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• ID HTPO Seed Fund – Glycan-Centric Surveillance of Viruses
• P&G Predictive Virus Inactivation Efficacy Model for Active/ Prototype Screening
• Singapore Food Story R&D Programme – Alternative Proteins Seed Challenge
• NMRC OF-IRG – drug transporter / resistance in cancers
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Research Focus: Host-Pathogen Interactions

Dengue: flavivirus with lipid bilayer & envelope proteins

Viral envelope 

dynamics, antivirals & 
antibodies / vaccines

(also non-enveloped 

viruses…)

(Gram-negative) bacterial cell 

envelopes, membranes 
(lipopolysaccharide), & antibiotics

Host cell membranes, immune 

receptors, & anti-inflammatories

Coronaviruses: spike proteins & LPS – a novel interaction
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Structure (2018) 26:1151

PNAS (2017) 114:E4213
J Biol Chem (2020) 295:3417

Nat Commun (2018) 9:2762



Biomolecular Simulations & Multiscale Approaches
(1) Molecular simulation.
(2) Integrative modelling.
(3) Multiscale approaches.

Methods of choice:
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Structure (2016) 24:1410
Structure (2019) 27:253    
Structure (2019) 27:618
Curr Opin Struct Biol (2020) 61:146
J Chem Inf Model (2020) 60:3864



Dengue – “Shape-Shifting” in the “Arms Race”

fever

salt

acid

(1) Modelling & biophysics show that host
environment leads to viral envelope “shape-shifting”
between “smooth” and “bumpy” morphologies.

Structure. 27:618-30.e4 (2019)

(2) Modelling of clinical vs. lab strains:
envelope mutations alter virus morphology at
different temperature (e.g. fever). Altered
epitopes = resistance to antibodies/vaccines.

PLoS Pathog. 15:e1007996 (2019)PLoS Pathog. 17:e1009331 (2021)

(3) Modelling & biophysics reveal antibody epitope hidden
below viral surface – but a sufficiently strong antibody can
force the virus to “shape-shift”, exposing it for neutralization.

à Next-gen therapeutics: (a) high-affinity antibodies that (b) recognize diverse morphologies.

With SM Lok, Duke-NUS + NUS, SIgN, SGH (NRF CRP)



Cryptic Pockets in the Envelope?

J. Chem. Theory Comput. 16:5948-59 (2020)

Benzene: a “virtual chemical probe” for uncovering 
cryptic sites… but what about membrane proteins?

(underneath 
kl β-hairpin 
at domain I-
II interface)

(hinge region 
between 
domains I & 
III, important 
in pH-switch)
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A Functional Role for the ⍺-Pocket in Flaviviruses?

Constant-pH simulations: 
low pH = cluster disruption 
& release of domain III.

• Benzene binding pattern correlates with phylogenetic relationships.
• β-OG pocket: strain-specific; ⍺-pocket conserved – and site of ionizable cluster. 7

Zuzic et al.
Submitted (2022)



Endogenous Peptides vs. Gram–Negative Bacteria  

PLoS Comput Biol. 2015 17;11(4):e1004180

ions
ionsbreach

Exploiting an “Angel’s Glow”…

Photorhabdus luminescens inside nematodes

e.g. polymixins (but resistance & toxicity…)
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The antibiotic darobactin mimics a β-
strand to inhibit outer membrane
insertase. Nature. 593:125 (2021)

• Darobactin b-hairpin peptide binds to OMP insertase (BAM complex), blocking native substrates.
• Cardiolipin “plug” is replaced by darobactin - an unusual “extended binding pocket”.
• Interaction mediated via backbone: uniquely robust against potential resistance mutations.
• Antibiotics targeting Gram-negative bacteria: last new class, quinolones >50 years ago.
• With Sebastian Hiller (Uni. Basel) & Polyphor; other scaffolds under investigation…

Selectively Inhibiting the Outer Membrane Insertase
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HIV-1 
gp41 TM 
trimer 
(GxxxG)

C-terminal Cys
palmitoylation
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Fig. 2. Structural analysis of SARS-CoV-2 S trimers from intact virions. (A) Structures of the 
prefusion (left) and postfusion (right) S trimer from intact virions determined by subtomogram 
averaging. The structures are shown as a transparent grey isosurface fitted with structures of the 
closed, prefusion SARS-CoV-2 S trimer (PDB 6VXX) and the postfusion SARS-CoV-1 S trimer (PDB 
6M3W). In the prefusion form, one monomer is colored from blue (N terminus) to red (C 
terminus). The N-terminal domain is blue, the RBD appears cyan. Note that the NTD does not fully 
occupy the EM density because a number of loops are not resolved or built in PDB 6VXX. (B) The 
different conformations of the prefusion S trimer observed on intact virions by subtomogram 
averaging. Three conformations were observed: all RBDs in the closed position (left, fitted with 
PDB 6VXX); one RBD in the open position (center, fitted with PDB 6VYB); two RBDs in the open 
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Cryo-ET (Ke et al, 2020) • SARS-CoV-2 S protein:ACE2 interaction reveals novel
allosteric targets. Elife. 17:e1009331 (2021) – with Ganesh
Anand & Paul MacAry

• Allosteric perspective on mutability & druggability of SARS-
CoV-2 Spike protein. Structure (2022) – with Igor, BII

10

• Site-specific steric control of SARS-CoV-2 spike
glycosylation. Biochemistry. 60:2153 (2021)

• Glycosylation and serological reactivity of an expression-
enhanced SARS-CoV-2 viral spike mimetic. J Mol Biol.
434:167332 (2022)

– with Max Crispin



(A) Spike protein:LPS affinity ≡ CD14 (microscale thermophoresis).
(B) Spike protein boosts NF-κB response to LPS.
(C) Inflammation in NF-κB reporter mice.
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C

• Severe COVID19 common in those with 
metabolic syndrome (diabetes, obesity etc.) 
linked with raised LPS levels.
• Metabolic syndrome predisposes patients 

to severe COVID19: Hyper-inflammation in 
lungs à respiratory failure, sepsis & death.
• Surprising reports of “TLR4 interaction”…

SARS-CoV-2 spike protein binds to bacterial lipopolysaccharide 
and boosts proinflammatory activity. J Mol Cell Biol (2021) 12:916

Defining a Novel Interaction: SARS-CoV-2 Spike / LPS
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• LPS sites: docking (S1+S2) / simulations – S2 site.

Artur Schmidtchen (Lund University)
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Benzene Mapping of Spike & LPS Binding
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• PMFs for LPS to S1 & S2 – low & high affinity sites. 
• Microscale thermophoresis: KD’s ~nM (S1) & µM (S2).
• Supported by HDX-MS, & in vivo S1/S2 “boosting”.

NTD – polysorbate (PS) + haem metabolites

RBD – linoleic acid (LA)

S2 pocket

Zuzic et al.
Submitted (2022)



• Spike protein boosting effect on LPS-mediated proinflammatory response.

• Multiple recent papers: (i) “direct” activation of TLR4 – unlikely; (ii) raised LPS/intestinal 

permeability & sepsis in COVID19 patients…

• Key LPS-interacting residues conserved (<0.01% in all reported sequences in GISAID).

Defining a Novel Interaction: SARS-CoV-2 Spike / LPS
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HCoV-HKU1 QLYYS

• •

510. 515.
SARS-CoV-2 VVV.LSF
BatCoV VVV.LSF
SARS-CoV VVV.LSF
MERS-CoV LQMGFGI
Murine-CoV CQI.FAN
Bovine-CoV CNI.FAN
HCoV-OC43 CNI.FAN
HCoV-HKU1 CNI.FSN

• •

2

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

SARS-CoV-2 F
BatCoV F
SARS-CoV F
MERS-CoV Y
Murine-CoV F
Bovine-CoV F
HCoV-OC43 F
HCoV-HKU1 F

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

1015.
SARS-CoV-2 LIRAA
BatCoV LIRAA
SARS-CoV LIRAA
MERS-CoV LVRSE
Murine-CoV LSDST
Bovine-CoV LSDST
HCoV-OC43 LSDST
HCoV-HKU1 LSDIS

•• ••

3

435.
SARS-CoV-2 VIAWN
BatCoV VIAWN
SARS-CoV VLAWN
MERS-CoV LILAT
Murine-CoV QLHYT
Bovine-CoV QLYYN
HCoV-OC43 QLYYN
HCoV-HKU1 QLYYS

• •

510. 515.
SARS-CoV-2 VVV.LSF
BatCoV VVV.LSF
SARS-CoV VVV.LSF
MERS-CoV LQMGFGI
Murine-CoV CQI.FAN
Bovine-CoV CNI.FAN
HCoV-OC43 CNI.FAN
HCoV-HKU1 CNI.FSN

• •

2

105.
SARS-CoV-2 WI
Bat-CoV WI
SARS-CoV WV
MERS-CoV AT
Murine-CoV SG
Bovine-CoV GV
HCoV-OC43 RV
HCoV-HKU1 KT

•

120.
SARS-CoV-2 IV
BatCoV IV
SARS-CoV II
MERS-CoV LE
Murine-CoV IE
Bovine-CoV VQ
HCoV-OC43 VQ
HCoV-HKU1 VQ

•

125.
SARS-CoV-2 NVVI...K
BatCoV HIII...R
SARS-CoV NVVI...R
MERS-CoV NHCPAGNS
Murine-CoV VIMA...S
Bovine-CoV LLEI...S
HCoV-OC43 LLEV...S
HCoV-HKU1 VLEI...T

• •

175. 180.
SARS-CoV-2 FLMDLE
BatCoV FQLDTT
SARS-CoV FSLDVS
MERS-CoV YTYNIT
Murine-CoV FTLNVN
Bovine-CoV FTYDVN
HCoV-OC43 FTYDVN
HCoV-HKU1 FTYNVS

• •

1

340.
SARS-CoV-2 PFGEVFN
BatCoV PFDKVFN
SARS-CoV PFGEVFN
MERS-CoV DFSPLLS
Murine-CoV NIEEWLT
Bovine-CoV NIEAWLN
HCoV-OC43 NIEAWLN
HCoV-HKU1 DIDKWLN

• ••

360. 365.
SARS-CoV-2 ISNCVADYSVLY
BatCoV ISDCVADYTVLY
SARS-CoV ISNCVADYSVLY
MERS-CoV FTNCNYNLTKLL
Murine-CoV FQNCNFNLSSLL
Bovine-CoV FSNCNFNMSCLM
HCoV-OC43 FSNCNFNMSSLM
HCoV-HKU1 FSNCNFNLSTLL

• • ••

375.
SARS-CoV-2 STF
Bat-CoV STF
SARS-CoV STF
MERS-CoV NDF
Murine-CoV ESL
Bovine-CoV DSF
HCoV-OC43 DSF
HCoV-HKU1 DSF

•

390. 395.
SARS-CoV-2 LNDLCFTNV
BatCoV LIDLCFTSV
SARS-CoV LNDLCFSNV
MERS-CoV IASNCYSSL
Murine-CoV VYGRCFGSI
Bovine-CoV IYGMCFSSI
HCoV-OC43 IYGMCFSSI
HCoV-HKU1 IYGSCFKSI

• • •

1
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B

105.
SARS-CoV-2 WI
BatCoV WI
SARS-CoV WV
MERS-CoV AT
Murine-CoV SG
Bovine-CoV GV
HCoV-OC43 RV
HCoV-HKU1 KT

•

120.
SARS-CoV-2 IV
BatCoV IV
SARS-CoV II
MERS-CoV LE
Murine-CoV IE
Bovine-CoV VQ
HCoV-OC43 VQ
HCoV-HKU1 VQ

•

125.
SARS-CoV-2 NVVI...K
BatCoV HIII...R
SARS-CoV NVVI...R
MERS-CoV NHCPAGNS
Murine-CoV VIMA...S
Bovine-CoV LLEI...S
HCoV-OC43 LLEV...S
HCoV-HKU1 VLEI...T

• •

175. 180.
SARS-CoV-2 FLMDLE
BatCoV FQLDTT
SARS-CoV FSLDVS
MERS-CoV YTYNIT
Murine-CoV FTLNVN
Bovine-CoV FTYDVN
HCoV-OC43 FTYDVN
HCoV-HKU1 FTYNVS

• •

1

105.
SARS-CoV-2 WI
BatCoV WI
SARS-CoV WV
MERS-CoV AT
Murine-CoV SG
Bovine-CoV GV
HCoV-OC43 RV
HCoV-HKU1 KT

•

120.
SARS-CoV-2 IV
BatCoV IV
SARS-CoV II
MERS-CoV LE
Murine-CoV IE
Bovine-CoV VQ
HCoV-OC43 VQ
HCoV-HKU1 VQ

•

125.
SARS-CoV-2 NVVI...K
BatCoV HIII...R
SARS-CoV NVVI...R
MERS-CoV NHCPAGNS
Murine-CoV VIMA...S
Bovine-CoV LLEI...S
HCoV-OC43 LLEV...S
HCoV-HKU1 VLEI...T

• •

175. 180.
SARS-CoV-2 FLMDLE
BatCoV FQLDTT
SARS-CoV FSLDVS
MERS-CoV YTYNIT
Murine-CoV FTLNVN
Bovine-CoV FTYDVN
HCoV-OC43 FTYDVN
HCoV-HKU1 FTYNVS

• •

1

105.
SARS-CoV-2 WI
BatCoV WI
SARS-CoV WV
MERS-CoV AT
Murine-CoV SG
Bovine-CoV GV
HCoV-OC43 RV
HCoV-HKU1 KT

•

120.
SARS-CoV-2 IV
BatCoV IV
SARS-CoV II
MERS-CoV LE
Murine-CoV IE
Bovine-CoV VQ
HCoV-OC43 VQ
HCoV-HKU1 VQ

•

125.
SARS-CoV-2 NVVI...K
BatCoV HIII...R
SARS-CoV NVVI...R
MERS-CoV NHCPAGNS
Murine-CoV VIMA...S
Bovine-CoV LLEI...S
HCoV-OC43 LLEV...S
HCoV-HKU1 VLEI...T

• •

175. 180.
SARS-CoV-2 FLMDLE
BatCoV FQLDTT
SARS-CoV FSLDVS
MERS-CoV YTYNIT
Murine-CoV FTLNVN
Bovine-CoV FTYDVN
HCoV-OC43 FTYDVN
HCoV-HKU1 FTYNVS

• •

1

195. 200. 205.
SARS-CoV-2 FVFKN...IDGYFKIYS
BatCoV YVFKN...RDGFLSVYQ
SARS-CoV FVFKN...KDGFLYVYK
MERS-CoV FGITQTAQGVHLFSSRY
Murine-CoV FHFYQ...HGGTFYAYY
Bovine-CoV FHFYQ...EGGTFYAYF
HCoV-OC43 FHFYQ...EGGTFYAYF
HCoV-HKU1 FHFYQ...ERGTFYAYY

• •

225. 230.
SARS-CoV-2 PLV.DLP
BatCoV PIL.KLP
SARS-CoV PIF.KLP
MERS-CoV FQFATLP
Murine-CoV FLF.SVY
Bovine-CoV FLF.NVY
HCoV-OC43 FLF.NVY
HCoV-HKU1 FLF.SLY

••

2

195. 200. 205.
SARS-CoV-2 FVFKN...IDGYFKIYS
BatCoV YVFKN...RDGFLSVYQ
SARS-CoV FVFKN...KDGFLYVYK
MERS-CoV FGITQTAQGVHLFSSRY
Murine-CoV FHFYQ...HGGTFYAYY
Bovine-CoV FHFYQ...EGGTFYAYF
HCoV-OC43 FHFYQ...EGGTFYAYF
HCoV-HKU1 FHFYQ...ERGTFYAYY

• •

225. 230.
SARS-CoV-2 PLV.DLP
BatCoV PIL.KLP
SARS-CoV PIF.KLP
MERS-CoV FQFATLP
Murine-CoV FLF.SVY
Bovine-CoV FLF.NVY
HCoV-OC43 FLF.NVY
HCoV-HKU1 FLF.SLY

••

2

X non-conserved

X similar

X � 30% conserved

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

340.
SARS-CoV-2 PFGEVFN
BatCoV PFDKVFN
SARS-CoV PFGEVFN
MERS-CoV DFSPLLS
Murine-CoV NIEEWLT
Bovine-CoV NIEAWLN
HCoV-OC43 NIEAWLN
HCoV-HKU1 DIDKWLN

• ••

360. 365.
SARS-CoV-2 ISNCVADYSVLY
BatCoV ISDCVADYTVLY
SARS-CoV ISNCVADYSVLY
MERS-CoV FTNCNYNLTKLL
Murine-CoV FQNCNFNLSSLL
Bovine-CoV FSNCNFNMSCLM
HCoV-OC43 FSNCNFNMSSLM
HCoV-HKU1 FSNCNFNLSTLL

• • ••

375.
SARS-CoV-2 STF
BatCoV STF
SARS-CoV STF
MERS-CoV NDF
Murine-CoV ESL
Bovine-CoV DSF
HCoV-OC43 DSF
HCoV-HKU1 DSF

•

390. 395.
SARS-CoV-2 LNDLCFTNV
BatCoV LIDLCFTSV
SARS-CoV LNDLCFSNV
MERS-CoV IASNCYSSL
Murine-CoV VYGRCFGSI
Bovine-CoV IYGMCFSSI
HCoV-OC43 IYGMCFSSI
HCoV-HKU1 IYGSCFKSI

• • •

1

340.
SARS-CoV-2 PFGEVFN
BatCoV PFDKVFN
SARS-CoV PFGEVFN
MERS-CoV DFSPLLS
Murine-CoV NIEEWLT
Bovine-CoV NIEAWLN
HCoV-OC43 NIEAWLN
HCoV-HKU1 DIDKWLN

• ••

360. 365.
SARS-CoV-2 ISNCVADYSVLY
BatCoV ISDCVADYTVLY
SARS-CoV ISNCVADYSVLY
MERS-CoV FTNCNYNLTKLL
Murine-CoV FQNCNFNLSSLL
Bovine-CoV FSNCNFNMSCLM
HCoV-OC43 FSNCNFNMSSLM
HCoV-HKU1 FSNCNFNLSTLL

• • ••

375.
SARS-CoV-2 STF
BatCoV STF
SARS-CoV STF
MERS-CoV NDF
Murine-CoV ESL
Bovine-CoV DSF
HCoV-OC43 DSF
HCoV-HKU1 DSF

•

390. 395.
SARS-CoV-2 LNDLCFTNV
BatCoV LIDLCFTSV
SARS-CoV LNDLCFSNV
MERS-CoV IASNCYSSL
Murine-CoV VYGRCFGSI
Bovine-CoV IYGMCFSSI
HCoV-OC43 IYGMCFSSI
HCoV-HKU1 IYGSCFKSI

• • •

1

340.
SARS-CoV-2 PFGEVFN
BatCoV PFDKVFN
SARS-CoV PFGEVFN
MERS-CoV DFSPLLS
Murine-CoV NIEEWLT
Bovine-CoV NIEAWLN
HCoV-OC43 NIEAWLN
HCoV-HKU1 DIDKWLN

• ••

360. 365.
SARS-CoV-2 ISNCVADYSVLY
BatCoV ISDCVADYTVLY
SARS-CoV ISNCVADYSVLY
MERS-CoV FTNCNYNLTKLL
Murine-CoV FQNCNFNLSSLL
Bovine-CoV FSNCNFNMSCLM
HCoV-OC43 FSNCNFNMSSLM
HCoV-HKU1 FSNCNFNLSTLL

• • ••

375.
SARS-CoV-2 STF
BatCoV STF
SARS-CoV STF
MERS-CoV NDF
Murine-CoV ESL
Bovine-CoV DSF
HCoV-OC43 DSF
HCoV-HKU1 DSF

•

390. 395.
SARS-CoV-2 LNDLCFTNV
BatCoV LIDLCFTSV
SARS-CoV LNDLCFSNV
MERS-CoV IASNCYSSL
Murine-CoV VYGRCFGSI
Bovine-CoV IYGMCFSSI
HCoV-OC43 IYGMCFSSI
HCoV-HKU1 IYGSCFKSI

• • •

1

435.
SARS-CoV-2 VIAWN
BatCoV VIAWN
SARS-CoV VLAWN
MERS-CoV LILAT
Murine-CoV QLHYT
Bovine-CoV QLYYN
HCoV-OC43 QLYYN
HCoV-HKU1 QLYYS

• •

510. 515.
SARS-CoV-2 VVV.LSF
BatCoV VVV.LSF
SARS-CoV VVV.LSF
MERS-CoV LQMGFGI
Murine-CoV CQI.FAN
Bovine-CoV CNI.FAN
HCoV-OC43 CNI.FAN
HCoV-HKU1 CNI.FSN

• •

2

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

305. 310.
SARS-CoV-2 LKSFTVEKGIY
BatCoV IKNFNVDKGIY
SARS-CoV VKSFEIDKGIY
MERS-CoV YESFDVESGVY
Murine-CoV TQSMLPSTGVY
Bovine-CoV TLSIAPSTGVY
HCoV-OC43 TQSIAPPTGVY
HCoV-HKU1 TKSLLPNTGVY

• • • •

610.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV TL
Murine-CoV LL
Bovine-CoV LL
HCoV-OC43 LL
HCoV-HKU1 LL

•

665.
SARS-CoV-2 PI
BatCoV PI
SARS-CoV PI
MERS-CoV PL
Murine-CoV RM
Bovine-CoV TV
HCoV-OC43 TV
HCoV-HKU1 RM

•

765.
SARS-CoV-2 RA
BatCoV RA
SARS-CoV RA
MERS-CoV QA
Murine-CoV AI
Bovine-CoV AI
HCoV-OC43 AI
HCoV-HKU1 SI

•

1

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

SARS-CoV-2 F
BatCoV F
SARS-CoV F
MERS-CoV Y
Murine-CoV F
Bovine-CoV F
HCoV-OC43 F
HCoV-HKU1 F

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

770.
SARS-CoV-2 IAVE
BatCoV IAIE
SARS-CoV IAAE
MERS-CoV ANLR
Murine-CoV VNNL
Bovine-CoV VNEL
HCoV-OC43 VNEL
HCoV-HKU1 VNGL

• •

835.
SARS-CoV-2 FIK
BatCoV FMK
SARS-CoV FMK
MERS-CoV YMQ
Murine-CoV FVE
Bovine-CoV FVE
HCoV-OC43 FVE
HCoV-HKU1 FVE

•

860.
SARS-CoV-2 VL
BatCoV VL
SARS-CoV VL
MERS-CoV VL
Murine-CoV VL
Bovine-CoV VL
HCoV-OC43 VL
HCoV-HKU1 VL

•

950. 955.
SARS-CoV-2 DVVNQNAQAL
BatCoV DVVNQNAQAL
SARS-CoV DVVNQNAQAL
MERS-CoV DAVNNNAQAL
Murine-CoV SVVNANAEAL
Bovine-CoV AVVNANAEAL
HCoV-OC43 AVVNANAEAL
HCoV-HKU1 SVVNSNAQAL

• •

2

1015.
SARS-CoV-2 LIRAA
BatCoV LIRAA
SARS-CoV LIRAA
MERS-CoV LVRSE
Murine-CoV LSDST
Bovine-CoV LSDST
HCoV-OC43 LSDST
HCoV-HKU1 LSDIS

•• ••

3

435.
SARS-CoV-2 VIAWN
BatCoV VIAWN
SARS-CoV VLAWN
MERS-CoV LILAT
Murine-CoV QLHYT
Bovine-CoV QLYYN
HCoV-OC43 QLYYN
HCoV-HKU1 QLYYS

• •

510. 515.
SARS-CoV-2 VVV.LSF
BatCoV VVV.LSF
SARS-CoV VVV.LSF
MERS-CoV LQMGFGI
Murine-CoV CQI.FAN
Bovine-CoV CNI.FAN
HCoV-OC43 CNI.FAN
HCoV-HKU1 CNI.FSN

• •

2

105.
SARS-CoV-2 WI
Bat-CoV WI
SARS-CoV WV
MERS-CoV AT
Murine-CoV SG
Bovine-CoV GV
HCoV-OC43 RV
HCoV-HKU1 KT

•

120.
SARS-CoV-2 IV
BatCoV IV
SARS-CoV II
MERS-CoV LE
Murine-CoV IE
Bovine-CoV VQ
HCoV-OC43 VQ
HCoV-HKU1 VQ

•

125.
SARS-CoV-2 NVVI...K
BatCoV HIII...R
SARS-CoV NVVI...R
MERS-CoV NHCPAGNS
Murine-CoV VIMA...S
Bovine-CoV LLEI...S
HCoV-OC43 LLEV...S
HCoV-HKU1 VLEI...T

• •

175. 180.
SARS-CoV-2 FLMDLE
BatCoV FQLDTT
SARS-CoV FSLDVS
MERS-CoV YTYNIT
Murine-CoV FTLNVN
Bovine-CoV FTYDVN
HCoV-OC43 FTYDVN
HCoV-HKU1 FTYNVS

• •

1

340.
SARS-CoV-2 PFGEVFN
BatCoV PFDKVFN
SARS-CoV PFGEVFN
MERS-CoV DFSPLLS
Murine-CoV NIEEWLT
Bovine-CoV NIEAWLN
HCoV-OC43 NIEAWLN
HCoV-HKU1 DIDKWLN

• ••

360. 365.
SARS-CoV-2 ISNCVADYSVLY
BatCoV ISDCVADYTVLY
SARS-CoV ISNCVADYSVLY
MERS-CoV FTNCNYNLTKLL
Murine-CoV FQNCNFNLSSLL
Bovine-CoV FSNCNFNMSCLM
HCoV-OC43 FSNCNFNMSSLM
HCoV-HKU1 FSNCNFNLSTLL

• • ••

375.
SARS-CoV-2 STF
Bat-CoV STF
SARS-CoV STF
MERS-CoV NDF
Murine-CoV ESL
Bovine-CoV DSF
HCoV-OC43 DSF
HCoV-HKU1 DSF

•

390. 395.
SARS-CoV-2 LNDLCFTNV
BatCoV LIDLCFTSV
SARS-CoV LNDLCFSNV
MERS-CoV IASNCYSSL
Murine-CoV VYGRCFGSI
Bovine-CoV IYGMCFSSI
HCoV-OC43 IYGMCFSSI
HCoV-HKU1 IYGSCFKSI

• • •

1

NTD pocket
RBD pocket
S2 pocket

Samsudin et al. Submitted (2022)

A Thermodynamic Funnel Drives 
Bacterial Lipopolysaccharide 
Transfer in the TLR4 Pathway. 
(2018) Structure 26:1151



Summary: Multiscale Host-Pathogen Interactions

• Multiscale models of dengue envelope – insights into viral life cycle, antibodies, hidden pockets...   

• Bacterial membranes & LPS: antimicrobial & antiseptic routes inspired by nature.
• Coronaviruses – bacterial LPS interaction & possible role in pro-inflammatory states.
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• ID HTPO Seed Fund – Glycan-Centric Surveillance of Viruses
• P&G Predictive Virus Inactivation Efficacy Model for Active/ Prototype Screening
• Singapore Food Story R&D Programme – Alternative Proteins Seed Challenge
• NMRC OF-IRG – drug transporter / resistance in cancers
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