


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
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„Coarse-grained protein 
models and their
applications”

Chem. Rev. 2016, 116 (14), 
7898–936



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



CASP –every 2 years since 1994

Leading trends:

- Art of modeling (knowledge-based homology modeling) by  
Alexey Murzin

- Careful alignment + Modeller by Krzysztof Ginalski

- Rosetta fragment assembly (copmpartive and de novo) by 
David Baker and co-workers

- Refined allignments and Coarse-Grained modeling using CABS 
tools by Janusz Bujnicki and Andrzej Kolinski

- Sofisticated ranking of allignments and fragment modeling 
using CAS (a version of CABS) by Yang Zhang

- Computer deep-learning and fragment assembly (Rosetta) Lee 
Sedol



CASP6: Average scoring, all categories
(New Folds, Fold Recognition, Comparative Modeling)

1   Ginalski (ICM, POLAND)
2   Kolinski & Bujnicki (UW-IIMCB, POLAND)
3   Baker (USA)
4   Skolnick_Zhang (USA)
5   GeneSilico (IIMCB, POLAND)

A. Kolinski and J. M. Bujnicki,”Generalized protein structure prediction based on
combination of fold-recognition with de novo folding and evaluation of models”, 
Proteins 61(S7):84-90 (2005)



Multiscale
modeling with CABS

APPLICATINS

Structure prediction

Protein dynamics  

Protein docking



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



„Modeling EphB4-EphrinB2 protein-protein interaction using flexible 
docking of a short linear motif”

BioMedical Engineering OnLine 16(Suppl 1):71 (2017)  
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Using CABS-dock peptide docking in protein-
protein docking



Check our tools at: 

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




