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Research Focus: Host-Pathogen Interactions

dynamics, antivirals &
antibodies / vaccines
(Gram-negative) bacterial cell
envelopes, membranes
(lipopolysaccharide), & antibiotics

(also non-enveloped
viruses...)

Host cell membranes, immune
3
receptors, & anti-inflammatories
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Biomolecular Simulations & Multiscale Approaches

Methods of choice: (1) Molecular simulation.
(2) Integrative modelling.

(3) Multiscale approaches.
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Dengue — “Shape-Shifting” in the “Arms Race”

With SM Lok, Duke-NUS + NUS, SIgN, SGH (NRF CRP) (2) Modelling of clinical vs. lab strains:
envelope mutations alter virus morphology at
different temperature (e.g. fever). Altered
epitopes = resistance to antibodies/vaccines.

fever
—

salt

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

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

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

Fab1C19 i

(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.

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



Cryptic Pockets in the Envelope?
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» Benzene: a “virtual chemical probe” for uncovering
M' cryptic sites... but what about membrane proteins?
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A Functional Role for the a-Pocket in Flaviviruses?

Constant-pH simulations:
low pH = cluster disruption
& release of domain Il
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* Benzene binding pattern correlates with phylogenetic relationships. Zuzic et al
* B-0OG pocket: strain-specific; a-pocket conserved — and site of ionizable cluster. Submitted (2022) 7



Endogenous Peptides vs. Gram—Negative Bacteria

O antigen
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Photorhabdus luminescens inside nematodes

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



Selectively Inhibiting the Outer Membrane Insertase
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The antibiotic darobactin mimics a -
strand to inhibit outer membrane
insertase. Nature. 593:125 (2021)

Cardio.Iipin
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... 9



SARS-CoV-2 Spike: Dynamics & Some Surprising Interactions
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Cryo-ET (Ke et al, 2020)

& ® SARS-CoV-2 S protein:ACE2 interaction reveals novel
c : allosteric targets. Elife. 17:e1009331 (2021) — with Ganesh
— 4 SARS- Anand & Paul MacAry
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l -3 0 ] ® Allosteric perspective on mutability & druggability of SARS-
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Golgi-like membrane:
C-terminal Cys 47% ~C, 20% PE, 11% g
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Site-specific steric control of SARS-CoV-2 spike
1{ o [{ Rep 1273 glycosylation. Biochemistry. 60:2153 (2021)

Glycosylation and serological reactivity of an expression-

sisz sz enhanced SARS-CoV-2 viral spike mimetic. J Mol Biol.
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Defining a Novel Interaction: SARS-CoV-2 Spike / LPS

(A) Spike protein:LPS affinity = CD14 (microscale thermophoresis).
(B) Spike protein boosts NF-kB response to LPS.
(C) Inflammation in NF-kB reporter mice.
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SARS-CoV-2 spike protein binds to bacterial lipopolysaccharide
High blood level of LPS and boosts proinflammatory activity. J Mol Cell Biol (2021) 12:916

SARS-CoV-2 infection

Hyper-inflammation

® 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 > respiratory failure, sepsis & death. ® LPSsites: docking (S1+S2) / simulations — S2 site.
® Surprising reports of “TLR4 interaction”... 11




Benzene Mapping of Spike & LPS Binding
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® PMFs for LPS to S1 & S2 — low & high affinity sites.
Zzuzic et al ® Microscale thermophoresis: Kp's ~nM (S1) & uM (S2).
Submitted (2022) RBD - linoleic acid (LA) ® Supported by HDX-MS, & in vivo S1/S2 “boosting”.



Defining a Novel Interaction: SARS-CoV-2 Spike / LPS
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A Thermodynamic Funnel Drives
Bacterial Lipopolysaccharide
Transfer in the TLR4 Pathway.
(2018) Structure 26:1151
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® 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).

Samsudin et al. Submitted (2022) 13



Summary: Multiscale Host-Pathogen Interactions

Atomistic Model Coarse-grained Model

Atomistic Atomistic Coarse-grained Coarse-grained
Lipids Protein Protein Lipids

Chaperone

® Bacterial membranes & LPS: antimicrobial & antiseptic routes inspired by nature.
® Coronaviruses — bacterial LPS interaction & possible role in pro-inflammatory states.
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