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Glycans are everywhere. Every cell, from the simplest bacteria and
viruses to those of complex organisms such as human beings, is covered
by a layer of glycans.They influence a myriad of biological events of
biomedical importance, including the modulation of adaptive and
innate immune responses. Therefore, these molecules hold tremendous
potential in the quest for new therapeutics.
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RECGLYCANMR uses nuclear magnetic
resonance (NMR) for studying, at
atomic resolution, molecular recognition
processes in which glycans are involved.
Till now, sugar recognition NMR studies
have been exclusively limited to in vitro
protocols. However, the exquisite glycan
selectivity of lectins and modulation of
promiscuity of glycans is likely strongly
influenced by the environment, and
the cell is a very special compartment.
RECGLYCANMR also studies these
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Advances in" synthetic chemistry,
including chemo-enzymatic methods
with glycosyltransferases and solid-phase
oligosaccharide synthesis, allow us to
access pure glycan structures. Moreover,
the advances in eukaryotic expression
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systems also enable access to well-
defined protein structures with isotope
labelling for NMR studies. Therefore, the
concomitant employment of methods that
permit us to detect binding with atomic
resolution (as NMR), to fully characterise
the dynamic features of the players (NMR
and molecular dynamics) and to deduce
the energy of the interaction (ITC, SPR)
open new horizons for glycan recognition.

Anovel method has been presented to the
scientific community to unambiguously
assess the specific binding epitope,
towards galectins, of glycans displaying
repeating disaccharide entities, such
as polyLacNAc. The combination of
chemical synthesis, using a chemo-
enzymatic approach, with NMR methods
(STD-HSQC) allowed the description of
the specific contribution of each LacNAc
moiety,withinahexasaccharidecontaining
three identical LacNAc disaccharides, to
its interaction with human galectin-1, -3,
-7, -8, and 9. The concept is based on the
selective incorporation of 3C-labelled
atoms only at designed Gal fragments
in the disaccharide (Moure et al., 2021).
No additional chemical tags that may
modify the natural hexasaccharide
were employed. Just the existence of
the %3C-labelled galactose cracks the
degeneracy of the chemical shifts of the
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NMR signals that take place in the regular
2C-containing molecule and permit the
identification of the specific interacting
Gal moiety (Figure 1). This breakthrough
opens new avenues for investigating
biomedically relevant glycan-galectin
interactions at high resolution.

A second breakthrough partially based
on this concept has unambiguously
demonstrated that the spike glycoprotein
of SARS CoV2, initially responsible for
the viral infection, directly binds external
sialic acids (Unione et al., 2022). The
challenge here was to distinguish the
exogenous sialyl-containing  glycans
from those located at viral glycoprotein.
Therefore, two different *C-labelled sialyl
glycans were chemically synthesised, and
NMR spectroscopy (STD-HSQC) was
employed to experimentally assess their
interactions with the fully glycosylated
SARS CoV2 spike  glycoprotein.
Additional NMR experiments carried
out with isolated regions of the spike
(RBD, NTD) and others performed with
blocking antibodies concluded that the
spike efficiently binds external sialic
acids through its N-terminal domain.
These investigations may open new
opportunities to develop glycan-based
inhibitors to interfere with the infection
and thus combat COVID-19.
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Figure 1: The specific interaction of the three distinct Gal moieties within a hexasaccharide with 3 LacNAc repeating units with the carbohydrate recognition domain
unambiguously detected using three specifically 13C-labelled molecules at the Gal positions. NMR allow assessing that the best interaction resides at the interme-

diate moiety.
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Figure 2: 2D STD-*H-3C HSQC NMR experiments demonstrate the direct interaction of the N-terminal
domain of the spike glycoprotein of SARS-CoV-2 with two different sialyl containing trisaccharides with

13C-labels.

Understanding the role of presentation
and multivalency on glycan recognition
in Nature is one of the key issues
within RECGLYCANMR. Indeed, the
presentation of the glycan molecules on
the biological membranes and the intrinsic
structural and chemical characteristics
of these actors probably display a major
impact on the recognition events. In this
context, we have employed liposomes
to mimic the natural membrane (Lete et
al., 2022). The liposomes present diverse
glycosphingolipids  (GSLs), exposing
diverse glycans whose interaction with
two different human galectins, galectin-3
and -8, has been scrutinised by NMR.
Strikingly, the two galectins show
different tendencies in their recognition
preferences towards GM1, GM3, and their
non-sialylated analogues, which depend
on the presence or not of the bilayer. This
fact highlights the key relevance of glycan
presentation to be efficiently recognised
by protein receptors and thus provide the
concomitant biological response.

Regarding the role of multivalency, the
interaction of galectins with glycans
presented in a multivalent manner in
N-(2-hydroxypropyl) = methacrylamide
(HPMA) copolymers have been
evaluated using a combination of
NMR, cryo-electron-microscopy .and
dynamic light scattering (DLS) methods,
in collaboration with the group of P.
Borajova at Prague. Interestingly, it
was demonstrated that, for galectin
monomers, such as galectin-3, the
interaction systematically increased with
the number of lactose units present in
the polymer scaffold, probably due to
statistical effects. In this case, strong
multivalent features were not observed.
However, for galectin homodimers, as
human galectin-1, large cross-linked
supramolecules were generated in the
presence of the polymers, especially for
a particular decoration of the polymer,
again evidencing the key role of proper
presentation of the glycan to provide
efficient binding (Bertuzzi et al., 2021).
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One of the most relevant families of
glycan receptors in Nature is galectins.
These proteins display a myriad of
biological functions related to health and
disease issues. In RECGLYCANMR, we
are focused on exploring the interaction
of galectins with different glycans,
especially the histo-blood group antigens,
since it has been shown that human
galectin-4 can bind to and destroy some
bacteria (Escherichia coli) that express the
blood group B antigen. We have carried
out a systematic multidisciplinary study
(Quintana et al., 2021) combining NMR
with isothermal titration calorimetry
(ITC). These experimental data have
been assisted by computational methods
to disentangle the fine structural,
conformational and dynamic features
of the interaction of the N-terminal
domain of Gal-4 with the histo-blood
group antigens. The B-antigens were
demonstrated to be better binders for

t=400 ns

Figure 3: 3D models for the glycosphingolipids
embedded into liposomes, showing the presentation
of the glycan moieties ready to interact with their
biological receptors.

domain (C and D) with their key glycan ligands.

this galectin. Moreover, we have also
studied the recognition of these and other
glycans by other human galectins. In this
case, the full protein and its C-terminal
and N-terminal domains (CRD) were
analysed using a similar methodology
to that described previously. Strikingly,
both separate domains, the C-term and

Figure 4: Representation of the interactions of hGal-8 N-terminal domain (A

the erm, show a dra osing
specificity to recognise fucose or sialic-
acid-containing  ligan@s, " respectively
(Gomez-Redondo et al., 2021). Therefore,
the two domains can target diverse
partners, thus building up supramolecular
entities and generating cluster effects to
provide the biological signal.
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