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RNA Viruses

Virus Family
. Reoviridae
. Picornaviridae
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. Togaviridae
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. Paramyxoviridae
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11. Filoviridae
12. Coronaviridae
13. Astroviridae
14. Bornaviridae
15. Arteriviridae

16. Hepeviridae

Examples (common names)
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Remdesivir : An Inhibitor of RNA Polymerase
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The Cellular Entry Path of SARS-CoV-2

. Local or systemic
- S protein infection or sepsis
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[ Viral entry, replication,

The S (Spike) Protein selectively binds to ACE2,
then the complex enters via endocytosis 7| Trinity College Dublin

Colaiste na Trionobide, Baile Atha Cliath

As a result, ACE2 is unable to carry out its inherent function of vascular e | TheUniverstyof Dublin
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More dangerous to
patients with
underlying heart
conditions.
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- A strategy:
Diluting the
endocytosis of
SARS-CoV-2

‘
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- The ACE2 enzyme's gene is
located on the X-
chromosome.
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The ACE2 enzyme’s gene is
located on the X-
chromosome.
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Another strategy:
Hinder the contact
surface between
the S-protein and
the patient’'s ACE2.
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Another strategy:

Hinder the contact
surface between the

S-protein and the
patient’'s ACE2.
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Fig.4|The crystal structure of CB6 and SARS-CoV-2-RBD complex and the
competitivebinding of CB6 and hACE2 with SARS-CoV-2-RBD. a, The
complexstructure of CB6 bound to SARS-CoV-2-RBD. The SARS-CoV-2-RBD is
colored in cyan (core subdomain) and yellow (external subdomain). The
variable fragment of CB6is shownwith HCDR1, HCDR2, and HCDR3 loops
from the V,, domain (purple) colored inblue, marine and purple, while the
LCDR1,LCDR2and LCDR3 loop from the V, domain (pink) are colored in
hot-pink, respectively. b-c, Both hydrophilicinteractions (b) and hydrophobic
interactions (c) between CB6 heavy chain and SARS-CoV-2-RBD are displayed.
d, The binding details between CB6 light chain and SARS-CoV-2-RBD are

also presented. The hydrogen bonds are shown as dashed black lines.

e, Superimposition of CB6/SARS-CoV-2-RBD complex and hACE2/SARS-CoV-
2-RBD (PDB code: 6LZG) revealed the steric competition between CB6 and
hACE2 for RBD binding. CB6/SARS-CoV-2-RBD structure was superimposed on
hACE2/SARS-CoV-2-RBD to demonstrate steric hindrance. hACE2 is shown as
cartoon (gray). f, Competitive binding surfaces of CB6 withhACE2 on
SARS-CoV-2-RBD. The SARS-CoV-2-RBD binding surface to ACE2and CB6 is
shown. Theresiduesbound by both CB6 and hACE2 are colored in magenta.
Theresiduesin contactwith hACE2 alone are colored in gray while the residues
incontact with CB6 aloneare colored in blue. The amino acids on SARS-CoV-
2-RBDinterface contacting CB6 or ACE2 are labeled.
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Vaccine
Development
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Current Status of
Vaccine
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Table 1. Vaccine Candidates in Development against SARS-CoV-2

Protein Clinical Trial Company or
Vaccine Type Platform Target Stage Designation Institution Vaccine Name Status
mRNA Lipid-encapsulated S Phase 1 NCT04283461 Moderna mRNA-1273 Recruiting
mRNA (45 subjects)
DNA DNA plasmid S Phase 1 NCT04336410 Inovio INO-4800 Recruiting
(40 subjects) Pharmaceuticals
Human Viral-vectored S Phase 1 NCT04313127 CanSino Ad5-nCoV Active
adenovirus (108 subijects) Biologics
(Ad5)
Chimpanzee Viral-vectored S Phase 1/2 NCT04324606 University ChAdOx1 Planned
adenovirus (510 subjects) of Oxford nCoV-19 (4/20)
Spike protein Bacterially produced S Phase 1 NCT04334980 Symvivo bacTRL- Planned
soluble protein (oral) (84 subijects) Corporation Spike (4/30)
BCG vaccine Immune stimulatory None Phase 3 NCT04327206 Murdoch Childrens BCG Recruiting
(4170 subjects) Research Institute vaccine
NCT04328441 University Medical
(1000 subjects) Center, Netherlands

Information adapted from https://ClinicalTrials.gov.
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The BCG
Vaccine for Tb
Prevention

Cause: (Not a virus but a bacteria)
Mycobacterium tuberculosis (MTB)
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Hydroxychloroquine / Choloroquine and |
its impact on the Immune System
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Hydroxychloroquine / Choloroquine and
its impact on the Immune System

98262 hos
wit

Adm.aister

Trinity College Dublin
Colaiste na Trionéide, Baile Atha Cliath
The University of Dublin




Vitamin D and
Inflammation
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21 Covid-19 Severe Cases
25 Covid-19 Minor Cases
25 non-Covid-19 patients
28 Healthy Controls
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Covid-19 Severe Cases
Covid-19 Minor Cases
non-Covid-19 patients
Healthy Controls

Biomarker Identification
Elucidation of the Pathways

Early Diagnosis of severe Covid-19
cases

Trinity College Dublin
Colaiste na Trionéide, Baile Atha Cliath
The University of Dublin




The Proteomics & Metabolomics of Covid-19 Patients
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Mok group expertise: Technology and/or Instrumentation

The NMR Facility at TCD

What is NMR?
- High-resolution, atomic-level methodology for
the determination of chemical and biochemical

structures of molecules.
- Proteins, nucleic acids, sugars, lipids, drugs

The principle
of NMR is
identical to:
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Mok group expertise: Technology and/or Instrumentation

The NMR Facility at TCD

Leerrned
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High-resolution NMR capacity realises:
Novel drug development (“SAR-by-NMR”)

The validation of molecular identity
(biosimilars / protein aggregation)

Metabolomics of cells, serum, urine —
Large-scale biobank profiling

Atomic-level 3D biomolecular structure

Structure elucidation of nano-scale /
inorganic materials

- Currently the highest magnetic field in all of Ireland and NI.

- Equipped with *H/**N/*3C cold (cryo) probe, biomolecular solid state

D% e
MAS probes, triple axial pulsed-field gradient probes, etc. o °

-
- V43 _ A181 Al¥

7.0 oy("H) [ppm] 6.6
- With the cold probe, capabilities of detecting metabolites and in o

vivo sample concentrations of sub-umolar range.
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Predicting potential drugs through
the analysis of SARS-CoV-2 proteins

16 Non-structural proteins
4 Structural proteins
8 Accessory proteins

Trinity College Dublin

Colaiste na Trionobide, Baile Atha Cliath
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Predicting
potential drugs
through

the analysis of
SARS-CoV-2
proteins

2020.5.10.

The Proteins of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS CoV-2 or n-COV19), the...

Table 6 Drugs that potentially Entry Viral Protein-(Human Gene)

Compound Name(s)

target (modulate) proteins that
interact with SARS CoV-2

E protein-(BRD2/4)
proteins as described in

1

reference [66] 2 N protein-(CSNK2A2)
3 NSP5-(HDAC?2)
4 NSP6-(ATP6API1)
5 NSP6-(SIGMAR1)
6 NSP6-(SLC6A15)
7 ORF9C-(TMEM97)
8 M protein-(ATP6V1A)
9 NSP7-(COMT)
10 NSP7-(PTGES2)
11 NSP7-(NDUFs)
12 ORF9C-(NDUFs)
13 NSP12-(RIPK1)
14 NSP13-(PRKACA)
15 NSP14-(IMPDH2)
16 NSP14-(GLA)
17 NSP14-(IMPDH2)
18 ORF8-(DNMT1)
19 ORF8-(LOX)
20 ORF9b-(MARK?2/3)
21 ORF9b-(DCTPP1)
22 ORF9/NSP13-(MARK3/TBK1)
23 ORF9C-(F2RL1)
24 ORF9C-(ABCC1)
25 ORF9C-(F2RL1)
26 ORF9C-(ABCC1)
27 ORF9C-(F2RL1)
28 M-Protein-(SLC1A3)
29 E protein-(BRD2/4)
30 N protein-(LARP1)
31 NSP2-(FKBP15)
32 ORF8-(FKBP7/10)
33 NSP2-(EIF4E2/H)
34 ORF10-(VCP)
35 NSP6-(SIGMAR1)

jrind&

nav

JQ1.*RVX-208°
Silmitasertib (cancer),” TMCB?*
Apicidin,?* Valproic acid (CNS disease, cancer)®

Bafilomycin A 1?

E-52862.° PD-144418,* RS-PPCC,? PB28,*
Haloperidol (CNS disease)®

Loratadine (antihistamine)®

PB28.* haloperidol (CNS disease)®
Bafilomycin A 1*

Entacapone (Parlunson S dlsease)L

Metformin (diabetes)
Metformin®

H-89*
Merimepodib®

Migalastat (Fabry disease)”

Mycophenolic acid (organ rejection).:‘ ribavirin (virus)®
Azacitidine®

CCT 365623*

Midostaurin,* Ruxolitinib®

ZINC1775962367,* ZINC4326719,* ZINC4511851*
ZINC95559591*
AC-55541,* AZ8838
Daunorubicin®

S-Verapamil (hypertension)®

AZ3451*

UCPH-101*

ABBV-744.” dBET6,* MZ1,* CPI-0610°
pamycin (organ rejection)®

B5083"
Chloroquine (malaria)*
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Through Drug Repurposing

The Proteins of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS CoV-2 or n-COV19), the...

Table 6 Drugs that potentially Entry Viral Protein-(Human Gene)

Compound Name(s)

target (modulate) proteins that
interact with SARS CoV-2

E protein-(BRD2/4)
proteins as described in

1

reference [66] i zsp;:feg;Ez[::QAz)
4 NSP6-(ATP6API1)
5 NSP6-(SIGMAR1)
6 NSP6-(SLC6A15)
7 ORF9C-(TMEM97)
8 M protein-(ATP6V1A)
9 NSP7-(COMT)
10 NSP7-(PTGES2)
11 NSP7-(NDUFs)
12 ORF9C-(NDUFs)
13 NSP12-(RIPK1)
14 NSP13-(PRKACA)
15 NSP14-(IMPDH2)
16 NSP14-(GLA)
17 NSP14-(IMPDH2)
18 ORF8-(DNMT1)
19 ORF8-(LOX)
20 ORF9b-(MARK2/3)
21 ORF9b-(DCTPP1)
22 ORFI9b/NSP13-(MARK3/TBK1)
23 ORF9C-(F2RL1)
24 ORF9C-(ABCC1)
25 ORF9C-(F2RL1)
26 ORF9C-(ABCC1)
27 ORF9C-(F2RL1)
28 M-Protein-(SLC1A3)
29 E protein-(BRD2/4)
30 N protein-(LARP1)
31 NSP2-(FKBP15)
32 ORFS8-(FKBP7/10)
33 NSP2-(EIF4E2/H)
34 ORF10-(VCP)
35 NSP6-(SIGMAR1)

jrind&

nav

JQ1.*RVX-208°
Silmitasertib (cancer),” TMCB?*
Apicidin,?* Valproic acid (CNS disease, cancer)®

Bafilomycin A 1?

E-52862.° PD-144418,* RS-PPCC,? PB28,*
Haloperidol (CNS disease)®

Loratadine (antihistamine)®

PB28.* haloperidol (CNS disease)®
Bafilomycin A 1*

Entacapone (Parlunson S dlsease)L

Metformin (diabetes)
Metformin®

H-89*
Merimepodib®

Migalastat (Fabry disease)”

C

Mycophenolic acid (organ rejection).:‘ ribavirin (virus)
Azacitidine®

CCT 365623*

Midostaurin,* Ruxolitinib®

ZINC1775962367,* ZINC4326719,* ZINC4511851*
ZINC95559591%
AC-55541,* AZ8838
Daunorubicin®

S-Verapamil (hypertension)®

AZ3451*

UCPH-101*

ABBV-744.” dBET6,* MZ1,* CPI-0610°
pamycin (organ rejection)®

B5083"
Chloroquine (malaria)*
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attention.
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