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Introduction & Motivation

A novel COVID-19 outbroke and spread worldwide in the past
few months. The outer membrane spike glycoprotein (S-
protein) is the prime host interacting protein with host cell
targets (such as ACE2) important for cell adhesion and virulence
[1]. In this study, we focus on the molecular dynamics (MD)
modeling of the temperature-dependent properties of the S-
protein, to offer a direct understanding of the its conformational

variations, and the possible critical temperature value. <2
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HPC helps us to answer the quest|on Will the SARS-CoV-2 be
more or less infectious as the ambient temperature increases?

The HPC Resources
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Results: SARS-CoV-2 undergoes a temperature-mediated structural change at 60~80°C.

" Time-dependent motions of the structure at temperatures below 100°C
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" We introduce # of protein-water H-bonds to interpret the thermal ® Time-dependent motions of the structure at temperatures
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» Residue-Based Analysis within 1.5-2.0 ps.
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Conclusions & Future Work

The world's top supercomputers enable Ilong-time MD
simulations, filling the gap of our understanding of the
temperature-mediated structural variation of the SARS-CoV-2 S-
protein and enable us to explore the molecular-scale
information, including key temperature-sensitive residues.

We will:

« Continue running simulation at three extremely high
temperatures to explore the phases of denaturation for S-
protein;

* Analysis more properties including the Gibbs free energy;

 Provide an effective temperature range for identifying the
lethal temperature for the SARS-CoV-2 in vitro prediction

through machine learning.
Machine Learnlng

_______________

Effective Computer Simulations:

Temperature Range InSilico Data el | Critical

i—> Temperat

Laboratory Experiments:

Testing and Verifying ure

temperature). The clusters agree with lab-bench experiments [2]. lines).
le3 Clusters A le3
ZoC = > 4 clusters 5 e —_— PP, .
g — correspond - 1.1
6.0 20°C o to weeks- T
) > O days-, mins- c 2.0; 1.08
5.8 57°C O S and seconds- £ =
2 o life duration N15 =
556 (U] | o 0 0.93
9 60 °C 5 ?) » Simulations E g
C o ; I
T, slc at 70 °C is 1.0- 0.8
Q P s i A a between
_CI) 70°C I l ze] KO .
Tgo s B 4k mins  group 0.5 150°C 0.7
to seconds - - - - ' '
95°C O group 0.0 0.1 0.2 0.3 0.4 0.5
5.0 22 | Time (us)
0.35 040 045 0.50 0.55 0.60 0.65
Averaged RMSD = MD-HPC enable us to virtualize structure trajectory at 300 °C
" We define a measure of the growth rate based on RMSF to quantify to find out atom-level details for denaturation.
the flexibility of residues on S-protein. We demonstrate the method - s
with the case under the temperature 37°C and visualize residues of top ' X RMSF i
2.79 !
five percent high growth rate. | 2.25 Color !
1.5 RMSFqqo — RMSF. 7 Bar
% 10- GrowthRate = >Fa00 >Fs00 1.17 |
o 5 o/ RMSFsqq L 0.63 |
£ ©8 700585 - l :
S ' RMSFqyyq: calculated within 0.5-0.9us 0.09 |
O 0.01 |
© s | | | | \ \ | RMSFsq: calculated within 0.2-0.5ps |+ t=Ops  t=01lpus  L=UaAK
0 500 1000 1500 ZOXO\OZSOO 3000 Chain C i E > The SideChaihS Of the S_
Ranking g ; protein gradually lose
> 020 \ g § their structure at 300 °C
5 015 within 0.4 ps.
G 0.101
2 005, g . » Most a-helix remain
& o000 = g | stable even at 300 °C.

_________ t:Opst:Qéus

Growth Rate

In Vitro Data

. . INSTITUTE
.+ The project is sponsored by the OVPR&IEDM ENGINEERING-

COVID-19 Seed Grant, Pls: P. Zhang, Y. Deng, M. ST
Rafailovich, M. Simon.

« The project is supported by the SUNY-IBM
Consortium Award, PI: Y. Deng, Co-I: P. Zhang.

« Core simulations were conducted on the AIMOS
supercomputer at RPI and the WSC Cluster at IBM
through an IBM Faculty Award FPO002468 (PI: Y.

Deng). @ =2 ZCIUWIULF

..lli

[1] Song WF, Gui M, Wang X, et al. Cryo-EM structure of the SARS coronavirus
spike glycoprotein in complex with ACE2. PLoS Pathog. 2018;14(8):e1007236.

[2] A. W. Chin et al, "Stability of SARS-CoV-2 in different environmental
conditions," 2020.




