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Large scale analysis of single nucleotide polymorphisms 
(SNPs) on protein structure, flexibility and function using 
Molecular Dynamics (MD) 

How detailed do the simulations need to be to get a binary 
answer to: Is protein function negatively affected?  

What do we gain compared to sequence-based and other 
more simple structure-based methods? 

Create “standard” protocol to investigate mutations 

MD simulations + analysis (tools) 
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Single Nucleotide Polymorphisms 

Changes of a single 
nucleotide 
Recur in significant 
proportion of population 
Synonymous SNP: no 
change in protein sequence 
Non-synonymous SNP: 
change in protein sequence 

Wikipedia 
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Molecular Dynamics

Atoms move
Approximation of known physics
Based on statistical mechanics
Statistical ensemble averages are equal to 
time averages
Simulates interactions of protein and 
solvent over short time (10ns)
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MD - Principles 

en.academic.ru 
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MD Simulation 

Offman et al., 2010 
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Material and Methods 
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On average 1GB per simulation  total 1.6 TB 
      or up to  total 27.9 TB 

That‘s why it‘s done on the LRZ ! 
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Simulation Pipeline 

Minimization in 
vacuum Solvation Minimization solvent Minimization solvent 

and side-chains 

Production temperature 
coupling (NVT) 

Production pressure 
coupling (NPT) Production run 

Simulations with GROMACS package 
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Structural Analysis 
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Comparison to  
Sequence-based methods: 

SNAP 
PolyPhen 
SIFT 

Side-chain configuration:  
SCWRL 
SCREAM 

Energy calculations: 
Pair Potential (foldX) 
Molecular Mechanics force fields (EEF, GB, PB) 

Normal Mode analysis (minimization) 
Principle Component analysis (MD) 
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So far  

Dataset 
Analysis tools and scripts 
Working automatic MD script: 

single proteins  
protein complexes 

Theoretically infrastructure 
Some test cases 
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