
Proteins - structural bioinformatics (4)
Comparative modeling, simulations of protein 

dynamics, docking

http://biocomp.chem.uw.edu.pl



Sequence - structure

Protein Data Bank (PDB) - 140 000 protein structures
UniProtKB/TrEMBL sequence database - 133 507 323 nonredundant entries .  Nov. 2018

Integrated Microbial Genomes & Microbiomes(IMG/M)database of 51 775 423 466 genes

(Coding genes E. coli - 4000,  yeast – 6000,  human, about -20000)
(First high-resolution structure 1958, by John Kendrew and Max Perutz





Structure Prediction

• Experimentally solved structures (130 000) –
about 0.11% of the number of protein sequences
deposited in UniprotKB and TrEMBL

• Theoretical predictions (we know about 1500 
folds from 5000 – 20,000 of possible) 
- de novo prediction (Protein folding problem)
- comparative modeling (Most of newly identified

protein structures are similar to already known)



Structure Prediction



All-atom MD with explicit water

- milliseconds of folding process 

of a small protein.

For realistic modeling of  larger
biomolecular systems, including
flexible protein-protein docking, we 
need much faster simulations. 

Anton 
David E. Shaw Research

Protein folding problem - the Holy Grail
of the structural biology



Structure Prediction









Structure – Comparative modeling –
alignment gaps



Comparative (homology) modeling



Comparative (homology) modeling

Both cases (A,B) represent extremely distant 
homologies with sequence identity on the 
level of 10–12%





MODELLER
https://salilab.org/modeller/

SWISS-MODEL
https://swissmodel.expasy.org

Comparative (homology) modeling

https://salilab.org/modeller/
https://swissmodel.expasy.org/




Note problems with sequence alignments





Structure Prediction



Rosetta
Dawid Baker



Rosetta
in CASP4







Visualizing Threading
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Visualizing Threading
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Comparative (homology) modeling
Threading instead of sequence alignment



I-TASSER  (Y. Zhang)




