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Diffusion Limited Reactions
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First Passage Time
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Exponential Effect of Barrier Height
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Details of Derivation...
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Things that Affect Energy Landscapes

* Force (pulling/pushing, rate)

* Enzymes (catalysts)

- Salt, pH

- "additives” (protein drug stabilization)
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Two State Example: Protein Unfolding

Xu Xf

Figure 11 Two-level model for the unfolding of a protein domain (53). The domain in
its native state (on the left) unfolds at a rate oy by hopping over the barner (of energy
difference AGy) to unfolding. In the denatured state (on the right) the refolding rate Bg
is controlled by the energy difference with the transition state AG;. When a force F 1s
applied to the system, the free-energy difference AG between native and unfolded state 1s
skewed toward unfolding by the work performed by the force: F (x, + xp). (Courtesy of
H. Gaub)

Strick, Allemand, Bensimon, Croquette, Ann. Rev. Biophys. 2000 17



Force Changes the Energy Landscape
X, X' X,

e A F)—
 AX joalF)
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Bustamante et al., Ann. Rev. Biochem. 2004
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