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WHO Coronavirus Disease (COVID-19) Dashboard

Data last updated: 2020/8/20, 3:16pm CEST
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SEQUENCE LEVEL

1. Physicochemical properties

2. Secondary structure analysis

3. Conserve and mutation analysis

4. Phylogenetic tree analysis

5. 3-D structure prediction

STRUCTURE LEVEL

1. Structural composition

2. Therapeutic agent identification

3. Binding / active site prediction

4. Structural similarity analysis

5. Structural stability with drug




Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-

2 /human/TUN/COV0425/2020, complete genome

GenBank: MT499219.1

>MT499219.1 Severe acute respiratory syndrome coronavirus 2 isolate
SARS-CoV-2/human/TUN/COV0425/2020, complete genome
ACTTCGATCTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCA
CTTAGTGCACTCACGCAGTATAATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCT

>sp|PODTC2 | SPIKE_SARS2 Spike glycoprotein OS=Severe acute
respiratory syndrome coronavirus 2 0X=2697049 GN=S PE=1 SV=1
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWEH
ATHVSGTNGTKRFDNPVLPENDGVYFASTEKSNITRGWIFGTTLDSKTQSLLIVNNATNVVIKVCE
FOQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVEFKNID
GYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAA
YYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVREP
NITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASEFSTFKCYGVSPTKLNDLCETNVY
ADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLK
PFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPK
KSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSEFGG
VSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSY
NGVEGEFTESNKKFL

CTTCTGCAGGCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTTGTCCGG
GTGACCGAAAGGTAAGATGGAGAGCCTTGTCCCTGGTTTCAACGAGAAAACACACGTCCAACTCAGTT
CCTGTTTTACAGGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGA
CACGTCAACATCTTAAAGATGGCACTTGTGGCTTAGTAGAAGTTGAAAAAGGCGTTTTGCCTCAACTT
ACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGC
GTAGCAGAACTCGAAGGCATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGT
GCGAAATACCAGTGGCTTACCGCAAGGTTCTTCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCAT
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Protein names
Q01784 ZNRD_NEUCR Nitronate ned-2 G174d,200,  Newro: (strain ATCC 24638 / 74-0R23-14
monooxygenase NCUD394s cas 7 DSM 1257 / FGSC 987)
« 38) ASIRS7  2NPD_STAAS M  Probable nitronate SaurdHS_0918  Staph, s aureus (strain JH3)
e manooxygenase
PopL 5 QISVFE  ZNPO_STAAN Probable nitronate SAG781 Staphyiocnoes aureus (strain N3L5)
Human {156,851) monauxygenase
ABZIM7 2MPO_STAAT i  Probable nitronate USA300HOU_0879  Staphylococcus aureus (strain USA30D / TGH1516)
Rice (122,808) " monooxygenase
Mouse (81,515) QuLaTA  ZNPD_STAHI Probable nitronate SH2032 Staphylococcus hasmo train CSC1435)
manooxygenase

A, thaliana (78,450}
P09893  2SSE_BRANA Napin embryo-specific

Zebranish (59,060)
Other organisms ) POCOK4  3001L_ASFWA Protein MGF 300-1L War-025

I [8a] 0 Q9IFIL  343LIVG Probable DNA-directed  IIV6-343L iridescent virus 6 (I1V-6) (Chilo iridescent
RNA polymeras... virus)

https://www.ncbi.nlm.nih.gov/ https://www.uniprot.org/

Molecular weight Total amino acids composition Total number of atoms Negatively charged residues Ext. coefficient Positively charged residues
Grand average of hydropathicity Aliphatic index Protein as stable profile Estimated half-life Molecular formula Theoretical isoelectric point



https://www.ncbi.nlm.nih.gov/
https://www.uniprot.org/
https://web.expasy.org/protparam/

» Accurate prediction of the exact elements of protein 3D structure is essential for any research targeting a protein.

Predicting the formation of protein structures such as alpha helices and beta strands, while for nucleic acids, it means
predicting the formation of nucleic acid structures like helixes and stem-loop structures.

PSIPRED 4.0 (Predict Secondary Structure) SOPMA secondary structure prediction
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* A gene mutation is a permanent alteration in the DNA, protein sequence that makes up a gene, such that the sequence differs from
what is found in most people/ region; In simply, sometimes our DNA sequence gets altered; this is called a mutation.
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EMBL-EBI to be HTTPS by default from 1st October G Q

On the 15t October the majorityof services hosted on www.sbi.ac.uk will be served over HTTPS by default Services that are becoming HTTPS by default will 408 R
..... ot ing the site on i HTTP URLs to secure HTTPS URLs. 1(1) (4T)

Users of EMBL-EBI services may wish 10 update links, bockmarks or AP| clients to use the HTTPS URLs. 614 G
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cov pid 401 1. . . % . .
1 SARS-CoV-2/29/human/2020/IND 100.0% 100.0% DYNYK | | WNSNN 'DSK - NYNY ‘YR 'FRKSN 'K FERD STE YQ
. . §7Tndia/52] 2020 EPL_TSL 430408 100.0% 99.7% d DYNYK WNSNN 'DSK. - NYNY 'YR 'FRKSN 'K FERD STE ¥Q
‘or more sequences. For the alignment of two sequences please instead use our pairwise seguence alignment tocls. 3 Q](19l91‘1 1”_0: Nﬂ " " DYNYE WNSNN DS NYNY IR IFRKSN K FERD STE ™

y . . . " 2 " 4 SARS-CoV-2/166/hi 1020/ IN 0% 99.8% : X | DYNYK WNSNN 'DSK - NYNY ‘YR 'FRISN 'K FERD STE i
Important nate: Ths tool can align Ug to 4000 secuences or @ maximur fs size of 4 MB. Figure 2: Mutation analysis of isolates from Kolkata, Gujarat and Kerala mse::“si;,lm" sman/ 1020/ 10 1 ¢ DYNYK WNSNN DSK NYNY 'R [FRKSN K FERD STE YS

STEP 1 - Enter your input sequences . Multiple sequence alignment of Spike protein sequence of Kolkata isolate with sequences consensus/90% X DYNYK WNSNN DSK. - NYNY 'YR [FRKSN 'K .FERD STE YQ
obtained from other parts of India. Sites of mutation are showed in Red consensus/80% K OV RSN DSK, LS NYNY YR FRESNCK FERD STE YO

. Tabulation of amino acid mutations among isolates from Kolkata. Mutations are shown in consensus/ A L VI b VoL LR T L
red. Number/s in parenthesis show number of isolates that showed the amino acid type.

. Tabulation of amino acid present at the points of mutation for isolates from different parts

https://www.ebi.ac.uk/Tools/msa/clustalo/ of India.

Multiple Sequence Alignment

Clustal Omaga is a new muliple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three

equences in any supported format:
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Most usable software's: MEGA, Dendroscope, FigTree, Phylotree, ggtree

Genetics Analysis
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NL63-CoV S1
1 Unique179 NTR 481 RBD 616 CTR 717

RBM1 RBM2
493-513 531-541 585-590

NL63-CoV RBD

NL63-CoV RBD
RBM1_RBM3

RBM2

3

SARS-CoV S1
NTR 306 RBD 527 CTR 667

424 494
RBM

SARS-CoV RBD

UCSF
Chimera

ARS-CoV-2
ARS -CoV

ARS-CoV-2
ARS -CoV

ARS -CoV-2
ARS -CoV

ARS -CoV-2
ARS -CoV

ARS -CoV-2
ARS -CoV

ARS -CoV-2
ARS -CoV

@ SARS-CoV-2 (PDB ID:6Y2E_R)
SARS-CoV  (PDB ID:2DUC_R)

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIR 60
-GFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIR 59

*********************************'**********:***t%**:&******
[ ] [ ]
KSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNG 120
KSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNG 119

AR KKK KKK KKK R KKK 0 oK 3 HORR RO 1 KRR K R oK K R o R oK K K KK K 3K K ROk KK

[ ] LN J [ ]
SPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGN 180
SPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGK 179

KR KRR KRR ARORORKR | KK AR K KK KK K 3 oK 3K K K KK KK K oK K oK K FOK K oK K o ok ok KoK ok ok oK o

L] L]
FYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE 240
FYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE 239

K KKK KK KKK KR KR K o KKK KKK KR ok K KKK KKK K K K KK K KoK o R Rk K K
[
PLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQC 300
PLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQC 299
K K oK o K K oK K KKK KRR KR KK+ RO R KRR KR RO K K 1 KRR KRR R K R K KOk
[ ] [ ]
SGVTFQ 306

S @. indication of mutation, (*) or star for a conservative sequence (:) or colon for a
conservative mutation and (.) single dot for a semi-conserved region of amino acids




* Proteins are highly dynamic molecules, whose function is intrinsically linked to their molecular motions (analysis carried out by the tool,
DynaMut).

* Despite the pivotal role of protein dynamics has led to most structure-based approaches for assessing the impact of mutations on protein
structure and function relying upon static structures.

Wild-type and mutant residues
are coloured in light-green and
are also represented as sticks
alongside with the surrounding
residues which are involved
on any type of interactions.

To correlate if changes in
secondary structure are also
reflected in the dynamics of
the protein in its tertiary
structure, performed normal
mode analyses and studied
protein stability and flexibility.
Change in vibrational entropy
energy (AASVib ENCoM)
between the wild type Wuhan
isolate and the West Bengal
g ) . isolate was -4.445 kcal.mol
Visual analysis of Deformation Energies = ‘ 1 K1 The AAG was 0.905

' " kcal/mol and the AAG ENCoM

Magnitude of (A) atomic fluctuation and (B) deformation has been ' N was 4.756 kcallm_ql._AII these
shown using thin to thick lines coloured blue (low), white (moderate) ey Mutant suggested a stabilizing
and red (high). mutation in this type of spike.
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LIGAND BASED DRUG DESIGN: It is otherwise known as indirect drug design. It trusts on the awareness of different
new ligand molecules that bind with the target protein molecule. (Known ligand with unknown receptor).
STRUCTURE BASED DRUG DESIGN: It depends on the wisdom of three-dimensional structure of the protein
molecule. Practically the structure was initially identified by X-ray crystallography which improves the aptitude to
produce new drugs that fight against diseases. (Known receptor with unknown ligand).
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3D Structural model

The term "homology modeling® or template-based
modeling, refers to modeling a protein 3D structure
using a known experimental structure (the template).
Structural information is always of great assistance
in the study of protein function, dynamics,
interactions with ligands and other proteins.
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Protein Data Bank archive (PDB) has served as the single repository of
information about the 3D structures of proteins, nucleic acids,
(http://www.wwpdb.org/).

The structural data typically obtained by X-ray crystallography, NMR
spectroscopy, cryo-electron microscopy by world wide
biologists and biochemists and are freely accessible.



http://www.wwpdb.org/

Target Ligand

% Molecular docking, which predicts interaction patterns based on scoring function between proteins and small
molecules as well as proteins and proteins, to evaluate the binding between two molecules is widely used in the
field of drug screening and design.

% It is currently used as a standard computational tool in drug design for lead compound optimisation and in virtual
screening studies to find novel biologically active molecules.
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Sections Type of modeling License Reference

Docking approach Examples

Molecular docking and quantum mechanics, a combined Protein-ligand Commercial Verdonk et al®

mechanistic tool, Modeling ligand—protein interactions in

drug design, Solvent effect as an important parameter Matching of descriptors DOCK, QSDOCK, SLIDE
Gaussian (ONIOM) Molecular docking and quantum mechanics, a combined QM/MM Commercial Gaussian®

mechanistic tool Incremental construction FlexX, Hammerhead
AUTODOCK Modeling ligand—protein interactions in drug design, Protein-ligand Open Morris et al’

Solvent effect as an important parameter

GLIDE Modeling Iigand—pr'otern inter'aztions in drug design, Protein-ligand Commercial Friesner et al® Monte Carlo Simulated Annea“ng AUtODOCk, MCDOCK
Solvent effect as an important parameter

RosettaDock Biological complexes and quaternary structures, Protein—protein Open Lyskov and Gray® Monte Carlo Minimization ICM, QXP
the protein—protein docking approach

pyDOCK Blologlcal- comple:I(es and.quaternary structures, Protein-protein Open Jimenez-Garcia et al'® Molecular Dynamics MDD
the protein—protein docking approach

AquaSol Solvent effect as an important parameter Solvent effect Open Koehl and Delarue''

Genetic Algorithms GOLD, AutoDock3

Abbreviations: ONIOM, our own N-layered integrated molecular orbital and molecular mechanics; QM, quantum mechanics; MM, molecular mechanics.




PROTEIN-LIGAND INTERACTION
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Various common advantages of computational method drug design as follows
*To reduce the complexity
*Time consuming
eAccurate results
*Reproducibility
*Lower cost
*Novel target identification
Major advantages of computation in the drug design process as follows
*Virtual screening and de novo drug design
*/n silico pharmacokinetic properties prediction
*Improved methods for to determine protein-ligand binding.
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