
Kinetic Versus 
Thermodynamic 
Assembly

Christopher Butch
Research Scientist
BMSIS, ELSI, and Emory University



Defining terms:
• Thermodynamics: Concerning the flow of energy 

between states. Thermodynamic stability refers to being 
in a low energy state.

• Kinetics: Concerning the rate of transitioning between 
states. Kinetic stability refers to being in a state which 
transitions slowly.
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• These states can refer to chemical bonds, or 
to three dimensional conformations



Biomacromolecules 
are Kinetic Assemblies

• Chemically: Amino Acids and Nucleic Acids are 
polymerized using energy from polyphosphates

• Structurally: Many nucleic acid structures, and most 
protein structures are kinetic minima, but not 
thermodynamic minima
• Prion diseases involve an autocatalytic transition 

from the native kinetic state to a (more)stable 
thermodynamic state



Biomacromolecules 
are Kinetic Assemblies

Dee, Derek R., and Michael T. Woodside. "Comparing the energy 

landscapes for native folding and aggregation of PrP." Prion 10.3 

(2016): 207-220.



Biomacromolecules 
are Kinetic Assemblies

Mast, Christof B., et al. "Escalation of polymerization in 
a thermal gradient." Proceedings of the National 
Academy of Sciences (2013): 201303222.



Open Questions
• Do environments exist where biological building 

blocks such as amino acids are 
thermodynamically favored, but exploration of 
their sequence space is kinetically favored?

• How do chemical systems utilize environmental 
energy to form kinetic assemblies?
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