How To Make the Most of Future Supercomputing
Resources
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ENIAC was able to carry out ~IDoperations/second



COMPUTER SIMULATIONS TODAY
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ENIAC was able to carry out ~I0operations/second.
Today, the leading supercomputers do close to 18 operations/second.
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REACHING PREXASCALEOMPUTING
LUMISTARTING TO OPERATE IN 2021
PERFORMANCE ~2BETAFLOMS (2 x 1017)

https://  datacenter.csc.fi / wp/about - eurohpc /

What HPC research can we do now*
And what we cannot?



TIMELYSAMPLE SARSCOW2 & ITSMAINPROTEASE

(3CLPRO)
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(e.g.: MPA & ribavirin)
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6TIMELYSAMPLESARSCO\»‘Z & ITSMAINPROTEASE

Dimerization interface A Maln protease mm
human analogue, soittitsaan
ideal antiviral drug target

A How to block tine nnaiin
protease?

A The enzyeeds acyive@rénss
a dimer, therefore blodk itts
dimerization

A CSS'€dD¥eID-10 prdjdctD
work In progressé about
0.5 ms atomistic
simulations in a month

Mutations Peptidic substrate

S.Kaptan, M. Girych G.Enkavi W.Kulig, T.Rog, V.Sharma, 1V((2020)



DIMERIZATION GFOMODIMERICLASS | CYTOKIN

RECEPTORS & eRWPEASE

A If these receptors
associated wiith Ilarnuss

kinases are oo axiive tth

outcome can lbe diisease,

gt such as lewtkenia

RSl A Typicsl causecaaee

' mutations, but the

- Sr st mechanism of action?
VRN T simulations showedl tiinat

the mechanism of

activation Is the

dimenzaiion of (wo

- related monomer proteins

;ﬁ% ff,\. A Certain mutations induee

PR R R dimerization without

S.Wilmesetaal., Science‘36ﬁ2§'{2620) cytokine binding




TACHYCARDIABETA BLOCKERS AND LIPIDS

8 CONTROL THE BEATI NHhardédr)

The activation of receptors suchas |}
a,ARthat control the heart beating
takes place on time scales in the

range of milliseconds.

777 ] N
However, until now the simulations
have reached 10100 microseconds.




Mechanism of allosteric regulation ofa,ARby cholesterol:

Ma n n a Vattuainen. eLife5, e18432 (2016).
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Cholesterolibinds |
allbsleocsittem,ARc a | |

Cholesterolimodulatesits
activation.

Full activation cyclerremains
unclear: Computing
resources:should increase
by a factor of ~10




DRYEYE SYNDROND:E Stought )

Tear AludiLigpedUagye (\AHLL):

~20-100 nm thiiclk

A One off tihe mmst commen
ophthalmological diseases

A Typicallly cassecblyy
excessiveaavpooadio o f
tear fluid from the ocular

~ surface

A Curvent eyedingp
treatments help only a
couple of hoursd some key
content Is missing

A Lipidomics data show tinai
DESedletishaaea ¢ddoedd
wax esier profiles im tie
tear fluid lipid layer



Wax estiersreatlvconuater
evaporation sigiflicantly
Surprisingly, waxeastesnage
not included in tear dirmps

How albout muiliti-component
tear fluid lipids layers wntiar

blinkiing? Non-

equilibrium
processes
over ~1 ms
and ~sevetll
secondis

Temperatureg

R Mean moleculararea
R. Paananen-etal.,) PhysChemLett 10, 3893 (2019)




HOW IMPAIRMENT ONSULINRECEPTOR ACTIVATI(

C B Journal of
Cell Biology
VOL 218 * NO 9 » SEPTEMBER 2019 .JCB.ORG

Structure of the activestate
insulin receptor fitted to the
cryo-EM density map

However, activation process of the insulin receptor?
A B C D

?

| .«(\A Vs : ‘ = ‘
Guttmannet al., J CelBiol (2019) &
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apo-IR-ECD liganded IR-ECD



