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Why glycan-protein interactions ?

This is the Spik This is the Spike with glycans
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Glycomimetics: rationale and challenges

Sugar/protein interactions as target. Development of probes,
diagnostics, delivery vectors and drugs

Glycomimetics can be

v more metabolically stable and bioavailable than oligosaccharides (more drug-like)
v’ easier to synthesize

v more active (higher affinity) and selective Hard to predict
Computational tools often fail

® Challenges

Low affinity

Large binding sites, solvent exposed
Affinity dependent on solvation/desolvation
Many lectins with overlapping specifity

Selectivity ?




Glycomimetics: some solutions

» DESIGN BASED ON LIGAND STRUCTURE

» THE SUGAR ANCHOR

_ SCREENING | *

» USE FRAGMENT-BASED DESIGN

» EXPLOIT MULTIVALENCY \

v" AVOID GLYCOSIDIC BONDS v KEEP IT SIMPLE

v" INCREASE LIPOPHILICITY v' EXPLOIT MULTIVALENCY



Design based on ligand structure: cholera toxin

GM1-os affinity 43 nM same affinity as GM1-0s
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Design based on ligand structure: DC-SIGN

# Type-ll transmembrane protein (C type — lectin Ca%*-dependent interaction)

mainly expressed by Dendritic Cells

# DC-SIGN recognizes many important pathogens among which: HIV, Ebola,
Dengue, Leishmania, M. Tuberculosis, Candida Albicans, Hepatitis C, SARS-
CoV2

# Generally presented as a homotetramer
# Binds Mannose oligosaccharides and Fucosylated Lewis-type structures
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‘ Dendritic cells : immunity guard
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Design based on ligand structure: DC-SIGN

Doores et al PNAS 2010, 17107

Man,
Estimated affinity 0.21 mM 1K9I
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Kiessling et al Chem. Commun. 2010, 46, 6747 Science 2001, 294, 2163-2166



Design based on ligand structure: DC-SIGN
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Ps-diMan : the synthesis

o 0
“‘\JJ\OMe MCPBA ‘\“\IJ\OM e
OMe  CH,Ch, 20h 1t © OMe
98%
O

o)
Cu(OTH),,
OBz Ny \~OH| cH,cl,
OBz 24 h, rt.,70%
-0
Bégo CoBz
BBZ%ﬁL CCl 0)
Z
MeOOC, O o< oMeol[ H?
MeOOC - NH
TMSOTF, CH,Cl, OMe
N. -20°C, 1h, 85% 0
o 3 \/\N3

Sattin et al ACS Chem. Biol. 2010, 5, 301

Sara Sattin



Thioglycosides: Faster synthesis — More stability

one-pot
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...or with an aziridine...
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Man-based antagonists: the synthesis
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Tertiary amides of ps-Di
selective for Dectin-2
over DC-SIGN
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Man030
IC50 0.3 mM (SPR)
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Thépaut et al J. Am. Chem. Soc. 2013, 2518



PM19 inhibits DC-SIGN mediated trans- QNEN CN)
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DC-SIGN and SARS-CoV-2
O

J/O

N . .

NN R, R R, NTN Franck Fieschi
(0]

; ’ ’ ’ (N N {3—/
N:; 0701,0\/\0/\/'\' N~ /\/OXO/\iNN

NN~

e DC-SIGN binds to the Spike

A B e DC-SIGN/S protein
- . i « PM26 blocks the interaction (SPR)
et S i ¥R EL « No direct infection occurs
B L ene T i  DCs exposed to the virus promote
o trans infection of competent cells
C D e « PM26 blocks the trans infection
1 g Inhibition PM26 % 3237 pm::s‘“‘”
1 téo é’ 100
] T S 75
g £ g
S o —
é’ 1 10 100 }o ° J.DC-SIGN 5MM 500 nM__ S50 nMm 5 nM
[PM26] (M) PM26

M. Thépaut et al PLOS Pathogens 2021, 17(5):e1009576



Design of multivalent structures
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SPR: direct interaction assay
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Multivalency : Scaffold Design

Cinzia Colombo  Giulio Goti

DC-SIGN Glycodendrimer Antagonists

CROSS-shaped dendrimers

® -rPM58 @ = PM59



Multivalency : Scaffold Synthesis
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Multivalency: Rod vs. Cross

= DC-SIGN / . = Langerin

Complementarity of scaffold and
lectin topology adds to selectivity
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SPR direct interaction assay
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xh ‘ DC-SIGN antagonists — Fragment-based design
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‘ Glycomimetics: the sugar anchor
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Bifunctional ligands
Ky, ITC

Sarah Mazzotta
Poster session
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DC-SIGN antagonists — Fragment-based design
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Glycomimetics: Conclusions

Glycomimetics using ligand-structure design successful
Sugar anchor: design by fragment screening on monosaccharide complexes viable

Selectivity: by differential design (different features of carbohydrate binding regions) or
by serendipity (screening)

In multivalent constructs the amplification factor depends on the affinity of the
monovalent ligand: multivalency amplifies affinity differences

The combination of multiple multivalent mechanisms increases affinity: the rebinding
effect can be exploited to amplify the chelation effect

Complementarity of the multivalent scaffold and the receptor contributes both to
activity and selectivity
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