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The ability of protein chains to spontaneously form their spatial structures is a long-standing puzzle 

in molecular biology. Experimentally measured folding times of single-domain globular proteins 

range from microseconds to hours: the difference (10-11 orders of magnitude) is the same as that 

between the life span of a mosquito and the age of the universe.  

Here, we describe two physical theories of rates of overcoming the free-energy barrier separating 

the natively folded (N) and unfolded (U) states of protein chains, considering both directions of this 

transition: "U-to-N" and "N-to-U". In the theory of protein folding rates, a special role is played by 

the point of thermodynamic (and kinetic) equilibrium between the native and unfolded state of the 

chain; here, the theory obtains the simplest form. Paradoxically, a theoretical estimate of the folding 

time is easier to get from consideration of protein unfolding (the "N-to-U" transition) rather than 

folding, because it is easier to outline a good unfolding pathway of any structure than a good 

folding pathway that leads to the stable fold, which is yet unknown to the folding protein chain. 

And since the rates of direct and reverse reactions are equal at the equilibrium point (as follows 

from the physical "detailed balance" principle), the estimated folding time can be derived from the 

estimated unfolding time.  

Theoretical analysis of the "N-to-U" transition outlines the range of protein folding rates in a good 

agreement with experiment.  

Theoretical analysis of folding (the "U-to-N" transition), performed at the level of formation and 

assembly of protein secondary structures, outlines the upper limit of protein folding times (i.e., of 

the time of search for the most stable fold).  

Both theories come to essentially the same results; this is not a surprise, because they describe 

overcoming one and the same free-energy barrier, although the way to the top of this barrier from 

the side of the unfolded state is very different from the way from the side of the native state; and 

both theories agree with experiment. In addition, they predict the maximal size of protein domains 

that fold under solely thermodynamic (rather than kinetic) control and explain the observed 

maximal size of the "foldable" protein domains. 
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