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How many proteins?

• Just 150 AA protein    - 10195 sequences

• Eukaryotic protein universe ~  1012

• Prokaryotic – much more, difficult to estimate 

• 12-14 thousand of known protein families
cover about 60% of known proteins

• 5000 – 20,000 of possible folds ( about 1500 
currently known)





Side chain packing



Side chain packing



Hydrophobic effects





Research Collaboratory for Structural 
Bioinformatics:
Rutgers and UCSD/SDSC



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)









Structure – Comparative modeling







Comparative (homology) modeling

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





Post-translational or co-translational folding



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



How to solve the Holy Grail problem



for "the development 

of multiscale models 

for complex chemical systems”

How to solve the Holy Grail problem –
Multiscale Modeling



CABS model

Ca-Cb-Side chain

High-coordination lattice

Statistical force-field

Monte Carlo dynamics

Figures: 

a) Building reduced model

b) MC moves on the high-

coordination lattice

c) Accuracy (Ca-traces)



Time scales MD vs. CABS

All-atom molecular dynamics (MD) CABS Monte Carlo 

dynamics

Max ~ 1 millisecond ~ 103 / 104 faster



Multiscale
modeling with CABS

APPLICATINS

Structure prediction

Protein dynamics  

Protein docking



CASP and CAPRI

Polish scientists in  CASP:  Ginalski, Rychlewski, Bujnicki, Kolinski, Liwo, and others



CAPRI: Critical Assessment of 
PRediction of Interactions



Molecular docking



Peptide docking with CABS model

M. Kurcinski, M. Jamroz, M. Blaszczyk, A. Kolinski & S. Kmiecik, “CABS-dock web

server for the flexible docking of peptides to proteins without prior knowledge of the

binding site”, Nucleic Acids Research, 2015







Check our tools at: 

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




