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Molecular SimulationsMolecular Simulations

GROMACS – Simulation Program
University of Groningen

Groningen, Netherlands

Use Newton Based Mechanics 



Forces/EnergyForces/Energy

• Electro-Static (Non-Bonded Atoms)
• Van der Waals (Non-Bonded Atoms)
• Bond Stretching (Bonded Atoms)
• Bond Angles (Bonded Atoms)
• Proper Dihedrals (Bonded Atoms)
• Improper Dihedrals (Bonded Atoms)



Forces & Energy (NonForces & Energy (Non--Bonded Atoms)Bonded Atoms)
Electro Static (Coulomb) InteractionElectro Static (Coulomb) Interaction



Forces/Energy (NonForces/Energy (Non--Bonded Atoms)Bonded Atoms)
Van Van derder Waals InteractionWaals Interaction
LennardLennard--Jones PotentialJones Potential



Forces/Energy (Bonded Atoms)Forces/Energy (Bonded Atoms)
Bond Stretching (Harmonic)Bond Stretching (Harmonic)



Forces/Energy (Bonded Atoms)Forces/Energy (Bonded Atoms)
Bond Angles (Harmonic)Bond Angles (Harmonic)



Forces/Energy (Bonded Atoms)Forces/Energy (Bonded Atoms)
Proper Dihedrals (Staggered/Eclipsed)Proper Dihedrals (Staggered/Eclipsed)



Forces/Energy (Bonded Atoms)Forces/Energy (Bonded Atoms)
Improper DihedralsImproper Dihedrals



The SystemThe System

Lipid

1 Peptide ~120ns  2 Peptides ~200ns

Size ~ 28,000 Atoms 
(far too large for QM~4)



Image of LipidImage of Lipid



Image PeptideImage Peptide



System 1 Peptide (Time Scale)System 1 Peptide (Time Scale)

T=0ns T=120ns



System 2 Peptides (Time Scale)System 2 Peptides (Time Scale)

T=0ns T=200ns



Antimicrobial PeptidesAntimicrobial Peptides

Antimicrobial peptides can carry drugs  or 
antibiotics into a bacteria cell to kill the cell

Upon entering cell, cause leakage of vital cell 
structures 

Synthetic peptide has Antimicrobial peptide 
type properties



DSSP P1DSSP P1



DSSP P2DSSP P2



PeptidePeptide
Ile-Ile-Ser-Thr-Ile-Gky-Asp-Leu-

Val-Lys-Trp-Ile-Ile-Asp-Thr-
Val-Asn-Lys-Phe-Thr-Lys-Lys

Lipid
Choline group (+)

Phosphorous group (-)
Ester Group
Tail Oxygen

Tail



CholineCholine Group (+)Group (+)



Phosphorus Group (Phosphorus Group (--))



Ester Group Ester Group 



AspartateAspartate (Asp) ((Asp) (--) & Lysine (Lys) (+)) & Lysine (Lys) (+)



Minimum Distance P1



Minimum Distance P1Minimum Distance P1



Density P1



Density P2Density P2



Distance Peptide (1)Distance Peptide (1)



Distance Peptide (2)Distance Peptide (2)



Hydrogen BondingHydrogen Bonding
Electronegative differences (H & O,N,F)
Donate & Accept (O,N,F directly connected 

to H)
Accept (O,N,F exists in molecule)



Hydrogen Bonding P1



Hydrogen Bond (LHydrogen Bond (L--P2)P2)



Hydrogen Bonds LYSHydrogen Bonds LYS--ASP P1ASP P1



Hydrogen Bonds LYSHydrogen Bonds LYS--ASP P2ASP P2



WhatWhat’’s Next?s Next?

Increase number of peptides in system

Look at longer range of time
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