
Complex simulations 



Most tutorials are about ubiquitine (also 
today’s) 

• Single protein chain 

• No cofactors 

• Easy to set up 

 



What if your system looks more like this? 

 



Preparing your structure for simulating 

• Dimer! 

 

 

 

• Add missing residues 

• Add missing heteroatoms 

 

• Delete all detergent molecules 

 



Detergents in crystal structure 

 



 



 



Detergents in crystal structure 

 



Suprise suprise 

 

DODECYL-BETA-D-
MALTOSIDE  
looks like a lipid 



 



Where should I replace my detergents with? 

Lipid that is the most similar? 

 

Look in older structures. 

 

Look in literature 

 

 No real good answer 

 

DGDG 



Coarse graining 

• Split PDB 

 
• Protein  Martinize.py  

• Be careful Backward.py  can also CG your protein, but it does not make an Elnedyn 
network, but most importantly the mapping of the backbone bead is different for the 
Elnedyn version 

 

 

• Cofactor  Backward.py 



Embed in a bilayer 

• Insane 
• OPM database  contains calculated position of the bilayer 



Parameterization 

 

PSII dimer (cyanobacteria)# 

2x19 protein subunits 

 

cofactors per monomer: 

chlorophyll A (35) 

pheophytin (2) 

heme (2) 

β-carotene (12) 

plastoquinone (2) 

ox. evolving compl. (1) 

 

lipid composition: 

18:1-16:0 PG (10%) 

18:1-16:0 DGDG (25%) 

18:1-16:0 MGDG (40%) 

18:1-16:0 SQDG (15%) 

di16:0 SQDG (10%) 

+ co-crystall. lipids (> 40 total) 



internal rearrangements 

 

exchange with  

thylakoid membrane 

β-carotenes protect  

against photodamage 

Existence of a dynamic pool of  

β-carotenes in the thylakoid membrane (?)   

β-carotenes are very  mobile 



Chlorophylls are bound in 3 different ways 

 



CG a bit too fat… 

Fine grained Coarse grained 



Chlorophylls are bound in 3 different ways 

 



Martinize.py  a itp file for every chain and 
cofactor 



Binding cofactors into your protein?  One 
ITP needed 



Everything ready? 

• Good energy minimiaztion 
• Muliple rounds 

• Careful equilibration 
• Slowly increasing 

• Time step 

• temperature 

 



Where should i look at? 

• [MOVIE PSII TOP] 

• Nothing seems to 
happen 

• /to much to look 
at. 

 

 



PLQ exchange cavity 

 



 

Analysis 



Counting PLQs entering/leaving PSII 

• PLQs are long molecules 

• Entry/exit is slow 

• PLQs can enter partly and then 
go back 

• PLQ can be in 2 channels at the 
same time 

• Channels move over time 

 

 



Track the PLQs on a bead level 

• For every PLQ bead, each frame: 
• Is it in contact with any of the three channels 

• If it is inside or outside the cavity 

 

• For every PLQ 
• If more than 70% of its beads moved through the same channel 

• entry/exit event 

 



PLQ ENTERING MOVIE 

 



Lipid binding sites 
PG DGDG 

MGDG SQDG 



How to define a binding site 

• Define ‘phrases’ 
• Amino acids a lipid is in contact with at a frame 

• Total number of phrases = number of lipids x frames 

• Cluster phrases 

• From clusters define binding sites 



Residence times 

• Double cut off method  removes noise 

 

• Lipid is in contact with binding site 
• Once it enters red ring 

 

• Lipid is not in contact anymore  
• When leaving blue ring 

 

 

Binding 
site 



Conclusion 

• Carefully prepare your system, it will take a long time! 

 

• Look a lot at your simulations: 
• Only protein 
• Protein with lipids 
• Protein cofactors 
• Cofactors lipids 

• Team up with smart colleagues (e.g. writing scripts) 

• Make descisions 
• Often there is not a right way to do things 


