Molecular aspects of COVID-19
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https://www.nature.com/articles/d41
586-021-02275-2
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LIFECYCLE OF THE PANDEMIC CORONAVIRUS

A simplified account of how SARS-CoV-2 enters and exits cells.

Stage 1: Viral entry

The virus's spike protein binds to a
receptor on the host cell called
ACE2. Then, the host molecule
TMPRSS2 cleaves the spike protein, Nucleocapsid
exposing parts that fuse the viral ‘
membrane with that of the host.

TMPRSS2
/‘ ACE2
4 2t
<./ TMPRSS2 cuts
Stage 2: Inside the cell ’ , the spike protein
Viral RNA is translated into %
non-structural proteins (NSPs) that ;
quickly suppress the translation of »
host messenger RNAs in favour of
those belonging to the virus.
Endoplasmic
reticulum (ER) Vi tei /
(Nr;l,:)ro 2 \ The spikes

\ 3 unravel and pull

{. , - the membrane of

'&vNSPs ; Viral RNA the virus and host

T Ribosome cell together
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@ ER remodelling / §
Stage 3: Remodelling the cell

The virus transforms the
cell’s ER — an internal
membrane network — into
bubble-like structures
called double-membrane
vesicles (DMVs). These
might provide a safe haven
for more viral RNA to be
replicated and translated.

Golgi Furin cut /:@'
apparatus >
Stage 5: The last slice
A'host enzyme named
furin makes a crucial
‘cut at a site of five

amino acids on the
spike protein. This

prepares the virus to
Stage 4: Exit strike another cell.
Once the newly made molecules § Variants have a higher
assemble into a complete virus proportion of snipped
particle, this leaves the cell spike proteins,
through an organelle called the helping them to infect
Golgi apparatus, or perhaps cells more efficiently.

through lysosomes, which are
cellular rubbish bins.
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Furin and TMPRSS2 cleavage sites

A Receptor binding S%SZ 8'2 Membrane fusion
N- FP ™
S1

B S2°
Virus S1/S2 site S2¢ site GenBank sequence
SARS-CoV-2 TNSPRRAR | SVA PSKPSKR | SFIEDIL YP_009724390
SARS-CoV Seim=LIR] 6TS PLKPTKR | SFIEDL AAP13441.1
MERS-CoV TLTPRSVR | SVE TGSRSAR | SATEDL QFQ59587 .1
HCoV-0C43 SKTRRSRR |AIT CSKASSR | SATIEDL AMK59677.1
HCoV-229E SITAVQPR |NVS GSRVAGR | SATEDI APT69890.1
HCoV-NL63 SLIPVRPR|NSS SSRIAGR| SALEDL AFV53148.1
HCoV-HKU1 SSSRRKRR | SIS CGS-SSR|ISFFEDL AAT98580.1
IBV Beaudette NGTRREFRR | SIT PSSRRKR | SLIEDL CAC39300.1




Furin TMPRSS2

<l 9




SARS-CoV-2

Pre-fusion
spike protein

Post-fusion spike



COVID-19 structural proteins

Consists of 16 major proteins:

Replicase polyprotein 1ab

Replicase polyprotein 1a

Spike glycoprotein

Protein 3a

Envelope small membrane protein

Membrane protein
Non-structural protein 6
Protein 7a

Protein non-structural 7b
Non-structural protein 8

Nucleoprotein

ORF10 protein

Protein 9b
Uncharacterized protein 14
Finally 26 known proteins



Number of COVID-19 structural proteins

+—— Spike (S)

& +«————Envelope (E)

20x E pentamers (100 proteins, 75 A.A)

1000x M dimers (2000 proteins, 222 A.A) : P4 Tmmee——
30x S trimers (90 proteins, 1273 A.A) "
1000x N monomers (1000 proteins, 419 A.A) (a)

Reference: DOI: https://doi.org/10.7554/eLife.57309

https://www.nature.com/articles/d41586-021-02039-y



Molecular Diagnosis

At RNA level: RT-PCR (200 copies/ml)= about 70%

At protein level: look for antigen
Anti-Membrane (2000 proteins) antibody
Anti-Nucleoprotein (1000 proteins) antibody

Double



lateral flow Immunoassay (LFA)

Membrane
Spike Nucleoprotein
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Lateral Flow Immunoassay (LFA) or
Biosensors for antigen detection

More reliable and sensitivity
Easy to produce
Much faster results

No need to special device and could be done
at any geographical conditions



Targeting



A HIDDEN SPIKE

The spike protein of SARS-CoV-2 is coated in
sugar molecules, or glycans, which disguise it
from the immune system. It can hinge at three
points on the stalk, giving it flexibility.

Receptor-binding
domain

subunit

S2
subunit




Furin cuts

* |[n SARS-CoV, less than 10% of spike proteins
are primed to infect a human cell

* [n SARS-CoV-2, Alpha variant 50%

* |n the highly transmissible Delta variant >75%
of spikes are primed to infect a human cell.



Alpha variant (spike) Alpha variant 50%
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRS SVLESTQDLFLPFFSNVTWFHATHVSGTNGTKRFDNPVLP

FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGV¥YHKNNKSWMESEFRVYSSANNCTFEYV

SQPFLMDLEGKQGNEFKNLREFVEFRKNIDGYFKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFOQTLLALHRSYLTPGDSSSG
WTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTSNE

NENGLTGTGVLTESNKKEFLPFQQFGRDIDDTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQGVNCTEVPVATIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNS HRRAR

SVASQSIIAYTMSLGAENSVAYSNNSIAIPINFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA

VEQDKNTQEVFAQVKQIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKENG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTAS

ALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILARLDKVEAEVQIDRLITGRLOSLQTYVTQQLIRAAEIRASANLAATKM
SECVLGQSKRVDEFCGKGYHLMSEFPQSAPHGVVELHEVTYVPAQEKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTORNFYEPQIT

TTHNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQ

B O TR ACH I AVVIIREE TS C CSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT



Beta variant (spike) Beta variant 50%
MEFVFLVLL PLVSSQCVNFT TRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTOQDLFLPFFSNVTWFHATHVS GTNGTKRFANPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTEFEYV

SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRGLPQGFSALEPLVDLPIGINITRFQTEEALHRSYLTPGDSSS
GWTAGAAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFE

NENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSEGGVSVIT
PGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRAR

SVASQSIIAYTMSLGVENSVAYSNNSIAIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIA

VEQDKNTQEVFAQVKOIYKTPPIKDEFGGEFNEFSQILPDPSKPSKRSFIEDLLENKVTLADAGFIKQYGDCLGDIAARDLICAQKENG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQFNSATIGKIQODSLSSTAS
ALGKLODVVNONAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVOQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKM
SECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQERKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTOQRNEYEPQI T
TTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQ

B O A A NIEEE 1 T s CCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT



Gamma variant (spike) Gamma variant 50%
MFVFLVLLPLVSSQCVNFﬁﬂﬂRTQLPSAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNYPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV

SQPFLMDLEGKQGNFKNLSEFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSG
WTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTSNFE

NENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSEFGGVSVITP

GTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAE YVNNSYECDIPIGAGICASYQTQTNSPRRAR

SVASQSIIAYTMSLGAENSVAYSNNSIATIPTNFTISVTITEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSEFCTQLNRALTGIA
VEODKNTOQEVFAQVKQIYKTPPIKDFGGENEFSQILPDPSKPSKRSEFIEDLLENKVTLADAGETIKQYGDCLGDIAARDLICAQKENG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTAS

ALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQLIRAAEIRASANLAATRM
SECVLGQSKRVDFCGKGYHLMSFPOSAPHGVVELHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEVSNGTHWEVTORNEFYEPQTIT

TTDNTEFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASEVNIQKEIDRLNEVAKNLNESLIDLQ

BRI AC I AIVANEE T S CCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY T



Delta variant (spike) Delta variant >75%

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHATIHVSGTNGTKREFDNPVLPF

NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWME SEFGVYSSANNCTFEYV

SOQPFLMDLEGKOQGNFKNLREFVEFKNIDGYFKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSG
WTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNE!

NGLTGTGVLTESNKKFLPFQOFGRDIADTTDAVRDPOQTLEILDITPCSEFGGVSVITP

GTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRAR

SVASQSITAYTMSLGAENSVAYSNNSIATIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEODKNTQEVFAQVKOIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKENG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLYENQKLIANQENSAIGKIQDSLSSTAS

ALGKLONVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQLIRAAEIRASANLAATKM

SECVLGOSKRVDFCGKGYHLMSEFPQSAPHGVVEFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEVSNGTHWEVTORNEYEPQIT
TTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLO

E LGOI NG A ASANARIIEE v T S CC SCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY T

Studies have found that Pfizer and Johnson &
Johnson vaccines are less effective against the
delta variant, compared to the alpha strain,
per Popular Science.



https://www.popsci.com/health/infectious-coronavirus-variants-guide

Lambda variant (spike) Lambda variant ?%

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHATHVSGTNVIKRFDNPVLPF
NDGVYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS

QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYETPGNSSS
GWTAGAAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNF

NGLTGTGVLTESNKKFLPFQOFGRDIADTTDAVRDPQTLEILDITPCSEFGGVSVIT

PGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNS PRRAR
SVASQSTITAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSFCTQLNRALTGIA
VEQDKNTQEVEFAQVKOIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKENG
LNVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRFNGIGVTQONVLYENQKLIANQFNSAIGKIQDSLSSTAS

ALGKLODVVNONAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQOLIRAAEIRASANLAATKM
SECVLGQSKRVDFCGKGYHLMSEFPOSAPHGVVEFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEVSNGTHWEVTQORNEYEPQTIT
TTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQ

E LGRSO RS AC I ANVNARIMEEE T S CCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY T

Lambda Variant Shows Vaccine Resistance




The loss of B cell epitope in Lambda variant
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Spike is a glycoprotein
e 22x N- and O-glycosylation sites

* This glycosylation alters B cell epitope recognition



RBD-ACE2

* interaction between RBD and ACE2 involves
residues 445-456, 473-477, and 484-505

B
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B-cell epitope predictions %  Glycanmasking *

* npj Vaccines (2020) 5:81 ;
https://doi.org/10.1038/s41541-020-00237-9




Therapy

Different types of vaccines:

Whole inactivated COVID-19

Recombinant spike protein

MRNA coding spike

dsDNA in adenovirus encoding spike protein
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Membrane ACE2

ATATATATA ATATATATATATA!

VAVAVAVAY, VAVAVAVAVAY,
- N o v

[
O

- ®®»»®» Soluble ACE2

SACE2



Problem

oF |
Buipulg UYHYd €HO
Buipuig bTD e
BUIPUIT HAD ilﬁfo
? \eo
THO
A

qe

9b|

7

Antibody-Dependent Enhancement (ADE)



FcyRlIla, FcyRllla (CD16a)

e CD4+ effector T cells

Antibody s Non-neutralizing
J Antibody

Fc Receptor

Effector Cell



Problem

‘ »>®»®»®» Soluble ACE2
SACE2

Anti-ACE2 antibody (Autoimmunity)



Antibody response

Total amino acids of the virus is about 7000
A.A.

Only 25% of the proteins are B cell epitopes

The best region to develop neutralizing
antibody is spike protein (1273 A.A.)

RBD is about 60 A.A. (25% B cell epitopes)

Only 0.7-1% of the pooled antibody would be
neutralizing antibody



The affinity of neutralizing antibody
must be higher than ACE2 affinity
in binding to the virus

Antibody>ACE2



Vaccinated people

 Still prone to infection but with lower viral
load



Strategy

* A cocktail of monoclonal antibodies (Passive
immunotherapy)

* Peptide-based vaccination (Active vaccination)



Summary and conclusion

 The neutralizing antibody may not necessarily
target the RBD

* Peptide-based vaccines are more safe,
provided increasing the antigenicity



