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Breaking the limits  
in glycan recognition  
by NMR

The RECGLYCANMR project is 
breaking new ground in glycan 
research. The project team is 
unravelling how glycans interact 
in our bodies by using advanced 
techniques like nuclear 
magnetic resonance (NMR). 
Their findings hold promise for 
developing effective treatments 
for various diseases.

Glycans are everywhere. Every single cell, 
from the simplest bacteria to complex 
organisms, as human beings, is covered 
by a layer of glycans. They influence a 
myriad of biological events of biomedical 
importance. Therefore, these molecules 
hold tremendous potential in the quest 
for new therapeutics.

RECGLYCANMR employs nuclear 
magnetic resonance (NMR) as a key 
tool for studying, at atomic resolution, 
molecular recognition processes in 
which glycans are involved. Till now, 
sugar recognition by NMR was limited 
to in vitro protocols. However, the 
exquisite glycan selectivity of lectins is 
strongly influenced by the environment. 
Therefore, RECGLYCANMR studies these 
interactions in the biological context, 
with a multidisciplinary approach of 
state-of-the-art chemical biology, in-
cell structural chemistry, and biophysics 
to answer pivotal questions related to 
sugar recognition in Nature and their 
implications for finding solutions for 
diseases. Thus, the synergic employment 
of methods to detect binding with atomic 
resolution (NMR, X-Ray), to characterise 
the dynamic features of the players (NMR, 
MD) and to deduce binding affinities (BLI, 
ITC) is opening new horizons in the field.

Understanding the role of presentation 
and multivalency on glycan recognition 
in Nature is one key issue within 
RECGLYCANMR (Quintana et al., 
2023). Indeed, the presentation of 
glycans on biological membranes and 
their intrinsic chemical characteristics 
display a major impact on recognition. 
From the methodology perspective, the 
interaction features of a key lectin of the 
human immune system, LSECtin, toward 
a variety of asymmetric N-glycans have 
been disentangled in solution by NMR 
and compared to those taking place 
under surface conditions, using glycan 
microarrays (Bertuzzi et al., 2022). In 
particular, the employment of a couple 
of glycoisomers (LDN6, LDN3) and their 
parent non-elongated N-glycan (G0, 
Figure 1) were employed to unravel the 
specific binding modes that occur under 
both experimental set-ups. Strikingly, 
opposite to the observations deduced 

in microarrays, where only LDN6 was 
bound by L-sectin, both LDN3 and 
LDN6 asymmetric N-glycans interact 
with the lectin in a fairly similar manner 
in solution. In conclusion, it is evident 
that drastically divergent results can be 
obtained using diverse experimental 
methods, highlighting the tremendous 
jump that exists when translating 
results obtained  in vitro  to the  in 
vivo environment.

Glycans are usually presented in a 
multivalent manner on the cell surface 
in the glycocalyx. Indeed, as described 
in the preceding paragraph, the 
presentation of glycans may drastically 
impact their binding by lectins, highly 
affecting the corresponding binding 
affinity and even selectivity. In this 
context, we have studied the interaction 
of a variety of multivalent lactose-
functionalised glycomacromolecules 
and their lipid-conjugates with two 
human galectins. We have employed 
as ligands liposomes decorated with 
those glycomacromolecules to evaluate 
their interactions in a cell-mimicking 
environment (Lete et al., 2023). Key 
details of the interaction have been 
unravelled by NMR complemented 
by cryo-EM methods and molecular 
dynamics. It was deduced that hGal-1 
dimers crosslink the lactose moieties 
in the glycomacromolecules, with the 
interactions taking place in cis, within 
the same liposome (Figure 2), or in trans, 

Figure 1: A molecular dynamics snapshot showing that the 6-arm of the GlcNAcβ1-2Man epitope is buried 
at the support’s surface of the arrays, while the alternative epitope at the 3-arm remains fully accessible. In 
contrast, in solution, both arms (left) are fully accessible, as deduced by NMR methods.

connecting disaccharides at different 
liposomes, evidencing the key role of 
presentation of the lectin and the glycan 
to provide efficient binding (Quintana et 
al., 2023).

Human sialic acid-binding immunoglobulin-
like lectin receptors are intimately linked 
to the human immune response. We have 
focused (Lenza et al., 2022) on Siglec-8, an 
inhibitory receptor that inhibits mast cell 
degranulation when bound by sialylated 
glycans or specific monoclonal antibodies 
(mAbs). Indeed, Siglec-8 is a key negative 
regulator of inflammatory responses in 
several diseases, including allergic airway 

Figure 2: Representation of the binding event of 
human galectin-1 binding in trans or cis mode to 
glycans.
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inflammation. We have deciphered the 
recognition features of the interaction 
between Siglec-8 and lirentelimab (2C4), 
a monoclonal antibody under clinical 
development. Moreover, we have also 
unravelled its interaction with a sialoside 
mimetic, both with the potential to 
suppress mast cell degranulation. The 
analysis of the 3D structure of Siglec-8 
bound to the fragment antigen-binding 
portion of the 2C4 mAb was solved 
by X-ray crystallography. Fittingly, the 
2C4 antibody interacts with Siglec-8 
very close to its sialic acid recognition 
domain. The interaction of Siglec-8 
with a small molecule, a high-affinity 
glycomimetic of its natural sialic acid 
ligand (9-N-napthylsufonimide-Neu5Ac, 
NSANeuAc), was unravelled using a 
synergetic combination of X-ray and 
NMR. It was shown that the sialoside 
ring of NSANeuAc binds to the canonical 
sialyl binding pocket, always present in 
the Siglec family. These investigations 
have provided novel clues for advancing 
the rational design of the next generation 
of Siglec-8 inhibitors. 

One key family of glycan receptors in 
Nature are galectins, which display a 
myriad of biological functions related 
to disease. In RECGLYCANMR, we are 
exploring the interaction of galectins 
with glycans, especially the histo blood 
group antigens, since it has been shown 
that hGal-4 binds and destroys bacteria 
that express the blood group B antigen. 
In this context, we have investigated 

Trans binding

Cis binding

Figure 3: 3D models for the interaction of Siglec-8 with a high-affinity glycomimetic. The orientation of several aromatic amino acids (Y7, Y11, Y125) generates a 
hydrophobic pocket where the naphthyl group of the glycomimetic is stabilised.

Figure 4: The fluorinated human galectins: Upper: Gal3-4FW (left) and Gal3-6FW (right). Lower: Gal8N-6FW 
(left) (pdb: 3AP4) and Gal8C-6FW (right).
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the incorporation of 19F-NMR labels into 
galectins to exploit the features of the 
fluorine nucleus to monitor binding to 
glycans by using NMR (Lete et al. 2023). In 
particular, human Galectin-3 (hGal-3) 
and human Galectin-8 (hGal-8) with one 
and two sugar recognition domains, 
respectively, have been employed. While 
h-Gal3 displays one Trp in its amino acid 
sequence, hGal-8 shows three of them, 
one at each sugar-binding site and a 
third one that is not involved in binding 
to glycans. All of them were replaced 
by F-Trp rings. Fittingly, the presence of  
the fluorine atom did not change the 

binding affinity towards the ligands. 
From a technical perspective, the binding 
events were in slow exchange on the 19F 
NMR chemical-shift timescale and 
allowed us to independently observe 
and monitor the binding events that 
were taking place at the two different 
binding sites within h-Gal8. This approach 
provides novel avenues to investigate 
glycan-galectin interactions involved in 
health and disease.
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