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Influenza

The world is not ready

for a fast-moving
airborne pandemic that

Is the flu a relatively innocent disease? could kill up to 80 million

people, wipe out 5% of the
global economy and create

Some statistics (WHO): social chaos.

» 10% of world population gets infected yearly

« associated with 250,000 — 500,000 deaths,
in particular in young children, elderly, and
people with other diseases
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Influenza

Is the flu a relatively innocent disease?
Mutations cause zoonosis
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Understanding Influenza (Flu) Infection:
An Influenza\\ us Binds to a Respiratory Tract Cell M2 channel e

T 4

Influenza virus

Neuraminic
protein

- Surface of
respiratory
tract cell
(lipid bi-layer)

After influenza viruses enter the human body, they attach to cells within AT
the nasal passages and throat (i.e., the respiratory tract). The hemagglutinin (HA) surface proteins of the influenza virus bind to the sialic acid receptors
on the surface of a human cell like a key to a lock. The influenza virus is then able to enter and infect the cell. This marks the beginning of a flu infection.



Influenza

Structure of the influenza virus:
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Influenza

Basic motif of selectivity: o _ o
HA affinity, in particular the selectivity

for 2,6-SLN/2,3-SLN (human vs avian
Sialic acid receptor) is a good indicator for bird
Galactose to mammal transmissibility
N-acetyl
glucosamine

2,6-S(LN).
OH  cooH

2,3-S(LN),



The molecular “picture”

What can a chemist contribute to flu virology?
Viruses interact by multivalent interactions:
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The molecular “picture”

Monovalent vs multivalent:
Use of biolayer interferometry
(BLI):

Monovalent affinities in the mM
range and within 1 order of
magnitude

Multivalent affinities differ by
orders of magnitude and with a
strong dependence on receptor
surface density

X. Xiong et al., Nature
2013, 497, 392
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Superselectivity

Mono-valent

Multi-valent

Superselectivity:

ng=2 nr=>6

— Mono-strong
0.8 4 — Mono-weak
-=- Multi

Martinez-Veracoechea, Frenkel, PNAS 2011, 108, 10963
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Multivalent Affinity Profiling

Direct visualization of superselective binding of influenza at surface
gradients:
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Multivalent Affinity Profiling
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A multivalent sensing concept: Multivalent Affinity Profiling (MAP):
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Multivalent Affinity Profiling

Multivalent Affinity Profiling: the platform:
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Gradients in lipid membranes

Experimental design: supported lipid bilayers (SLBs):
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Gradients in lipid membranes

Experimental design & gradient formation:
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Gradients in lipid membranes

Fixation of the gradient in supported lipid bilayers:
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Multivalent Affinity Profiling

Influenza viruses at surface gradients:
Surface chemistry:
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Multivalent Affinity Profiling

Influenza viruses at surface gradients:
Fluorescence detection of (labeled) virus binding:

SAv-AF488 (glycans) Before virus

2,6-S(LN);-biotin
(human)

2,3-S(LN);-biotin
(avian)

PR/8/34 mt. Sinai
Labelled 0.014 mM R18
6.7E8 mL1,934 uL

(LN),-biotin
(neg. control)

ACS Central Science 2020, 6, 2311



Multivalent Affinity Profiling

Multivalent Affinity Profiling: fluorescence microscopy:
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Multivalent Affinity Profiling

Influenza viruses at surface gradients: — Mono-srong

Detection of threshold density:
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Multivalent Affinity Profiling

Normalized virus coverage

Multivalent Affinity Profiling: threshold densities for different glycans:
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Why is the binding more sensitive to glycan length for the 2,6-glycan??
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A multivalent model of influenza binding

Development of a
multivalent
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A multivalent model of influenza binding

Hypothesis:

Biological systems occupy a ‘sweet spot’ in the binding energy
landscape !? Weakly multivalent 1?

Interaction is dynamic:

- Ki/N,V = 2-10

- each site is 10-20% of the time
unbound

ACS Central Science 2020, 6, 2311 - bound & unbound lifetimes ~ms

ACS Nano 2019, 13, 3413




Hierarchical
multivalent effects
control influenza
host specificity:

Influenza HA
(PDBID: 1RVX)
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Influenza

Hypothesis:

Biological systems occupy a ‘sweet
spot’ in the binding energy landscape !?
Weakly multivalent !1?

New questions arise:

« Why are the binding sites of HA positioned so far apart? Does the
resulting low EM lead to an evolutionary advantage?

 What is the role of NA? Reactivity (splitting off the terminal sialic
acid) to reduce EM?

 What are the effects of HA and NA density and clustering on virus
binding?

 What is the impact of HA and NA mutations on virus binding? And
on crossing the inter-species barrier?

« Can we make new small-molecule based virus inhibitors?

Etc... Small 2021, in press
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