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Including H-bonding And Lipid Exposure In Near-atomic Level

Forced Unfolding Simulations Of Helical Membrane Proteins
Wang Zongan, John M. Jumper, Karl F. Freed, Tobin R. Sosnick. The University of Chicago
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Conclusions

Background & Purpose of Study

Single-molecule force spectroscopy (SMFS) is a powerful technique In the simulations of the forced unfolding of

to study the unfolding of soluble and membrane proteins. Coarse-

Unfolded State Folded State . . .
bacteriorhodopsin (bR), we are able to rapidly

grained (CG) models expedite the MD simulations and allow for C\ . protem@awon reproduce the characteristic features displayed in

slower and more realistic extraction velocities and lower pulling L T with Upside
forces for simulating SMFS experiments. These factors increase the L LT —

likelihood of observing transient intermediates.

We simulate the forced unfolding of membrane proteins using our

CG model, Upside, with 6 atoms/AA and incorporating new Pulling end
membrane potentials. Upside can reversibly fold some soluble
proteins up to 100 AA in CPU-hours without the use of fragments or )
homology. Our membrane potentials are derived from statistics of e — Membrane |E|3'¢:g,-:' -]
known structures, accounting for burial depth in the membrane and ----- ¢v‘ K

side chain exposure levels.

experiments, including the unfolding of individual and
pairs of helices, worm-like chain behavior of the elastic
| \| | ’)" L unfolded segments and the back-and-forth transitions
Protein-lipid Interaction protein-linid Interaction between states with a comparable resolution as the
experiments. The difference in the unfolding pathway
are compared for the isolated monomer and in trimeric

T / ' form. We can observe more intermediate states in the
unfolding of a monomeric bR from the trimer.
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Thermal fluctuation of cantilever matches spring constant
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Simulating SMFS — Obtain correct physics
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” residues exposed to lipid

: Schramm, DeGrado, Samish et al.,
Structure 20 (2012) 924

Spring const. = 0.01 kT/A? = 4.1 pN/AZ at 298 K
Pulling vel. = 0.001 A/step.
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@ Intermediate detected in exp. [Yu et al., Science 355 (2017) 945]
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