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Cooperativity , Local-Nonlocal Coupling, and 
Nonnative Interactions in Protein Folding  



Experimental criteria from:  

    calorimetry :   ͅ HvH / Hͅcal ǽɯƕɯ 

    chevron plots  

    more direct probes of two -state behaviors 

noncooperative more cooperative 

Q = fractional number of native contacts 

Folding cooperativity  means two-state-like folding/unfolding  



Kinetic manifestation of folding cooperativity: linear chevron plots 

Linear folding and unfolding arms imply a linear relationship   

between log(folding/unfolding rate) and equilibrium stability 

Data from Jackson et al., Biochemistry 32:11270 (1993) 

chevron  rollover   is  indicative   of  less  cooperative  or  noncooperative  folding  



Folding Cooperativity and the Levinthal Paradox  

Chan, Zhang, Wallin &  Liu, Annu Rev Phys Chem (2011) 

calorimetry (DSC) ñgolf-courseò landscape 
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Kaya &  Chan, Proteins (2003) 

ñnear-Levinthalò landscape 



Generic protein properties are stringent 
constraints on modeling, providing 

important clues to the energetics 
underlying real protein behavior  



mean-field 
model of Dill  

Pairwise  additive 
hydrophobic 
interactions are 
insufficient for 
two -state 
cooperativity  

No significant barrier 

between folded and unfolded 

states in explicit-chain 

hydrophobic-polar (HP) 

models with pairwise additive 

energies 

 

Many-body energies can lead 

to more folding cooperativity 

Chan, Proteins (2000); Chan, Zhang, Wallin  & Liu, Annu Rev Phys Chem (2011) 

cf. Dill, Biochemistry (1985); Dill et al., Biochemistry (1989) 
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Knott & Chan, Chem Phys (2004); Proteins (2006) 

Model adapted from:   Irb äck, Sjunnesson & Wallin, PNAS 97:13614 (2000) 

A simplified atomic 
model of 3-helix 
protein  

54aa 

severe rollover 

unimodal 

Folding cooperativity is not  ÈɯÊÖÙÖÓÓÈÙàɯÖÍɯÈɯÚÌØÜÌÕÊÌɀÚɯ
ability to fold to an essentially unique structure  

case in point: 

    The general pairwise  additive 
sidechain  hydrophobic and 
directional H -bond interactions in 
this model are not sufficient for 
folding cooperativity  



Shea et al., PNAS (1999); Micheletti  et al., Phys Rev Lett (1999); 
Clementi  et al., JMB (2000); Koga & Takada, JMB (2001);  
Kaya & Chan, JMB (2003) 

ñTopologicalò Modeling: 

Native-centric local and non-bonded interactions 

Langevin dynamics 

Thermodynamically quite cooperative 

CI2 

Ca   &ĥ Models 



GǾ-model chevron plots have significant chevron rollovers, 

implying that in many cases common GǾ models are less 

cooperative than the real proteins they aim to mimick  

Jackson & Fersht, Biochemistry (1991) Kaya & Chan, JMB (2003) 

Theory 

Experiment 



Even with native biases, common pairwise 
additive interactions do not appear to be 

sufficient to account for cooperative folding  



Liu & Chan, JMB (2005), Phys Biol (2005); Fergusion et al., JMB (2009) 

Desolvation barriers enhance 
folding cooperativity  



Kaya et al., Biophys J (2005); Liu & Chan, JMB (2005); Phys Biol (2005) 

  Desolvation barriers enhance folding/unfolding cooperativity  
increasing height of 
pairwise desolvation 
ÉÈÙÙÐÌÙɯÓÌÈËÚɯÛÖɯȱ 

Higher overall 

free energy 

barrier  

more linear 

chevron plots 

CI2 

CI2 

less native fluctuation 

Cheung et al., PNAS (2002) 


