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Role of EPS in mitigation of plant abiotic stress: The case of

Methylobacterium extorquens PA1

Adele VANACORE [1], Maria Concetta FORGIONE [1], Domenico CAVASSO [1,2], Ha Ngoc Anh NGUYEN [3],
Antonio MOLINARO [1], James P. SAENZ [3], Gerardino D'ERRICO [1,2], Luigi PADUANO [1,2], Roberta
MARCHETTI [11, Alba SILIPO [1]

[1] Department of Chemical Sciences, University of Naples Federico Il, ITALY; [2] Consorzio Interuniversitario per lo
Sviluppo dei Sistemi a Grande Interfase, Florence, ITALY, [3] Technische Universitdt Dresden, B CUBE Center, GERMANY

adele.vanacore@unina.it

Methylobacterium extorquensis a facultative methylotrophic Gram-negative bacterium, often
associated with plants [1], that exhibits a unique ability to grow in the presence of high methanol
concentrations, which serves as a single carbon energy source [2].

We found that M. extorquens strain PA1 secretes a mixture of different exopolysaccharides (EPSs)
when grown in reference medium or in presence of methanol, that induces the secretion of a peculiar and
heterogenous mixture of EPSs, with different structure, composition, repeating units, bulk and a variable
degree of methylation [3]. These factors influenced 3D structure and supramolecular assets, diffusion
properties and hydrodynamic radius, and likely contribute to increase methanol tolerance and cell stability.

No direct methanol involvement in the EPSs solvation shell was detected, indicating that the polymer
exposure to methanol is water mediated. The presence of methanol induces no changes in size and shape of
the polymer chains, highlighting how water-methanol mixtures are a good solvent for refEPS and metEPS.

refEPSa/metEPS_1a refEPSb/metEPS_1b metEPS_1c

[-2)-a-D-Gle-(1-52)-0-L-Rha-(1-6)-B-D-Gle-(1-]; [-2)-a-D-Gle-(30Me)-(1-52)-0-L-Rha-(1-6)-B-D-Gle-(1-]; [-2)-a-D-Gle-(30Me)-(1-52)-0-L-Rha-(1-6)--D-Gle-(20R)-(1-];

R=H (terminal and
reducing units) or Me
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metEPS_2 metEPS_3

[2)-0-L-Rha-(1-52)-0-L-Rha-(30Me)-(152)-0-D-Gle-(40Me)- 1], [3)-p-L-Rha-(1>2-a-L-Rha-(1>3)-a-L-Rhal>),

M. extorquens PA1 RefEPS and MetEPS conformational behavior.
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Palladium catalyzed Sonogashira and Heck coupling reactions of 2-
iodo-1-C-substituted glycals

Agnes HOMOLYA [1.2], Eszter CSOMAY [2], Zs6fia PELESKEI [2], Eva JUHASZ-TOTH [2],
Marietta TOTH [2], Laszlé SOMSAK [2], Laszlé JUHASZ [2]

[1] University of Debrecen, Doctoral School of Chemistry, POB 400, H-4002 Debrecen, HUNGARY,
[2] University of Debrecen, Department of Organic Chemistry, H-4032, Debrecen, HUNGARY

homolya.agnes@science.unideb.hu

Carbohydrates play an important role in the biological processes of living organisms [1], however
the O-glycosidic bond of natural glycosides shows low stability against chemical and enzymatic hydrolysis.
Glycomimetics can mimic the structure and biological function of natural carbohydrate derivatives and at the
same time the stability of the molecule could be much higher [2].

C-2 branched carbohydrate derivatives and 1,2-annulated sugars can be potential antibiotics, or
glycomimetics of 2-N-acetyl sugars and inhibitors of lipid biosynthesis [3].

1-C-Substituted glycals are unsaturated carbohydrate derivatives bearing endocyclic double bond and
carbon substituents on the anomeric carbon. We have elaborated synthetic methods for the synthesis of 1-C-
acceptor-substituted (CN, CONH,, COOCH;) glycals starting from anhydro-aldonic acid and
(ulosylbromide)onic acid derivatives [3-5].

In this presentation we will represent the synthesis of 2-iodoglycals starting from glycals using N-
iodoimides. During our research we optimized the Sonogashira cross coupling reaction between 2-iodoglycals
and phenylacetylene or TMS-acetylene in details. From the TMS protected acetylene derivatives we
synthetized 2-ethynylglycals, which were reacted with glycosyl azides under CuAAc conditions.

The 2-iodo 1-C-acceptor glycals could be the substrates for the Heck coupling reactions. The palladium
catalyzed Heck coupling of 2-iodoglycal derivatives were studied in detail, we optimized the reaction
conditions and examined the substrate scope of the coupling.
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Characterization of the host glycan specificity and recognition by
Neisseria meningitadis T4P

Akash SATHEESAN [1], Carl FOGARTY [1], Elisa FADDA [1]

[1] Maynooth University, IRELAND

akash.satheesan.2017@mumail.ie

Neisseria meningitidis is a Gram-negative bacterium responsible for causing life-threatening
meningococcal infections, which are traditionally treated with antibiotics. However, recent reports indicate
the emergence of antibiotic-resistant strains, calling for new approaches to combat the infection. The
bacterium\'s ability to adhere to host cells through long, thin protein assemblies called type IV pili (T4P) is a
key factor to its virulence.

In this study, we aim to provide a molecular framework for PilE adhesion mechanism through the
characterization of its glycan specificity and recognition using docking and molecular dynamics. We will also
reconstruct a fully atomistic model of T4P to provide a 3D structural understanding of pili stability and
dynamics within a substrate recognition context.

Our results will provide a rationale for glycan specificity and highlight essential information to screen
and validate the binding poses identified through docking/MD. This work is expected to provide new insight
into the mechanism of meningococcal infection and have a major impact on our understanding of Neisseria
host-pathogen interactions.

Rendering of multi subunit T4P (pdb: 5KUA), visualised using Pymol
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Unveiling the interaction siglecs-sialylated glycans to understand
diseases of the immune system

Alessandro Antonio MASI [1], Antonio MOLINARO [1], Alba SILIPO [1]

[1] University of Naples Federico Il, Napoli, ITALY,
alessandroantonio.masi@unina.it

Carbohydrates are key mediators in fundamental biological events, taking an active part in cell-cell and
cell-matrix interactions. Sialic acids are monosaccharides expressed on the terminal residues of glycolipids and
glycoproteins that are extremely heterogeneous, counting more than 60 structural modifications [, Sialic acid
can be overexpressed Cancer cells and on the cell envelope of feared microbes and pathogens. Sialylated
glycans are recognized by several proteins, like Siglecs (Sialic acids immunoglobulin-like lectins).

By means of these interactions, they can evade the immune system and promote infection and cancer
(231 Siglecs recognise highly abundant sialylated glycans on the surface of tumor cells, inhibiting
immunosurveillance and mediating immune evasion of tumor cells. Siglecs are also targets of human
pathogens, such as viruses and bacteria, which are used to evade host immunity, promoting bacterial
colonization *®, For this reason, it is interesting to investigate the molecular basis involved in this process, to
understand the progression of specific types of tumors.

To better understand the etiology of immune system diseases, it is certainly important to clarify how
Siglecs and sialylated glycans interact, so that diagnostic/therapeutic tools for the treatment of these diseases
can also be developed.

Bibliographic references:
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Targeting the lectin LecA with high-affinity ligands enables the
imaging of Biofilms and Infections

Alexander TITZ [1], Eva ZAHORSKA[1-3], Lisa Marie DENIG[1-3$], Stefan LIENENKLAUS[4], Sakonwan
KUHAUDOMLARP[5,6,7], Thomas TSCHERNIG[8], Peter LIPP[9], Antje MUNDER[10], Emilie GILLON[5],
Saverio MINERVINI[1], Varvara VERKHOVA[1-3], Anne IMBERTY[5], Stefanie WAGNER[1-3]
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Braunschweig. [3]Department of Chemistry, Saarland University, D-66123 Saarbriicken, Germany. [4]Hannover Medical
School, Institute of Laboratory Animal Science, 30625 Hannover, Germany. [5]Université Grenoble Alpes, CNRS, CERMAYV,
38000 Grenoble, France. [6]Department of Biochemistry, Faculty of Science, Mahidol University, Bangkok 10400,
Thailand. [7]Center for Excellence in Protein and Enzyme Technology, Faculty of Science, Mahidol University, Bangkok
10400, Thailand. [8]Institute of Anatomy and Cell Biology, Medical Faculty of Saarland University, D-66421
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Pseudomonas aeruginosa is one of the most common nosocomial pathogens and often causes life-
threatening acute and chronic infections. To date, no fast and pathogen-specific diagnostic tools
for P. aeruginosa infections are available. The two lectins of P. aeruginosa, LecA and LecB, are involved in
biofilm formation, a hallmark of chronic infections. Here, we present the detection of P. aeruginosa by LecA-
and LecB-targeted fluorescent probes as pathogen-specific diagnostic tools. To this end, several probes were
developed to target these extracellular lectins and demonstrated to stain P. aeruginosa biofilms in vitro. For
LecA an activity boost to low-nanomolar affinity could be achieved by multivalency. In vitro, the divalent LecA-
targeting imaging probe accumulated effectively in biofilms under flow conditions. Investigation of divalent
LecA- and monovalent LecB-targeting imaging probes in anin vivo murine lung infection model revealed
elevated probe accumulation in lungs of infected animals. These findings demonstrate the use of LecA- and
LecB-targeting probes for the imaging of P. aeruginosa infections and suggest their potential as pathogen-
specific diagnostics.
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Multivalent presentation of glycosidic antigen mimetics for the
modulation of the immune system

Andrea SODINI [1], Oscar FRANCESCONI [1] and Cristina NATIVI [1]

[1] Department of Chemistry, University of Florence

andrea.sodini@unifi.it

Mucins (MUCs) are heavily glycosylated proteins excreted by epithelial cells. Transmembrane mucin
type 1 (MUC-1) is the most abundant MUC in humans. MUC-1 external domain is rich in serine (Ser) and
threonine (Thr) residues. In tumor cells these residues are O-glycosylated with an N-acetyl galactosamine
(GalNAc) through a-O-glycosidic bonds. This fragment is rarely exposed on healthy cell surfaces and it is known
as Tn antigen. Indeed, in cancer cells, glycosylation mechanisms are limited and simple carbohydrate units are
exposed to the immune system. These shortened residues, including Tn antigen, are overexpressed on many
cancer cells and are known as Tumor-Associated Carbohydrate Antigens (TACAs).

In cancer events, immune response is mediated by Macrophages and Dendric Cells (DCs). Human
Macrophage Galactose-type Lectin (MGL) is a C-type lectin expressed on macrophage and DCs surfaces and
specifically recognize galactose and GalNAc. Lectins like MGL, poorly interact with carbohydrate monomers
while multimeric sugar ligands generally confer much stronger binding and shall be preferred to the
corresponding monomeric ligand.

We will discuss the effects of the multivalent presentation of sulfor-containing MUC1 mimetics on the
binding vs. DCs and on immunogenicity.

Bibliographic references:
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Structural studies of Plesiomonas shigelloides CNCTC 70/89
lipopolysaccharide

Anna MACIEJEWSKA [1], Emilia RUPINSKA [1], Czeslaw LUGOWSKI [1]

[1] Hirszfeld Institute of Immunology and Experimental Therapy, Polish Academy of Sciences, Wroclaw, POLAND

anna.maciejewska@hirszfeld.pl

Plesiomonas shigelloidesis a Gram-negative rod belonging to the Enterobacteriaceae family. P.
shigelloides is associated with episodes of intestinal infections and outbreaks of diarrhoea in humans. Foreign
travel, particularly to Latin America, the Caribbean, and South and Southeast Asia, is a second major risk factor
associated with Plesiomonas infections in humans [1]. The extra-intestinal infections caused by this
bacterium, e.g. meningitidis, bacteraemia and septicaemia, usually have gastrointestinal origin and serious
course. Lipopolysaccharide (LPS, endotoxin), the main component of the outer membrane of the cell envelope
of Gram-negative bacteria, is built of an O-specific polysaccharide and core oligosaccharide covalently linked
to lipid A.

Despite the rising knowledge of P. shigelloides LPS structures over the past two decades, complete or
partial LPS structures have been elucidated only for 15 strains out of 102 identified O-serotypes [2].

The structure of P. shigelloides O5 LPS was determined by chemical analysis, mass spectrometry and
NMR spectroscopy. The O-specific polysaccharide of P. shigelloides O5 has the following structure: >4)-B-D-
ManpNAc-(1->4)-a-D-GlcpNAc-(1->. The same structure was identified before in the O-specific
polysaccharide of Hafnia alvei strain 38 [3]. Furthermore, a new core oligosaccharide was described, which
shares P. shigelloides common feature, that is the presence of uronic acids. The lipid A of P. shigelloides O5
LPS is identical with lipid A of the P. shigelloides serotype 074 [4].

Bibliographic references:
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Synthesis of boronated nucleotidyl sugar analogues as
glycosyltransferase inhibitors

Anniek HENSELIJN [1], Hermen OVERKLEEFT [1]

[1] Leiden University, THE NETHERLANDS ;
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Nucleotide sugars are high-energy donor substrates that consist of a monosaccharide and a nucleoside
mono- or diphosphate moiety. As glycosyl and phosphoglycosyl donors, nucleotide sugars are essential in the
biosynthesis of glycans and glycoconjugates in all living organisms. These biosynthetic products play crucial
roles in many biological processes, including cell growth and development, cell signaling, and host-pathogen
interactions, while alterations in sugar nucleotide metabolism have been implicated in various diseases [1].
Hence, nucleotide sugar-utilizing enzymes are promising targets for drug development, and nucleotide sugar
analogues present potential inhibitors. Replacement of the non-bridging oxygen of the phosphate with a
borane group (BHs) furnishes phosphate analogues closely resembling the natural (pyro)phosphate with
regard to charge, bond angles, and acidity and may considerably increase lipophilicity and enzymatic stability.
Preparation of boranophosphate analogues has been described in-depth for nucleoside (poly)phosphates
containing the borane either in a, B, or in y-position [2,3]. We herein describe the synthesis of various
nucleotide-P-boranodiphospho sugars through a phosphoramidite approach. These boronated natural sugar
nucleotide analogues could be employed as molecular probes to investigate the stereochemistry and
mechanisms of relevant enzymes such as glycosyltransferases, phosphoglycosyltransferases, and nucleotide
sugar pyrophosphorylases, or in therapeutic applications, including boron neutron capture therapy.

Bibliographic references:
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[3]J. Lin, B.R. Shaw (2000), Tet. Lett. (41), 6701-6704.

o) (o)

Chemical (glyco)biology and bioorthogonal chemistry

P15



|
Eu@xrb

A simplified method for the synthesis of robust oligomers
of sialic acid (ROSAs)

Anthony PEREZ [1], Dr. Kathie McReynolds [1]

[1] California State University, Sacramento, USA

rperez@csus.edu

The COVID-19 pandemic was predicted by countless experts and generally accepted to be the first of
many more viral outbreaks to come. Despite the quick response to develop a vaccine, there still exists a void
in the development of antiviral prophylactics. The goal of the current project is the development of a new
synthetic pathway for oligosaccharides that forgoes many of the traditional and challenging methods by which
carbohydrate chemistry is executed, which includes the use of protecting groups.

The carbohydrate products presented here are derivatives of N-acetylneuraminic acid (sialic acid)
which have been shown to be prime candidates as preventative agents against multiple viruses, such as HIV-
1, SARS-CoV-2, and HPV, to name a few. While sialic acids are believed to be effective in preventing viral
infections, they are naturally subjected to enzymatic and acidic degradation. Here we present the synthesis of
robust oligomers of sialic acid (ROSAs) which are anticipated to be resistant in environments often destructive
to sialic acid oligomers. In addition to this, we are using green chemistry methods that provide higher yields
than those commonly seen in carbohydrate chemistry. This research has the potential to address the need for
preventative measures against viral infection in addition to other possible applications in carbohydrate
chemistry.
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Use of glycans metabolic engineering for studying plant cell wall
biosynthesis and functions

Arnaud LEHNER [1], Quentin HAYS [1], Mathieu CARLIER [1], Marc ROPITAUX [1], Aurélie BARON [3],
Boris VAUZEILLES [3], Thomas POISSON [2], Cyrille SABOT [2], Jean-Claude Mollet [1], Patrice Lerouge [1]
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Normandie, INSA Rouen Normandie, CNRS, COBRA UMR 6014, Carnot I12C, Rouen, FRANCE. [3] Université Paris-Saclay,
CNRS Institut de Chimie des Substances Naturelles, UPR 2301, Gif-sur-Yvette, FRANCE

arnaud.lehner@univ-rouen.fr

Glycans metabolic engineering is a powerful tool for studying the glycosylation of living cells. The use
of modified monosaccharides, such as deoxy or fluorinated sugars, has been reported as a powerful
pharmacological approach for studying carbohydrate metabolism and plant cell wall biosynthesis. Moreover,
non-natural metabolite derivatives that carry functions enabling bio-orthogonal ligations are now widely used
for glycomolecules imaging in living organism. In both cases, these derivatives must cross the cell membrane
and be accepted by the biosynthetic machinery of the cell to produce nucleotide-sugars that will be taken in
charge by the enzymatic machinery to build complex glycomolecule such as cell wall polysaccharides in plant.

Here, we illustrate the use of glycan metabolic engineering, photo release of caged monosaccharide
derivative and click-chemistry, for studying the plant cell wall biosynthesis and function with an emphasis of
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Synthesis of glycosylated schweinfurthins

Baptiste SCHELLE [1], Clément GRISEL [1], Jérome BIGNON [1], Fanny ROUSSI [1], Sandy DESRAT [1],
Stéphanie NORSIKIAN [1]

[1] Université Paris-Saclay, CNRS, Institut de Chimie des Substances Naturelles, UPR 2301, 91198, Gif-sur-Yvette, FRANCE

baptiste.schelle@cnrs.fr

Schweinfurthins (SW) are a family of compounds comprising a stilbene motif associated to a
hexahydroxanthene (HHX) moiety. The first derivative of this family was isolated from the leaves of Macaranga
vedeliana in 1992.1 These compounds were later found to exhibit a promising cytotoxicity preferentially
towards cancer cells, based on screening on HL-60 cancer cells of NCIL.?'Even more remarkably, the
pharmacological profile of these compounds bears no resemblance to the profiles of the compounds used so
far in chemotherapy but is similar to other natural compounds (including OSW-1) which indicates that they
act via a new common biological target. This common target is the protein OSBP which transports cholesterol
in cells between the endoplasmic reticulum and the golgi. Our objective is to synthesize hybrid molecules
between SW and OSW-1 while retaining the two pharmacophores essential to their biological activity: the
HHX motif for SW and the glycosidic part for OSW-1.

As these two pharmacophores are positioned a priori in different places of the target protein, these
hybrid molecules should have a better affinity. We are therefore interested in the preparation of compounds
such as 1 and 2 which can be obtained either by glycosylation of SW-E, or by a Huigen-type cycloaddition
reaction between a propargylated schweinfurthin and a disaccharide comprising an azide in the anomeric
position (Figure 1).

O™ OAc
HO , E0M|3z

HO

OSW-1, SW-E and glycosylated SW-E hybrids

Bibliographic references:
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Nucleation and growth of silver nanoparticles on reducing
supramolecular glyco-nanofiber

Bing CHEN [1-2], Elizangela HAFEMANN [2], Sami HALILA [2]

[1] UNIVERSITE Grenoble Alpes, FRANCE ; [2] CNRS, CERMAV, Grenoble, FRANCE

bing.chen@cermav.cnrs.fr

Among metallic nanoparticles, silver nanoparticles (AgNPs) are particularly interesting as a plasmonic
nanoparticle for sensing and imaging, as well as for use as a catalyst or antimicrobial agent! . Carbohydrate
hydrogel with the native reducing end aldehyde could form AgNPs, obviating the requirement for external
reducing agents, stabilizers, or nucleation control measures.

The aim of this study is to devise a glyco-nanofiber consisting of reducing carbohydrate derivatives that
exhibit intrinsic aldehyde functionality, thus facilitating the reduction of silver ions and subsequent formation
of AgNPs on the surface of the glyco-nanofibers in aqueous media. This poster will present the synthesis of
glyco-nanofibers by reacting between N, N’-substituted barbituric acid derivatives and the amino functionality
of D-(+)-glucosamine hydrocholoride, allowing us to comprehensively assess its gelation properties. The
formation of AgNPs on the surface of nanofiber has been studied using TEM and UV-vis spectrum.

Tollens’ solution

Hydrophilic moieties

0
Ho
LoHo

NH  "OI" Reducing site

@ silver nanoparticle @ silver atom
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Stimuli responsive glycopolymers for the detection of bacterial
lectins

Callum JOHNSON [1], Clare MAHON [1], Marloes PEETERS [2]

[1] Durham University, UK; [2] Newcastle University, UK

callum.johnson@durham.ac.uk

Prompt diagnosis of infectious disease is vital in combatting the spread of infection and improving
patient prognosis. A potential biomarker for point of care (POC) testing is the carbohydrate binding proteins,
or lectins, that are associated with a variety of pathogens such as bacteria and fungi. Lectins selectively bind
to glycans displayed on almost all cell surfaces and play a key role in cellular recognition during pathogenesis.
Inspired by natures glycocalyx, work toward a biosensor for the detection of bacterial lectins is reported. This
biosensor will feature an array of fluorescently labelled glycopolymers on graphite electrodes that aims to
rapidly identify bacterial lectins in complex samples via a thermal- and optical-detection dual sensing
approach. These involve the monitoring of both thermal wave transport through functionalised interfaces and
the fluorescent emission of the glycopolymers. [1]

Fluorescent glycopolymers that can mimic lectin-glycan interactions were synthesised; first, masked
acyl hydrazide monomers were prepared and used to produce a library of polymers by reversible addition-
fragmentation chain transfer (RAFT) polymerisation. N-Isopropylacrylamide (NIPAM) was also integrated into
the polymer backbone to impart thermal responsiveness that will release a bound analyte when heated above
the lower critical solution temperature (LCST) and facilitate the reuse of the sensor. [2] Two solvatochromic
fluorophores were then conjugated to the polymers end groups using thiol-maleimide coupling, generating
differing emission profiles based on their local environment. A variety of unmodified reducing sugars have
been appended to the polymer backbone to produce glycopolymers. Graphite electrodes were also modified
using electrochemical techniques to afford amine functionalised surfaces that were used to conjugate
glycopolymers. Ongoing work aims to determine response and limits of detection using TWTA.
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Galectin 1 and 3 are over-expressed in cancer cells and are involved in tumour progression and
metastasis. Thus they are an interesting target for cancer therapy and their inhibitors potential anti-tumour
agents. Particularly, galactosides are potential inhibitors as they can bind to their carbohydrate recognition
domain [1-2].

Lactoferrin (LF), one of the most abundant glycoproteins in serum milk, is rich in N-glycans with
potential anti-galectin activity. Thus, their glycans could be an economic and green source of galactosides[3-
4].

Here we describe the release of LF glycans by enzymatic and chemical approaches focusing on the
comparison of these methodologies, both in terms of yield and N-glycan profile. Even though these strategies
are used for sample preparation for analytical glycomics, they have not been applied for the generation of
glycan at preparative scale.

Enzymatic deglycosylation (DG) was carried out using the enzyme PNGase F under denaturing
conditions and chemical DG was achieved using NaClO solution. The released glycans were purified and their
profile was evaluated by SDS-PAGE, HPLC and TLC. Then, graphitized carbon SPE-column was used to separate
mannosylated from sialylated glycans and further characterized by NMR.

The N-glycan profile was slightly different for enzymatic and chemical release, nevertheless higher
yields were obtained with chemical DG.

LF deglycosylation proved to be an interesting tool for high scale glycan generation. We are now

working in their biological evaluation as potential galectin inhibitors both in vitro and in silico.
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Sugar alcohols are interesting candidates for phase change materials (PCMs). Their strong hydrogen
bonding tendency gives them high thermal storage potentials. Recently, specific sugar alcohols with extended
chain length have been predicted by computational calculations to possess remarkably high values of latent
heat making them promising PCMs [1] (Scheme left). An even number of carbon atoms, no branching and all
hydroxy groups in 1,3-anti orientation have been identified as prerequisite. However, experimental validation
of these predictions is yet lacking as these materials are not readily available.

We aim to make these PCM candidates accessible for thermal evaluation. In order to obtain higher
sugar alcohols of C10 and longer chain length, we apply a dimerization approach [2]. Linking two sugar-derived
building blocks by metathesis allows us to directly and efficiently translate the natural stereochemistry of the
carbohydrates into our target materials.

We have already succeeded in the homo-coupling of a D-arabinose derived building block to the D-
manno-D-manno-decitol (manno-decitol, C10). Next, by combining differently sized precursors even higher
sugar alcohols (C12, C14) are accessible via (cross) metathesis. The synthesized compounds are being
investigated for their thermal properties and compared to their computationally estimated potentials.
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Gangliosides are sialic acid-containing glycosphingolipids. They are primarily localized in the outer
leaflets of plasma membranes, participating in cell-cell recognition, adhesion, and signal transduction.!

In past decades, many groups had developed different chemical or enzymatic approaches to synthesize
gangliosides. However, the chemical synthetic pathways encounter challenges not only precisely controlling
regio- and stereo-selectivities in sialylation, but also complicated protection and deprotection are
unavoidable. By contrast, enzymatic is more feasible to access these complicated glycans. In order to obtain
pure and sufficient amount of these compounds, we started with the chemically synthesized lactose which
contains an azide linker for further application in microarray.

Multiple enzymes were applied on the enzymatic synthesis of glycans of 0-, a-, b- and c-series
gangliosides. Complicated gangliosides, including GT1la, GQlb, and GPlc glycans, were synthesized by
sequential one-pot enzymatic or regeneration synthesis.
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Clara DELAUNAY [1], Sara POLLASTRI [2], Michel THEPAUT [1], Rafael DELGADO [3], Anna BERNARDI [2],
Franck FIESCHI [1]

[1] Université Grenoble Alpes, CNRS, CEA, Institut de Biologie Structurale, Grenoble, France, [2] Universita degli Studi di
Milano, Dipartimento di Chimica, via Golgi 19, Milano, Italy, [3] Instituto de Investigacion Hospital Universitario 12 de
Octubre, Universidad Complutense School of Medicine, Madrid, Spain

clara.delaunay@ibs.fr

C-type lectin receptors (CLRs) are a class of Pathogen Recognition Receptors involved at the surface of
dendritic cells in pathogen detection. They are dedicated to the recognition of carbohydrate-based molecular
patterns associated to pathogens. [1]

Some of those pathogens have found strategies to bypass the role of CLRs in immunity activation and
even hijack CLRs for their benefit during infection process. Thus, subversion of CLRs has been reported as
alternate receptors or attachment factors, notably by HIV, Ebola virus as well as SARS-CoV virus, responsible
of the severe acute respiratory syndrome (SARS) in 2002. [2]

In the context of the world-scale coronavirus outbreak, we demonstrated that two CLRs, DC-SIGN and
L-SIGN, are used by SARS-CoV-2 to enhance its infection by trans-infection [3]. This enhancement can be
blocked by glycomimetic. L-SIGN is present on airway epithelium cells while DC-SIGN is present on immune
dendritic cells.

Our main issue focuses on the development of antagonists with a selectivity towards L-SIGN, as
interesting tools to compete with SARS-CoV-2 anchoring. Being able to block virus attachment on airway
epithelia (targeting L-SIGN) without activating immune systems (via DC-SIGN binding) is attractive in the SARS-
CoV-2 physiopathological context.

Optimized and selected glycomimetic molecules through diverse biophysical studies will be presented
as well as development of high affinity multivalent systems. Preliminary data of the use of these candidate-
compounds in competition experiment within a cellular model of infection will also be presented.
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The current work is part of the ECOPHYTO I+ project, to find safer alternatives to harmful
phytosanitary products by developing bio-based molecules that can activate plant defenses. One promising
approach is the use of oligogalacturonides (OGs) derived from plant cell wall pectins via the action of
polygalacturonases (PGs). While OGs have been shown to elicit plant defenses, the diversity of tested OGs has
been limited®2,

In this study, we investigated the structure, dynamics, enzymatic kinetics, hydrolysis products of
various plant PGs. When, pectins from commercial sources or agriculture waste were digested by various plant
PGs, to product differents OGs pools. LC-MS analysis of these OGs showed that the average degree of
polymerization (DP) depended on the substrate’s origin and the enzyme used.

We then applied concentrated OGs (5g/L) under controlled conditions to wheat two days before
infection with Blumeria graminis f. sp. Tritici (Bgt), the fungal causal pathogen of powdery mildew. The results
showed that wheat protection against powdery mildew ranged from 25% to 55% depending on the pectin-
enzyme pair used.

Our findings demonstrate the importance of characterizing OGs and highlight new ways of inducing
defense mechanisms in wheat. By creating bio-based molecules with original structures, we can work towards
gradually replacing harmful phytosanitary products and promoting a healthier and more sustainable
environment.

OGs from sugar beet and digested by PGs were able to induce wheat resistance against powdery mildew
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Synthesis of sugar-functionalised micro-beads for S. aureus
detection
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Staphylococcus aureus is a bacterial human pathogen responsible for a wide variety of diseases in both
community and hospital-acquired settings. Its widespread occurrence, combined with the emergence of multi-
drug resistant strains, requires the development of fast detection platforms for its early detection to
maintaining effective antibiotic stewardship and avoiding the unnecessary prescription of broad-spectrum
agents.

Bacteria surface ability to interact with specific sugars on the surface of cells can be exploited to
specifically target bacterial. Our team recently developed a mannose-based agglutination assay based on
computer-aided cluster analysis for E. coli detection?. Herein, we expand the capabilities of this novel strategy
and describe the preparation of trehalose-based microprobes and their evaluation for the cheap and fast
detection of S. aureus. For this purpose, a small library of trehalose analogues was synthesised using a AuCls-
catalysed glycosylation protocol previously established in our group®. The synthetic disaccharides were
conjugated to polystyrene micro-beads via click chemistry, and the functionalised microparticles agglutination
in the presence of bacteria was evaluated using cluster analysis revealing the key glycan features needed for
selective binding toS. aureus. Using this platform, we could detect bacteria at 102 cfu/ml
concentrations. Moreover, we further demonstrated this strategy can be used as a tool to investigate sugars-
bacteria interactions which can aid the development of new detection probes and therapies.
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S-Glycosides, isosteres of the most common O-glycosides with higher hydrolytic stability, have become
interesting for their potential in the development of novel therapeutics in recent decades . However, most
of the conventional methods for their synthesis lead to the formation of thermodynamic products with 1,2-
trans configuration in particular. There are only a few approaches studying the kinetic S-glycosylation in the
literature, but most of them suffer from use of expensive or toxic mediators composed of transition metals,
or UV-light irradiation, which requires specialised laboratory equipment.

Therefore, the synthesis of S-glycosides with 1,2-cis configuration still remains challenging. In this
work, we deal with the regio- and stereoselective synthesis of these S-glycosides by thiol-ene reaction, which
has become popular in the last decades 2. Our improved methodology utilises only a catalytic amount of a
nontoxic organic initiator excited by environmentally and economically favourable blue visible light. This
radical addition on 2-substituted glycals (1,2-unsaturated carbohydrates) provides a wide range of products
in good yields with exclusive stereo- and regioselectivity within only 30 minutes.

Ry R
1
PGO SR

1,2-cis-S-glycoside

PG = protecting group
R1 =H, CH3, CHon
R, comes from EtSH, glycosyl thiols, 4-thioglycosides, 6-thioglycosides, or L-cysteine
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Streptococcus pneumoniae (SP) is one of the most diffused encapsulated bacteria and the principal
cause of bacterial infections in young children [l. Among virulence factors, capsular polysaccharide (CPS) is
the most relevant. Serotype 19F is the most virulent. Its CPS structure is formed by B-D-ManpNAc-(1->4)-a-D-
Glcp-(1-2)-a-L-Rhap repeating units linked through phosphodiester bridges. The chain length effect of the
pneumococcal polysaccharide on immunogenicity has been demonstrated 1. To trigger an immune response
and, then, to develop, in perspective, potential vaccines, the use of molecularly well-defined and
monodispersed polyglycosylated cores exposing multiple copies of the simple repeating unit could be
exploited in alternative to disomogeneus poly(oligo)saccharide chains. Calixarenes are versatile platforms for
the preparation of multivalent glycoclusters Bl. The possibility to regulate valency and geometry allowed to
produce efficient and selective calixarene-based ligands, the glycocalixarenes, for carbohydrate recognition
proteins (lectins) Bl. In a previous work, the different presentations of multiple copies of B-D-ManpNAc and
19F trisaccharide using calixarenes as scaffold were studied, evidencing the ability to interact with specific anti
SP-19F antibodies . Starting from these results, we selected the conformationally mobile methoxycalix[4]-
and calix[6]arenes as scaffolds to continue our investigation in using them to develop immunostimulants. We
will present the synthesis of the calixarenes and their functionalization with the SP-19F trisaccharide repeating
unit (1a and 2a) and with galactose as negative controls (1b and 2b). The preliminary data relative to the
biological properties and the immunization experiments will be also illustrated.
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Oligosaccharides are very common natural compounds composed of monosaccharides conjugated
together via glycosidic bonds through exceptional diversity.? Their composition and structural diversity is as
varied as their biological or physico-chemical properties. The tailor-made synthesis of complex glycans is an
everlasting challenge of carbohydrate chemistry that can be tackled through multi-step organic
synthesis’and/or ~ chemo-enzymatic  synthesis®in  solution  and/or  through  solid phase
synthesis.* Stereoselective glycosylation is the key to such complex oligosaccharides synthesis, with a
particular additional challenge to prepare 1,2-cis glycosides with high stereocontrol.> We focused here on the
multi-step synthesis of three regioisomeric tetrasaccharides composed of glucose with exclusively 1,2-
cis linkages, the four glucose units being connected through either alpha-1,4 or alpha-1,6 linkages, linear or
branched (Figure 1). The first tetrasaccharides A was obtained in 9 steps from benzylated maltotriose with a
key [3+1] glycosylation using a glucosyl N-phenyl trifluoroacetimidate donor according to Codée’s protocol for
primary alcohol acceptors.® Tetrasaccharide B was synthesized in a [2+2] glycosylation strategy from two
maltose building blocks, using a N-phenyl trifluoroacetimidate donor. The third tetrasaccharides C could be
accessed through two different [2+1+1] glycosylation strategies from (1) a maltosyl acceptor with either both
4’- and 6’-positions free to be glucosylated simultaneously or through (2) a sequential 6’- then 4’-glucosylation
of a 4’,6’-naphthylidene maltoside.

Figure 1

A detailed description of each strategy and synthetic steps will be provided with focus on the regio-
and stereoselective access to each of the three tetrasaccharides in convergent and efficient synthetic
schemes. Each tetrasaccharide could be obtained in a multi-gram scale from commercially available
monosaccharides and commonly available reagents.
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Figure 1 : Structure and general strategy towards the three regioisomeric tetrasaccharides
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Epitope mapping of the PA surface polysaccharide Pel
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Pseudomonas aeruginosa (PA) is an antimicrobial resistant pathogen responsible for serious infections
and it belongs to the ESKAPE pathogens, which are the main cause of nosocomial infections and a growing
concern for antibiotic resistance. Developing a vaccine against P. aeruginosais therefore a promising
approach. Three exopolysaccharides, which are considered potential targets for bacterial vaccine

development, have been identified in the P. aeruginosa biofilm: alginate, Psl, and Pel.

The structure of exopolysaccharide Pel has recently been elucidated and is thought to be composed of
1,4-alpha-linked galactosamine and N-acetyl galactosamine?. Well-defined Pel fragments have been
synthesized and will be used as standards for structure elucidation studies, as well as being conjugated to CRM
and BSA for use in in vivo studies. Meanwhile, natural Pel will be purified from the P. aeruginosa strain for

vaccine generation and structural analysis experiments.
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The molecular basis for inhibition of heparanases and
B-glucuronidases by Siastatin B.
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The sulfated glycosaminoglycan polysaccharide known as heparan sulfate (HS) is a highly
heterogeneous molecule that’s central to biological and pathological processes including its role as a
ubiquitous component of the extracellular matrix [1] [2]. HS regulation is modulated by continual breakdown
and biosynthesis. Heparanases are GH79 endo-b-glucuronidases that are involved in the breakdown of HS [2].
The human heparanase (HPSE) is involved in the cleavage of HS at GIcA residues. HPSE is a promising target
for anti-cancer drugs due to its enzymatic; it is highly involved in cancer biology. Aberrant HPSE expression
has been linked to the development of larger and highly metastatic tumours consequently leading to poor
prognosis [3]. Multiple compounds that inhibit heparanase have significant effects in tumour models and have
progressed to clinical trials [3].

The iminosugar siastatin B is a known inhibitor of neuraminidases, N-acetyl-glucosaminidases and b-
D-glucuronidases [4]. However, structures of HPSE with inhibitors and substrates suggest that the active site
would be unable to accommodate siastatin B due to the steric clashes of the N-acetyl group at the 2-position
[5]. Here we show that the inhibition of HPSE (and related enzymes) reflects not the parent compound but a
pair of breakdown products; a galacturonic-noeuromycin or 3-geminal diol derivative of galacturonic-
isofagomine. This new class of glycosidase inhibitors have been subsequently re-synthesized and their co-
crystal structures with the bacterial b-glucuronidase AcGH79 and HPSE were investigated.
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Synthesis of multivalent chondroitin sulfate (CS) oligosaccharides
to study CS-Cat K interactions
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Chondroitin sulfates (CS) are polysaccharides which belong to a family of linear polyanionic polymers
named glycosaminoglycans (GAGs). They consist of a repeating dimeric unit composed of a D-glucuronic acid
(D-GIcA) linked to a 2-acetamido-2-deoxy-D-galactose (D-GalNAc) and contain sulfate groups at various
positions. The most common sulfated positions are position 4 (CS-A) and/or position 6 (CS-E/CS-C) of the D-
GalNAc moiety.[1] CS play an important role in different physiological and pathological processes[2] through
their interaction with numerous proteins such as lectins, cathepsins or midkines. As an example, CS are
involved in osteoporosis by forming a complex with the exosites of cathepsin K (Cat K) that is involved in the
excessive degradation of collagen.

In order to better understand and to inhibit natural linear CS-Cat K interactions, we are particularly
interested in the design and synthesis of variously sulfated multivalent oligosaccharides of CS. Indeed,
multivalency is widely observed in Nature because it improves activity and affinity towards the ligands. Very
few synthetic multivalent GAGs mimetics have been reported and the field of CS remains largely
unexplored.[3]

Our strategy relies on the ligation of new CS oligosaccharides fragments bearing an azido group on the
aglycone and various platforms with a terminal alkyne to build new multivalent CS oligosaccharides which will
be assessed on Cat K. We will present here our recent results towards their synthesis.[4]
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Figure 1: Synthesis of multivalent oligosaccharides
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Phosphates as traceless assisting groups in glycan synthesis

Eric SLETTEN [1
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Many new recent hardware and chemical developments in the instruments and protocols utilized for
automated glycan assembly have expanded the possibilities of glycans achievable. Additionally, new protocols
have been developed for the expedited synthesis of oligosaccharides containing either an anionic phosphate
or sulfate moiety.

These phosphate motifs were then utilized to overcome glycan synthesis limitations including
increasing solubility of cellulose oligosaccharide chains to ease purification and also used as a protecting group
for regioselective enzymatic sialylation. The phosphate motifs could advantageously be removed in a traceless
fashion in a controlled manner under mild conditions with phosphatase to allow for natural sialyated
structures and controlled cellulose platelet formation.
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Anti-toxin agents for the treatment of Clostridium difficile
infections
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POTTS [2], Peter TYLER [1], Vern SCHRAMM [2]
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Biology and Gottesman Institute of Stem Cell Biology and Regenerative Medicine, Albert Einstein College of Medicine,
Bronx, NY, USA.
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Clostridium difficile (C. diff) is the most common nosocomial infection in western countries with
symptoms ranging from mild diarrhoea to a life-threatening inflammation of the bowel. C. diffis a spore-
forming gram-positive bacteria, which usually lives harmlessly in the gut of about 1 in every 30 healthy adults.
However, antibiotic use can unbalance the gut microbiota and facilitate C. diff proliferation. C. diff produces
two toxins, TcdA and TedB, which are responsible for the disease pathogenesis. TcdA and TcdB are
glucosyltransferases that use UDP-glucose to glucosylate and inactivate host Rho GTPases, resulting in
cytoskeletal changes causing cell rounding and loss of intestinal integrity (Figure 1). Developing a selective and
potent anti-toxin agent would offer a new C. diff therapy while minimising damage to the colon. Importantly,
the human gut microbiota barrier would be spared, which is critical to prevent C. diff recurrence.

Transition-state analysis of TcdA and TcdB has allowed the design of transition state analogue
inhibitors of the toxins which demonstrate therapeutic potential.? Here we will present our latest results.
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Figure 1: TcdA and TcdB catalysed glycosyltransferase reaction.
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Bypassing cotton cellulose biosynthesis to design fibers with
tailored properties
Filipe NATALIO [1], Ofir Aharon-Kuperman [1] Peterson de Andrade [2], Robert A. Field [2]
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Current manufacturing strategies for cotton fiber post-processing generate large amounts of chemical
waste, endangering the environment and the livelihoods of millions of people. Understanding and harnessing
cotton’s underlying mechanisms to produce fibers with tailored properties is a significant step toward future
sustainable alternatives. In this study, we demonstrate that a chemosynthesized phosphorylated glucose
derivative carrying a fluorine atom at position C6 of the glucose moiety - 6-deoxy-6-fluoro-glucose-1-
phosphate - is biologically incorporated into cotton fibers in cotton ovule in vitro cultures. The resulting
modified fibers showed increased tensile and water-retaining properties, as a result of an alteration of the
cellulose structure. Finally, our study demonstrates yet another successful example of the advantages of
biological fabrication of cellulose-based materials with novel emerging properties that surpass their natural
counterparts toward the design of future sustainable materials and the implementation of a true bio-based
economy and the concept of material farming.
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Molecular basis for substrate recognition and septum cleavage by

AtlA from Entercoccus faecalis

Florence VINCENT [1], Véronique ROIG-ZAMBONI [1], Sarah BARELIER [1], Robert DIXON [2], Nicola F.
GALLEY [2], Amani GHANEM [1], Quoc Phong NGUYEN [1], Héloize CAHUZAC [2], Barttomiej SALAMAGA [2],
Peter J. DAVIS [2], Yves BOURNE [1], Stéphane MESNAGE [2]

[1] Laboratoire AFMB, CNRS, Aix Marseille University, Marseille, FRANCE ; [2] School of Biosciences, University of
Sheffield, UK
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The cleavage of septal peptidoglycan at the end of cell division facilitates the separation of the two
daughter cells. The hydrolases involved in this process (called autolysins) are potentially lethal enzymes that
can cause cell death; their activity, therefore, must be tightly controlled during cell growth. In Enterococcus
faecalis, the N-acetylglucosaminidase AtlA plays a predominant role in cell separation. atlA mutants form long
cell chains and are significantly less virulent in the zebrafish infection model. The attenuated virulence of atlA
mutants is underpinned by limited dissemination of bacterial chains in the host organism and more efficient
uptake by phagocytes that clear the infection.

AtlA has structural homologs in other important pathogens, such as Listeria monocytogenes and
Salmonella typhimurium, and therefore represents an attractive model for designing new inhibitors of
bacterial pathogenesis. Here, we provide the crystal structure of the E. faecalis AtlA catalytic domain and a
catalytic mechanism for the hydrolysis of the glycosidic bond. A model of the AtlIA—substrate complex helped
us identify key residues critical for substrate recognition and septum cleavage during bacterial growth. We
propose this work will provide helpful information for the rational design of specific inhibitors targeting this
enterococcal virulence factor and its orthologs in other pathogens.
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En route to the synthesis of mannosidase-resistant
oligomannoside mimetics as anti-HIV vaccine

Floriane HEIS [1], Charles GAUTHIER [1], Ralph PANTOPHLET [2]
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Despite the development of highly efficient treatments preventing HIV contagion, 1.46 billion people
still get infected every year. Some surface proteins of HIV-1 envelope are found under a glycosylated form,
bonded with specific oligomannans. As theses oligomannans are targeted by several neutralizing antibodies,
they present an interest in the development of anti-HIV vaccines.[1] Classic approaches of vaccination with
mannosidic glycosides were unsuccessful. One hypothesis is that mannosidase-type enzymes present in blood
trimmer oligomannosides into shorter chains during immunization process, making neutralizing antibodies
non-specific to the molecules used for vaccination.[2] To validate our concept, we have focused on the
synthesis of non-hydrolyzable mannans: thiomannans. We assume that a mannan bearing S- rather than O-
glycosidic bonds could present a better tolerance towards blood mannosidases. Moreover, to make the
mannan more distinct than others, our target will be an analog based on the LPS of rhizobium radiobacter Rv3
[3], which is recognized as a functional glycomimetic of the D1 arm of mannans expressed by HIV. To this end,
we designed the synthesis of heptamannoside 1. The retrosynthetic scheme presented in Fig. 1 consists in the
synthesis of five building blocks. The synthesis of derivative 3 is crucial as the introduction of the thioacetyl
moiety allows us to do stereocontrolled glycosylation (due the participation of the acetyl group). The most
challenging reaction is the synthesis of the thioglycosidic bond as it represents the key of this project.
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Figure 1: retrosynthetic scheme for the synthesis of 1
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Characterization of a panel of isolates to inform vaccine design
against Klebsiella pneumoniae

Francesca NONNE [1], Mariagrazia Molfetta [1], Danilo Gomes Moriel [1], Gianmarco Gasperini [1], Barbara
Bellich [2], Paola Cescutti [2], Neil Ravenscroft [3], Carlo Giannelli [1], Francesca Micoli [1]

[1] GSK Vaccines Institute for Global Health (GVGH), Siena, ITALY; [2] University of Trieste, ITALY; [3] University of Cape
Town, SOUTH AFRICA

francesca.x.nonne@gsk.com

Klebsiella pneumoniae (Kp) is a leading cause of neonatal sepsis in low- and middle-income countries
(LMICs). In neonates, Kp is the major infectious disease killer globally and 87% of deaths are AMR-related®.Two
types of polysaccharides are expressed on Kp cell surface and have been proposed as key vaccine antigens:
capsular polysaccharides or K-antigens (K-Ag) and O-antigens (O-Ag). Kp has been classified historically by
capsule serotyping and of the 141 distinct K-Ag identified to date, only 79 have been classified?. In contrast,
11 distinct OAg serotypes have been described?. Considering their relevance for the design of Kp effective
vaccines, the main goal of this work is to characterize 165 isolates enrolled to the BARNARDS study which
aimed to identify the cause and burden of AMR in neonatal sepsis for LMICs.

Surface polysaccharides have been isolated from all the strains and both K- and O-Ag have been
characterized in terms of expression levels, molecular weight and monosaccharide composition. Through a
synergistic approach involving Nuclear Magnetic Resonance and Gas-Liquid Chromatography Mass
Spectrometry, new molecular structures have been determined for unknown K-Ag belonging to the most
epidemiological relevant Kp antigens associated neonatal sepsis.

Structural analysis/chemotyping of K- and O-Ag from clinical isolates is key to elucidate the sero-
epidemiology specific to neonatal sepsis in LMICs and will contribute to define the design of an optimal vaccine
composition for a maternal immunization strategy to prevent neonatal sepsis caused by Kp infections.
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Insight of the molecular mechanisms of A. oryzae
B-galactosidase transgalactosylation system
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The transgalactosylation system of Aspergillus oryzae's B-galactosidase has been successfully used for
the synthesis of galactosides. To carry out this reaction it is necessary the presence of both a galactose donor
(lactose/ONPG) and an acceptor molecule with a free hydroxyl group available for reaction. However, the
chemical nature of the acceptor molecule determines the interactions with the enzyme's active site and
therefore the specificity and efficiency of the reaction.

To provide a better understanding of the molecular mechanisms of this transgalactosylation system,
we propose a combined approach of in silico and experimental studies, using acceptor molecules with
differentiated structural characteristics.

Five molecules were selected: benzyl alcohol, tyrosine, dopamine (all with aromatic character), as well
as lactic acid and ethyl lactate. The synthesis conditions (reaction time, temperature, acceptor, donor, and
enzyme concentrations) were optimized, each galactoside was purified and its structure was determined by
NMR. The enzymatic synthesis of the galactosides was successful only for benzyl- and ethyl lactate-
galactosides, indicating that the phenolic hydroxyl groups are not appropriate acceptors, while the
esterification of lactic acid is necessary for the reaction to occur. The galactosyl acceptors were docked into
the active site of the enzyme covalently bound to galactose, followed by molecular dynamics experiments.

Results obtained with complementary in silico and experimental strategies, provide some insights to
understand the transgalactosylation reaction.
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Synthesis of photoswitchable glycosides as chiral dopants
for liquid crystals,
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Carbohydrates and derivatives are of great interest because of their natural existence, their interesting
biological and physicochemical properties, which offer potential applications in various fields.) One of the
actual approaches to control molecular properties is to use the light as external stimulus by using
photoswitchable species, especially photochromes such as azobenzene which can be reversibly isomerized by
light into isomers featuring different structural and electronic properties.®

Since several years, we are developing in the group new photoresponsive molecules, such as
photoswitchable glycomacrocycles and their acyclic analogues. Particularly for photoswitchable
glycomacrocycles, we have shown their interesting photochemical and supramolecular properties like their
ability to chirality transfer, organo-gel formation and their possibility to be used as chiral dopants for liquid
crystals (LC).13*>!

In this project, we designed and synthesized two new series (macrocyclic, acyclic) of photoswitchable
glycosides, containing azobenzene and natural carbohydrates, in order to explore their potential as future
chiral dopants for LC. Under light irradiation, it is possible to modulate or switch the orientation of LC
molecules to achieve desired optical and mechanical properties of the system remotely and selectively. Also,
adding a chiral dopant into a commercially available achiral nematic liquid crystal host, at the appropriate
concentration, represents a convenient and economical approach to develop chiral LC. >
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Development of potential new vaccine adjuvants inspired by
Lipid A structure of Bacteroides fragilis
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Adjuvants are components of vaccine formulations widely used to enhance their overall efficacy,
providing an enhancement in the response towards antigens and allowing for the use of smaller doses of
vaccine active ingredient[i]. Up to date, only few adjuvants are licensed and, only recently, their mechanism
of action started to be understood. Hence, new efforts are needed for the research of novel chemical entities
to be developed as adjuvants.

Bacteroides fragilis is a Gram-negative bacterium belonging to the human gastrointestinal microbiota,
involved in the homeostasis of host immune system. Recently, new Lipid A moieties of this bacterium have
been isolated, showing promising immunomodulatory activities[ii]. This feature, coupled with their probable
low toxicity, makes them interesting candidates for the development of new vaccine adjuvants. In fact, some
low toxicity Lipid A-based compounds can be used in vaccine formulations, as demonstrated by the
authorization for the clinical use of “Monophosphoryl Lipid A”, the first TLR-agonist vaccine adjuvant[iii].

The glycolipid mixture isolated from B. fragilis is only partially characterized and their exact structures
is still not completely established. In this context, our project is focused on the chemical synthesis of a small
library of Lipid A structures (Figure 1), based on the available information, with the aim to define and clarify
their chemical structures and their immunological properties, as well as to investigate their potential
application as vaccine adjuvants.
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Figure 1. Schematic representation of the designed lipid A library.
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Chromatography-free deprotection of benzylidene acetals and
p-methoxybenzyl ethers
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We demonstrate a new and high-yielding method for removal of benzylidene acetals and para-
methoxybenzyl ethers under catalytic conditions with mercaptoacetic acid as a scavenger. The reaction co-
products are converted to water-soluble molecules, which can be removed by aqueous extraction thereby
bypassing the need for chromatographic purification. The reaction was demonstrated on both multi-milligram
and multigram scale.
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Chemoenzymatic approach to produce rhamnoxylolipids
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Rhamnolipids (RLs) are a class of biosurfactants consisting of one or two rhamnose units linked to B-
hydroxylated fatty acid chains. They are value-rich molecules because their chemical-physical properties and
biological activities [1] are promising for the use in several fields, such as: detergents [2]; active agents in skin
re-epithelialization; additives in the cosmetics industry [3]; as antibacterial, antifungal, antiviral and
antitumoral agents in biomedicine. However, rhamnolipids are essentially obtained by fermentation of
opportunistic bacteria, namely strains of Burkholderia, Acinetobacter or, mainly, of Pseudomonas [1].
Moreover, any microbial fermentation produces a mixture of rhamnolipid congeners with variations in the
chain length and in the degree of unsaturation of the fatty acid chains, as well as differences in the number of
rhamnose molecules, with the overall consequence that different production batches do not have the same
composition. To overcome these troubles, new approaches have recently been pursued: a fully synthetic
strategy [4] or their production in a cell-free (or in vitro) system [1]. Here, we propose a new chemoenzymatic
strategy to produce a new class of RLs, the rhamnoxylolipids (RXL), that differ in the presence of a xylose
monosaccharide as linker between rhamnose and lipids (Figure 1).

Therefore, the aim of our research activity is to create a library of compounds, obtained with a safe
and targeted production, which could be excellent substitutes for rhamnolipids in dermatology industry.
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Figure 1. Examples of mono- and di-rhamnoxylolipids.
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Irene HERRERA-GONZALEZ [1], Elena M. SANCHEZ-FERNANDEZ [2], Eugenie LAIGRE [1], Corinne VIVES [3],

Michael THEPAUT [3], David GOYARD [1], Javier ROJO [4], José M. GARCIA FERNANDEZ [4], Franck FIESCHI
[3], Pedro M. NIETO [4], Olivier RENAUDET[1], Carmen ORTIZ MELLET[2]

[1] Département de Chimie Moléculaire, Univ. Grenoble-Alpes, Saint Martin-d'Héres, France, [2] Dep. Quimica Orgdnica,
Univ.de Sevilla, Sevilla, SPAIN, [3] Institut de Biologie Structurale, Univ. Grenoble Alpes, Grenoble, FRANCE, [4] Instituto
de Investigaciones Quimicas, Sevilla, SPAIN

irene.herrera-gonzalez@univ-grenoble-alpes.fr

C-Type lectin receptors (CLRs) are present at the surface of antigen-presenting cells (APCs), notably in
dendritic cells (DCs), allowing the recognition of carbohydrate-based PAMPS or DAMPS (pathogen- or danger-
associated molecular patterns, respectively) and initiating adaptive immune responses. DC-SIGN and langerin
are CLR expressed in DCs that recognize high mannose oligosaccharides (HMOs). Binding predominantly
involves HMO terminal mannobioside residues (Manal,2Man) for both lectins, making it difficult the design
of ligands with discrimination capabilities [1]. Here we present a general strategy to target DC-SIGN preventing
langerin binding that relies on manobioside mimetics where the reducing, non-reducing, or both mannose
subunits have been replaced by sp?-iminosugar motifs [2].

A comparative binding affinity study of monovalent ligands was first conducted using a range of
techniques (tr-NOESY and STD NMR, computational methods and SPR) [3]. The most promising candidates
were further “clicked” onto different scaffolds (B-cyclodextrin, RAFT cyclopeptides, polylysine dendron, and
cyclotriphosphazene) to obtain 4-, 6-, 7-, 14-, 16- and 24-valent species. The impact of valency, structure, and
size of the conjugates on DC-SIGN and langerin affinity have been investigated using SPR, and selective and
potent multivalent ligands for DC-SIGN were identified. These results validate the hypothesis that sp?-
iminosugar-based glycoligand mimetics enable customizing the lectin binding profile in a structure- and
valency-dependent manner. From a general perspective, these results open new opportunities to modulate
the interaction with lectins involved in the immune response.
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Development of glycomimetics as a novel herpesviral
glycoprotein UL141 antagonists
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The worldwide seroprevalence of human cytomegalovirus (HCMV, a beta herpesvirus) is estimated to
83% (a global CMV seroprevalence) in the general population [1]. Usually, it is controlled by a vigorous immune
response so that infections are asymptomatic or symptoms are mild. However, if the immune system is
compromised, HCMV can replicate to high levels and cause serious end organ disease [2]. Although HCMV
represents a complex target, the rounds of iterative studies could potentially bring this important and under-
recognized human pathogen under control. Over four receptor-binding patches (RBP) of the glycosylated
UL141 protein is capable of binding to human TRAIL death receptor 2 (TRAIL-R2) [3] and trigger the NK
signaling pathway to benefit viral fitness [4, 5, 6]. Hence, it is rational to inhibit the RBP activity of the UL141
protein by blocking the RBP interaction with TRAIL-R2, which makes the glycosylated UL141 protein a potential
target for designing and developing antiviral agents. In this study, the molecular features of the UL141 of
HCMV are highlighted, such as the structure, functions, and interactions of the UL141 and TRAIL-R2.
Furthermore, the development of glycomimetic structures by computational design and biochemical testing
is reported. The aim is to develop the short peptide or synthetic compound (UL141 antagonist) based on our
recent crystal structure and computational design that would specifically bind viral UL141 to block receptor
binding thus prevent the viral action. This is relevant, as the UL141 is also the most abundant HCMV protein
on plasma membrane and it is also a component of the virion. Based on our computational screening of
iminosugars the 'hit' structure was selected. We test a small library of synthetized compounds (potential
UL141 antagonists) that would block the receptor binding in vitro, on the cell or virion surface. Series of
compounds that have been tested are of glycomimetics structures consisting of various saccharide units linked
with non-saccharide. In particular; non-ionic glycolipids, 'click'-conjugates or iminosugars. The ELISA-like TMB
assay has been used in combination with dynabeads™ coating to test whether the compound could block the
TRAIL-R2 binding. Five most promising compounds out of 23 tested have proven the ability to block
UL141/TRAIL-R2 complex formation. SPR kinetics analysis was then used to determine the binding constants
(Kp). The affinities to UL141 were determined in low micromolar scale. The successful compounds will be
further optimized by using in silico methods to target particular epitope on viral glycoprotein UL141 derived
from our structural analysis and tested in vivo for HCMV inhibition.
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UL141 (cartoon) and TRAIL-R2 (surface) in complex. The binding of UL141 antagonist (cyan molecules).
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Biolayer interferometry — a soft technique for tough analysis of
carbohydrate-lectin interactions
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Biolayer interferometry (BLI) is a label-free method used to detect biomolecular interactions by
analyzing the interference pattern of reflected white light from two sensor surfaces (Figure 1A). Due to its
speed, ability, and sensitivity, it enables to readily detect analytes even in complex matrices such as blood
serum [1], as its response depends solely on the thickness of the bio-layer and not on the optical properties
of the sample environment. BLI provides more reproducible data than other commonly used assays like ELISA
[1], may require fewer samples and less specific antibodies for detection. Therefore, it is an emerging
complementary method for characterizing protein-carbohydrate interactions, which is essential for designing
better diagnostic and therapeutic tools.

This study demonstrates various aspects of using BLI for determining the kinetics of interactions
between a library of galectins and various glycoconjugates. We compared two labels for protein
immobilization: His-tag for complexation with nickel ions or in vivo monobiotinylated Avi-tag, which binds to
streptavidin-coated sensors (Figure 1B). Advantageously, the biotin-streptavidin binding achieves a low
equilibrium dissociation constant Kp and is highly selective for the biotin epitope. In addition, the blocking of
the sensor surface with biocytin (lysine conjugated with biotin) reduced the non-specific interaction for
assessing interactions in complex matrices such as blood serum. Thus measurement of high-affinity
glycoconjugates [2] showed no significant effects between Kp values measured in blood serum and PBS buffer.
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Figure 1. 1A — principle of biolayer interferometry; 1B Streptavidin coated sensor with Avi-tagged G
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glycoprotein microarrays
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To detect aberrant glycosylation, various bioanalytical methods can be employed. We focus on the
development and application of affinity techniques based on glycan-binding molecules on a microarray
platform. Typically, lectins are used as biorecognition elements, which are proteins recognizing glycan
structures enabling glycoprofiling of proteins, cells, and tissues. Our group develops lectin-based glycoprotein
microarray assays in the reverse-phase format, the technique defined as a high-throughput approach enabling
simultaneous and rapid analysis of a large cohort of samples by a set of lectins without the need for the
separation of glycans from proteins [1,2]. The microarray biochip is prepared by spotting of tens to hundreds
of samples on the microarray substrate which is then allowed to interact with a panel of lectins. This method
provides effective glycoprofiling of samples and screening/analysis of glycan biomarkers having huge
applications in biomedicine, biology, and biotechnology.

We have applied our microarray platform for the study of glycan changes in a number of various cases,
e.g. cancer, gestational diabetes mellitus, kidney diseases, COVID-19, congenital disorder of glycosylation
(CDG), attention-deficit hyperactivity disorder (ADHD), age-related glycosylation changes, or glycostructure of
therapeutic proteins. Herein, we present our approach and some of the obtained results.
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Sialic acid determinations by HPAE-PAD
choosing the appropriate method
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High-performance anion-exchange chromatography with pulsed amperometric detection (HPAE-PAD)
was introduced over 40 years ago for the sensitive direct determination (no analyte derivatization) of
carbohydrates. Typically, the carbohydrates are separated in high pH mobile phases which is also the alkaline
environment needed for the electrochemical detection of carbohydrates. Shortly after the introduction of
HPAE-PAD, it was applied to the determination of the sialic acids N-acetylneuraminic acid (Neu5Ac) and N-
glycolylneuraminic acid (Neu5Gc) from glycoproteins and glycolipids. Since then, multiple methods have been
developed for a variety of samples and analytical goals.

These applications include the determination of sialic acids in glycoprotein drug products, the rapid
determination of sialic acids to screen the efficacy of cell lines, the determination of sialic acids in milk and
milk-containing products, the determination of sialic acids in serum, and the recent application of technology
that enables online generation of the mobile phases needed for HPAE-PAD to sialic acid determinations. This
poster will review these methods and include recommendations for choosing the method that is appropriate
for the desired analytical outcome.
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Synthesis of potentially anticancer azido/guanidino nucleosides
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The synthesis of nucleosides, nucleotides as well as their analogs/mimetics have attracted much
attention in organic and medicinal chemistry, due to their propensity to exhibit a variety of biological
properties. Numerous examples of nucleoside and nucleotide analogs achieved clinical application as
anticancer or antiviral drugs, acting through interference with nucleic acid biosynthesis [1].

The ability of these types of molecules to show antimicrobial effects [2] or to inhibit cholinesterases
[3] has also been reported. The search for new structures of nucleos(t)ide analogs that may potentiate
innovative mechanisms of action and open new therapeutic opportunities remain of interest.

In this context, in this communication we report on the synthesis of novel 5-azido/guanidino
nucleosides based on a xylofuranose template. The synthetic pathway employed diacetone- D-glucose as
precursor and involved the access to an acetylated 5-azidoglycosyl donor and its further N-glycosydation with
uracil or with a purine derivative. Conversion of the azido nucleosides into their guanidino derivatives was
then exploited. An interesting result during the synthesis of the glycosyl donor precursor was the access to an
imino sugar via an intramolecular Boyer reaction. Herein our results will be presented and discussed.

General structure of the synthesized nucleosides.
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Stereoselective access to iminosugar C,C-glycosides
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Naturally occurring six-membered 1-deoxyiminosugars have been extensively used as non-covalent
probes to decipher the mechanism of glycosidases by virtue of their mimicry of the oxocarbenium character
of the enzyme transition state.[1,2] In the search for other therapeutic candidates, mimicking the aglycon
moiety of the enzymatic substrate with the introduction of a pseudo-anomeric substituent has been pursued,
leading to a vast array of so-called iminosugar C-glycosides.[3] Within this family, introduction of an extra
carbon substituent at the pseudoanomeric position to yield iminosugar C,C-glycosides is worth investigating
as it might lead to new potent and selective glycosidase inhibitors. In contrast with the broad palette of
methods allowing access to iminosugar C-glycosides,[4] syntheses of iminosugar C,C-glycosides are scarce
illustrating the challenging introduction of a quaternary carbon atom alpha to a nitrogen atom.

In this context, we have developped a robust route to original iminosugar C,C-glycosides exploiting a
Staudinger aza-Wittig (SAW) reaction applied to 6-azidoketosugars.[5] The last developments of our strategy
will be presented.

Target azepane and piperidine C,C-glycosides
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Clustering of mycobacterial ligands and DC-SIGN are key
determinants for pathogen recognition
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The bacterial pathogen Mycobacterium tuberculosis binds to the C-type lectin DC-SIGN on dendritic
cells to evade the immune system. While DC-SIGN glycoconjugate ligands are ubiquitous among mycobacterial
species, the receptor selectively binds pathogenic species from the M. tuberculosis complex (MTBC). Here, we
unravel the molecular mechanism behind this intriguing selective recognition by means of a multidisciplinary
approach combining single-molecule atomic force microscopy with Forster resonance energy transfer and
bioassays.

Molecular recognition imaging of mycobacteria demonstrates that the distribution of DC-SIGN ligands
markedly differs between Mycobacterium  bovis BCG  (model MTBC species) and Mycobacterium
smegmatis (non-MTBC species), the ligands being concentrated into dense nanodomains on M. bovis BCG.
Upon bacteria-host cell adhesion, ligand nanodomains induce the recruitment and clustering of DC-SIGN. Our
study highlights the key role of clustering of both ligands on MTBC species and DC-SIGN host receptors in
pathogen recognition, a mechanism that might be widespread in host-pathogen interactions.
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Synthesis of difluoromethylene bisphosphonate mimics as probes
for bacterial capsular polysaccharide
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Poly(glycosylpolyol phosphate) polymerases and glycosyltransferases are significant enzymes for the
biosynthesis of virulence-associated polysaccharides of several pathogenic Gram-negative bacteria. These
enzymes construct polysaccharide chains using precursors that contain a pyrophosphate diester structural
motif, such as CDP-glycerol, CDP-ribitol and Gal-UDP!. The sensitivity of the P-O-P for both enzymatic and
chemical hydrolysis offers a unique opportunity for the design and synthesis of stable non-hydrolysable
inhibitors. In particular, difluoromethylene bisphosphonate-linked (P-CF,-P) analogues are highly sought after
as versatile biochemical tools.

These analogues closely resemble the natural pyrophosphate, in terms of pKa-value? (as the electron-
withdrawing effect of fluorine atoms increase the acidity of the phosphonates), as well as the bond angles and
lengths. We will present a synthetic method to access P-CF,-P-substituted analogues of several nucleotide
phosphate donors, designed to study the interactions between these molecules and their cognate enzymes,
to advance our understanding of the biosynthesis of components of bacterial cell wall and contribute to the

develonment of novel theraneutic asents. and antimicrohial strategies.
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Substrate promiscuities of a bacterial galactokinase and a glucose-
1-phosphate uridyltransferase enable xylose salvaging
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Galactokinases (GalKs) catalyse the transfer of a phosphate group from adenosine triphosphate (ATP)
to galactose. Here we investigate the promiscuity of a bacterial galactokinase originating from the soil
bacterium Solitalea canadensis (ScGalK) for other monosaccharides than for the synthesis of diverse sugar-1-
phosphates, which than can be further converted into sugar nucleotides to provide donors.

Together a previously uncharacterized glucose-1-phosphate uridyltransferase from the same soil
bacterium (ScGPUT), ScGalK was able to convert D-xylose into uridine diphosphate xylose (UDP-Xylose) in the
presence of ATP and uridine triphosphate (UTP), therefore showing the feasibility of a novel intrinsic salvage
pathway for xylose in Solitalea canadensis.
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Efficient construction of homogenous glycoproteins
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Glycoproteins in cells are produced in a highly heterogeneous form. Thus, it is difficult to elucidate
glycoprotein-mediated biological processes and to discover therapeutic agents. Therefore, general and
efficient methods to obtain homogeneous glycoproteins are greatly demanded. We developed a general
method for the efficient preparation of homogeneous glycoproteins that employs a combination of genetic
code expansion and chemoselective ligation techniques. In this method, an alkyne tag-containing protein,
that were produced by genetic encoding of an alkynylated unnatural amino acid, was quantitatively coupled
via click chemistry to various azide-appended glycans.

The glycoproteins generated by this strategy were found to recognize mammalian cell-surface lectins and
to enter the cells via the lectin-mediated endocytosis. In addition, the glycoprotein possessing multiple
mannose-6-phosphate residues entered diseased cells lacking specific lysosomal glycosidases by binding to
the cell-surface M6P receptor, and subsequently migrated to lysosomes for efficient degradation of stored
glycosphingolipids.

0 Glycosylation and oligosaccharide synthesis

P93



j

Eu@:rb

Practical use of analytical tools for glycan structures for
glycoproteins and cells
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We've tried new glycan engineering with the synergistic effects of chemical synthesis technology for
oligosaccharides, development for anti-glycan antibodies, and practical use of endoglycosidase. As a
technology related to the antibody drug field, we synthesized series of the structure-defined N-type glycans
found on Fc region of antibody drug and achieved the separative production of 3-G1 and 6-G1 glycan isomers.
We have also realized the development of antibodies for the non-human type of glycan epitopes using high-
purity chemical synthetic glycans containing aGal and NeuGc which may cause anaphylactic symptoms as
antigens, and the developed antibodies are capable of detection of antigenic antibody drugs using sandwich
ELISA and western blotting. It was also confirmed that the antibody drug having this non-human type antigen
can be captured by a recombinant lectin-agarose immobilized with high concentration by preferential affinity
to aGal.

In addition, this lectin-immobilized resin can capture an artificial antibody possessing homogenous
glycan structure produced by the transglycosylation reaction of endoglycosidase (Endo-M) with glycopeptides
as a glycan donor. We have also succeeded in obtaining an antibody with a highly pharmacologically active
glycosylation with a terminal galactose without core fucose.

Based on this technology base, we developed various types of glyco-conjugates in which chemically
synthesized oligosaccharides are attached to proteins and chemically modified functional polysaccharides.
Furthermore we attempt to develop unique tools and analytical techniques useful for functional research
toward the glycocalyx of cells and microvesicles.
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Transition-state analogue Inhibitors of P. falciparum, T. Cruzi and
T. Brucei PPRTases
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The pathogenic protozoans such as Plasmodium falciparum, Trypanosoma Cruzi and Trypanosoma
Brucei are responsible for malaria, Chagas disease and sleeping sickness respectively. These protozoan
parasites are unable to synthesize purines de novo and rely on salvage of purine from the host. Purine salvage
enzymes purine phosphoribosyltransferases (PPRTases) are critical for purine salvage and are potential targets
for novel therapeutic development.

Transition states of N-ribosyl transferase enzymes have been characterized with all having some
ribooxacarbenium ion characteristics. We have reported immucillin-H 5’-phosphate (ImmHP), immucillin-G 5'-
phosphate (ImmGP), and some acyclic nucleoside phosphonates (AIP) as transition state analogue inhibitors
of the Plasmodium falciparum PPRTase.

We have synthesised a range of cyclic and acyclic aza-C-nucleoside structural homologues (phosphates
and phosphonates) as transition state analogue inhibitors of Plasmodium and Trypanosoma PPRTases and
shown that some are selective and potent nanomolar inhibitors.
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A chemoenzymatic approach to the synthesis of dolichol
pyrophosphate linked oligosaccharide
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Dolichol pyrophosphate linked oligosaccharides (DLOs) are precursors of N-glycans. The DLOs are
biosynthesized on the cytoplasmic side of the endoplasmic reticulum (ER) membrane with the construction of
MansGIcNAc; structures. It is acknowledged that the MansGIcNAc,-PP-Dol flips into the ER luminal side.
However, the catalytic mechanism remains unclear [1,2].

Thus, we are aiming to reveal such a catalytic mechanism and develop a practical construction method
of ER-mimicking liposomes having pure DLOs into the surfaces. In this research, we attempted to promote a
chemoenzymatic approach by utilizing the activity of N-acetylglucosamine-phosphotransferase (DPAGT1)
with the chemically synthesized UDP-GIcNAc probes, as well as endo-B-N-acetylglucosaminidase (ENGase) to

the phosphorylated GIcNAc residues.
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Towards the synthesis of bicyclic constrained carbacycles as
competitive a-galactosidase inhibitors
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Fabry disease is an inherited lysosomal storage disorder caused by difficiency of a-galactosidase A (a-
gal A). a-Gal A catalyses the hydrolysis of terminal, non-reducing a-galactose residues from
globotriaosylceramide (Gb3) and globotriaosylsphingosine (lyso-Gb3). Mutations in the GLA gene encoding
for a-gal A result in decreased or lack of activity of a-gal A leading to toxic accumulation of the
glycosphingolipids Gb3 and lyso-Gb3. Current treatment is enzyme replacement therapy with a recombinant
enzyme or pharmacological chaperone (PC) therapy, however both therapies have limited efficacy. Therefore,
the joint administration of a recombinant enzyme with a pharmacological chaperone holds promise for a more
effective treatment of Fabry disease.

Previous research for a new class of inhibitors showed that a-D-galactose-configured cyclosulfamidate
stabilizes recombinant human a-D-galactosidase (agalsidase beta, Fabrazyme®) effectively. This
cyclosulfamide is conformationally constrained and thereby mimics the Michaelis complex conformation. In a
search for more potent and selective competitive inhibitors targeting a-gal A, it is thought that instead of the
sulfamidate a nitrogen containing carbacycle, either exo- or endocyclic, might increase the potency through
ionic interactions, while still keeping the selectivity. Here the synthesis towards these bicyclic contrained
carbacycles is described.
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Synthesis and immunofunctional analysis of
monoglycosphingolipids
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Monoglycosphingolipids such as GlcCer and GalCer are widely found in living organisms, and it has
been reported that some of these glycosphingolipids modulate the immune system via innate immune
receptors (eg. Mincle)! or lipid antigen-presenting molecules (CD1d).2There are many structural variations of
lipid moiety as well as glycan part of glycosphingolipids, and the ratio of lipid length and structure varies
depending on the type of organ or cell present,® as well as enzyme dysfunctions and other factors.* These
structural transformations may affect the immunomodulatory function, but the details have not been
clarified.

We therefore developed the synthetic strategy of diverse glycosphingolipids of GlcCers and GalCers
having various lipids for building their compound library for further understanding of their
immunomodulatory activities. We used allyl-type protecting group strategy to enable the synthesis of various
GlcCers and GalCers containing lipid moieties with unsaturated bonds including regular sphingosine
ceramide.® Firstly, allyl-protected glycosyl donor and sphingosine acceptor were prepared and used for the
glycosylation to prepare the glycolipid backbone. After deprotection of the allyl-type protecting groups,
subsequent selective amidation with various fatty acids gave GlcCers and GalcCers, containing a variety of
lipids. We then evaluated biological activities of the synthesized glycosphingolipids, and characteristic
immunological functions were observed.
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NMR Chemical Shift Prediction of Aglycone-linked
Oligosaccharides using CASPER
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Advances in the structural characterization of carbohydrates: Carbohydrates play important roles in a
plethora of biological processes.[1] Highly complex carbohydrate structures can be found in nature and
isolated, though usually in small quantities. Elucidation of aforementioned structures with nuclear magnetic
resonance (NMR) spectroscopy as the primary tool is a time-consuming and error-prone task.[2] In order to
facilitate and partially automate this process dedicated software, such as CASPER
(Computer Assisted Spectrum Evaluation of Regular Polysaccharides), has been developed.[3]

With the developments of carbohydrate chemistry during the last decades, more complex structures
can be obtained in a highly pure form via chemical/chemoenzymatic synthesis.[1,4] Often times, these
synthetized structures are carrying an aglycone at the reducing end, making it suitable for e.g. conjugation to
proteins or immobilization on microarrays. CASPER is now being developed to accommodate aglycones, such
as aminoalkyl and p-nitrophenol substituents at the reducing end, both for NMR chemical shifts prediction of
a user defined structure, as well as for automated structural elucidation of a structure based on unassigned
NMR data.

This development provides a valuable tool not only for researchers focusing on elucidation of unknown
structures and interaction studies by NMR, but furthermore for synthetic chemists seeking structural
verification of their synthesized products, as well as tentative NMR chemical shift assignment.

Aglycone

moieties
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Glycolipid antigens play an important function in immune modulation by activating NKT cells through
the formation of glycolipid-CD1d complexes on antigen presenting cells to secrete various cytokines. Examples
of the antigens include glycolipids such as a-GalCer (KRN7000), bacterial a-GalCerg;, endogenous B-GalCer,
and other complex lipids. We have previously shown that modification of the lipid moiety of a-GalCer
(KRN7000) by polar functional groups strongly affects binding affinity and immune activity balance, but the
mechanisms of these phenomena have been only partially investigated. Therefore, to elucidate the
mechanism of immunomodulation by structural differences in CD1d ligands, we conducted synthesis and
biofunctional evaluation of various glycolipids, and analysed the stability of CD1d-antigen complexes both
experimentally and computationally. The synthesis of glycolipids used key intermediates to facilitate the
introduction of various lipid structures. The desired glycolipids were obtained by global deprotection of these
key intermediates followed by selective amidation. The biological functions of the obtained glycolipids were
evaluated by measuring their binding affinity to CD1d. Modification of the lipid structure had a significant
effect on the binding affinity. The thermal stability of the glycolipid-CD1d complex was also examined,
combined with computational studies utilizing MD simulations. Details of the above experimental results will
be further discussed in the poster presentation.
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Rapid and stereoselective synthesis of novel azasugars as
glycosyltransferase inhibitors

L HANDY [1]
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Glycosylation is known to play an essential role in cell signaling, immunity, and disease progression.
Glycomimetics, such as azasugars, have proven to be effective therapeutics for both congenital disorders of
glycosylation as well as viral infections. However, synthetic strategies for the synthesis of azasugars has
remained extremely limited. We present a rapid, stereoselective, and diversifiable synthetic strategy to access
a variety of valuable azasugar scaffolds.

Our collection of novel compounds are tested for biological efficacy as inhibitors of 1,2- and 1,3-
fucosyltransferases, enzymes known to take part in essential cellular differentiation, gut cell health, and
disease management. We utilize a uniquely synthesized FucT small molecule inhibitor in a novel assay to
elucidate azasugars’ ability to selectively target key glycoenzymes.

Diversification of an Azasugar Scaffold from A Common Starting Material
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Combined experimental and computational study for the
characterization of Pseudoarthrobacter siccito
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Here, we present the characterization of PsP20x, a C-glycoside-3-oxidase from Pseudoarthrobacter
siccitolerans, carried out by a combination of experimental and computational approaches [1].

C-glycosides are natural products that present important biological activities and chemical properties,
such as high stability against degradation. Glycoside 3-oxidases (G30xs) are newly identified FAD-dependent
bacterial enzymes capable of oxidizing C-glycosides with the concomitant reduction of O,to H,0,.
Interestingly, soil and gut microorganisms have different oxidative enzymes. This oxidation is then followed
by C-C acid/base-assisted bond cleavage in two-step C-deglycosylation pathways.

Our results show that PsGO3x oxidizes the glucose moiety of mangiferin to 3-keto-mangiferin with
50,000-fold higher specificity (ket/Km) than free D-glucose to 2-keto-glucose. Analysis of PsG30x crystal
structures (without and with substrates bound), combined with mutagenesis, molecular dockings and
molecular dynamics simulations, reveal functional, structural and dynamical details that explain these
enzymes’ ability to bind and oxidize larger glycoside substrates (Fig 1).
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Fig 1. PsP20x modelled structure for the substrate free, the glucose-bound and the mangiferin bound
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Procainamide-labeled N-glycans and their structural role in mucin
from bovine submakxillary glands
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Bovine submaxillary mucin (BSM) is a heavily-glycosylated macromolecular (approximately 4MDa)
protein that is used in various biomaterial applications in light of its high viscosity and biocompatibility, in
addition to use as a biochemical substrate or inhibitor as a result of its abundant O-glycans. Although N-
glycosylation has been reported to provides stability of human mucins, most BSM research has been focused
on its O-glycans, while N-glycans have not been reported to date.

In this study, a common N-glycan core component was detected by monosaccharide analysis of BSM,
and the structures and relative quantities of the N-glycans were determined by liquid chromatography—
tandem mass spectrometry.

Seventeen N-glycans comprising ten complex-type [Fucoseg~Hexoses~aN-
acetylhexosaminei~s Sulfateg~1; 61.1% (the sum of the relative quantities of each N-glycan out of the total N-
glycans)], two high-mannose-type (Hexoses-sN-acetylhexosamine,; 12.0%), and five paucimannose type
(Fucoseg~1Hexoses~sN-acetylhexosamines~s; 26.9%) were identified, but no hybrid-type or sialylated N-glycans
were found. Additionally, these are less-branched structures compared to human mucins. Of these, ten
glycans (77.2%), including two sulfated glycans (8.0%), were core fucosylated, which confer unique biological
functions to glycoproteins. These N-glycans are less-branched structures compared to human mucins. This is
the first study to confirm N-glycosylation of BSM, and these results support further expansion of the biological
function of non-human mucin.
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Investigation of anomeric selectivity in NIS/TfOH promoted
glycosylation reactions
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The reaction of a series of anomeric thioglycosides with various glycosyl acceptors and N-
iodosuccinimide/triflic acid has been investigated with respect to reactivity and anomeric selectivity.! In
general, beta-configured donors were found to give a more beta-selective reaction outcome compared to
their alpha-configured counterparts.

Furthermore, a systematic study of various 6-O-acyls effect on anomeric selectivity in glucosylations
with thioglucoside donors was conducted.? All eight different esters were found to induce moderate-to-high
alpha-selectivity in glucosylation with L-Menthol as acceptor, with the best being 6-O-p-nitrobenzoyl. The
alpha-directing effect was found to be general across various glucosyl acceptors, glucosyl donors, and modes
of activation. No evidence was found in favor of distal participation.
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Synthesis of open-chain carbohydrate amides, computational
and bioactivity studies
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Alzheimer\'s disease (AD) is a severe neurodegenerative disorder characterized by progressive
dementia with memory and cognition loss, ultimately leading to death [1,2]. It is considered an urgent public
health problem [3,4], being the third leading cause of death after cancer and heart disease [2]. According to
the 2020 update of the World Alzheimer Report 2015 [5,6], there are over 50 million people worldwide living
with dementia. This number will almost double every 20 years, reaching 152 million in 2050. AChE inhibitors
are the mainstay drugs for early disease stages [1].

Recently, we reported the synthesis of open-chain sugar amides which have some potential as AChE
inhibitors [7]. Computational studies have shown that aromatic groups and the H-bond donor and acceptor
groups, together with the molecule flexibility of these open-chain sugars, are responsible for their activity as
the hydrophobic and H-bond interactions with the residues at the AChE gorge are mandatory for recognition
and/or to block the action of the catalytic triad, and thus for the inhibitory activity. In this communication, we
report the development of a new synthetic route to yield open-chain sugar amides from the commercially
available glucuronolactone. The amide sugar derivatives were obtained in good yield (70 — 90%) (Scheme 1).
The evaluation of acetylcholinesterase inhibition was carried out and the results will be disclosed.
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A novel enzyme collection as a potent tool for bacterial biofilm
exopolysaccharides degradation
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Bacterial biofilm infections represent a major threat in medical care with conventional therapies failing
due to low penetration of antibiotics into the biofilm. Biofilms are bacteria aggregates surrounded by a
polysaccharide rich extracellular matrix. As such, enzymatic polysaccharide degradation is a potential strategy
to enhance antibiotic biofilm penetration and bacteria eradication. Thus, a library of 135 carbohydrate active
enzymes (CAZymes) with the potential to digest the main exopolysaccharides produced by Staphylococcus
aureus (PNAG) and Pseudomonas aeruginosa (Pel, Psl and alginate) was explored [1,2].

The genes encoding the selected potential CAZymes were chemically synthesized, cloned, expressed
and purified in a high-throughput platform. The enzymatic activity of the purified proteins was tested using
chromogenic substrates and biofilm biomass evaluation.

All expressed enzymes were soluble and 30 presented high production yields. Four enzymes were able
to efficiently depolymerize PNAG, Psl, Pel and alginate, respectively. One alginate lyase, in particular, was able
to reduce the biofilm biomass of a mucoid P. aeruginosa strain by 70%, after 6.5h of incubation. Two family
20 glycoside hydrolases were also able to promote a 50-60% biofilm formation inhibition on a S. aureusstrain
after 6h of incubation. These enzymes will be further tested in combination with antibiotics to evaluate their
synergistic potential towards bacterial elimination. Overall, this study allowed the identification of novel
enzymes capable of P. aeruginosaand S. aureus biofilm degradation.
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Exploration of human gut microbiota enzymes targeting
glycosaminoglycans
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The human gut microbiota is a complex community of microorganisms that inhabit the gastro intestinal
tract and play major roles in our health. In particular, specific gut bacteria degrade the complex
polysaccharides present at the surface of the epithelium, among which glycosaminoglycans (GAGs).

The catabolism of GAGs is an important process that leads to the production of short-chain fatty acids,
which contribute locally to the health of colonocytes and also have systemic beneficial effects, especially on
the central nervous system. To efficiently degrade GAGs, gut bacteria rely on Carbohydrate-Active enZymes
(CAZymes) with complementary activities to completely break down the polysaccharides. These enzymes,
primarily Glycoside Hydrolases and Polysaccharide Lyases, are classified in the CAZy database [1].

In the previous years, several new families of Polysaccharide Lyases have been identified which
exhibited activities on GAGs [2]. Here, we present the characterization of several enzymes belonging to family
PL35 and originating from gut bacteria, with specificities towards a variety of glycosaminoglycans.
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Structural heterogeneity in Streptococcus suis serotype 9
capsular polysaccharide

Marie-Rose VAN CALSTEREN [1], Guillaume GOYETTE-DESJARDINS [2], Masatoshi OKURA [3], Kevin LI [2],
Nahuel FITTIPALDI [2], Daisuke TAKAMATSU [3,4], Marcelo GOTTSCHALK [2], Mariela SEGURA [2]

[1] Agriculture and Agri-Food Canada, Saint-Hyacinthe, Quebec, CANADA; [2] Université de Montréal, Saint-Hyacinthe,
Québec, CANADA; [3] National Agriculture and Food Research Organization, Tsukuba, Ibaraki, JAPAN; [4] Gifu University,
Gifu, Gifu, JAPAN

marie-rose.vancalsteren@agr.gc.ca

Streptococcus suis, an encapsulated bacterium, is an important swine pathogen and zoonotic agent.
The capsular polysaccharide (CPS) of serotype 9 contains p-Gal, L-Rha, Glc-ol6P, and a labile keto sugar, b-
6dxy/HexNAc-4-ulo [1]. The function of genes responsible for its biosynthesis by the Wzy pathway has been
putatively assigned [1].

The CPS obtained from Ss2to9, a serotype-switched mutant from a serotype 2 strain that expresses
the serotype 9 CPS, had different 'H NMR data than published initially forS. suis serotype 9 [1,2]. First,
doubling of signals was observed in the anomeric region, attributed to the riboisomer of 2-acetamido-2,6-
dideoxyhexos-4-ulose (Sug) formed by keto-enol tautomerization during the purification procedure. Second,
signals corresponding to one residue were shifted from their original position, and indeed glucose instead of
galactose was found in the side chain of the mutant CPS.

Molecular models of oligosaccharides comprising either the xylo or the ribo isomer of the keto sugar
were constructed to support the structure of the new isomer and explain its formation.

Because the donor strain for the construction of the mutant was different from the strain used for CPS
structure determination, glycosyltransferase genes in the different S. suis serotype 9 strains were examined
to find mutations potentially responsible for the replacement of Gal by Glc.

Finally, a comparison was made with various CPS structures having a single Gal/Glc difference in
serotypes of Streptococcus pneumoniaewithin the same serogroup, where their genetic basis has been
examined.

—3)-a-L-Rhap-(1—3)-Glc-ol-(6— P—3)-B-p-Galp-(1—3)-p-p-Sugp-(1—
0-D-Glep-(1—2)4

Ss2t09 mutant CPS repeating unit structure
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Coupling of Surface Plasmon Resonance with Mass Spectrometry
to study protein glycosylation
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Lectins are widely appreciated, in the fields of hematology and immunology, due to their specific
binding to carbohydrate structures. Lectins are commonly present on the cell surface or elsewhere; they are
also known as specific markers for membrane glycoprotein structures. This study is focused on the use of
Jacalin lectin (Artocarpus integrifolia) (AIA), which belongs to the family of galactose-binding lectins and is
used here as a model of lectin. The lack of sensitivity in MS detection hinders the development of approaches
using Surface Plasmon Resonance (SPR) coupled with Mass Spectrometry (MS). Among the factors affecting
sensitivity, the amount of ligands retained on the biochip surface is crucial [1]. Thanks to their smaller size and
multimerism, lectins offer an attractive receptor alternative to usual antibodies for increasing ligand capture,
which is particularly interesting in glycoconjugates analysis.

Our project aims to develop a multiplex SPR biochip with immobilized lectins to afford the coupling
between SPR Imaging and MS (SPRi-MS) to determine protein glycosylation and further study of unknown
lectins and their interactions with N-glycans. This coupling allows the real-time monitoring of interactions and
the determination of their kinetics and thermodynamics parameters, together with the structural
identification of the glycoconjugates captured from a complex mixture [1], [2], [3].

Fetuin is a plasma glycoprotein containing N-acetylglucosamine (GlcNac) and N-acetylgalactosamine
(GalNac) in its structure, which is commonly used as a model for N- and O-glycans analysis. Our SPR; analysis
confirmed significant interactions between AIA and fetuin. The sensorgrams showed considerable variations
in reflectivity accompanied by the lighting of the spots upon the injection of increasing concentrations of
fetuin. Detection of the captured fetuin was successfully achieved by MALDI-TOF MS directly on the lectin
biochip.

Moreover, a protocol for the on-chip spraying of the MALDI matrix is currently in development in the
laboratory. This mode of matrix deposit will be combined with a direct on-chip MALDI-TOF MS imaging (MS;)
experiment to evaluate the impact on both the sensitivity and the selectivity of detection of fetuin by a SPR;-
MS; approach.
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Synthesis of diversely O-acetylated segments from the
Shigella flexneri 6 surface polysaccharide
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Shigella are gram-negative enteroinvasive bacteria causing shigellosis, a major diarrheal disease,
especially in low and middle income countries. Shigellosis is responsible for a high burden and is a prime cause
of mortality due to diarrhea in young children.!!

The O-antigen (O-Ag) part of the Shigella lipopolysaccharide (LPS) is a major target of protection
induced by natural infection. Numerous Shigella vaccine candidates aimed at inducing an immune response
against the LPS were proposed. In this context, our group has investigated synthetic O-Ag surrogates as
alternatives to antigens purified from biological extracts. A S. flexneri 2a synthetic glycan-based vaccine
candidate was found immunogenic in a first-in-human phase 1 clinical trial.”?

Focus is here on the identification of surrogates of the O-Ag from S. flexneri 6 (SF6), another prevalent
serotype.® The SF6 O-Ag is defined by a partially O-acetylated linear tetrasaccharide repeat (s ABCD).!*!

The strategy to ready-for-conjugation oligosaccharides (up to 4 repeats) acetylated in a non-
stoichiometric fashion at OH-3ais described. Emphasis is on the design and multi-step synthesis of
tetrasaccharide blocks obtained in multi-gram amounts. Their combination and chemical diversification into
sets of oligomers is discussed. Conditions enabling the final deprotection of the fully protected intermediates
into fine-tuned linker-equipped SF6 O-Ag segments are presented.

These oligosaccharides will serve as molecular probes to decipher the importance of chain length
and O-acetylation for O-Ag functional mimicry.
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Structure and properties of bacterial envelope components
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Human pathogens, including viruses and bacteria, have evolved their ability to activate or evade the
host immune response by using the glycans of their envelopes. Bacterial lipopolysaccharides (LPSs) are the
main components of the outer membranes of Gram-negative bacteria, they have an important role in the
activation of the immune response as they act as microbe-associated molecular patterns” (MAMPs). They are
microbes that mimic host glycans, to engage immune proteins and evade the host immune response,
successfully promoting bacterial colonization and tolerance.! Some bacteria decorate their cell envelope with
sialic acids, a group of 9-carbon backbone nonulosonic acids, found primarily at the termini of glycans
displayed on vertebrate cell surfaces and therefore ideal candidates to be used as "self-associated molecular
patterns" (SAMPs) for self/non-self discrimination by the host immune system. Siglecs (sialic acid-binding
immunoglobulin-like lectins) are immune proteins with the ability to preferentially recognize and bind
exposed sialylated glycans on cell surfaces, acting as regulators of a variety of critical cellular mechanisms.??

I will here present the structure and activity of bacteria envelope glycans (Odoribacter
splanchnicus, Acinetobacter baumannii...) involved in the host immune recognition. Understanding the role of
Glycans and glycosylation in immunity is critical to understanding the etiology and progression of immune-
related diseases. Therefore, the structure and function of the bacterial envelope components will be
evaluated.*
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Chemoselective enzymatic deacetylation of protected
phenylpropanoid saccharides
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Glycophenolics represent a class of naturally occurring compounds with a wide range of biological
activities, especially their antioxidant activity, from which they develop secondary anti-inflammatory,
antiviral, cardioprotective, neuroprotective and anticancer properties [1]. These glycophenolics are divided
into several subcategories, from which one of them are phenylpropanoid esters of carbohydrates, which
consist of saccharide moiety decorated with hydroxycinnamic acids. Chemical synthesis of these compounds
usually involves the use of acetyl protecting group on saccharides and on phenolic hydroxyls as well. However,
free phenolic hydroxyl is the key factor in antioxidant activity of these glycophenolics and to evaluate
biological activities of synthetic analouges of these natural products, chemoselective deacetylation of phenolic
hydroxyls is essential. Common chemical methods of deacetylation usually lead to several different side
products, and it is difficult to achieve desired chemoselectivity.

During our work on the synthesis of substrates for feruloyl esterases, we found that Lipase PS (lipase
from Burkholderia cepacia) selectively deacetylates esters of 4-O-acetylferulic acid [2]. Therefore, we
investigated the possibility of enzymatic deacetylation of protected phenylpropanoid saccharides with Lipase
PS to deacetylate phenolic hydroxyls. Reaction proceeded in two-phase system at neutral pH and with only
mild heating (37 °C). We achieved excellent chemoselectivity towards phenolic acetates with yields 75-95%,
while other ester bonds remained intact.
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Swainsonine and mannostation based analogues: targeting
selective inhibition of Golgi a-mannosidase

Megan BENNETT [1], Tony KOEMANS [2] Hermen OVERKLEEFT [2] Gideon Davies [1]

[1] York Structural Biology Laboratory, Department of Chemistry, The University of York, York, UK; [2] Leiden Institute of
Chemistry, Leiden University, Leiden, THE NETHERLANDS

megan.bennett@york.ac.uk

An obligatory step in the formation of complex N-glycans involves the removal of two mannosyl
linkages in GlcNAcMansGlcNAc,.™" Golgi a-mannosidase (GMII) is a glycoside hydrolase that catalyses the
removal of terminal a-1,3- and 1,6-linked mannoses from GlcNAcMansGlcNAc,.™ Dysregulated synthesis or
alteration of N-glycans is often linked to the manifestation of various diseases.?

Therefore, GMII and its inhibition, is a promising candidate for the development of various
therapeutics such as anticancer drugs. Swainsonine is a highly characterised inhibitor of GMIl and can be used
during the treatment of various cancers.!® Nevertheless, swainsonine administration can elicit undesirable
side effects such as mannosidosis due to its off-target inhibition of lysosomal a-mannosidase.

As a result, there is a pressing need to find potent, yet selective, inhibitors towards GMII. Discussed
herein, are the structural and biochemical based findings for the potential inhibition of GMII by employing a
range of swainsonine and mannostatin based analogues.
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The role of substitution pattern on molecular structure and NMR
parameters in sulphated saccharides
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Biological properties of sulphated saccharides are surprisingly large and include angiogenesis, anti-
inflammatory, antiviral, anticoagulant properties, cell adhesion, growth and differentiation, etc. These
manifold properties originate from the structural arrangement of these saccharide derivatives. The present
contribution discusses applications of quantum chemical DFT methods, combined with NMR spectroscopy, for
description of molecular properties of heparan sulphate, dermatan sulphate, chondroitin sulphate and iota-
carrageenan. Theoretical methods have been used for examination of 3D molecular structure and NMR
parameters taking into account explicit solvent molecules. The data showed that formation of a complex
hydrogen bond network and strong ionic interactions influence the first hydration shell and play an important
role in shaping the 3D saccharide molecules.

The DFT analysis of 3Jy_c-c-1 coupling constants indicated that the oxygen lone pairs of neighbouring
oxygen atoms could significantly contribute to the magnitudes of coupling constants, mainly Fermi-contact
terms. The computed 3/y-c_cn data, together with theoretical analysis of molecular structure highlight the
need of appropriate quantum-chemical calculations for detailed understanding NMR parameters as well as
solution properties of sulphated oligosaccharides.
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New perspectives for aging research of an extremely long fertile
life in a highly social termite
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Aging is characterized by a progressive loss of physiological integrity, leading to impaired function such
as reduction of reproductive performance and increased physiological vulnerability to death. Over recent
years, aging research has discovered that the rate of aging is controlled by genetic pathways and biochemical
processes conserved in evolution of many species. | will present our results obtained from a novel natural
aging system, the long-lived and highly fertile Macrotermes natalensis termite queen that overcomes
simultaneously several well-known hallmarks of aging while receiving a prolonging carbohydrate-rich diet.

Open royal chamber with one physogastric queen, one king, and several workers and soldiers of
Macrotermes natalensis. Credit: M. Vasseur-Cognet
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Specificity of a MurNAc/GIcNAc peptidoglycan deacetylase acting
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Monica TEXIDO [1], Laia GRIFOLL [1], Xevi BIARNES [1], Antoni PLANAS [1]

[1] Laboratory of Biochemistry, Institut Quimic de Sarria - Universitat Ramon Llull, SPAIN
monicatexidob@igs.url.edu

The bacterial cell wall peptidoglycan (PGN or murein) is an heteropolymer composed of a linear glycan
chain of alternating N-acetylglucosamine (GIcNAc) and N-acetylmuramic acid (MurNAc) units linked by B-1,4
glycosidic bonds. Moreover, the lactyl group of the MurNAc units are substituted by short (stem) peptides
that are crosslinked to form a mesh-like structure. In addition to variations in polymer length, many bacteria
subsequently modify the sugar structures. One of the most common modification of the glycan backbone is
the de-N-acetylation of either one or both sugars and pathogenic bacteria utilize those deacetylations to
evade detection by the innate immune system. PGN deacetylases (PGN DAs) are members of family 4
carbohydrate esterases (CE4 enzymes) which operate by a metal-assisted general acid/base catalytic
mechanism [1][2]. Whereas PGN GIcNAc DAs are specific for GIcNAc residues of the PGN glycan backbone and
confer resistance to lysozyme hydrolysis, PGN MurNAc DAs are specific for MurNAc residues and are involved
in sporulation. Both subfamilies have mutually exclusive specificities, but currently no sequence or structural
signatures can be assigned to each enzyme class to predict specificity and function. PdaC from Bacillus subtilis
was recently discovered as a novel MurNAc DA. It is unique in that it acts on intact PGN, it is not involved in
sporulation and it is also active on chitooligosaccharide (COS), an activity that was thought to be restricted to
GIcNAc deacetylases [3]. Moreover, BsPdaC shares higher sequence similarity with the peptidoglycan GIcNAc
deacetylase SpPgdaA than with other MurNAc deacetylases.

Computational dockings with (GIcNAc)4 substrate confirmed the presence of two binding modes (BM)
with equal energy which explain the experimental first deacetylation pattern at the two central GIcNAc units.
The goal is to gain insight into the substrate specificity of BsPdaC by generating mutants in certain positions
of the catalytic cleft and evaluate the changes in activity and specificity compared to the wild type enzyme.
Thus, new information about the interactions of the residues surrounding the active site can be inferred,
aimed at understanding the specificity of PGN DAs as therapeutic targets for the design of novel
antimicrobials.
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Photocleavable ABPs for a native enrichment assay
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Lysosomal storage diseases Gaucher is caused by the accumulation of metabolite glucosylceramide in
the lysosome due to impairment of its degrading enzyme Glucocerebrosidase. For a better understanding of
the disease, the affected enzyme and its biological environment are investigated extensively. Identifying
proteins that are interacting with the enzyme, for example activating or stabilizing it, could give insight in the
enzyme’s mechanisms and activated downstream pathways. In this work we aim to identify and characterize
these interacting proteins via a native enrichment assay using photo-cleavable activity-based probes.

Streptavidin|

Photocleavable ABP bound to streptavidin-coated beads and GBA, before and after photocleavage.

Bibliographic references:

Aerts, J. M.. et al. Lysosomal Storage Diseases. For Better or Worse: Adapting to Defective Lysosomal Glycosphingolipid Breakdown. eLS
1-13 (2017). doi:10.1002/9780470015902.a0027592

o) (@)

Biosynthesis and Carbohydrate Active Enzymes P141




Niosomes functionalized with a synthetic carbohydrate binding
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Niosomes are self-assembled nanometer sized-vesicles, which represent a versatile drug delivery
system (DDS) for several therapeutic applications.! Their excellent ability to encapsulate antitumoral drugs as
well as the possibility to easily functionalize their surface, make these nanocarriers particularly suitable for

the development of active targeted DDS in cancer therapy.

In the last decades, our research group has been involved in the development of synthetic
carbohydrate binding agent (CBA), small-molecules selectively able to target saccharides of biological
interest.2Recently, a diaminopyrrolic synthetic receptor has been developed, which is effectively able to
recognize the mannosidic residues of high-mannose-type glycans, overexpressed on the surface of various

cancer cells.

In this project doxorubicin-based niosomes were functionalized with the CBA effectively recognizing
mannosides.? Several formulations and different preparation methods were taken into consideration to
obtain functionalized nanovesicles suitable for parental administration, which resulted stable for over six
months, and able to encapsulate up to 85% of antitumoral drug. Cell viability, evaluated on a triple-negative
cancer cells (MDA-MB-231), showed an increase of apoptosis for the functionalized DOXO-based niosomes,
whereas comparison studies, carried out with H9C2 normal cells, confirmed the protective role of niosomal

formulations on rat cardiomyocytes by a reduction of cytotoxicity.

The encouraging results obtained may open the way to further in vivo investigations.
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Heparan sulfate (HS) is a sulfated polysaccharide involved in cellular processes through its ability to
bind and modulate various proteins. These interactions are controlled by the saccharide domains with rich
sulfation patterns whose distribution is orchestrated by highly regulated biosynthetic machinery. In addition,
at a different level of structural control, HS remodeling occurs at the cell surface. These modifications are
ensured by editing enzymes involved in the post-synthetic sequencing of HS, including the extracellular
sulfatases HSulf-1 and HSulf-2, which regioselectively remove 6-O-sulfate groups from HS. HSulf-1 and HSulf-
2 are unique endosulfatases that target the functional sulfated domains of HS, alter ligand binding properties,
and modulate a variety of signaling pathways [1]. Studies have shown that HSulfs are associated with many
diseases, including cancer. Although they are closely related enzymes, HSulf-1 is most often largely reported
as having a tumor-suppressive activity, whereas HSulf-2 has a pro-oncogenic activity and is consistently
overexpressed in tumors.

Our work aims to characterize and understand these enzymes at the structural and functional levels
[2]. Currently, conventional methods for monitoring and measuring the activity of these enzymes use synthetic
sulfated substrates that are not carbohydrates in nature (e.g., p-catechol sulfate) and therefore do not
accurately approach the appropriate true enzyme endolytic activity. To gain new insights into the structural
features of the oligosaccharide substrates of these enzymes, we investigated the development of robust and
resolving analytical methods that allow enzymatic monitoring of the natural sulfated substrates. First, kinetic
studies of HSulf-2 using Hp oligosaccharides as substrates were performed by HILIC-MS [3]. We observed the
sequential hydrolysis of 6-O-sulfate groups along the sulfated oligosaccharides; the activity of HSulf-2 was
then compared with that of HSulf-1. We investigated whether these two enzymes also differ in their catalytic
properties. Their desulfation reaction on various natural and synthetic Hp-oligosaccharide substrates was
followed using several techniques. Overall, the use of IM-MS in combination with HILIC-MS, for example, can
provide a powerful tool for the structural and functional characterization of HSulfs and their interactions with
HS and other biomolecules.

Exploration of the functional specificities of each HSulf and their correlation to the structural
differences will be discussed in detail.
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treatment of type 2 diabetes
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450 million people around the world are suffering from type 2 diabete, and its prevalence is increasing
each year. In this context, gliflozines like Dapagliflozin have been marketed in 2013 as a new class of anti-
diabetic agents acting as inhibitors of the sodium-glucose co-transporter SGLT-2. Among them, spiro-bicyclic
compounds like Tofogliflozin showed great promises, but they have been underestimated because of
synthetic approaches that only give rises to [6,5]-spiroacetals having an a configuration.

In this context, we wish to report herein a new approach towards potential inhibitors of SGLT-2, where
a carbene-mediated functionalization of the anomeric C-H bond of carbohydrate would first give rise, on
demand, to quaternary sugars of a- or B-configuration. Starting from mannose, the a-propargyl 2-diazoacetyl
mannoside was first prepared and engaged in a Rh(ll)-catalyzed 1,5-C-H insertion to yield y-lactone. After
conversion into the key C,O-bis propargyl glycoside, a [2+2+2] cyclotrimerization gave rise to [6,6]-spiroacetals
fused to an aromatic ring.

This new approach allowing introduction of key pharmacophores in a late stage of the synthetic
sequence provide a fast entry towards a large molecular diversity of unprecedented potential inhibitors of
SGLT-2.

[C-H Functionnalization | Propargylation |[2*2+2] cyclotrimerization ]
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Divergent synthetic approach towards original [6,6] spirobicyclic potential inhibitors of SGLT-2.
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Structure of the Listeria innocua ZM39 cell wall teichoic acid and
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Wall teichoic acids (WTA) make up the majority of cell wall carbohydrates of Listeria. They play vital
physiological roles and are involved in the interaction with the hosts and the environment. They are composed
of ribitol phosphate polymers that are differentially glycosylated. Most is known about the WTA of the
foodborne pathogen Listeria monocytogenes. Since the non-pathogenic Listeria innocua is its close relative, it
has been proposed as a surrogate organism for the foodborne opportunistic pathogen, especially for
determining the efficacy of antimicrobial strategies against L. monocytogenes because it is safer to work with.
Since there were few reports of WTA structures of L. innocua, we set out to determine the structure of native
WTA, for the food isolate strain ZM39, by 1D and 2D NMR spectroscopy. We report the complete structure of
the WTA of L. innocua ZM39, which consists of [->4)-B-GlcNAcp-(1->4)-Rbo-(1P->] backbone with an a-
GIcNAcp bound to C3 of the B-GIcNAcp in stoichiometric amount. No acetyl groups were detected.

According to the current classification of L. monocytogenes WTA, the L. innocua ZM39 WTA can be
assigned to type Il, since the B-GIcNAc residue is part of the backbone. This structure is similar to type Il WTA
serovar 6a which however contains a B-GIcNAc substituted in non-stoichiometric amounts with Gal, a-GIcNAc
and acetyl groups. In addition, we sequenced the genome of this L. innocua strain and deciphered most of the
putative WTA synthesis genes.
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Evaluating the substrate specificity of ENGases using fluorogenic
glycan probes
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Endo-B-N-acetylglucosaminidases (ENGases) are glycosyl hydrolases widely used for glycan analysis of
glycoproteins. ENGases hydrolase f1-4 glycosidic bond in the N,N-diacetylchitobiose core of N-glycan, release
the glycan from glycoproteins and leave a single N-acetylglucosamine on proteins. ENGases are widely
distributed in bacteria, fungi, and higher-order species, and each enzyme exhibits different substrate
specificities.

To conveniently detect ENGase activity and evaluate the substrate specificity of ENGases, we have
developed Forster resonance energy transfer (FRET) type substrates with N-glycans structure carrying a
fluorescent group and a quenching group [1]. For a systematic understanding of substrate specificity of
ENGases, we synthesized glycan probes with different structures of N-glycan, i.e., core-fucosylated
hexasaccharide, biantennary asialocomplex type nonasaccharide, fucosylated complex type decasaccharide,
oligomannose type heptasaccharide, and hybrid type nonasaccharide.

In this presentation, we will show the systematic synthesis of the FRET-based glycan probes and the
results of hydrolytic reactions of these glycan probes by several ENGases and discuss the specificity of these

ENGases.
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Detection of ENGase activity using fluorogenic glycan probes
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Complement C3 N-glycoprofiling in diagnosis of type 1 diabetes
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Recently, we showed that children at the onset of type 1 diabetes (T1D) have a higher proportion of
oligomannose glycans on their total plasma proteins compared to their healthy siblings and identified these
levels to be associated with the C3 gene. Complement component 3 (C3) contains two N-glycosylation sites
occupied exclusively by oligomannose glycans. In order to evaluate the diagnostic potential of C3 N-
glycosylation in T1D, we developed a high-throughput workflow for C3 concanavalin A lectin affinity
enrichment and subsequent LC-MS glycopeptide analysis which enables protein-specific N-glycosylation
profiling. Plasma samples of 61 children newly diagnosed with T1D and 84 of their unaffected siblings were
analyzed. Significant changes in C3 N-glycome were found. T1D was associated with an increase in glycan
structures with more mannose units. A regression model including C3 N-glycans showed considerable
discriminative power (AUC = 0.879). Further, we analyzed serum samples from 189 adults with T1D concerning
the most frequent complications of this disease. C3 N-glycome changed significantly among different stages
of the albuminuria, as well as among hypertension status. All except one of the C3 glycopeptides proved to be
associated with HbAlc levels. One of the glycoforms was also shown to be changed in retinopathy, in addition
to elevated fasting glucose levels. Our study implies that the glycosylation of C3 could be a valuable diagnostic
tool in assessing T1D risk in children as well as disease complications in adults.
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F Schematic workflow for a high-throughput and site-specific C3 N-glycosylation LC-MS analysis
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The coronavirus SARS-CoV-2 emerged in China in late 2019 and led to the COVID-19 pandemic. Of the
major structural proteins encoded by the SARS-CoV-2 genome, the SPIKE protein has attracted considerable
research interest because of the central role it plays in entry into host cells. SARS-CoV-2 SPIKE is highly
glycosylated with 22 predicted N-glycosylation sites, as well as numerous mucin-type O-glycosylation site. It
is well documented that the protein glycans are mainly exposed at the surface and form a shield masking
specific epitopes to escape the virus antigenic recognition.

Moreover, the analysis of SARS-CoV-2 SPIKE from coronavirus variants has revealed significant
variations in their glycan profiles. Virus-like particles (VLPs) of the SARS-CoV-2 SPIKE were produced
in Nicotiana benthamiana and its N-glycosylation was investigated by a glycoproteomic approach.

As demonstrated for the viral protein produced in mammalian cells, we show that 20 among the 22 N-
glycosylation sites are dominated by complex plant N-glycans and one is occupied by oligomannosides. This
suggests that the CoV-2 SPIKE protein produced in tobacco plants adopt an overall 3D structure similar to the
one of recombinant homologues produced in mammalian cells [1].
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The cellulosome is one of nature’s most intricate macromolecular protein complexes, which centralizes
the cellulolytic efforts of many anaerobic microorganisms, promoting enzyme synergy and stability. Its
components are assembled through high-affinity protein-protein interactions between enzyme-borne
dockerin (Doc) modules and repeated cohesin (Coh) modules present in non-catalytic scaffold proteins [1-3].
Typically, a sequence and function-based classification distinguishes between two types of Coh-Doc modules.
Thus, type | Coh-Doc complexes are usually responsible for enzyme integration, while type Il complexes tether
the cellulosome to the bacterial wall [4]. Contrastingly, in Bacteroides cellulosolvens, Coh types are reversed
in all scaffoldins, with type Il Cohs located on the enzyme-recruiting primary scaffoldin and type | Cohs located
on the anchoring scaffoldins [5]. It has been previously reported that type | B. cellulosolvens interactions
possess a dual-binding mode (DBM) that adds flexibility to scaffoldin assembly.

Here, by combining structural characterization with affinity studies we have uncovered the
mechanisms governing enzyme recruitment into B. cellulosolvens’ cellulosome and identified the molecular
determinants of its type Il Coh-Doc interactions. The results indicate that, unlike type Il complexes from other
species, these possess a DBM, similarly to type I. Therefore, the plasticity of DBM interactions seems to play
a pivotal role in the assembly of B. cellulosolvens’ cellulosome, which is consistent with its unmatched
complexity and size.
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Diglycosidases are becoming a promissing group of endoglycosidases enabling fast and simple
syntheses of oligosaccharides and their glycosides without formation of glycon isomers. Screening and
application of diglycosidases is however hampered by limited availability of appropriate substrates. We have
tested three types o diglycosidase activities of various origin in glycosylation of tyrosol.

1. Rutinosidase-comprising plant materials, flower buds from Japanese sophora (Sophora japonica) [1]
and seed meal from tartary buckwheat (Fagopyrum tartaricum) rutinosylated tyrosol exclusively on
the primary hydroxyl with conversions above 60 %, providing after isolation solely the 2-(4-
hydroxyphenyl) ethyl B-rutinoside in 24 and 35 %, respectively. Both catalysts are highly specific
towards rutin as the substrate.

2. On the other side, transrobinobiosylation from robinin to tyrosol catalyzed by seed meal from
common buckthorm (Rhamnus cathartica) proceeded with lower chemoselectivity, providing after
isolation 23 % of a mixture of both theoretical tyrosol B-robinobioside isomers 2-(4-
hydroxyphenyl)ethyl B-robinobioside and 4-(2-hydroxyethyl)phenyl B-robinobioside in ratio ca. 8:1 in
favor of glycosylation of the primary hydroxyl.

3. Aromase H2, a commercial mixture of glycosidases and diglycosidases, catalyzed
transacuminosylation from 4-nitrophenyl B-acuminoside to tyrosol, providing after isolation
approximately equal mixture of 2-(4-hydroxyphenyl)ethyl B-acuminoside and 4-(2-
hydroxyethyl)phenyl B-robinobioside [2].
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Chitin is the second most abundant biopolymer in nature after cellulose and is composed of N-
acetylglucosamine (GIcNAc) connected via B(1->4)-glycosidic bonds. Due to its high abundance, the
interaction with other biomolecules, such as enzymes during degradation or synthesis, is of a central role in
the world’s carbohydrate turnover. Additionally, chitin is used as biomaterial in pharmaceutical
applications.! Despite its prominence, there is still a need to develop methods to study structure and function
of chitin and its corresponding oligomers and their interactions with other biomolecules. Efforts have been
made to analyse chitin oligomers by NMR spectroscopy, but spectral overlap has prevented any differentiation
between the interior residues. For glycosaminoglycans, such as hyaluronan, >N NMR has been utilized on
amide and sulfamate groups to resolve individual residues in oligomers.* Herein, we present a similar
approach on chitin oligomers.

Chitin oligomers up to hexaose with natural abundance of N were analysed with NMR spectroscopy
in H,0:D,0 (9:1) solution. Under the present conditions H,2>N-HSQC allowed for individual residues in the
oligomer to be resolved in the nitrogen dimension. Additionally, all oligomers were analysed for the presence
of the cis amide form. According to previous studies on GIcNAc, the trans conformation is predominant, but
about 1% of cis form is present.” It is still unknown whether the cis amide form plays a significant role in the
conformation of polysaccharides containing N-acetyl groups, or if it has any biological function.
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Mucosal glycans as novel antimicrobial agents
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The mucosal barrier is well-established to play an important role in microbiota development and as a
first line of host defence. Although this has traditionally been attributed to the physicochemical properties of
mucus, recent reports indicate that mucin glycoproteins and their associated glycans can regulate gene
expression and are capable of attenuating virulence in diverse, cross-kingdom pathogens, including Gram-
positive bacteria, Gram-negative bacteria, and fungi.

With mucins displaying several hundred distinct glycan structures, we sought to identify discrete
glycan structures responsible for this novel gene regulation. Individual mucin O-glycan structures are not
commercially available, are not yet amenable to automated synthesis, and given their overlapping physical
and chemical properties cannot be isolated as pure compounds from natural sources using current
technologies.

Therefore, through a multi-centre collaborative effort we have been actively: (i) characterizing
complex mucin O-glycan pools to identify structures most likely to display biological activity; (ii) developing a
synthetic approach to obtain individual mucin O-glycans in sufficient quantity for functional analysis [2]; and
(iii) assessing the virulence attenuating capabilities of individual glycans in diverse pathogens [1,3]. Within this
framework, we have successfully identified specific structures that suppress virulence phenotypes in the
fungal pathogen Candida albicans (e.g., filamentation, biofilm formation), and regulate pathogenicity in Vibrio
cholerae (e.g., reduced cholera toxin production), with potency comparable to native mucin glycan pools.

The authors gratefully acknowledge Innosuisse (104.462 IP-LS), the Swiss National Science Foundation (CRSK-3_196773),
and the University of Basel for financial support.
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A simplified analytical approach for Glycoconjugate
content (potency) quantification
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The use of glycoconjugate vaccines is a critical weapon in fighting bacterial infections, and several
glycoconjugate vaccines have been licensed through times or are currently in clinical development.
This work proposes a new approach to the glycoconjugates vaccine antigen quantification (vaccine potency).
According to Pharmacopeia chapter <1234> to assess glycoconjugate vaccine potency, it is requested to
measure both the Total amount of Saccharide content TS (conjugated and unconjugated saccharide) and the
Free unconjugated amount of saccharide FS (which is not immunogenic), see Figure 1. With those two
attributes (TS/FS), it is possible to estimate the amount of Conjugated Saccharide CS (which is the active
ingredient). Here, we illustrate a new method to quantitatively purify the CS moiety from the sample matrix
and from the FS, enabling, in one single test, the direct accurate quantification of the active ingredient[1].
The assay has been developed and validated for a quadrivalent conjugate vaccine containing meningococcal
serogroup A, C, W and Y polysaccharides each coupled with CRM197 protein. Method validation results
showed high linearity, precision, accuracy, repeatability, and specificity. In addition, the assay demonstrates
to be stability indicating, meaning that if during drug product stability, a decrease of conjugated saccharide
occurs it can be quantitatively and accurately measured. The CS test implementation as release test replacing
the classical TS and FS assays has been agreed with FDA and has been successfully implemented in Quality
control facility.

Total saccharide

Free saccharide

Conjugate saccharide O Repeating unit

Total Free and Conjugated Saccharide graphical representation
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PROTACs as new modality for targeting glycosidases and
glycosyltransferases
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Glycosidases and glycosyltransferases are carbohydrate processing enzymes that are involved in a wide
variety of diseases. Despite extensive research, discovery of effective drugs targeting glycosidases and
especially glycosyltransferases has proven rather challenging. To overcome this problem, paradigm-shifting
approaches are needed to target these enzymes in a clinical setting. We propose application of proteolysis-
targeting chimeras (PROTACs) technology as a potential solution. PROTACs are bifunctional molecules that
consist of a ligand of the protein of interest (POI), a linker and an E3 ligase ligand. Upon binding both the POI
and the E3 ligase, the POl and E3 ligase are brought in close proximity causing ubiquitinylation of the POI,
followed by downstream protein degradation. The mode of action of PROTACs provides several advantages
over traditional occupancy-driven inhibitors, including a catalytic degradation mechanism and enhanced
selectivity due to the requirement of efficient protein-protein (POI-E3) interactions. As model cytosolic
glycosyltransferase and glycosidase targets we chose glycosylceramide synthase (GCS) and non-lysosomal
glucocerebrosidase (GBA2) respectively, with implied relevance in Gaucher disease and Parkinson’s disease.
For this purpose, we selected a dual GCS- and GBA2 iminosugar ligand and functionalized the ligand both at
the ring nitrogen atom and at the C1 position in B-configuration. Based on these designs, both GCS-selective
and GBAZ2 selective PROTACs capitalizing on CRBN and VHL E3 ligands are currently under development.

Protein of
interest (GBA2
j D or GCS)
PROTAC E3-E2 ligase

PROTAC Recruit complex
recovery POl and
E3 ligase

Polyubiquitinylation Ubiquitinylation of
POI

Proteasoma
degradation

l" 3
cafy.
TR

Figure 1. Mechanism of protein degradation caused by PROTACs. Created with BioRender.com.
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C-glycosyl compounds, key intermediates for the synthesis of
anti-proliferative [3.3.0]furofuranone
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The [3.3.0]furofuranone structure is found in numerous families of biologically active natural products.

We took advantage of the stereodiversity afforded by carbohydrate derivatives, and more precisely C-glycosyl

compounds displaying chemical and biological stabilities, to prepare several compounds structurally similar

to goniofufurone and crassalactones which are natural cytotoxic agents.??

We designed and synthesized several stereocisomers of these natural compounds via lactonization of C-

glycosyl compounds bearing a hydroxyl on position 4 and a methyl ester on the pseudo-anomeric position.

The reactivity of this bicyclic moiety was explored through etherification of hydroxyls in position 5 and 7 and

various substituents such as halogen, phenyl, benzyl and cinnamoyl were introduced. The anti-proliferative

properties of these mimics were then evaluated on various cancer cell lines and the results highlighted that

the stereochemistry of the furofuranone moiety is a crucial point to ensure cellular activity. Interestingly, two

compounds demonstrated promising ICsp value of 1.34 uM (U251) and 7.60 uM (U87).4
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Towards the use of Chlamydomonas reinhardtii as
biopharmaceuticals expression system]...]
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For the biopharmaceutical production, the green microalga C. reinhardtii benefits from numerous
molecular and biochemical tools.. However, most of the biopharmaceutical products are glycoproteins and it
is now well-established that glycans harbored by proteins are implicated in their life time, activity and
immunogenicity (Lingg et al., 2012, van Beers and Bardor, 2012). To date, the genes encoding enzymes
responsible for the N-glycosylation steps occurring in the endoplasmic reticulum and Golgi apparatus have
been identified in C. reinhardtii (Mathieu-Rivet et al, 2013). This microalga synthesizes non canonical
oligomannosidic N-glycans ranging from MansGIcNAc; to MansGlcNAc; and bearing specific residues such as
B(1,2), B(1,4)-xylose and a(1,3)-fucose that are absent in mammalian glycoproteins (Lucas et al, 2020;
Oltmanns et al, 2019; Schulze et al, 2018). Therefore, in the purpose to use C. reinhardtii for the expression of
glycosylated biopharmaceuticals suitable for human therapy, the engineering of its N-glycosylation pathways
represents a major issue. Crossings of insertional mutants for the genes encoding the characterised
xylosyltransferases (XTA, XTB) and fucosyltransferase (FucT) lead to a glycoengineered strain with a higher
amount of MansGIlcNAc; N-glycan that represent the basic structure for further glycoengineering.

However, analysis of this strain suggests that an additional xylosyltransferase is involved in the
xylosylation process in C. reinhardtii. Additional putative candidates have been identified and inactivated in
this triple mutant by CRISPR/Cas9. On another hand, the expression level of recombinant proteins remains
modest in Chlamydomonas current strains. Recently, it has been shown that mutations in a gene encoding for
Sir2-like NAD(+) dependent protein deacetylase may allow a better insertion of DNA that newly enters the
cells with no silencing and a better expression level (Neupert et al, 2020). The inactivation of this protein in a
glycoengineered strain is also a step forward that we performed.The output of this work would help in a near
future the heterologous expression of glycosylation enzymes to complement the N-glycosylation pathway
in C. reinhardtii and increase the biologics production yield to compete with the current expression systems
of biopharmaceuticals for human therapy.
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Enzymatic transglycosylation for synthesis of novel glycosides
from renewable galacto- and glucomann
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Hemicellulose, such as softwood galactoglucomannan is promising renewable bioresource
[1]. Degradation is possible with a combination of Glycoside Hydrolases (GHs), e.g family GH27 a-
galactosidase and GH5 B-mannanase in cooperation. These enzymes can also synthesize new glycosidic bonds
during the catalysis in the presence of other acceptor molecules besides water, referred to
as transglycosylation. In our work, we have demonstrated synergy between a-galactosidase and B-mannanase
in formation of transglycosylation products using galactomannan as donor substrate through covalent fusion
of mannose or galactose units to allyl alcohol. We have shown that using HPLC for product screening in
conjunction with NMR for structural determination of novel glycosides is a powerful approach for monitoring
this reaction. Coincubation of GHs with complimentary activities has potential to result in improved substrate
conversion and increased synthesis yields of allyl glycosides [2]. These reactive glycosides could be utilized for
downstream applications such as production of biomaterials and for surface modification [3]. Furthermore,
an engineered subsite +1/+2 variant of Trichoderma reesei b-mannanase TrMan5A showed enhanced allyl
mannoside synthesis capacity [2], when compared to the wild-type. This application allows for generation of
numerous different novel glycosides such as using allyl- or propargyl alcohol [4] as the acceptor, allowing for
downstream application in thiol-ene or -yne click chemistry respectively [5].
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Figure 1. Schematic representation of synergistic approach to enzymatic synthesis of allyl-glycosides using
locust bean gum galactomannan as substrate

Bibliographic references:

1. Rowell, Roger M., Roger Pettersen, in Handbook of Wood Chemistry and Wood Composites ed. Roger M. Rowell (2012)

2. Butler, S. J., Birgersson, S., Wiemann, M., Arcos-Hernandez, M., & Stdlbrand, H. (2022). Process Biochemistry, 112, 154—-166
3. McSweeney, L. et al. (2016). Chem. Eur. J. 2016(12), 2080-2095

o O
P173

Enzymatic synthesis and biocatalysis / Biosynthesis and Carbohydrate Active Enzymes




Eu@:rb

Optimisation of a practical synthesis of Lactosamine from
Lactulose using a Heyns Rearrangement
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Derivatives of N-acetyl-D-lactosamine play an important role in a variety of biological systems and are
often found as a component of lipooligosaccharide in bacteria, as well as glycoconjugates. Literature suggests
that one of the more practical synthetic methods for preparing N-acetyl-D-lactosamine is by employing a
Heyns rearrangement on commercially available lactulose [1,2].

Following the published methods for converting lactulose into N-acetyl-D-lactosamine (Figure 1), we
encountered challenges in the purification of N-benzyl-lactosamine, as well as poor yields due to a variety of
side-reactions. This presentation will describe our modifications to the published methods in an attempt to
improve the efficiency of compound purification and optimise the yield of N-acetyl-D-lactosamine from
lactulose.
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Figure 1. Conversion of lactulose into N-acetyl-D-lactosamine via a Heyns rearrangement
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New 6-O-functionalized B-glucoside substrates
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Human cells and tissues contain retaining B-glucosidases that catalyze the removal of glucose from
substrates, including the ubiquitous glycosphinglipid glucosylceramide (GlcCer).! The lysosomal B-glucosidase,
aka glucocerebrosidase (GBA1), is deficient in Gaucher disease (GD), a common lysosomal storage disorder.
Mutations in the GBA1 gene cause GD, a disorder manifesting with a great variation in severity and nature of
symptoms. Disfunctional GBA1 leads to an accumulation of GlcCer within the macrophages of cell lysosomes,
producing irregular and metabolically activated “Gaucher cells”.

The various pathophysiological mechanisms are still poorly understood as is the increased risk for
Parkinsonism in GD carriers.? In plants steryl-B-glucosides (sterolins) occur and some of these 6-O-acylated
structures are also present.® The existence of steryl glycosides (SGs) in animals and humans is poorly
understood and the sterol glycosyltransferases that are responsible for the biosynthesis of SGs in plants, fungi,
and bacteria have not been identified in mammals. It has recently become apparent that lysosomal GBA1 and
its cytosolic counterpart B-glucosidase named GBA2 not only cleave GlcCer to glucose, but also may act as a
transglucosidase, by transferring a glucose to a metabolite acceptor.

The physiological relevance is well documented for glucosylated cholesterol (GlcChol).* This research
aims to study the ability of human GBA1 to hydrolyze 6-O-acylated 4MU-B-glucose and close analogues and
its ability to generate SGs. More stable variants of this ester linked compound towards esterases are desired
as deacylation was observed in cell lysate samples. Five different analogues of this ester linked substrate were
synthesized containing different chemical linkages to their acyl or alkyl chain. These substrates were tested
for their activity against pure recombinant GBA1l (Cerezyme®) in a 4MU assay. Subsequently the
transglucosylation of NBD-cholesterol, a fluorogenic analogue of cholesterol, with the most promising ether
linked substrate was investigated by HPTLC analysis.

These results provide the first evidence that GBA1 is able to hydrolyse and transglucosylate 6-alkylated
4-MU-B-glc substrates to metabolite acceptors such as cholesterol. This new substrate toolbox will shed some
light on the relevance and scope of glycosylation by GBA1 in humans.
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Synthesis, conformational analysis and GalNAc-Lectin interactions
of constrained C-glycosidic analog
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Tumor-associated carbohydrate antigens (TACAs) are highly present on cancer cells, but almost no
detectable on normal cells. Such structures like Tyantigen represent interesting therapeutics targets,
particularly by incorporating them in anticancer vaccines. However, glycoconjugate vaccines displaying O-
glycoside could suffer from the lability of the O-glycosidic link [1] leading to a loss of the saccharidic moiety
which would have a direct impact on first, the recognition and then on the immune response. The replacement
of the glycosidic bond is well known to afford more stable analogues such as C-glycosidic ones. Incorporation
of analogues containing non-natural carbohydrates in vaccine could also improve immune response of such
vaccines. [2,3]

Recently, we focused our attention on the synthesis of constrained C-glycosidic analogues of Tn
antigen, based on a [3+2] cycloaddition strategy between a C-vinyl-GalNAc3and a chiral cyclic
nitrone 4 (Scheme 1). This key step provided access to cycloadduct2[4], precursor of
analogue 1. Conformational analysis of constrained analogue 1 and its molecular recognition with Gal-NAc-
specific lectins have been studied and will be presented.
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Scheme 1. Synthetic strategy of constrained C-glycoside analogue of Tn antigen
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Heparan sulfate proteoglycans, or HSPGs, are ubiquitous molecules found on host cell surfaces. They
are implicated in the binding and fusion of many viruses such as HIV or SARS-CoV-2. The McReynolds lab is
developing HSPG mimics to prevent the initial binding of the virus to the host cells, which could minimize
transmission of viral pathogens, or lessen/shorten the severity or length of iliness in those infected. My project
focuses on synthesizing a sulfated carbohydrate compound that will be clickable to a polymer to make
glycopolymers that will serve as viral-binding HSPG mimics.

A crucial step in my project is the attachment of a sulfated carbohydrate compound to a star-shaped
polymer that utilizes the click chemical reaction SPAAC, or strain-promoted alkyne-azide cyclization, yielding
the final sulfated glycopolymer. This reaction is under the scope of green chemistry, utilizing reagents and
conditions that are environmentally friendly. Other important green aspects of this chemistry that make it
attractive are the total atom economy, simple purification methods, and high resultant yields. The
glycopolymer products will undergo binding affinity assays to the HIV glycoprotein, gp120, and the SARS-CoV-
2 spike (S) protein. The overall goal of this project is the development of a broad spectrum anti-viral drug to
combat a variety of viruses.
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Synthesis and immunomodulatory functions of the glycolipid
ligands of C-type lectin receptor Mincle
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The macrophage-inducible C-type lectin (Mincle, Clec4e, ClecSf9) recognizes various glycolipids,
including trehalose dimycolate (TDM) from Mycobacterium tuberculosis, and activates the innate immune
system.! Regarding the ligand recognition mechanism of Mincle, the polar head groups of the ligands (eg.
trehalose moiety in TDM) are generally considered to interact with Ca ion /its proximal site around Mincle
surface. Although several types of ligand structures have been reported, the detail recognition of the
hydrophobic part of the ligands was not really understood. The intracellular behavior of Mincle and the ligands
has not been explored either.

In order to understand the detailed structure-activity relationships, we firstly focused on b-
mannosyloxymannitol glycolipid “44-2”, which consists of L-mannitol modified with b-mannosylated triacyl
moieties at the 1,3,4-position showing a potent murine Mincle-mediated signaling activity. We established an
efficient synthetic method for both enantiomers of 10-hydroxy stearic acid and achieved the synthesis of the
diastereomeric pair of b-mannosyloxymannitol glycolipids and their analogues.? With using similarly modified
lipid moiety, design and synthesis of trehalose diester analogues were achieved. The ligand structure—Mincle-
mediated signaling activity relationships were then analyzed.® Based on the established synthetic method, we
also synthesized molecular probes and utilized them for observation of the intracellular behavior of Mincle
and the ligand.
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Synthesis of erythropoietin with tetraantennary N-Glycans

Tanja KIRSCH [1], H. HESSEFORT [1], A. GROSS [1], M. HESSEFORT [1], L. PERKAMS [1], M. LOTT [1],
C. UNVERZAGT [1]

[1] Bioorganic Chemistry, Building NWI, University of Bayreuth, 95447 Bayreuth, Germany
tanja.kirsch@uni-bayreuth.de

Erythropoietin (EPO) is an N,O-glycosylated cytokine that plays an important role in the formation of
erythrocytes. Recombinantly expressed human EPO is thus used for the treatment of anaemia in kidney and
cancer patients. EPO obtained from Chinese hamster ovary cells shows a broad spectrum of different
glycoforms.™ To determine glycan-related bioactivities of EPO, homogenous glycoforms are needed. This can
be accomplished by chemical synthesis of glycoproteins and chemoenzymatic modification.?

Erythropoietin bearing three N-glycans can be synthesized by sequential native chemical
ligation.'** Here we show the synthesis of EPO carrying three of the typical tetraantennary core-
fucosylated N-glycans.!*® The sialylation of the galactosylated tetraantennary glycopeptide segments 1-
3 turned out to be difficult. Thus, the non-sialylated segments 1-4 were sequentially ligated followed by an
intermediate desulfurization of the non-native cysteines to alanine and removal of the Acm groups. The
homogenous glycoprotein EPO T was successfully obtained after oxidative folding (22 %). In contrast to the
glycopeptide segments 1-3, folded EPO T was more readily modified by a-2,6-sialyltransferase.!
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Biochemical approach to the development of novel covalent
inhibitors of viral 9-1-acetylesterases

Tessa GOTE [1], Foteini SKOULIKOPOULOU [1], Zachary ARMSTRONG [1]

[1] Bio-organic Synthesis Department, Leiden Institute of Chemistry LIC, Leiden University, Gorlaeus, THE NETHERLANDS
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Sialic acids are a diverse family of nine carbon a-keto sugars, found at the termini of glycoproteins and
glycolipids [1]. Many different pathogens use terminal sialic acids of sialoglycans as primary or accessory
receptors, often showing specificity for a type of sialic acid [2]. The most prevalent post translational
modification of sialic acids is the acetylation of the C9 hydroxyl group [3]. These 9-O-acetylated sialic acids are
exploited by influenza C (ICV) and human coronaviruses (HCoV), specifically the HKU1 and OC43 strains [4,5].
Inhibition of haemagglutinin-esterase (HE) in recombinant HCoV-OC43 with a neutralizing antibody identified
viral esterases as valid anti-viral targets [6].

The goal of this project is to identify and characterize small molecule inhibitors of viral sialic acid
esterases, to generate a new type of anti-viral molecule. To achieve this goal, the HEs of HKU1, OC43, and the
hemagglutinin esterase fusion (HEF) of ICV was purified. After obtaining pure protein samples, a high-
throughput screen was developed to identify active small molecule inhibitor scaffolds. An active scaffold will
lead to a hit-optimization study and eventually result in a novel viral esterase inhibitor.

Bibliographic references:

1]A.Varki (2008), Trends in Molecular Medicine(14)351-360
2]B.R.Wasik,K.N.Barnard,C.R.Parrish(2016), Trends in microbiology,24(12)991-1001
3JR.Gerardy-Schahn,...&R.Vlasak(2015),Sialoglyco chemistry and biology I,1-30
4]P.B.Rosenthal,...& D.C.Wiley(1998),Nature, 396(6706),92-96
5]R.Viasak,...&P.Palese(1988),PNAS,85(12),4526-4529

6]M.Desforges,...&P.JTalbot (2013),Journal of virology, 87(6), 3097-3107

o) (@)

Glycans, pathogens and immunity P187




|
Eu@:rb

Characterization and engineering PsGalOx, a new bacterial
galactose oxidase

Tiago LOPES [1], Carolina DIAS [1], Jodo COSTA [1], André TABORDA [1], Ligia MARTINS [1]
[1] Instituto de Tecnologia Quimica e Bioldgica Antdnio Xavier, Universidade Nova de Lisboa, PORTUGAL ;
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Galactose oxidases (GalOxs) are highly attractive enzymes because they show high specificity and
regioselectivity toward carbohydrate substrates efficiently combined with reduction of oxygen to hydrogen
peroxide.[1] These metalloenzymes have a copper ion as a cofactor and are secreted by various filamentous
fungi, with GalOx from Fusarium graminearum being the best-studied representative. These enzymes’
potential include biotechnological applications in small molecule synthesis, oxygen removal, biosensors, and
cell surface glycoprotein modification.[2] While galactose oxidases from fungal origins have been vastly
studied, there is a growing interest in GalOxs from bacterial origin due to its ease of production and
engineering.

In this work we have investigated PsGalOx, an enzyme from the bacterium Pseudoarthrobacter
siccitolerans. We have unraveled its biophysical and kinetic characteristic while tailoring its catalytic properties
through enzyme engineering approaches. To accomplish this, directed evolution was applied recurring to
random mutagenesis through error-prone PCR (epPCR). The workflow was developed with two high-
throughput screening approaches, 'activity-on-plate' and 96-well plate liquid screening, which were
successfully optimized and validated. Multiple rounds of engineering led to the identification of a variant
which shows close to 20-fold higher protein production yields and 10-fold increased catalytic efficiency
(kcat/Km) for D-galactose as compared with the wild-type. We are currently evolving further PsGalOx to
enhance its catalytic activity for aromatic alcohols and further exploring its applications to carbohydrates.
These findings will contribute to a better understanding of GalOx, revealing novel or improved properties to
be explored in various biotechnological fields.
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Catching E. coli: targeting FimH with C-glycosidic a-mannoside
modified cellulose

Tobias DORN [1], Carina SPORMANN [2], Andreas KOSCHELLA [3], Thomas HEINZE [3], Thisbe LINDHORST [2],
Tanja M. WRODNIGG [1]
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C-Glycosides, where the glycosidic linkage consists of a carbon-carbon bond, are stable against most
chemical reactions as well as hydrolysis in biological systems, compared to the naturally occurring O- and N-
glycosides.!™ This stability makes C-glycosides interesting candidates for therapeutics against various diseases.
Different ligation handles, such as azides, alkynes, amines or aldehydes, can be introduced, which makes the
linkage to e.g. polysaccharides via orthogonal conjugation methods possible.”” Thus, specific biological
properties of the polysaccharide backbone can be introduced by target specific choice of the sugar based small
molecule entity.

For example, uropathogenic E. coli (UPEC) uses lectin FimH to bind to D-mannose residues on the
surface of human cells, causing urinary tract infections (Figure 1A). D-Mannose can therefore be used in an
antiadhesion therapy against UPEC. To increase the effectivity of such therapies, different potent FimH
inhibitors have already been synthesized.®In our approach, we synthesized C-glycosidic D-mannose
derivatives followed by linkage to an azido modified cellulose matrix (Figure 1B). Synthetic details and results
will be presented.
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Figure 1: A) E. coli binds to human cells using FimH.[3] B) Synthesis of C-glycosidic D-mannose derivatives for
a covalent linkage to cellulose.
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Synthesis of fully desymmetrized trehalose building blocks

Tomag VASICEK [1], Alla ZAMYATINA [2]
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Trehalose-containing glycans found in bacteria (Mycobacteria, Corynebacteria), fungi (Fusarium) and
worms (Caenorhabditic elegans) play an essential role in host-pathogen interaction, cell signaling and bacterial
pathogenesis and are therefore important synthetic targets. The chemical synthesis of trehalose derivatives
as part of glycoconjugates and parasitic glycans is challenging as it requires either stereoselective 1,1'-
glycosylation or desymmetrization of eight hydroxyl groups in a C;-symmetric nonreducing disaccharide with
the aim of attaching different functionalities at a specific position. We aimed to produce a collection of
differently and variably protected non-symmetrical trehalose building blocks ready for a final chemical
derivatization with functional or reporter groups.

We developed an efficient and scalable (7-step, multigram scale) reaction sequence leading to a set of
desymmetrized trehaloses as a starting point for a library of fully orthogonally protected trehalose derivatives.
Using a site-specific protection strategy and regioselective functionalization, we created a pool of trehalose-
derived building blocks with one or two free hydroxyl groups at specific positions. Such synthetically advanced
trehalose derivatives can find wide application in the synthesis of sulfolipids®, derivatized trehalose molecules
ready for biorthogonal chemistry to track pathogenic Mycobacterium strains or to label the mycobacterial
membrane; or for the development of probes to explore mycobacterial transporter proteins.*
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Towards specific small molecule ligands for the C-type lectin-like
receptor 2 (CLEC-2)

Torben FALK [1.2], Raffaele SENATORE [1, 2], Jonathan LEFEBRE [1, 2], Sara CAPELLATO [3], Fabian PFRENGLE
[3], Christoph RADEMACHER [1, 2]
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Vienna AUSTRIA
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Cardiovascular diseases are the primary cause of death worldwide [1]. One treatment option for acute
coronary syndromes, stroke, and peripheral arterial disease are antiplatelet drugs that inhibit platelet
aggregation and activation [2]. In this context, the glycoprotein receptor C-type lectin-like receptor 2 (CLEC-2)
emerged as a promising therapeutic target due to its critical involvement in thrombocyte-associated
pathologies and alongside predicted minimal disruption of homeostasis [3].

Here we present our efforts towards the development of specific ligands for CLEC-2 through a
multifaceted, biophysical approach. Initially, we evaluated a repertoire of known small molecule ligands for
CLEC-2 using a range of biophysical assays (thermal shift assay, nuclear magnetic resonance & grating-coupled
interferometry). Further, we applied a fragment-based screening approach to discover novel ligands for CLEC-
2.

Surprisingly, our experimental efforts to reproduce previously reported evidence of interaction
between CLEC-2 and the available small molecule ligands yielded inconsistent results. This discrepancy
emphasises the necessity for comprehensive and careful evaluation of ligand-receptor interactions. Ligands
derived from the identified fragments hold the potential to modulate CLEC-2 and platelet activity, which could
open up new avenues to tackle the significant burden imposed by cardiovascular diseases.
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Synthesis of oligosaccharides related to Rhamnogalacturonan-lIi
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Pectin is one of the most complex, yet poorly understood polysaccharide structures in nature, with
irreplaceable relevance for the human diet.[1] The pectin domain rhamnogalacturonan-Il (RG-I) is the most
heterogenic, structurally diverse part of pectin and crucial for vascular plant growth and survival.[2] We
present here our work towards a chemical total synthesis of linker-functionalized RG-II side chain A, including
the retrosynthesis and the synthesis of a pentasaccharide acceptor fragment.

Key features of the target structure are seven different monosaccharides including the rare sugar
apiose, three branches, five 1,2-cis-glycosidic linkages, three galacturonic and one glucuronic acid and a
methyl ether. The total synthetic approach relies on carefully chosen orthogonal protective group patterns
and various glycosylation methods to tackle this highly branched and unusually complex nonasaccharide.
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Active material from Bulgarian fenugreek polysaccharides
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Trigonella foenum graecum L. (Fenugreek) is a dicotyledonous medicinal plant which belongs to the
Fabaceae family. Its seeds are used as a traditional remedy for decreasing blood sugar levels, lactation
stimulant and kidney problems. These therapeutic applications are attributed to various bioactive compounds
present in the seeds, such as saponins, flavonoids, alkaloids [1]. They also contain carbohydrates and, in
particular, galactomannans which could be used for bone tissue engineering [2]. However, there is limited
information on the determination of the composition of Bulgarian fenugreek polysaccharides and their use for
hydrogel preparation. In the present study, isolation and purification of fenugreek seeds polysaccharides was
carried out. Galactomannan composition and structural characterization were determined by GC-MS, HPAEC,
SEC-MALLS, NMR and FTIR.

The obtained galactomannan was regio-selective oxidized using TEMPO chemistry to generate new
family of polyglycuronic acid. Antioxidant and antimicrobial activities were investigated and compared with
the natural Fenugreek galactomannan. The polyglycuronic acid derivative was investigated for reticulation
using CaCl, as cross-linker to generate stable and homogenous hydrogels. This new anionic-biomolecule
constitute an innovative active polysaccharides-based hydrogel as a bioink for 3D-bioprinting in the tissue
engineering field.
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F-labelled 2-aminobenzamidoximes as probes for
19F.NMR analysis of aldoses

Verena SCHEIBELREITER [1], Hubert KALAUS [1], Christian STANETTY [1]

[1] Institute of Applied Synthetic Chemistry, TU Wien, AUSTRIA;

verena.scheibelreiter@tuwien.ac.at

Aldoses are structurally composed of a reactive aldehyde group and multiple hydroxy groups. Each
specific sugar exhibits a defined stereochemistry of these alcoholic moieties. Being constitutional isomers, the
differentiation between sugars, especially in mixtures, is challenging. Previously, we have described a
photometric kinetic assay to determine the open-chain content of aldoses utilizing the selective reaction with
2-aminobenzamidoxime (ABAO) [1].

Herein, we have taken further advantage of this aldehyde-selective reaction, using it for a qualitative
aldose assay based on °F-NMR, a highly sensitive and fast method. The influence of the position of the F-label
on the adduct formation rates was determined and derivatives of selected aldoses were prepared and the
deviation of chemical shifts in F-NMR of the products were compared. While all four tested F-ABAO
derivatives showed differences in shifts between the tested aldoses, one derivative was especially promising
for the application in a qualitative sugar assay and the scope was expanded to a larger set of aldoses for this
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Libraries of Functionalized Human Milk Oligosaccharides
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Human milk oligosaccharides (HM-0OS) were converted into glycine-spacered derivatives [1] to give rise
to a library of over 50 amino functionalized oligosaccharides. These included core structures (lactose, N-
acetyllactosamine, lacto-N-tetraose, lacto-N-neotetraose, lacto-N-hexaose, lacto-N-neohexaose, para-lacto-
N-hexaose, lacto-N-iso-octaose), fucosylated (2’/3-fucosyllactoses, difucosyllactose, lacto-N-fucopentaoses
LILILIV,V, lacto-N-difucohexaoses |,Il, lacto-N-neodifucohexaose 1, monofucosyllacto-N-hexaoses 1,I1,lII,
monofucosyllacto-N-neohexaoses |,1l, monofucosyl-para-lacto-N-hexaose |1V, difucosyllacto-N-hexaoses
a,b,c, difucosyllacto-N-neohexaose |,1I, difucosyl-para-lacto-N-hexaose, difucosyl-para-lacto-N-neohexaose,
trifucosyllacto-N-hexaoses |,1l, monofucosyllacto-N-iso-octaoses |,Il, difucosyllacto-N-iso-octaoses |,l,
trifucosyllacto-N-iso-octaoses 1,11, sialated (3’/6’-sialyllactoses, sialyllacto-N-tetraoses a,b,c, disialyllacto-N-
tetraose, monosialyllacto-N-hexaose, monosialyllacto-N-neohexaose, disialyllacto-N-hexaose), and
sialated/fucosylated (3’-sialyl,3-fucosyllactose, sialyllacto-N-fucopentaose, monosialyl,monofucosyllacto-N-
hexaose, monosialyl, monofucosyllacto-N-neohexaose, disialyl,monofucosyllacto-N-hexaose) HM-OS.

These derivatives may be used for plasmon resonance studies [2], preparation of neoglycoconjugates
[3] and nanoparticles [4] but most promising is their application for glycoarray preparation via amino [5] or
aldehyde [6] group, or by click addition after modification with 4-pentinoic acid.
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Saccharides exhibit a high degree of conformational heterogeneity which makes studying their
dynamic solution structure a demanding task. In addition to well-established experimental methods (e.g. the
NMR spectroscopy) a series of theoretical approaches can be used either as independent or complementary
techniques. One of the most popular one are the explicit-solvent, classical molecular dynamics (MD)
simulations. However, the more advanced, quantum-mechanical (QM)-based techniques allow, at cost of
reduced computational efficiency, to determine a series properties relying on electronic structure of molecule.
There is a growing number of reports, indicating the QM-based calculations should not be limited to only a
single saccharide structure (even if this structure has the lowest possible energy) but, instead, they should
consider a broad set of diverse structures, accounting for conformational diversity of saccharides in solution
systems.

We are going to present and discuss the computational approach that combines the most beneficial
features of classical MD simulations and high-level QM computations. According to this method, designed,
tested and validated in the context of small saccharide molecules, the structural data from classical MD
simulations are rationally subsampled and passed to further, more advanced calculations, carried out at the
QM level of theory. In particular, such approach can be used for studying the conformational properties of
non-standard saccharides (e.g. conformers of glycosidic linkage and other rotatable groups), problematic
degrees of freedom (e.g. ring distortions in both furanoses and pyranoses) as well as anomeric and tautomeric
properties of monosaccharides. In particular, the use of QM-based methodology allows for eliminating the
uncertainties related to the accuracy of the classical force fields, and, more importantly, for obtaining the
spectroscopic data that can directly be referred to experiment (e.g. J-coupling constants or chemical shifts).

The applicability and generality of our approach will be demonstrated by presenting the calculation
results related either to well-studied systems (D-glucopyranose, L-iduronate) or to rare sugars (tautomers of
D-allosamine). Moreover, we will show how our theoretical predictions may contribute to obtaining valuable
information on the saccharides that are either synthesized compounds or isolated from natural sources.

This research was funded by the National Science Centre, Poland (contract financed in 2020-2024 under no.
2019/35/B/ST4/01149 OPUS 18).
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Semi-synthetic study of glycoprotein interleukin-6 (IL-6)
Yanbo LIU [1], Ryo OKAMOTO [1], Yuta MAKI [1], Yasuhiro KAJIHARA [1]

[1] Osaka University, Osaka, JAPAN;
liuyl9@chem.sci.osaka-u.ac.jp

As a ubiquitous post-translational modification on protein, N-glycosylation performs various functions
which are closely related with its structure. The elucidation of such structure-function relationship requires
preparation of homogenous glycoprotein. However, mammalian cell expression only produce protein with
heterogenous N-glycan structure, while total chemical synthesis using solid-phase peptide synthesis (SPPS) is
usually laborious and time-consuming.

In this research, to investigate human interleukin-6 (IL-6) bearing N-glycan at N143, we established a
novel semi-synthetic strategy to obtain homogeneous glycoprotein within few chemical conversion steps. In
this strategy, a key building block: glycodipeptide (T142-N143) bearing asialo N-glycan was chemically
synthesized, while non-glycosylated fragments were prepared by E. coli expression. Notably, the challenging
expressed peptide thioesterification of N-terminal fragment containing 141 residues was achieved by utilizing
a novel “folding-assisted thioesterification” method. In addition, the problems derived from hydrophobicity
of IL-6 were solved by using a novel hydrophilic tag, which could improve the solubility of peptide and impede
aggregation.

Finally, we succeeded in folding of N143-glycosylated IL-6 after two steps of ligation and removal of
hydrophilic tag. We suppose that these newly developed methods could greatly facilitate semi-synthesis of
homogeneous glycoprotein, especially challenging synthetic target, for elucidation of N-glycan functions.
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Analysis of selenoprotein F binding to
UDP-glucose:glycoprotein glucosyltransferase (UGGT)

Yoichi TAKEDA [1], Sayaka HIGASHI [1], Yuki IMAMURA [1], Takashi KIKUMA [1], Yoshiki YAMAGUCHI [2],
Yukishige ITO [3][4]

[1] Ritsumeikan University, JAPAN; [2] Tohoku Medical and Pharmaceutical University, [3] Osaka University, JAPAN;
[4] RIKEN, JAPAN

yotakeda@fc.ritsumei.ac.jp

UDP-glucose: Glycoprotein glucosyltransferase 1 (UGGT1) glycosylates non-glucosylated glycoproteins
in an incompletely folded state. The mono-glucosylated glycans generated by the action of UGGT1 bind to the
ER-resident lectin chaperones, calnexin and calreticulin, which in turn promote folding of the bound
glycoproteins in collaboration with ERp57. UGGTL1 is also known to form a 1:1 complex with selenoprotein F
(SelenoF). However, the function of SelenoF associated with UGGT1 is not clear.

Furthermore, the binding position of SelenoF to UGGT1 has also been unclear. In this study, we aimed
to investigate the binding region of human UGGT to recombinant SelenoF with Sec replaced by Cys by co-
immunoprecipitation analysis using FLAG-tagged UGGT1 and c-myc-tagged SelenoF. The results show that
SelenoF binds to the TRXL2 domain of UGGT1. In addition, a newly developed photoaffinity crosslinker was
selectively introduced into the cysteine residues of SelenoF to determine the spatial orientation of SelenoF to
UGGT1.
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Probing Glycosaminoglycan Interactome using a
‘Designer’ GAG oligosaccharide microarray

Yuan CHEN [1], Antonio DI MAIO [1], Yibing ZHANG [1], Barbara MULLOY [1], Ten FEIZI [1],
Wengang CHAI [1], Yan LIU [1]

[1] Glycosciences Laboratory, Imperial College London, London, U.K.
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Glycosaminoglycans (GAGs) have important roles in numerous biological systems through interactions
with diverse proteinsl. Due to their structural heterogeneity, defining the specificity of GAG—protein
interactions is a challenge. GAG microarrays are much sought-after for detailed GAG recognition studies. A
number of microarrays with synthetic heparan sulfate (HS) oligosaccharides have emerged as valuable tools
in the field.>®* The GAG oligosaccharide microarray based on neoglycolipid (NGL) technology®is highly
complementary to these, in that it covers size-defined oligosaccharides obtained from natural GAG
polysaccharides, including hyaluronic acid, chondroitin sulfate (CS) A and C, dermatan sulfate, heparin, HS and
keratan sulfate (KS). The NGL-based system has given insights into the GAG binding specificities of human
papillomavirus 16°, adenovirus 37°, Chikungunya virus’, Complement Factor H and Related Protein 5%, and has

led to the assignment of a KS antigen on induced pluripotent stem cells®.

Here we describe the further development of the NGL-based system towards a ‘Designer’ GAG
screening array platform. Among newly prepared probes are NGLs of CSD, HS, variously desulfated heparins,
and heparins from different biological sources with distinct structural features as shown by HPLC disaccharide-
compositional and NMR analyses. Binding profiles of a collection of GAG-specific antibodies, endogenous
proteins, and pathogens will be presented. These contribute to our understanding of the GAG Interactome

networks and potentially lead to novel therapeutic opportunities.
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Efficient synthesis of glycopeptides and glycoproteins
by flow-based peptide synthesis

Yuta MAKI [1], Ryo OKAMOTO [1], Bradley L. PENTELUTE [2], Yasuhiro KAJIHARA [1]
[1] Osaka University, Osaka, Japan, [2] Massachusetts Institute of Technology, MA, USA
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Glycosylation of peptides and proteins is important for their stability and biological activity. For
instance, the glycosylation pattern changes hematopoietic activity of erythropoietin M and the artificial
glycosylation of insulin inhibits fibril formation.’”) Chemical synthesis of glycopeptides and glycoproteins has
enabled us to investigate the functions of glycosylation. However, preparation of glycopeptides usually
requires long synthetic time because the traditional solid-phase peptide synthesis (SPPS) is time-consuming
and 30-60 minutes are needed for each amino acid elongation step.

In this work, we examined flow-based SPPS for the efficient synthesis of glycopeptides. The flow-based
peptide synthesis enabled more rapid reactions at heated temperatures compared to the traditional SPPS,
and each elongation step was performed within only 3 minutes. ** The insulin B-chain was rapidly synthesized
and the glycosyl asparagine was intentionally introduced at the N-terminal. The obtained glycosylated B-chain
was ligated with the insulin A-chain by stepwise disulfide bond formation, resulting in the folded glycoinsulin.
In addition, we have been investigating synthesis of native glycoproteins by the efficient flow-based peptide
synthesis. In this presentation, we would like to present a detail of our efficient glycopeptide and glycoprotein
synthesis.
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Dual inhibitors of Pseudomonas aeruginosa virulence factors
lectin LecA and elastase LasB
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The rise of antimicrobial resistance crisis has put us in a race against time to develop new antibiotics.
Over the years, the antivirulence therapy and the polypharmacology research fields have made remarkable
progress in drug discovery.* Extracellular virulence factors from Pseudomonas aeruginosa, lectin LecA and
elastase LasB are considered as valuable targets to develop inhibitors.?

Combining these in multitarget polypharmacological drugs led to the selective and non-toxic thiol
inhibitors.’] Here, we present an expansion of the structure-activity relationship of these agents.
Furthermore, the dimerization of thiol-based inhibitors under physiological conditions affords divalent
inhibitors of LecA with 1000-fold increase in potency. The study will pave a way for a systematic exploration
of polypharmacology in the development of anti-virulence agents in the aim of treating of
resistant Pseudomonas aeruginosa-derived infections.
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Stereoselective synthesis of ‘superarmed’ thioglycoside donors
from 1,2-orthoesters
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Bovine submaxillary mucin (BSM) is a natural polymer used in biomaterial applications for its
viscoelasticity, lubricity, biocompatibility, and biodegradability. N-glycans are important for the stability and
function of mucins, but unlike O-glycans, their structures are not fully elucidated.

In this study, N-glycans labeled with procainamide of BSM were identified using UPLC and LC-ESI-HCD-
MS/MS. The microheterogeneous structures of 32 N-glycans were identified, and the quantities (%) of each N-
glycan relative to total N-glycans (100%) were obtained. The terminal N-acetylgalactosamines in 12 N-glycans
(sum of relative quantities; 27.9%) were modified with mono- (10 glycans) and di- (2 glycans) sulfations. Total
concentration of all sulfated N-glycans was 6.1 pmol in BSM (20 ug), corresponding to 25.3% of all negatively
charged glycans (sum of present N-glycans and reported O-glycans). No N-glycans with sialylated or
phosphorylated forms were identified, and sulfate modification ions were the only negative charges in BSM N-
glycans. Mucin structures, including sulfated N-glycans located in the hydrophobic terminal regions, were
indicated.

This is the first study to structurally characterize and quantify 12 microheterogeneous sulfate
modifications in N-glycans of natural mucins. These sulfations play important structural roles in hydration,
viscoelasticity control, protection from bacterial sialidases, and polymer stabilization to support the
functionality of BSM via electrostatic interactions.
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Unnatural gallotannins: powerful antioxidants, antibacterials
and antibiofilm agents
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Gallotannins (GTs) are secondary metabolites of higher plants and represent a large class of biologically
active polyphenols. GTs play an important role in protection of plants against free radicals, toxins, microbial
pathogens and as response to various abiotic stress conditions [1]. Moreover, numerous plant polyphenols
exhibited strong antibacterial and antibiofilm activity against staphylococci [2]. Among the
staphylococci, Staphylococcus aureus is of most clinical concern. Undesirable bacterial S. aureus biofilm layers
are formed on indwelling medical devices or food processing contact-surfaces, resulting in microbial
community more resistant to the traditional disinfectants [3].

GTs from various species have been extensively studied as they exhibit multiple biological activities. As
a general rule, the antioxidant activity of GTs is dependent on the number and position of galloyl groups, but
the type of the sugar moiety also displays an important role. Many studies have been done with galloylated
glucopyranose core, penta-1,2,3,4,6-0-galloyl-d-glucose (PGG) [5], but only few galloylated furanoses have
been investigated. Thus, a series of new unnatural GTs derived from d-lyxose, d-ribose, I-rhamnose, d-
mannose, d-glucose and d-fructose have been designed, synthesized and characterized in order to study the
protective and antibacterial effects of synthetic polyphenols that are structurally related with plant-derived
compounds. Based on the experimental results obtained in this study it can be concluded that studied GTs are
excellent antioxidants and radical-scavenging agents.

Compounds exhibited only moderate activity against gram-positive pathogensS. aureus and E.
faecalis. However, studied compounds proved to be potent inhibitors and disruptors of S. aureus biofilms at
concentrations much lower than the MIC values. Moreover, they are non-toxic to eukaryotic cells, thus are
promising candidates for further studies. Overall, these findings suggest that synthetic GTs could be
considered as promising alternatives for biomedical, consumer products, and food industry applications.
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Metallic cation removal with quercus ilex acorn biosorbents
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Acorn pericarps of the Algerian holm oak (Quercus ilex) constitute a largely underexploited forestry co-
product. In the aim of valorization, adsorption efficiencies of crude, parietal, and lignocellulosic fractions of
acorn pericarps were evaluated towards lead, cadmium, nickel, and copper ions. The results were modeled
using Langmuir and Freundlich isotherms. The best results were obtained with the lignocellulosic fraction
towards lead and cadmium with gmax values of 370.37 and 303.03 mg.g™%, respectively. On the contrary, crude
and parietal fractions showed the highest capacities for nickel and copper, with gmax values of 200 and
303.03 mg.g™}, respectively.

This work thus provides the first trial of acorn pericarps of oaks growing in northwest Algeria as an
efficient biosorbent for the removal of metallic cations from aqueous solutions, whose adsorption capacities

surpass most of the previously described biosorbents.
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