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Protein self-assembly is critical for life
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Biological motivation from
clathrin-mediated endocytosis
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Coated structures nucleate on the
plasma membrane

Sochacki et al, Nat Cell Biol 2017



A long-term question

* How is the transition from early clathrin-coated
structures to productive vesicles controlled?
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Current methods for simulating self-assembly have
limitations

Limitations Strengths
 Cell-scale dynamics * Molecular structure

« Non-equilibrium events * Steering
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Algorithms for single-particle RD

x(t+At)=x(t)+(2D,4t) n

Green’s Function RD
Van Zon & ten Wolde, Phys Rev Lett 2005

Free Propagator Reweighting (FPR)

MEJ & Hummer, G, Phys Rev X 2014
Yogurtcu, O & MEJ, ] Chem Phys 2015

Preact(4t|T)

Smoluchowski Model

. Smoldyn
Binding parameters =MOAYN

Schoneberg, J] & Noe, PLoS One 2013
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Adding molecular structure to reaction-diffusion

ROTATING
REACTIVE SITES

Preact(4t|r=c4-c5, Iy, 1)

Parameters: ka, D4, Dy, g, Dgy, Dgro, |4, |» MEJ. J Phys Chem B (2018)



Adding molecular structure to reaction-diffusion

ROTATING
REACTIVE SITES

MEJ. J Phys Chem B (2018)

github.com/mjohn218/



NERDSS is a versatile software for
non-equilibrium self-assembly

simulations

-

MEJ, Hummer Phys Rev X 2014
Yogurtcu, MEJ, J Chem Phys 2015
MEJ J Phys Chem B 2018

Fu, Y., ...MEJ, J Chem Phys 2019
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github.com/mjohn218/NERDSS_beta

Varga, Yogurtcu, Loggia, & MEJ In prep. 2019



Assembly can be driven through
multiple mechanisms
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For clathrin assembly, relative copy numbers
control success of assembly
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Clathrin localizes to membranes by
adaptor proteins, dependent on lipid

populations
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Membrane localization reduces
the dimensionality of the search




A model of protein interactions with
membrane binding
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Yogurtcu, O.N. MEJ. PLoS Comp Biol 2018



A model of protein interactions with
membrane binding

a + Q w %/Concentration: V-1
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A model of protein interactions with
membrane binding
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A model of protein interactions with
membrane binding
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Significant increase in complex
formation
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Conclusions R

* Membrane localization can control timing and
success of self-assembly via dimensionality
reduction

* Many proteins, particularly involved in membrane
remodeling, can exploit localization to drive
protein-protein binding

 NERDSS simulates self-assembly models previously
inaccessible to existing software tools

Varga, M., Yogurtcu, O., Loggia, S., & MEJ In preparation
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