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• I.  Protein folding in vivo:  Molecular 
Chaperones 

  

• II.  Protein unfolding in vivo:  ATP driven 
unfolding in mitochondrial import and the 
proteasome. 

 

• III.  Protein folding reactions under kinetic 
control 

 

 

 



Molecular Chaperonins:   Function 

• since proteins fold spontaneously in vitro, why are additional 

factors required for proper folding in vivo? 

– high protein concentration in cytoplasm (~200mg/ml). 

– compared to  in vitro experiments (~0.1mg/ml) 

• At high concentrations, unfolded polypeptide chains aggregate instead 

of refolding.  

• regulation of protein folding important in  a variety of in vivo situations: 

– the subunits of oligomeric proteins may not be soluble in isolation; 

proper assembly may require subunit binding proteins. 

– translocation of proteins accross membranes requires that 

premature folding be prevented 

– function of proteins can be regulated by timing the completion of 

folding 





I.  Molecular Chaperones 

 "a protein that binds to and stabilizes an otherwise unstable conformer 

of another protein--and by controlled binding and release of the substrate protein, 

facilitates its correct fate in vivo:  be it folding, oligomeric assembly, transport to a 

particular subcellular compartment, or controlled switching between 

active/inactive conformations"  



HSP70 family chaperones 

interact with unfolded proteins 

and reduce aggregation 

 



Experimental data:  GroEL dependent folding of aggregation prone rhodanase  

• stoichiometric amounts of GroEL 

suppress rhodanase aggregation   

  

 

• rhodanase is tightly bound to 

GroEL, but is released into solution 

(where it aggregates), upon 

addition of ATP 

 

 

• GroEL bound rhodanase is 

converted into the native state upon 

addition of GroEL and ATP 



Structure of GroEL 

1)  Electron Microscopy  

2)  X-ray crystallography  





Nature. 2009 Jan 1; 457(7225):107-10. Chaperonin complex with 

a newly folded protein encapsulated in the folding chamber. 

Saibil HR. 



Horwich AL, Fenton WA. Chaperonin-mediated protein folding: using a 

centralcavity to kinetically assist polypeptide chain folding. Q Rev 

Biophys. 2009May;42(2):83-116.  

The chaperonin ring assembly GroEL provides kinetic assistance to 

protein folding in the cell by binding non-native protein in the 

hydrophobic central cavity of anopen ring and subsequently, upon 

binding ATP and the co-chaperonin GroES to thesame ring, releasing 

polypeptide into a now hydrophilic encapsulated cavity whereproductive 

folding occurs in isolation. The fate of polypeptide during 

binding,encapsulation, and folding in the chamber has been the subject of 

recent experimental studies.  We conclude that GroEL,in general, 

behaves passively with respect to its substrate proteins during thesesteps. 

While binding appears to be able to rescue non-native polypeptides from 

kinetic traps, such rescue is most likely exerted at the level of 

maximizing hydrophobic contact, effecting alteration of the topology of 

weakly structured states. Encapsulation does not appear to involve 

'forced unfolding', and if anything, polypeptide topology is compacted 

during this step. Finally, chamber-mediated folding appears to resemble 

folding in solution, except that major kinetic complications of 

multimolecular association are prevented. 



 

Chaperones associated with the type III secretion system maintain their substrates in a secretion 

-competent state that is capable of  engaging the secretion machinery to travel through the  

type III apparatus in  an unfolded or partially folded manner. 

 



There appears to be general molecular chaperone akin to GroEL 

In the eukaryotic cytosol.  Was loss  of chaperone machinery 

important for eukaryotic evolution??  



Ubiquitin-proteaseome system degrades misfolded proteins 









Two scenarios for protein folding 



There are now several examples of protein folding reactions 

which are clearly under kinetic control: 

• 1)  Pro region dependent folding 

• -lytic protease and a number of other serine proteases are 

synthesized with large N-terminal pro regions 

• The pro regions are required for the proper folding of the 

mature protease domains. 

• Folding in the absence of the pro region results in an inactive 

conformation with completely different physical properties 



Free energy diagram for alpha lytic protease folding.  Note 

that in the absence of the pro region, N is higher than I 



Serpins.  (a large family of protease inhibitors) 

 

 

Dramatic instance of kinetic control: 

 

The initially synthesized form of PAI-1 is an active protease inhibitor. 

 

This active form slowly converts to an inactive, latent form over a period of 

several hours. 

 

The latent form can be converted back to the active inhibitory form by 

denaturation and renaturation. 



Influenza hemagglutinin (HA) 

  

HA is a trimeric viral envelope glycoprotein which undergoes a dramatic 

conformational change at low pH, triggering the fusion of endocytosed virus with 

the endosomal membrane.  









A large number of proteins have been observed to form 

 amyloid  fibrils 







Structure of the 

cross-β spine of 

amyloid-like fibrils 


