
In silico studies of the mutant protein causing 

cystic fibrosis

Tam§s HegedŤs

tamas@hegelab.org

MTA-SE Molecular Biophysics Reasearch Group

Dept. Biophysics and Radiation Biology, Semmelweis University



FUNDING:

MTA Bolyai Fellowship

NKIFH K 111678

Tordai Hedvig

L§szl· Laura

Csizmadia Georgina 

T·th Ćgota

Spagina Zolt§n

www.hegelab.org Kellermayer Mikl·s

SE Biofizikai ®s Sug§rbiol·giai Int®zet

MTA-SE Molekul§ris Biofizikai Kutat·csoport

Sarkadi Bal§zs

MTA TTK, Enzimol·giaiInt®zet

MTA-SE Molekul§ris Biofizikai Kutat·csoport

Gergely L. Lukacs, Naoto Soya, Ariel Roldan

Dept. Physiology, McGill University

Á NIIF HPC

ÁWigner GPU laborat·rium

Barnafºldi Gergely

Á Bartha Ferenc (Szeged)

Acknowledgement



ABC (ATP Binding Cassette)
transmembrane proteins

NBD1 NBD2

OUT

IN



Transport of xenobiotics and toxic molecules

Keywords: 
ü cancer multidrug resistance
ü drug pharmacokinetics
ü drug-drug interactions, etc.



Cystic Fibrosis (CF)

ü monogenic disease (~1:2,500)

ü high mortality and morbidity

ü affected water and salt homeostasis 

ü cloning the cftr gene: Riordan et al. 1989 Science 245:1066-73

ü over 2,000 mutations are known

ü ȹF508 is present in over 80% of patients



Maturation of the CFTR protein
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Structural background of ǧF508
domain - domain interactions

hCFTR(PDBID:5U71)

Du et al. NatStructMol Biol. 2005Jan;12(1):17-25.
Serohijoset al. Proc Natl Acad Sci U S A. 2008Mar 4;105(9):3256-61.



Structural background of ǧF508
folding and stability of NBD1
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Experiment: Hydrogen-Deuterium Exchange (HDX)



In silico study of NBD1 destabilization

1. Molecular dynamics (MD) simulations

ü WT and mutants

ü 100-100 ns

ü all-atom forcefield

2. Analysis of motions in NBD1 

ü correlations in motions (pairwise)

ü building a graph

ü analysis of the graph



WT ɲF508

Correlation in motions

Nodes: amino acids

Edges: 

Ádisplacement Vector Correlation Coefficient

ÁContact over75% throughoutthe simulation

Community analysis (e.g. critical nodes)



Distance Correlation Coefficient

ɲF

Nodes: secondary structural elements
Edges: if DiCC> 0.85

WT ɲF-3S

G. J. Szekelyet al. (2007), Annals of Statistics, 35 (6): 2769ς2794.



Identification of critical amino acids


