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COVID-19 Global Statistics

Covid-19 is the infectious disease caused by the most recently discovered coronavirus (SARS-CoV-2).



SARS-CoV2 and COVID-19

• Signs and Symptoms

(https://sacoronavirus.co.za/2021/09/12/update-on-covid-19-sunday-12-september/). 



Vaccines and Drugs for Covid-19

Remdesivir (an antiviral nucleotide analogue) PAXLOVID™ (PF-07321332; ritonavir)

Baricitinib (Interleukin-6 receptor blockers)

Bebtelovimab works by binding to the spike protein

There is a global effort from academic and non-academic groups to evaluate and develop an effective 
treatment for COVID-19. 

BioNTech, Pfizer vaccine
CoronaVac vaccine

Johnson & Johnson vaccine
Oxford, AstraZeneca vaccine
Sinopharm BBIBP vaccine

https://www.google.com/search?client=firefox-b-d&biw=1280&bih=567&sxsrf=APq-WBu5TQmCNyMIc5IQM83zDIoLNId8Tg:1646817511318&q=Pfizer+vaccine&si=ANhW_NoJ2qnokM-_T1OcSbqtuEZwAV8ODco_30MwEyRWOUwAr-NRL1i2N5BcX2p9NHGnopBxSH_XnlARBfdkd9PQxeMf6gy_yAPsGKn3CyMBLOMtZ9Ae4ow%3D&sa=X&ved=2ahUKEwijj5am2bj2AhXKPsAKHaYJB6oQg4AHegQIKBAB
https://www.google.com/search?client=firefox-b-d&biw=1280&bih=567&sxsrf=APq-WBu5TQmCNyMIc5IQM83zDIoLNId8Tg:1646817511318&q=Sinovac+vaccine&si=ANhW_NoJ2qnokM-_T1OcSbqtuEZwAV8ODco_30MwEyRWOUwArzNjVxKuqe90KU8_OX6kNRRp3-Gb--AOnz45Ihnb13I1HfuMfqoqi4GLdlPkpCGdCe9mlUU%3D&sa=X&ved=2ahUKEwijj5am2bj2AhXKPsAKHaYJB6oQg4AHegQIKBAC
https://www.google.com/search?client=firefox-b-d&biw=1280&bih=567&sxsrf=APq-WBu5TQmCNyMIc5IQM83zDIoLNId8Tg:1646817511318&q=Johnson+and+Johnson+vaccine&si=ANhW_NoJ2qnokM-_T1OcSbqtuEZwAV8ODco_30MwEyRWOUwAr75oqony9HgHefpdVDfghJ5ZZYGJT38OtvNPcroQ_7_1zDAvwE-A1QwRZt8KbIBYfiEUVmQ2gE9Kxu6JMXL5a2X2qHlA&sa=X&ved=2ahUKEwijj5am2bj2AhXKPsAKHaYJB6oQg4AHegQIKBAD
https://www.google.com/search?client=firefox-b-d&biw=1280&bih=567&sxsrf=APq-WBu5TQmCNyMIc5IQM83zDIoLNId8Tg:1646817511318&q=Astrazeneca+vaccine&si=ANhW_NoJ2qnokM-_T1OcSbqtuEZwAV8ODco_30MwEyRWOUwAr-sUO_lGRX3V9L6oo56SRVkGnlBusof5XLXy8zyBVxL5li-dCTjPDBOMeOzG55bAfbT8-qcmWuAV7oIooA4k2pYR81M1&sa=X&ved=2ahUKEwijj5am2bj2AhXKPsAKHaYJB6oQg4AHegQIKBAE
https://www.google.com/search?client=firefox-b-d&biw=1280&bih=567&sxsrf=APq-WBu5TQmCNyMIc5IQM83zDIoLNId8Tg:1646817511318&q=Sinopharm+vaccine&si=ANhW_NoJ2qnokM-_T1OcSbqtuEZwAV8ODco_30MwEyRWOUwAr1ttnnyJoH8wotFmYYboPF3k6h38oSGPtL1rvKL1yF1_KqfiF0aJlez9z283JrY-5ktDpkr3wznjSDMeb7dFslL9fOUO&sa=X&ved=2ahUKEwijj5am2bj2AhXKPsAKHaYJB6oQg4AHegQIKBAF


Our Humble Contribution

Egieyeh S, Egieyeh E, Malan S, Christofells A, Fielding B (2021) Computational drug repurposing strategy predicted peptide-based drugs that can potentially inhibit the interaction of SARS-CoV-
2 spike protein with its target (humanACE2). PLoS ONE 16(1): e0245258. https://doi.org/10.1371/journal.pone.0245258



Computational Drug Repurposing Strategy 

• There is a global effort from academic and non-academic groups to 
evaluate and develop an effective treatment for COVID-19. 

Egieyeh S, Egieyeh E, Malan S, Christofells A, Fielding B (2021) Computational drug repurposing strategy predicted peptide-based drugs that can potentially inhibit the interaction of SARS-CoV-
2 spike protein with its target (humanACE2). PLoS ONE 16(1): e0245258. https://doi.org/10.1371/journal.pone.0245258



Computational Drug Repurposing Strategy 



The mutations in S protein could have profound
impacts on diagnostic detection, antiviral
immunity, and virus infectivity

https://www.nature.com/articles/s41418-021-00846-4.pdf
N501Y K417N

Accounting for mutations
SCoV2-MD: a database for the dynamics of the SARS-CoV-2 proteome and variant impact predictions



Objectives

• Predict effect of mutations on dynamics of the interaction of the
receptor binding motif of the spike protein with its host receptor
(hACE2)

• Characterize the wildtype and variant forms of the receptor binding
motif of the Spike protein

• Generate pharmacophore model for the wildtype and variant forms of
the receptor binding motif of the Spike protein

• Use the pharmacophore model to screen a natural product database



Mutations in Delta and Omicron variants 

https://covdb.stanford.edu/page/mutation-viewer

Delta

Omicron



Modelling and superimposition of receptor binding motif of 
wildtype, Delta and Omicron variants of SARS CoV-2 spike 
protein
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Wildtype RBM 0 0.09 0.16

Delta RBM 0.09 0 0.21

Omicron RBM 0.16 0.21 0

Wildtype RBM
Delta RBM

Omicron RBM

Wildtype RBM
Delta RBM

Omicron RBM



Dynamics of the interaction

Wildtype RBM: 35 Hbond, 118 VDW Delta RBM 41 Hbond, 119 VDW Omicron RBM 36 Hbond, 192 VDW

Protein-protein complex ΔG (kcal mol-1)

wildtypeRBD-hACE2 -12.6

deltaRBD-hACE2 -12.7

OmnicronRBD-hACE2 -11.8

Prediction of protein-protein binding affinity implemented in PRODIGY (PROtein binDIng enerGY prediction) web server

Residue Interaction with ChimeraX 1.2.4



Dynamics of the interaction

Wildtype RBM: 35 Hbond, 118 VDW Delta RBM 41 Hbond, 119 VDW Omicron RBM 36 Hbond, 192 VDW

Number of Interfacial Contacts (ICs) per property:
ICs charged-charged: 3
ICs charged-polar: 10
ICs charged-apolar: 19
ICs polar-polar: 5
ICs polar-apolar: 24
ICs apolar-apolar: 10
Non Interacting Surface (NIS) per property:
NIS charged: 25.52%
NIS apolar: 34.55%

Number of Interfacial Contacts (ICs) per property:
ICs charged-charged: 3
ICs charged-polar: 10
ICs charged-apolar: 20
ICs polar-polar: 5
ICs polar-apolar: 24
ICs apolar-apolar: 11
Non Interacting Surface (NIS) per property:
NIS charged: 25.91%
NIS apolar: 34.43%

Prediction details
Number of Interfacial Contacts (ICs) per property:
ICs charged-charged: 7
ICs charged-polar: 7
ICs charged-apolar: 19
ICs polar-polar: 6
ICs polar-apolar: 20
ICs apolar-apolar: 10
Non Interacting Surface (NIS) per property:
NIS charged: 25.96%
NIS apolar: 34.84%



Patch surface analysis

Wildtype RBM Delta RBM Omicron RBM

Implemented in Maestro (Schrodinger)



Molecular lipophilicity potential (MLP) maps

Wildtype RBM:
minimum -25.18, 
mean -2.864, 
maximum 23.38

Delta RBM: 
minimum -25.32, 
mean -3.015, 
maximum 23.22

Omicron RBM: 
minimum -25.45, 
mean -2.545, 
maximum 24.04

dark cyan (most hydrophilic) to white to dark goldenrod (most lipophilic)



Wildtype RBM: 
minimum, -9.15,
mean 0.69, 

maximum 9.73

Delta RBM: 
minimum, -8.51, 
mean 1.64, 
maximum 10.35

Omicron RBM: 
minimum, -5.58, 
mean 3.02, 
maximum 13.16

Coulombic electrostatic potential



Molecular Dynamics of the receptor binding motif of wildtype, 
Delta and Omicron variants of SARS CoV-2 spike protein

Wildtype RBM Delta RBM Omicron RBM



Molecular Dynamics of the receptor binding motif of wildtype, 
Delta and Omicron variants of SARS CoV-2 spike protein

Wildtype RBM Delta RBM Omicron RBM



Molecular Dynamics of the receptor binding motif of wildtype, 
Delta and Omicron variants of SARS CoV-2 spike protein

Wildtype RBM Delta RBM Omicron RBM



Molecular Dynamics of the receptor binding motif of wildtype, 
Delta and Omicron variants of SARS CoV-2 spike protein

Wildtype RBM Delta RBM Omicron RBM



Pharmacophore model of wildtype SARS CoV-2 spike protein

Wildtype RBM

Rank Feature_label source

1 R2291 HBond+PhobEn

2 R2148 RingChemscoreHphobe

3 R2111 RingChemscoreHphobe

4 R2297 RingChemscoreHphobe

5 A449 HBond

6 A88 HBond

7 D933 HBond

8 D934 HBond

9 N1570 HBond

10 R2287 HBond

11 R2151 RingChemscoreHphobe

12 A418 HBond

13 R2142 RingChemscoreHphobe

14 D967 HBond

15 A16 HBond



Pharmacophore model of Delta variants of SARS CoV-2 spike 
protein

Delta RBM

Rank Feature_label source

1 N1589 HBond

2 R2264 RingChemscoreHphobe

3 H1454 HBond+PhobEn

4 R2282 RingChemscoreHphobe

5 R2186 RingChemscoreHphobe

6 R1945 RingChemscoreHphobe

7 R2331 RingChemscoreHphobe

8 A142 HBond

9 D1015 HBond

10 D1005 HBond

11 A609 HBond

12 R2188 RingChemscoreHphobe

13 D1021 HBond

14 A544 HBond



Pharmacophore model of Omicron variants of SARS CoV-2 
spike protein

Omicron RBM

Rank Feature_label source

1 R2188 HBond+PhobEnPairHB

2 D933 HBond+PhobEnHB

3 N1570 HBond

4 N1568 HBond

5 R2254 RingChemscoreHphobe

6 R2153 RingChemscoreHphobe

7 R2082 RingChemscoreHphobe

8 R2175 RingChemscoreHphobe

9 A532 HBond

10 A522 HBond

11 D996 HBond

12 D942 HBond

13 D1010 HBond

14 D911 HBond

15 R2162 RingChemscoreHphobe

16 N1588 Electro+HBond

17 A510 HBond

18 H1387 PhobEn

19 R2239 RingChemscoreHphobe

20 A581 HBond



Pharmacophore model screening



Conclusions

• Mutations affects dynamics of the interaction of the receptor binding motif
of the spike protein with its host receptor (hACE2)

• Characterization revealed significant differences in 3D structures of the
wildtype and variant forms of the receptor binding motif of the Spike
protein

• Pharmacophore model generated for the wildtype and variant forms of the
receptor binding motif of the Spike protein

• Virtual screening of natural product database with pharmacophore models
identify potential fusion inhibitors.


