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Operating System 

1) Windows/Mac:  
(a) Install MobaXterm (Portable edition) 
          ssh -X username@ip 
 

      (b) Install Putty 
            Host Name:  IP address 
            Port: 22 
            Connection type: ssh 
2)  Linux: 
              ssh -X username@ip 

 



Login Details 

Username:  sbw_as 
Password:    sbw@123 

S.no. IP address 

1 192.168.5.95  

2 192.168.5.89 

3 192.168.5.87 

4 192.168.5.88  

5 192.168.15.78 

6 192.168.15.79 

7 192.168.15.69 

Command: ssh -X username@ip 



Modules 

Molecular Dynamics Simulations using 
GROMACS software: 

 

• Simulating protein in aqueous environment 
(protein_water) 

 

• Simulating membrane protein 
(protein_membrane) 

 

 



 Folders inside the workshop folder: 

 

• Module_protein_water 

• Module_protein_membrane 

 

Each Folder contains 2 subfolders: input and output 

 

You will execute commands in input folder 

 

output folder contains already executed files (for 
reference in case you miss anything) 



Commands 

• ssh -X sbw_as@192.168.15.69 

• ls 

• cd workshop 

• cd Module_protein_water 

• cd input 

• gedit commands.txt & (or vi commands.txt) 

• Press control c 



GROMACS files 

• Structure file : *.gro 
   (positions, velocities, & box vectors) 
• Topology file : *.top; *.itp 
   (bonded and non-bonded parameters based on atomtypes) 
• Trajectory file: *.trr, *.xtc 
   (positions, velocities, forces) 
• Parameter file: *.mdp 
   (time step, algorithms etc.) 
• Run input file: *.tpr 
   (system topology, parameters, coordinates and velocities 

(binary, portable)) 
• Output file: *.xvg 
   (can be plotted using xmgrace, gnuplot, excel, origin etc.) 

 



Workflow 



Module 1 

• Simulating protein in aqueous environment 
(protein_water) 

 

Protein -> Lysozyme 

Water model -> spce 

Force field -> OPLS-AA 



Steps 

• Pre-processing 

• Choosing force field and creating topology  

• Defining box 

• Solvation 

• Adding ions to neutralize system 

• Energy Minimization 

• Equilibration  

• Production MD  

• Analysis 

• Visualization 

 



Pre-processing 

Choosing force field and creating topology  

Defining box 
Solvation 

Adding ions to neutralize system 





Steps 

• Pre-processing 

• Choosing force field and creating topology  

• Defining box 

• Solvation 

• Adding ions to neutralize system 

• Energy Minimization 

• Equilibration  

• Production MD  

• Analysis 

 

 



 Pre-processing 

• Hen Egg White Lysozyme -> RCSB -> 1AKI.pdb 

• Remove crystal water, if not required 

         grep -v HOH 1aki.pdb > 1AKI_clean.pdb 

       (-v option inverts the sense of matching) 

• Missing atoms ? 

• Capping of terminals ? 



Lysozyme Structure 



 Choosing force field & creating topology   

gmx pdb2gmx -f 1AKI_clean.pdb -o 1AKI_processed.gro -water spce 

Type 15 (OPLS ff) & press enter 

 

It generates 3 files: 

a) Topology of molecule 

b) Position restraint file 

c) Post-processed structure file 

 

Note the net charge on protein. 

 



Defining box 

gmx editconf -f 1AKI_processed.gro -o 1AKI_newbox.gro -c -d 
1.0 -bt cubic 

1 nm 



Solvation 

gmx solvate -cp 1AKI_newbox.gro -cs spc216.gro -o 
1AKI_solv.gro -p topol.top 



Adding ions to neutralize system 

Charge on system: 

• Checked using pdb2gmx (+8e) 

 

gmx grompp -f ions.mdp -c 1AKI_solv.gro -p topol.top -o ions.tpr 

 

gmx genion -s ions.tpr -o 1AKI_solv_ions.gro -p topol.top -
pname NA -nname CL –neutral 

Type 13 (SOL) 

 



ions.mdp 



Energy Minimization 

gmx grompp -f minim.mdp -c 1AKI_solv_ions.gro -p topol.top -o 
em.tpr 

 

gmx mdrun -v -deffnm em 

 

gmx energy -f em.edr -o potential.xvg 

 

• Check that potential energy is negative 

• Fmax < emtol 



Equilibration 

• Establish correct temperature and pressure 

• Equilibrate solvent & ions around protein by 
applying position restraining force on the 
heavy atoms of the protein 

• 2 phases: 

 NVT 

 NPT 



NVT Equilibration 

gmx grompp -f nvt.mdp -c em.gro -r em.gro -p topol.top -o 
nvt.tpr 

 

gmx mdrun –v -deffnm nvt 

 

gmx energy -f nvt.edr -o temperature.xvg 



nvt.mdp 



NPT Equilibration 

gmx grompp -f npt.mdp -c nvt.gro -r nvt.gro -t 
nvt.cpt -p topol.top -o npt.tpr 

 

gmx mdrun –v -deffnm npt 

 

 

gmx energy -f npt.edr -o pressure.xvg 

 

gmx energy -f npt.edr -o density.xvg 



npt.mdp 



Production MD 

• Release position restraints 

 

gmx grompp -f md.mdp -c npt.gro -t npt.cpt -p topol.top -o 
md_0_1.tpr 

 

gmx mdrun -v -deffnm md_0_1 



md.mdp 



Analysis 

gmx trjconv -s md_0_1.tpr -f md_0_1.xtc -o md_0_1_noPBC.xtc 
-pbc mol –center 

 

gmx rms -s md_0_1.tpr -f md_0_1_noPBC.xtc -o rmsd.xvg -tu ns 

 

gmx rms -s em.tpr -f md_0_1_noPBC.xtc -o rmsd_xtal.xvg -tu ns 

 

gmx gyrate -s md_0_1.tpr -f md_0_1_noPBC.xtc -o gyrate.xvg 

 

gmx sasa -s md_0_1.tpr -f md_0_1_noPBC.xtc -o sasa.xvg 



Gnuplot for plotting 

gnuplot 
> set datafile commentschars "#@&" 
> plot "rmsd.xvg" using 1:2 with lines 



Module 2 

• Membrane-protein simulations 

 

Protein -> Lysozyme 

Membrane -> DPPC 
(dipalmitoylphosphatidylcholine) 

Headgroup Glycerol Ester Acyl Chains 



Steps 

• Pre-processing 

• Choosing force field and creating topology  

• Membrane packing 

• Solvation 

• Adding ions to neutralize system 

• Energy Minimization 

• Equilibration  

• Production MD (slight variation in parameters) 

• Analysis 

 



Steps 

Alignment of protein on the membrane 
Creating unit cell of membrane Inflation of the lipid,  

followed by energy minimization 
Deflation,  

followed by energy minimization 



Pre-processing 

grep -v HOH 1aki.pdb > 1AKI_clean.pdb 

Choosing force field & creating topology 

gmx pdb2gmx -f 1AKI_clean.pdb -o 1AKI_processed.gro 
-ignh  -water spc 

 
Select GROMOS96 53a6 force field 



Modify topology to incorporate 
membrane parameters 

• Add non bonded parameters of lipid 
(gromos53a6_lipid.ff; For steps look at 
commands_creating_gromos53a6_lipid_folder.txt) 

     cd workshop/Module_protein_membrane/input_2 

     ls 

     ... gromos53a6_lipid.ff... 

 

• Include topology parameters of lipid 

 

 



Include topology parameters of lipid 

 
topol.top file: 



Building Unit Cell 
gmx grompp -f minim.mdp -c dppc128.pdb -p topol_dppc.top -o dppc.tpr 

 
gmx trjconv -s dppc.tpr -f dppc128.pdb -o dppc128_whole.gro -pbc mol -

ur compact 
select "0" system 

dppc128_whole.gro file: 



Defining box & orienting protein and 
membrane in same coordinate frame 

gmx editconf -f 1AKI_processed.gro -o 1AKI_newbox.gro -c -box 
6.41840 6.44350 6.59650 

cat 1AKI_newbox.gro dppc128_whole.gro > system.gro 

 
system.gro 

Delete these lines 

18688 
(17365+1323) 



Pack lipids around protein & 
minimize energy of system 

 gmx genrestr -f 1AKI_newbox.gro -o strong_posre.itp -fc 
100000 100000 100000 

 

topol.top 



Continuation... 

perl inflategro.pl system.gro 4 DPPC 14 
system_inflated.gro 5 area.dat 

 
(syntax: inflategro.pl  bilayer.gro  scaling_factor  lipid_residue_name  

cutoff   inflated_bilayer.gro   gridsize areaperlipid.dat (protein)) 

 
There are 4 lipids within cut-off range... 

128-4=124 



gmx grompp -f minim_inflategro.mdp -c system_inflated.gro -p 
topol.top -r system_inflated.gro -o system_inflated_em.tpr 

 

gmx mdrun -deffnm system_inflated_em 

 

gmx trjconv -s system_inflated_em.tpr -f 
system_inflated_em.gro -o tmp.gro -pbc mol 

select 0 "system" 

 

mv tmp.gro system_inflated_em.gro 

 

perl inflategro.pl system_inflated_em.gro 0.95 DPPC 0 
system_shrink1.gro 5 area_shrink1.dat 

 

bash run_inflategro.sh 



(a) Solvate with water 
(b) Delete water  

inside lipid acyl chain 

Solvation 



Solvation 

• Solvate with water as usual (using gmx solvate) 

gmx solvate -cp system_shrink26_em.gro -cs spc216.gro -
o system_solv.gro -p topol.top 

 

• Gaps in the lipid acyl chains would also be filled 
by water molecules. Delete them 
(water_deletor.pl) 

perl water_deletor.pl -in system_solv.gro -out 
system_solv_fix.gro -ref O33 -middle C50 -nwater 3 



Look for this line!! 

1409 water molecules have been deleted. 

4182 water molecules remain. Update your 
topology! 

topol.top file: 



Further Steps 

• Similar as in Module 1 

• bash further_steps.sh 

• cp ../output/md_0_1.tpr . 

• cp ../output/md_0_1.xtc . 

• bash analysis.sh 

 



Comparison with standard MD 

Property Non-membrane 
Simulations 

Membrane 
Simulations 

Equilibration time ~100 ps ~1 ns 

Temperature Any Must be above phase 
transition of lipid 

Pressure coupling Isotropic Semi-isotropic 

Center of mass motion 
removal groups 

Protein, Non-protein Protein_DPPC, 
Water_Ions 



• Deuterium order parameter 
 

gmx make_ndx -f md_0_1.tpr -o sn1.ndx 
 
> a C34 
> a C36 
> a C37 
> a C38 
> a C39 
> a C40 
> a C41 
> a C42 
> a C43 
> a C44 
> a C45 
> a C46 
> a C47 
> a C48 
> a C49 
> a C50 
> q 
 

Analysis 

sn1 



• gmx make_ndx -f md_0_1.tpr -o sn2.ndx 
 

• > a C15 
• > a C17 
• > a C18 
• > a C19 
• > a C20 
• > a C21 
• > a C22 
• > a C23 
• > a C24 
• > a C25 
• > a C26 
• > a C27 
• > a C28 
• > a C29 
• > a C30 
• > a C31 
• > q 

 

sn2 



• gmx order -s md_0_1.tpr -f md_0_1.xtc -n sn1.ndx -
d z -od deuter_sn1.xvg 

• gmx order -s md_0_1.tpr -f md_0_1.xtc -n sn2.ndx -
d z -od deuter_sn2.xvg 
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Density of membrane 
• gmx make_ndx -f md_0_1.tpr -o density_groups.ndx 

 

• 13 & a C1 | a C2 | a C3 | a N4 | a C5 | a C6 | a O7 | a P8 | a O9 | a O10 | a O11 

• name 22 headgroups 

• 13 & a C12 | a C13 | a O14 | a C15 | a O16 | a C32 | a O33 | a C34 | a O35 

• name 23 Glycerol_Ester 

• 13 & ! 22 & ! 23 

• name 24 Acyl_Chains 

 

• echo 22 | gmx density -s md_0_1.tpr -f md_0_1.xtc -n density_groups.ndx -o 
dens_headgroups.xvg -d Z 

• echo 23 | gmx density -s md_0_1.tpr -f md_0_1.xtc -n density_groups.ndx -o 
dens_glycerol_ester.xvg -d Z 

• echo 24 | gmx density -s md_0_1.tpr -f md_0_1.xtc -n density_groups.ndx -o 
dens_acyl_chains.xvg -d Z 
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Lateral Diffusion of lipids 

• gmx make_ndx -f md_0_1.tpr -o p8.ndx 
• ... 

•  > a P8 

•  > q 

 

• gmx msd -s md_0_1.tpr -f md_0_1.xtc -n p8.ndx -lateral z 
 

• Fitting from 100 to 900 ps 

 

• D[        P8] 0.0301 (+/- 0.0250) 1e-5 cm^2/s 
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