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

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

Abstract Background & Purpose of Study Conclusions

We are interested in simulating the folding of transmembrane helical proteins (TMHs), AG(2) We calculate the distribution of conformations for a variety of
leveraging our Upside molecular dynamics program that can reversibly fold some soluble g transmembrane helical proteins (TMHs), demonstrating that they
proteins up to 97 AA in CPU-hours without the use of fragments or homology. are located in the correct position within the membrane (as
| 5 | | | - | | ) > < k\) water defined by OPM [1]). For multimeric complexes, we find that many
Upside utilizes a number of unique features including a rapid side chain packing and free £ A monomers retain their native orientation when separated
energy calculation at each time step. This procedure enables the dynamics to be ‘CZ) """""""""""""""""" AAAAA] N suggesting that docking is a viable assembly strategy. However,
conducted on only three backbone atoms and avoids having the side chain rattling and E k\) Interface monomers from some ion channels experience larger movement
friction that often slows all-atom methods. A ASuintroineer /I AR A A A 4 & S due to the exposure of charged and polar residues normally
: ”\.\) AG“"“”"“E“X@Z(;)“pid solvated within the channel cavity. The assembly of these TMHs

To apply Upside to TMHs, we include lipid-protein interactions and energies of backbone AGr () | may involve a partial induced-fit mechanism. Comparisons
exposure within the membrane, and do so in a dynamic manner to avoid “double- Tttt Helh@z involving tests of existing knowledge-based membrane potential
counting” of protein-lipid and protein-protein interactions as helices come together. assess their ability to correctly reproduce the native orientations as
successfully predicted by our membrane potentials for TMHs [2, 3].

Energies are obtained from the statistics of large and curated protein training set,

Accurate membrane potential
accounting for both depth in the membrane and exposure levels, E(Z

- transfer energy from aqueous to lipid-water interface

-

exposure)ccin(frequency). and to lipid center (hydrocarbon core) References:
| | o - folding/insertion pathways for membrane-associated [1] Lomize, Mosberg et al., Bioinform. 22 (2006) 623
We also incorporate membrane depth dependent energies for unsatisfied backbone H- oroteins 2] Senes, DeGrado et al., J. Mol. Biol. 366 (2007) 436
bond donors and acceptors. 3] Schramm, DeGrado, Samish et al., Structure 20 (2012) 924

Reference to the Bilayer Interface Allows for Adjustable Membrane Thickness & Only Use Lipid- Upside Dynamic Orientation Tests
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18 hours on 1 core
RMSD best 1.1 A

Hydrophobic Thickness /A

.‘3\ P(y xj), Py %) & P(xj, Y)--- (3x3) probability matrices that minimizes

(1,'* Gprotein = <V> - TS
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