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Biophysics at the dawn of exascale computers

We are happy to present the special issue titled Bioptoysjmstaig will further enhance cross talk between experi-
the Dawn of Exascale Computers to commemorate theeBRSand computatioc@hmunities (2Gumbarand
Thematic Meeting held in Hambu@grmanyin May  co-workers present a new and notable computational effort
2022. Through the talks and extensive discussions, n&iteg@nhancing sampling tools to reconcile a folding mech
lar and cellular biologists, chemists, physicists, mattesisatifor pertactin tlsatompatible with known experi-
cians,and computescientistsworked to find common mental data (Pyotein unfolding is investigated by using
ground abougharing innovatioasid debate on future accelerated molecular dynamics simulations with adaptive
needs—and to move forward as a community to takempnaathes (4). By bridging molecular cues with phenotypi
tage of leading-edge resoufaash interdisciplinarity inoutcomes, parameters from molecular dynamics simulatior
the discourse was reinforced by the choice of the veareused to seip Brownian and population dynamics of
namely the site of the European X-Ray Free-Electrorstizdirs on the origins of antibiotic resistance (5) and the
Facility,where the physics ldfht-matténteractions is role of missense polymorphisms (6). Solvation (7) and nu-
harnessed to learn biology from molecules up to celld@indacids were also represented in this confetigmce,
tissuesThe special issue epitomizes this multidisciplistuglies ranging from the importance of atomistic force fielc
spiritof the conference and a holistic multiscale viewtomepresetiheir structure and dynamics (8) to the more
biophysicatomputatiorsrranged in 16 contributions, coarse-grained level to understand how molecular conden-
bringing together experimentalists and theoreticiansabeshfokm (9) or how chromatin fibers behave (10).
about the exciting possibilities that exascale computin@owilhutations also help untangle the mechanisms that ur
enable in the field of biophysics. derlie complex molecular processes ranging from the perm
The issue covers a breadth of biological systems ratigimgfsmallsubstrateacrossmembrandid1)to the
from simple proteins and nucleic acids to their oligoméricate catalytic rotary stepoiyATP synthase (12).
complexes used for molecular recognition and locomdtimugh exascale computing offers the promise of pushing
Concomitantlynethodologicdkevelopments realistic back the current limits of molecular dynamics simulations
solvation and membrane models have been reportedatiidiimately tackle organelle-to-cell-scale systems over rex:
probe a multitude of spatiotemporal scales (mesoscigiic tomescales, investigation of very large biological assen
atomistic), while concomitantly melding biophysical btpmtthis time imposes compromises in terraitludr
putationaland quantitativexperimentahsights.We resolution or timescale. Much effort has been devoted to in
brought together experimentalists and theoreticiansoneakéntdne granularitynodleculasimulationsllowing
in the broad areas of protein folding and assembly, ghkeeomena spanning longer timescales to be explored (13
tion of allosteric pathwaysacromolecularteractions, Althoughthe thematicmeetingwas conceivedand
and bottom-upstructureofcells, whereinlarge-scale approved for 202i@,was postponed to 2022 because of
computing isexpected to bring forth majisicoveries. the COVID pandemidnterestinglyhisvery pandemic
Some exemplary findings are now highlighted. brought together the broader community to contribute conr
Computationddiophysicshelps to identifypossible puter time to finding solutions, resulting in the first distrib-
mechanisms of action that would otherwise be difficutietbexascale supercomputer (Folding@home) (14). It also
identify by experiments admeh synergies can be seespearheaded exciting research aimed at better apprehendi
in the work ofKhandelia and co-worke($) in which  how the SARS-CoV-2 virus responds to its environment, in
they rationalize the effafcprotein association on menparticular by examining its diffemniponentkke the
brane curvature and use this knowledge to engineerspikaprotein (15) or the nonstructural protein 1 (16), turnir
sequencekhatincrease associatiohccessto exascale to advanced sampling schemes. At the time of release of tf
issue,three exascale supercomputers have been deployed
for academic use (Fugaku in Japan and Aurora and Frontier
Submitted June 21, 2023, and accepted for publication June 22, 2B28he USA), with others in development. We are excited by
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Altogethemnoleculabiophysics ovéhe nextdecade 2. Melo, M. C,, and R. C. Bernardi. 2023. Fostering discoveries in the era

; ; ; : f exascale computihgw the next-generatiosugfercomputers
will be dominated by a marriage of structural biology a@ powers computational and experimental biophysics alike. Biophys.

imaging with moleculdynamics and machine learning. ). https://doi.org/10.1016/).bpj.2023.01.042.

Taking us a step closer toward capturing blmolecular3ai,§§r9-_ T A. . Hazel,and J.C. Gumbar2023.Uncovering the

blies in action, these methods are d_elivering not only Sty mechanism afertactinA comparative study éfolated
structures butovies of cellular functiofbus,a clear and vectorigblding.Biophys.J. https://doi.org/10.1016/j.bpj.2023.
theme emerged on how to incorporate these experimeftal?’-

data with molecularodelingHoweverwork is needed 4. Thota,N., S. Quirk,., R. Hernande2022.Correlation between

to simultaneously modmmplexity adifferentspatio- chemicallden.aturation and the u_nfolding energetic_s of Acanthamoeba
temporascales Tl‘BlliS need WFi)IIprogeIthe creatig'nm- actophorin. Biophys. J. https://doi.org/10.1016/j.bpj.2022.11.2941.
plementatioand scaling ohew hybrid multiresolution 5. Acharya, A., K. Jana, ., U. Kleinekafen 2023. Fast prediction of

. : . : antibiotic permeability through membrane channels using Brownian
methodologiefyr examplein transition-state sampling, 4 namics. Biophys. J. https://doi.org/10.1016/.bpj.2023.03.035.

studying molecular recognition in crowded and confined en-

vironmentsnd reaching timescales required to monit®rose: N-J., P. Campitelli, ., S. B. Ozkan. 2023. Protein dynamics pro-
vide mechanistic insights alepigtasis among common missense

cellularinteractions—thenteatwe hope to revisitn polymorphisms. Biophys. J. https://doi.org/10.1016/).bpj.2023.01.037.

future theme meetings. 7. Klyshko, E., J. S. -H. Kim, and S. Rauscher. 2022. LAWS: Local align-

ment for water sites—tracking ordered water in simulations. Biophys.
J. https://doi.org/10.1016/j.bpj.2022.09.012.

ACKNOWLEDGMENTS

8. Liebl, K., and M. Zacharia®22. The development of nucleic acids
The organizing team thanks the Biophysical Society, its amazing orgiatizafields: From an unchallenged past to a competitBie-future.
tion staff,the Centdor Free-Electron Las&cience site managers in ~ Phys. J. https://doi.org/10.1016/j.bpj.2022.12.022.
Hamburg (in particular Professgr Arwen _Peansc_ira)l,lourf sponsors -~ g g nchez-Burgos, I., L. Herriott, ., J. R. Espinosa. 2023. Surfactants or
for offering a platform for the timely topic of biophysics at the dawn 9f 8%5/4<? RNAs of differdabgths exhitiieterogeneous distribu-

ascale computers. We would like to thank Arizona State University, YpyM€and play diverse roles in RNA-protein condgiogetes).
sity of Chicago, University of Florida, and Deutsischramzhschule https://doi.org/10.1101/2022.11.09.515827.

for the generous funding.
E K 10. Li, Z., S. Portillo-Ledesma, and T. Schlick. 2022. Brownian dynamics

simulatiolns qf mesoscale chromatin fibers. Biophys. ]. https://doi.org/
Abhishek SingharbyAlberto BrezZ, 10.1016/}.bpj.2022.09.013.
and Chris Chipot> 11. VervustV.,D. T. Zhang,, A. Ghysels2023.Path sampling with

15 i i i i+\vymemory reduction and replica exchange to reach long permeation tim
chool of Molecular Sciences, Arizona State University! Y P 9 gp

. yscales. Biophys. J. https://doi.org/10.1016/j.bpj.2023.02.021.
Tempe, Arizona;

’Department of Chemistry, University of Florida, ~ 12.Kubo, S., T. Niina, and S. Takada. 26220pling and symmetry
Gainesville. Florida: mismatch in ATP synthase resolved i, eoEatidn step. Biophys.
3 » Fionda, ) ) J. https://doi.org/10.1016/j.bpj.2022.09.034.
UMR 7019, Universitle Lorraine, Laboratoire 13. MacCallum, J. L. S. Hu, ., D. P. Tiel 2023, An imol ati

; 5 . MacCallum, J. L., S. Hu, ., D. P. Tieleman. . An implementation
International Asse@NRS, Vandceuvrediancy, of the Martinicoarse-grained force field in OpenBidphys.).
Erance; https://doi.org/10.1016/j.bpj.2023.04.007.

Department of PhySICS.' U.nlver5|ty of lllinois at Urbaplﬁ-Voelz, V. A., V. S. Pande, and G. R. Bowman. 2023. Folding@home:
Champaign, Urba_na, ”“n_O'S and _ achievements from over twenty years of citizen science herald the ex
>Department of Biochemistry and Molecular Biology, ascale era. Biophys. J. https://doi.org/10.1016/j.bp}.2023.03.028.
University of Chicago, Chicago, lllinois 15. Dokainish, H. M., and Y. Sugita. 2022. Structural effects of spike pro-

tein D614G mutation in SARS-CoBi@phys}. https://doi.org/10.
1016/j.bpj.2022.11.025.

REFERENCES
16. Dutta,P., A. Kshirsagar,, N. Sengupta2023.Conformational
1. Zanjani, A. A. H., A. Mularski, ., H. Khandelia. 2023. Engineering &nsemble of the NSP1 CTD in SARS-Coerspectives from the
membrane-binding protein to trimerize and induce high membrafree@nergy landscadiephys). https://doi.org/10.1016/j.bpj.2023.
vature. Biophys. J. https://doi.org/10.1016/j.bpj.2023.04.002. 02.010.

EO2 Biophysicaljournal 122, EO1-EOQ2, July 25, 2023



	Page 1
	Page 2

