has been created with the new boxsize 

(see last three numbers at the bottom of the file. GROMACS units are 

nanometers!) Now we will add the water molecules with the following 

keyword: 

 

genbox -cp out.gro -cs –p topol.top 
 

With the –cs option we ask for a simple SPC water model as solvent. The 

program modifies the structure file out.gro including the water molecules, 

and also modifies the existing topology file (topol.top). Whenever an 

existing file is modified/overwritten the program makes a backup copy of 

the original one with the name, in this case you will see #out.gro.1# and 

#topol.top.1# files in your directory. Successive backups will have 

filenames #out.gro.2#, etc 

 

 

In principle we can start a Molecular Dynamics simulation now. However it 

is not very wise to do so, because our system is full of close contacts. 

These close contacts are mainly a result of the genbox program. The added 

solvent might have some close contacts with the peptide resulting in very 

high repulsive energies. If we would start a Molecular Dynamics (MD) 

simulation without energy minimization the system would not be stable 

because of these high energies. 

 

The standard procedure to remove these close contacts is Energy 

Minimisation (EM). Energy minimization slightly changes the coordinates 

of our system to remove high energies from our system.   

In the input file em.mdp we typically specify the most relevant options 

for the calculation, whereas many other options are taken as default. The 

input file em.mdp can contain too many options to be described here. You 

can check them all at the URL 

      http://manual.gromacs.org/current/online/mdp_opt.html 
 

Some of these options in this case are 

constraints         =  none 

integrator          =  steep 

dt                  =  0.002 

nsteps              =  1000 

emtol               =  30.0 

emstep              =  0.01 

 

http://manual.gromacs.org/current/online/mdp_opt.html


First of all, note that any text after symbol “;” is a comment and is not 

taken into account by grompp. 

 

With integrator=steep we indicate that we want to do an energy 

Minimization using steepest-descent algorithm. (for Molecular Dynamics 

runs we will use integrator=md) 

dt is the timestep. It has no relevance in a minimization. 

nsteps indicates how many integration steps are required. In Energy 

Minimization calculations this indicates the maximum number of 

iterations. emtol and emstep indicate the tolerance in the forces and 

maximum stepsize in the minimization. 

 

The minimization process will stop if a) the forces are below the emtol 

value or b) the number of iterations exceeds nsteps or c) the stepsize is 

too small. 

 

Before we can start the Energy Minimization or any MD simulation we have 

to preprocess all input files with the GROMACS preprocessor named grompp. 

Grompp preprocesses the topology file (topol.top), the structure file 

(out.gro) and the input file (em.mdp) resulting in a binary topology file 

(topol.tpr). This binary topology file contains all information for a 

simulation (in this case an energy minimization). 

 

grompp -f em.mdp -c out.gro -p topol.top -maxwarn 10 
 

The program grompp will also generate a file name mdout.mdp which 

explicitly contains all options that will be used in the calculation. 

 

The binary topology file topol.tpr that contains all information and will 

be used in the next step, cannot be edited or visualized. 

 

Now the binary topology file is generated, we can start the energy 

minimisation (EM). The program which performs the EM is called mdrun. In 

fact all simulations are performed by the same program: mdrun.  

Note that the only input file needed for mdrun is the binary topology 

file (topol.tpr) created by grompp in the previous step. 

 

mdrun -s topol.tpr -v  
 

As the Energy Minimisation is running, watch the output of the program. 

The first number (from left to right) is the number of the iteration 

step. The second number is the step size, which gives an indication of 

the change in the system. The third number is the potential energy of the 

system. This number starts at a high value and rapidly drops down, and 

converges, to a large negative value. Remember you can always redirect 

the output to a file. 
 
After the mdrun is finished several output files are generated. The file 

confout.gro contains the new configuration of the system (coordinates) 

after the Energy Minimization (it always contains the last configuration 

of the system after any run). 

 

The binary file ener.edr contains the different contributions of the 

energy (and other parameters of the simulation such as Temperature, 

Pressure, etc when we will do the Molecular Dynamics run)  

 

This binary file (and those associated with the trajectory that we will 

see later on, traj.trr) cannot be edited and must be processed with 



appropriate programs of the GROMACS package. In the case of the energy 

file we must use the program g_energy to obtain the evolution of the 

energies or other parameters along the simulation (minimization process 

in this case) 

 

g_energy -f ener.edr  
 

The program will ask us for which data are we interested. We can select 

“Potential” to see the evolution of the Potential Energy. The g_energy 

program generates an output file with extension .xvg (energy.xvg) that 

can be plotted with xmgrace graphics software (if installed) as 

 

xmgrace –nxy energy.xvg 

 

 Otherwise you can easily edit any .xvg file to plot it with Excel, for 

instance (you must transfer the file to you local PC first, of course). 

 

If the energy minimization is successful we should see that the potential 

energy rapidly decreases with the number of steps and stabilizes. 

 

 
 

 

  



Part 2. Equilibration step (Restrained Dynamics and Thermalization) 
 

In the previous part we performed an energy minimization (EM) run for our 

system, containing a solvated peptide.  The goal of the EM step was 

simply to remove bad contacts in the system previous to a Molecular 

Dynamics (MD) run. Once all close contacts are removed from the system, 

we want to do molecular dynamics of the water molecules, and keep the 

peptide fixed, as a part of the equilibration process. This is called 

position restrained (PR) MD. 

 

Position Restrained MD keeps the peptide fixed and lets all water 

molecules equilibrate around the peptide in order to fill holes etc. 

which were not filled by the genbox program. 

 

By default our system is split into several groups. In this case we use 

two of those groups: Protein and SOL(vent). We use these groups to put 

position restraints on all the atoms of the peptide (which is part of the 

group Protein). A position restraint is defined by a force constant 

associated to an extra harmonic potential. In the first step of this 

exercise we saw that program pdb2gmx generated an extra file named 

posre.itp. This file includes three force constants (one along each 

coordinate) for every atom of the Protein group (1000 kJ mol
-1
 nm

-2
 by 

default). At this point we could change this value to a more or less 

restrained MD process. 

In order to activate the restraints specified in posre.itp file we must 

use in the input file (we can use a different one, pr.mdp) 

define     = -DPOSRES 

The sample input file pr.mdp contains all information about the PR-MD 

like: what kind of simulation should be performed (md in this case), time 

step, number of steps, temperature, etc. Have a look at all the options 

set and compare them with the input file used for the EM step (em.mdp). 

In this case we will constraint the bond distances with the option 

constraints = all-bonds. This will permit us to safely use a time step of 

0.002 ps (2 fs) in the simulation. We will keep both pressure and 

temperature constant (to 1 atm and 300 K, respectively), using berendsen 

thermostat. Thus, we will run in the NPT ensemble. We request the total 

number of steps to nsteps=5000, that is, we will equilibrate the system 

for 10ps.  

The options nstxout = 100 and nstenergy = 10 indicate how often the 

coordinates of the system and the energy are stored in the trajectory and 

energy files. Since we are doing 5000 steps we will store 50 snapshots 

with the coordinates of the system (by setting nstvout = 0 we ask the 

program not to store the velocities, in order to save disk space.) 

 

Finally, gen_vel = yes indicates that initial random velocities must be 

generated at the beginning of the run. This is the first MD run so these 

initial velocities must be given. In successive runs, since the 

velocities and coordinates of the last snapshot will be stored in the 

confout.gro file we will set gen_vel = no). Another point is that it is 

often a good idea to generate the velocities for a temperature lower than 

the reference temperature of the simulation (indicated by ref_t value 

before). In this case we will start with T=100K.  

 

As usual, we need first to preprocess the input files to generate the 

binary topology file topol.tpr. The input files are the input file 

(pr.mdp), the topology file (topol.top) and the structure file. 

Obviously, we want to perform the PR-MD from the configuration of the 



system after the energy minimization. As usual, the last configuration of 

the system is found in file confout.gro 

 

grompp -f pr.mdp -c confout.gro -p topol.top -maxwarn 10 
 

After everything has been set we can run the PR-MD simulation with the 

new topol.tpr file that has been just generated 

 

mdrun -s topol.tpr -v  
 

You can use now the g_energy program to check the time evolution of the 

Temperature and Pressure of the system, for instance. These have been 

stored in the energy file energy.edr. 

 

 
 

Strong oscillations on the Pressure are typical. The Temperature should 

be kept rather constant around the desired value. 

After this step, the solvent has been equilibrated but the peptide has 

been kept frozen during the simulation with the POSRES potential. The 

last step of the equilibration should be another short MD run removing 

the restraints on the peptide. We will do another 5000 steps, as 

indicated in file eq.mdp. Note that since we will resume the simulation 

from the last snapshot of the PR-MD run, the option gen_vel = no must be 

selected from now on. 

 
grompp -f eq.mdp -c confout.gro -p topol.top -maxwarn 10 
mdrun -s topol.tpr -v  
 

You can use now the g_energy program to check again the time evolution of 

the Temperature, Pressure, Density of the system that have been stored in 

the energy file energy.edr. 

 

 

You should always check the system has been 

properly equilibrated before your actual MD 

simulation! 
 

  



 

Part 3. Production run (Molecular Dynamics) 

 

################# 

### GROMPP MD ### 

################# 

 

Now our complete system is finally ready for the actual Molecular 

Dynamics simulation. In the input file md.mdp we set the conditions of 

the simulation. First of all we must remove all restraints in the system 

(we must remove –DPOSRES option). In this case we will constraint the 

bond distances with the option constraints = all-bonds. This will permit 

us to safely use a time step of 0.002 ps (2 fs) in the simulation. We 

will keep both pressure and temperature constant (to 1 atm and 300 K, 

respectively), therefore we will run in the NPT ensemble. We will try to 

request the total number of steps to nsteps= 100000, that is, we will 

simulate the system for 200ps (short timescale but enough for 

illustration purposes) If the computed power does not permit such 

simulation we can lower this value to produce a 100ps trajectory  

 

We start once again by preprocessing the input files by the grompp 

program to generate the binary topology file (.tpr). Again, we want to 

start the simulation from the last configuration of the system, after the 

last equilibration simulation step. 

 

grompp -f md.mdp -c confout.gro -p topol.top -maxwarn 10 
mdrun -s topol.tpr -v  
 

Watch the number of steps increasing. The trajectory (coordinates and 

velocities of the atoms along the 200ps simulation) are stored in the 

trajectory file traj.trr. The energies and thermodynamic parameters of 

the system along the simulation are stored in the energy file 

energy.edr). Both are binary files that must be processed with 

appropriate programs. 

 

For instance, you can use again the g_energy program to check the time 

evolution of the Temperature, Density and Pressure of the system. 

 

The trajectory file can be visualized with the vmd program. We will learn 

of to use it.  

 

For numerical analysis of the trajectory there are a large number of 

utilities in GROMACS package.  

 The time evolution of the distances between atoms or groups or 

atoms can be obtained with g_dist (useful to analyze the 

formation/breaking of H-bonds) 

 The time evolution of the distribution of (Phi,Psi) dihedral angles 

can be produced with g_chi or g_rama utilities. 

 The total number of H-bonds can be obtained with g_hbond. 

 The time evolution of the secondary structure, according to DSSP 

standards can be carried out with the utility do_dssp. 

 The root mean square deviation (RMSD) between structures following 

least-squares fitting to a reference (typically the first snapshot) 

can be obtained with g_rms. 

 



A list of utilities can be found in the webpage of the GROMACS project 

http://www.gromacs.org/Documentation/Gromacs_Utilities 
 

 

As a general rule, all these utilities utilize the trajectory file 

obtained in the simulation (traj.trr) and also either the binary 

topol.tpr file corresponding to the MD simulation or the configuration 

file confout.gro. Each of these utilities will display a detailed 

explanation of the function, usage and switches required for use by 

simply entering utilityname -h. Check this first if you are unsure how to 

use a certain program. 

 

The index file 

In order to use some utilities like g_dist it is essential to generate an 

index file to specify groups of atoms. Default index groups are generated 

(entire system, 9 groups for proteins) automatically. However, if we want 

to monitor the time evolution of the distance between two atoms A and B, 

two new groups must be defined, one with atom A and another with atom B. 

With the utility make_ndx you can create the index file (index.ndx) with 

the default groups doing 

 

echo ‘q’ | make_ndx -f confout.gro 

 

Note that you need to provide a configuration .gro file with all the 

atoms of the system. You can edit now the index file index.ndx. You can 

see that the program has generated first the default groups like solvent, 

sidechain, backbone, etc… Now, to add two (or whatever necessary) more 

groups you can go to the bottom of the file and add the following lines 

 

[ GROUP1 ] 

34 

[ GROUP2 ] 

54 

 

With this you have included atom 34 in a group called GROUP1, and atom 54 

in the group GROPU2. You can always edit the index.ndx file to change the 

composition of the groups or add new ones if you need them. 

 

Now, when you execute the g_dist command using the index file, for 

instance 

g_dist -f traj.trr -s topol.tpr -n index.ndx 

 

the program will ask you to select 2 groups, and the time evolution of 

the distance will be calculated between the atoms of both groups. To 

monitor the distance between the atoms 34 and 54 you just need to select 

the number associated to the groups GROUP1 and GROUP2. 

  

http://www.gromacs.org/Documentation/Gromacs_Utilities


Appendix:  Batch processing  
 

We have gone through all the steps involved in the production of a 

reliable trajectory. We have seen that after each step (energy 

minimization, position restrained dynamics, equilibration of the whole 

system and production run) it is necessary to check for the behaviour of 

the conditions of the simulation: 

After the energy minimization step we have checked on the energy file 

(ener.edr) the variation of the potential energy along the optimization 

steps. That energy should decrease and stabilize to a lower value 

After the position restrained dynamics and equilibration of the whole 

system we can monitor the behavior of the Temperature, Pressure, Density 

(volume) along the time course of the simulation. The temperature should 

tend to the requested value (indicated in ref_t option of the .mdp input 

file), with minor oscillations (around 5 degrees). Pressure should also 

stay in average close to the selected one (typically 1 bar), but the 

oscillations are also very large, too. 

 

If we are confident with our protocol we can collect all the steps in a 

single batch file in the appropriate order and execute it so that the 

whole process of system setup-equilibration-production is automatized. 

The file run.com does this job. In order to execute you can simply copy 

the file in your working directory, give then execution permission 

chmod +x run.com  

 and type in the terminal 

./run.com  

You can see that the four steps described below are executed 

automatically one after the other. You can use this batch file for other 

examples just changing the line 

set MOL=cpeptide.pdb 

and change the filename “cpeptide.pdb” by the appropriate pdb filename.  

 

Note that in order to keep the energy files of each of the steps 

(otherwise they will be overwritten), the batch file makes a copy of the 

energy.edr files of each step under appropriate names (e.g. 

energy_en.edr, etc…) You can process them with g_energy to see the 

behavior of the system in each step. 

 


