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Many key cellular functions, such as protein synthesis and degradation, are performed by 
“molecular machines” that contain many distinct subunits.  Cells cannot synthesize these 
structures as fully functional units, but rather as a set of component parts that must assemble 
together to form the functional machine.  While the process of macromolecular assembly has 
been studied in detail for several representative structures, such as the proteasome, a 
complete understanding of the thermodynamics and kinetics of assembly is currently lacking.  
We have used mathematical models to show that structures like the proteasome are prone 
to a form of kinetic trapping during assembly where the system gets stuck in a state 
dominated by large, stable intermediates that are not the fully-formed machine. These 
models indicate that particular patterns of binding affinities between subunits in the structure 
can optimize yields by biasing the assembly process away from these kinetic traps.  More 
recently, we have focused on the Core Particle of the proteasome from the actinomycete 
bacterium Rhodococcus erythropolis and have found strong experimental evidence that this 
structure exhibits kinetic trapping in vitro.  Overall, our work indicates that there is a trade-
off between robustness to kinetic trapping and the speed of assembly in CP assembly 
pathways, and suggests that the assembly of the CP in bacteria is significantly less 
hierarchical than is generally believed.  In addition to shedding light on the evolutionary 
pressures that have driven the evolution of macromolecular structures and their assembly 
pathways, our work provides thermodynamic principles for the design of synthetic structures 
that will self-assemble efficiently in solution. 
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