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How to run an MD simulation
• Protocol for an MD simulation

• Initial Coordinates
• X-ray diffraction or NMR coordinates from the Protein Data Bank

• Coordinates constructed by modeling (homology)

• Treatment of non-bonded interactions

• Treatment of solvent
• implicit

• explicit

• If using explicit treatment of solvent 
• Periodic boundary conditions (PBC)

• Solvation sphere

• Active site dynamics



Molecular Modelling Software

• Commercial:
• Cerius2, Insight II (from Accelrys)

• Academic:
• MMTK
• GROMACS
• NAMD
• CHARMM
• AMBER



“If I were to rewrite MMTK today, I would use the exchange data 
formats accepted by the molecular simulation community”

But those formats don’t exist yet. 

2013 – Konrad Hinsen



Molecular Visualisation Packages

• Many!
• RasMol
• PyMOL
• Chimera
• VMD

• Select one or two, become an expert J



How to run an MD simulation

• Homology modelling 
• Modeller

• Phyre2



How to run an MD simulation

• Refine your structure
• http://glycam.org/
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How to run an MD simulation

Topology and Coordinate file



glycam.org

http://ambermd.org/
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How to run an MD simulation

• AmberTools:  LEaP
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• Bond information 

bond	
  mol.1798.O4	
  mol.1799.C1
bond	
  mol.1809.O4	
  mol.1810.C1
bond	
  mol.1820.O4	
  mol.1821.C1
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How to run an MD simulation

Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms





Chimera:

find clashes/contacts







How to run an MD simulation

Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms



How to run an MD simulation

Input	
  files	
  available	
  online,	
   eg:	
  http://ambermd.org/tutorials/advanced/tutorial8/loop1.htm

Minimisation:
Amber input file
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Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms



How to run an MD simulation

Equilibration:
heating the system to 
room temperature 

Production:
run our simulation at 
constant pressure 
and temperature

Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms
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Equilibration:
heating the system to 
room temperature 

Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms

constant volume

Temp
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Equilibration:
heating the system to 
room temperature 

Minimisation:
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between non-bonded 
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How to run an MD simulation

Equilibration:
heating the system to 
room temperature 

Production:
run our simulation at 
constant pressure 
and temperature

Minimisation:
remove bad contacts 
between non-bonded 
neighbouring atoms

constant volumeconstant pressure

Temp
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Benchmarks - Amber



Tutorial

Run your own MD simulation

Analyse an MD run: H-bonds over time

Manipulate your pdb file



Run your own Interactive MD simulation

• VMD http://www.ks.uiuc.edu/Research/vmd/
• NAMD http://www.ks.uiuc.edu/Research/namd/
• Tutorial http://www.ks.uiuc.edu/Research/vmd/imd/tutorial/



Run your own MD simulation

• Chimera - https://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/md/md.html

• File à Fetch by ID à 1zik



Chimera Animations

• movie record ; turn y 3 120 ; wait 120 ; movie stop ; movie encode 
output ~/Desktop/turn.mov bitrate 10000

• movie record ; rock y 4 68 ; wait ; rock x 4 68 ; wait ; movie stop ; 
movie encode output ~/Desktop/rock.mov



Run your own MD simulation

• Chimera - https://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/md/md.html

• File à Fetch by ID à 1zik
• Tools à MD/Ensemble Analysis à Molecular Dynamics Simulation









Run your own MD simulation

• Chimera - https://www.cgl.ucsf.edu/chimera/docs/ContributedSoftware/md/md.html

• File à Fetch by ID à 1zik
• Tools à MD/Ensemble Analysis à Molecular Dynamics Simulation

• Use defaults!

• Run parameters à Run
• Add hydrogens - OK
• Assign charges for minimize - OK



Analyse an MD run: H-bonds over time

• Chimera

• https://www.cgl.ucsf.edu/chimera/current/docs/UsersGuide/tutorials/ensembles2.html



Analyse an MD run: H-bonds over time

“A better understanding of the 
details of collagen structure, 
dynamics, and hydrogen bond 
networks will improve our ability 
to predict the physicochemical 
properties that contribute to the 
stability of collagen molecules, or 
lack thereof, and the severity of a 
single-point mutation.”



Manipulate your pdb file

• RStudio - https://www.rstudio.com/products/rstudio/download/
• Bio3D - http://thegrantlab.org/bio3d/tutorials/installing-bio3d

• Tutorial: http://thegrantlab.org/bio3d/tutorials/structure-analysis
• -renumbering, changing chain identifiers, identify binding site residues



köszönöm


