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Proteins vs peptides 

Ã Peptides are not (always) the same as small proteins 

ÄNo tertiary structure on their own 

Ä Typically <10 amino acids 

 

Ã On their own: biological functions (transmembrane 
helices, ligands etc.) 

 

Ã In abundance: materials 

ÄUndesired: amyloid plaques 

ÄDesired: hydrogels, vesicles, tubes etc. 

 



Peptides as materials 
a new way to look at biomolecules 

Short peptides: 

Ã Assemble at low concentrations 

Ã Are biocompatible and biodegradable  

Ã Are cheap to produce 

Ã Are hard to see  Ą simulations 
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Applications 

Ã Vegetarian replacement of gelatin 

Ã Creams and cosmetics 

 

Ã Capsules for drug delivery 

Ã Wound dressing 

 

Ã Encapsulation of catalysts 

Ã 3D Cell culture 



Understanding vs. predicting peptides 

1. You see  

2. You simulate  

3. You understand 

 

OR 

 

1. You understand 

2. You simulate 

3. You see 



Simulating short peptides:  

why use Martini? 

Simulations, because: 

Ã The assembly path is informative 

Ã Too many possibilities to try in the lab 

 

Coarse-graining, because 

Ã Self-assembled structures contain MANY molecules 

Ã Self-assembly takes time 

 

Martini, because 

Ã Martini was òborn this wayó 

Ä Whimley-White peptides 

Ä Nanostructures through amphiphilicity = oil-water partitioning 



Diphenylalanine 

Ã Forms nanotubes in water (Gazit, Science 2003) 

 

Ã Crystal structure known (Görbitz, 2006) 

Ä From chemical vapour deposition 

 

Ã Can we simulate it? 

ÄStructure in water 

ÄDynamics 



General workflow 

  

  

ÅAtomistic 
coordinates 

ÅCoarse-grained 
coordinates and 
mapping 

ÅInitial solvated 
coordinates 

ÅFinal coor-
dinates and 
trajectory 

Martinize.py 

solvate 

mdrun 



Examples of simulated peptides 

Ã Ultrashort peptides 

Ä FF, and other dipeptides 1,2 

ÄAll tripeptides 3,4 

Ã Peptide derivatives (increasing the amphiphilic nature) 

Ä 3-armed BTA 5,6 

Ä Fmoc-peptides 6 

ÄPeptide nanocarriers 7 

Ã Amyloid peptides 

ÄAlzheimerõs 8 

Ä hIAPP 9 
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To assemble or not to assemble 

A peptide is useful when it  

1. ... is first of all soluble in water 

2. ... after some time/change, assembles in water 

3. ... forms fibrous networks, tubes or vesicles 

 

4. ... is biocompatible 

5. ... gives a transparent material 



Results ð does it assemble? 

Ã Study of all 20 x 20 dipeptides 

Ã AP score = SASAbegin / SASAend 

Frederix et al. Journal of Physical Chemistry Lett. 

2, 2380 (2011) 
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