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SARS-CoV-2 PDB Timeline

Late 2019
- Unexplained influenza-like illness seen in Wuhan, PRC

January 2020
- Identified as SARS-CoV-2 virus
- Genome sequence released 

May 2021
- Worldwide cases: 154 Million
- Number of cases in the US: 32.5 Million
- Number of deaths in the US: 578,000

“A SARS-CoV-2 protein interaction map 
reveals targets for drug repurposing”
Gordon, D.E., Jang, G.M., Bouhaddou, M. et al. Nature 583, p. 459-468 (2020).

1. Identified human proteins that interact with SARS-CoV-2 protein
2. Identified 66 potential human proteins targeted by 69 compounds

Respiratory Droplet
2020, Watercolor and Ink on Paper

RCSB Protein Data Bank 
doi: 10.2210/rcsb_pdb/goodsell-gallery-024



1. Study SARS-CoV-2 Human-Protein (HP) interactions through 
visual networks and extend to other viral pathogens 

2. Create composite SARS-CoV-2 network showing compounds 
that can inhibit viral/human protein interactions and extend to 
other viral pathogens

3. Build a database of viral/human proteins and compounds that 
inhibit these interactions

4. Query the database using SQL

Objectives 



Software Used 

Cytoscape

MS Access



“Global landscape of HIV-human 
protein complexes” 

“A SARS-CoV-2 protein interaction map 
reveals targets for drug repurposing”

“Multiple Routes to Oncogenesis Are Promoted by 
the Human Papillomavirus-Host Protein Network”

Research Articles and Networks 

Jäger, S., Cimermancic, P., Gulbahce, N. et al.
Nature 481, p. 368 (2012).

Eckhardt, M., Zhang, W., Gross, A.M. et al.
Cancer Discovery, American Association for 
Cancer Research. Vol. 8, No. 11, p. 1478 (2018). 

Source for all networks: ndexbio.org

Gordon, D.E., Jang, G.M., Bouhaddou, M. et al.
Nature 583, p. 462 (2020).



Viral Life Cycle

https://biology.stackexchange.com/



Human 
Immunodeficiency 

Virus 
SARS-CoV-2

Human 
Papilloma 

Virus

Source: Protein Data Bank https://pdb101.rcsb.org/



Source:    https://in.pinterest.com/pin/732538695626642962/

Four structural proteins: 
• Spike (S) – allows virus to penetrate the cell 
• Envelope (E) – helps assemble new viruses
• Membrane (M) – viral assembly 
• Nucleocapsid (N) – allows the virus to 

camouflage its genetic material to the 
immune system

Sixteen Non-structural proteins:
• Nsp1-16 

Process:
• The Spike protein binds to ACE2 protein 

receptor site in human cell
• After fusing and entering the cytoplasm, 

the virus commandeers the ribosome and 
other protein-making machinery to make 
new copies of itself

Taxonomy ID: 2697049
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=
2697049

Severe Acute Respiratory 
Syndrome Coronavirus 2

(SARS-CoV-2)



Manon Eckhardt, Wei Zhang, Andrew M. Gross, et al.
Cancer Discovery, American Association for Cancer Research. Vol. 8, No. 11, 
pp. 1477 (2018). 

• The capsid includes 360 copies of the major 

capsid chain, called L1. A second capsid chain, 

called L2, is found on the inside and may help with 

packaging the genome.

• Cancer: The genome encodes two small proteins, 

called E6 and E7, that act as cancer-causing 

oncogenes in dangerous strains. They stimulate 

unnatural growth of cells and block their natural 

defenses.

https://pdb101.rcsb.org/motm/221

HPV Structure



HIV Structure
Li G, Piampongsant S et. al. "An integrated map of HIV genome-wide variation from a population perspective".

Retrovirology. 12 (1): 18.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4358901


Create visual networks in Cytoscape showing interactions 
between viral and human proteins 

Cytoscape

Edge 
attribute

Source nodeTarget node



Fig. 2: HPV-human Protein Network Map

Recreated Network in Cytoscape 
with MIST

Green diamonds: 9 HPV-31 
viral proteins
Grey circles: 137 Human 
Proteins
Grey edges: HPV-human 
interactions & human-human 
interactions.

“Multiple Routes to Oncogenesis are 
Promoted by the Human 

Papillomavirus-Host Protein Network
Eckhardt, M., Zhang, W., Gross, A.M. et al. Cancer Discovery, American Association for 

Cancer Research. Vol. 8, No. 11, p. 1478 (2018). 



MIST: Mass Spectrometry Interaction Statistics

• Weighted sum of three measures: 

• Abundance: Protein abundance measured by peak intensities from the mass 
spectrum 

• Reproducibility: invariability of abundance over replicated experiments 

• Specificity: Uniqueness of an observed host-pathogen interaction across all viral 
purifications

• For our purposes: it is a quantitative score to establish how strong protein-protein 
interactions are between the human gene and the viral protein

• Number from 0-1 and is always less than 1, where 0 represents weak interactions 
and numbers close to 1 represent high confidence interactions. 

Jäger, S., Cimermancic, P., Gulbahce, N. et al.
Nature 481, p. 365 (2012).



Red diamonds: SARS-CoV-2 bait 
proteins
Grey circles: human protein interaction     
partners
Blue edges: PPIs from this study. Darker 
blue indicates higher PPI confidence, 
thicker line indicates greater protein 
abundance in the AP-MS sample
Grey edges = PPIs from the CORUM 

Rights Holder: Nevan Krogan | Reference: 
bioRxiv doi: 10.1101/2020.03.22.002386

Fig. 3: SARS-CoV-2 Host-Pathogen Interaction Map

V I R A L  
P R O T E I N

V I R U S  
N A M E

V I R A L  P R O T E I N  
T Y P E

M I S T H U M A N  P R O T E I N U N P  I D

E SARS-CoV-2 SP 0.950342834 SLC44A2 Q8IWA5

E SARS-CoV-2 SP 0.796415039 ZC3H18 Q86VM9

E SARS-CoV-2 SP 0.89310916 CWC27 Q6UX04

E SARS-CoV-2 SP 0.906592876 BRD2 P25440

E SARS-CoV-2 SP 0.97848835 BRD4 O60885

E SARS-CoV-2 SP 0.963550095 AP3B1 O00203

“A SARS-CoV-2 protein interaction map reveals targets for drug repurposing”
Gordon, D.E., Jang, G.M., Bouhaddou, M. et al. Nature 583, 459–468 (2020) 

https://doi.org/10.1101/2020.03.22.002386


Literature-derived drugs and reagents that modulate SARS-CoV-2 interactors 

C O M P O U N D  
N A M E  

H U M A N  G E N E V I R A L  B A I T D R U G  S T A T U S A C T I V I T Y  D E S C R I P T I O N  ( N M )

JQ1 BRD2/4 E Pre-clinical BRD inhibitor, IC50 = 40-120

RVX-208 BRD2/4 E Clinical Trial BRD inhibitor, IC50 = 50-1800

Supplementary Table 3 - Drug-

target associations drawn from 

chemoinformatic searches of the 

literature, including information 

about purchaseability.

Rights Holder: Nevan Krogan

Reference: bioRxiv - doi: 10.1101/2020.03.22.002386

https://doi.org/10.1101/2020.03.22.002386


C O M P O U N D  
N A M E  

H U M A N  
G E N E / P R O C E S S

V I R A L  B A I T
D R U G  

S T A T U S
A C T I V I T Y  D E S C R I P T I O N  ( N M )

ABBV-744 BRD2/4 E Clinical Trial BRD inhibitor, KD = 2.1

dBET6 BRD2/4 E Pre-clinical Degrades BRD proteins,  IC50 < 10000

MZ1 BRD2/4 E Pre-clinical Degrades BRD proteins, KD = 120-228

CPI-0610 BRD2/4 E Clinical Trial BRD2/4 inhibitor, BRD2 IC50 = 25, BRD4 IC50 = 18

Development Status
Green border = Approved

Orange border = Clinical trial

Red border = Pre-clinical

Thicker Dark Blue edges represent host-pathogen protein-protein interactions

Rights Holder: Nevan Krogan |  Reference: bioRxiv - doi: 10.1101/2020.03.22.002386

Expert-identified drugs and reagents that modulate SARS-CoV-2 interactors

Supplementary Table 4

https://doi.org/10.1101/2020.03.22.002386


Create a composite SARS-CoV-2 network showing compounds 
that can inhibit viral/human protein interactions

SARS-CoV-2 / Human-Protein Literature-derived drugs Expert-identified drugs 



Modified Data for “E” Protein - Cytoscape Model

A C T I V I T Y/
M I S T  S C O R E

H U M A N  
P R OT E I N

U N P  I D
D R U G / V I R A L  

P R OT E I N
S TAT U S / V I R A L

T Y P E
A C T I V I T Y/ V I R U S

2.1 BRD2 P25440 ABBV-744 Clinical Trial BRD inhibitor, KD = 2.1

100 BRD2 P25440 dBET6 Pre-clinical Degrades BRD proteins,  IC50 < 10000

120 BRD2 P25440 MZ1 Pre-clinical Degrades BRD proteins, KD = 120-228

25 BRD2 P25440 CPI-0610 Clinical Trial BRD2 inhibitor, BRD2 IC50 = 25

2.1 BRD4 O60885 ABBV-744 Clinical Trial BRD inhibitor, KD = 2.1

100 BRD4 O60885 dBET6 Pre-clinical Degrades BRD proteins,  IC50 < 10000

120 BRD4 O60885 MZ1 Pre-clinical Degrades BRD proteins, KD = 120-228

18 BRD4 O60885 CPI-0610 Clinical Trial BRD4 inhibitor, BRD4 IC50 = 18

40 BRD2 P25440 JQ1 Pre-clinical BRD inhibitor, IC50 = 40-120

50 BRD2 P25440 RVX-208 Clinical Trial BRD inhibitor, IC50 = 50-1800

40 BRD4 O60885 JQ1 Pre-clinical BRD inhibitor, IC50 = 40-120

50 BRD4 O60885 RVX-208 Clinical Trial BRD inhibitor, IC50 = 50-1800

0.906592876 BRD2 P25440 E SP SARS-CoV-2

0.97848835 BRD4 O60885 E SP SARS-CoV-2

0.89310916 CWC27 Q6UX04 E SP SARS-CoV-2

0.950342834 SLC44A2 Q8IWA5 E SP SARS-CoV-2

0.796415039 ZC3H18 Q86VM9 E SP SARS-CoV-2

0.963550095 AP3B1 O00203 E SP SARS-CoV-2



“E” Protein Network with 
Compound Nodes



SARS-CoV-2 Full Recreated Network with Compound Nodes



Composite Network of SARS-CoV-2, 
HPV, HIV Human-Protein Interactions



• Build a database of viral/human proteins and compounds
• Run SQL queries

SELECT Main.[Viral Protein], Main.[Human Gene]
FROM Main
WHERE ((Main.[Viral Protein])="E") And 
((Main.[MIST]>0));

SELECT column_1, column_2, etc.
FROM table
WHERE condition; 

Basic SQL structure: 

List human proteins 
interacting with “E”: 



.

SQL Query

“Switch” operator assigns discrete values for range of MIST Scores in      
new column called “MISTRange”

• Anything between 0.6 and less than 0.7 is assigned “0.6”
• Anything between 0.7 and less than 0.8 is assigned to “0.7”
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SQL: Common Human Genes In SARS-CoV-2 and HPV
Where MIST scores >= 0.6



SQL: Common Human Genes 
In SARS-CoV-2 and HIV
Where MIST scores >= 0.6



Find the common human proteins that interact with 
SARS-CoV-2, HIV, and HPV? 



Common Gene Interactions In SARS-CoV-2, HIV, HPV 



Human Gene

SARS-CoV-2 Viral Protein

HIV Viral Protein

HPV Viral Protein

Cytoscape: Common Gene Interactions In SARS-CoV-2, HIV, HPV 



Common Gene Interactions In SARS-CoV-2, HIV, HPV 
Where MIST scores >= 0.6
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