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Nowadays, global agriculture faces three major challenges: (1) climate change, (2) the growth 
of the world population, and (3) the excessive use of synthetic agrochemicals1. These 
chemical inputs pose a danger to both human health and environmental sustainability. It 
contributes to the degradation of agro-systems, soil toxicity, and the emergence of pathogens 
resistance2. As a result, the search for renewable and organic alternatives has become 
important to safeguard the environmental quality and to ensure long-term food security. In this 
context, the use of eco-friendly polymers in the formulation of smart fertilizers appears as a 
promising approach. Due to their biodegradability, nontoxicity, and eco-compatibility, these 
polymers present an innovative and sustainable strategy for promoting alternative methods to 
achieve the concept of durable agriculture. Cellulose, a naturally abundant biopolymer, makes 
up 40 to 60% of plant biomass and has been extensively utilized in modern agriculture, 
particularly in fertilizer production. 
CNC (plant-derived cellulose nanocrystals) have been applied as fertilizers through foliar 
spraying. Studies have confirmed the potential of CNC to penetrate and deliver bioactive 
compounds, such as growth regulators, to leaves and plant cells, without causing any negative 
effects, including phytotoxicity or genotoxicity3. Furthermore, the role of CNC as a plant elicitor 
has been well confirmed, with studies approving that these biopolymers can trigger an immune 
response, which confers disease resistance to plants against pathogens4. Relying on this 
potential, our study aims to explore the biostimulant and agronomic properties of cellulose 
nanocrystals (CNC) and TEMPO-oxidized nanocellulose (TO-CNC) on plants. The oxidation 
process was performed using the TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) method, 
which selectively converts the primary hydroxyl groups in cellulose into the negatively charged 
carboxylic groups, transforming CNC into a polyglucuronic acid derivative. This modification 
enhances the surface charge of nanocelluloses, improving its physicochemical properties and 
introducing new functionalities for biostimulation, making it a promising candidate for 
agriculture applications. To assess their potential, CNC and the synthesized TO-CNC were 
characterized using various analytical techniques, including FTIR, RMN and conductimetry, 
and tested at different concentrations on plants, to determine the most effective biostimulant 
molecule. 
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Platinum-based compounds such as cisplatin spearheads the anticancer chemotherapeutics, 
but their use is limited by resistance and toxicity. Based on this, extensive research is 
conducted to find drug candidates as effective or surpassing the benefits of cisplatin [1][2]. 
In our previuos studies half-sandwich type complexes of platinum-group metal ions (Ru(II), 
Os(II), Rh(III) and Ir(III)) with O-protected C- and N-glycosyl heterocyclic N,N-bidentate ligands 
(pyridin-2-yl or quinolin-2-yl substituted 1,2,4- and 1,3,4-oxadiazoles, 1,2,3-triazole) were 
developed and showed promising antitumor and antimicrobial effects [2][3]. Since the azole 
moiety of the above ligands proved to be decisive for the biological activity, in this work our 
aim is to investigate the effect of a new heterocycles, namely isoxazol(in)es coupled to various 
sugar forms on the biological efficiency. 
We synthesized a library of half-sandwich complexes with N,N-bidentate monosaccharide 
ligands. 
Per-O-acetylated or benzoylated spirocyclic glycoconjugates of isoxazolines were prepared in 
cycloaddition reactions, and then these compounds were transformed into per-O-benzoylated 
polyhydroxyalkyl isoxazoles. 
Half-sandwich type metal complexes with bidentate O-unprotected monosaccharide ligands 
were also prepared to investigate the effect of protecting groups on the biological activity. 
The distribution coefficient values (logD) of the synthesized complexes were determined and 
the compounds were evaluated as anticancer and antibacterial agents. Details of the 
syntheses and biological activity of the new compounds will be shown on the poster. 
 
Acknowledgements: This work received financial support from the National Research, Development and 
Innovation Office of Hungary (Grants FK132222 and K146147), as well as the Stipendium Hungaricum 
scholarship. 
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Due to the toxicity and the development of platinum resistance over time of platinum-based 
chemotherapeutics such as cisplatin, oxaliplatin, and carboplatin, extensive research is being 
conducted to develop new compounds that could provide greater therapeutic benefits [1][2]. 
In our previous publications, we provided a detailed description of the synthesis of half-
sandwich type complexes involving platinum-group metal ions (Ru(II), Os(II), Rh(III), and 
Ir(III)) with O-protected C- and N-glycosyl heterocyclic N,N-bidentate ligands (pyridin-2-yl or 
quinolin-2-yl substituted 1,2,4- and 1,3,4-oxadiazoles, and 1,2,3-triazoles). These complexes 
demonstrated promising anticancer and antimicrobial effects, which were found to be strongly 
correlated with the tested azole moieties [2][3]. In the current work, our goal was to modify the 
conjugation mode of the previously prepared N-heterocycle-derived sugars into C-glycosyl 
analogues, using 1,2,3-triazole as the azole moiety. Additionally, we aimed to investigate the 
impact of a new heterocycle, namely isoxazole, on the biological activity. To achieve this, we 
synthesized a library of half-sandwich complexes with new heterocyclic N,N-bidentate ligands, 
represented by O-perbenzylated and O-perbenzoylated pyridin-2-yl substituted C-
glucopyranosyl 1,2,3-triazoles and isoxazoles to form a five-membered chelate ring with the 
platinum-group metals. 
The target ligands were prepared in 1,3-dipolar cycloaddition reactions starting with C-glucosyl 
acetylene, followed by protecting group exchange from benzyl to benzoyl to explore the effect 
of different protecting group on the biological activity. The prepared ligands underwent a 
complexation reaction to afford the target half sandwich complexes of Ru(II), Os(II), Rh(III) 
and Ir(III). 
The logD values were determined and the anticancer and antimicrobial effects of the 
compounds were also tested. Details of the syntheses and biological activity of the new 
compounds will be presented on the poster. 
 
Acknowledgements: This work received financial support from the National Research, Development and 
Innovation Office of Hungary (Grants FK132222 and K146147), as well as the Stipendium Hungaricum 
scholarship. 
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Glycosaminoglycans (GAGs) are sulfated, unbranched polysaccharides found on cell 
surfaces, within cells, and surrounding the extracellular matrix (ECM). They contain partially 
N-sulfated and/or O-sulfated disaccharide units, which facilitate involvement in a variety of 
biological processes, including cellular recognition and signaling processes. GAGs are 
critically implicated in diseases such as cancer, viral infections, and Alzheimer’s disease. Due 
to their highly heterogeneous structure and varying sulfation patterns, studying GAG-protein 
interactions has been challenging. Chemical synthesis of structurally-defined oligosaccharides 
offers the ability to control the sequence length, monosaccharide order, and sulfation patterns, 
enabling detailed investigation of GAG-protein interactions.  
Heparin (HP), heparan sulfate (HS), and dermatan sulfate (DS) contain the (biologically rare) 
L-iduronic acid (IdoA) unit. The flexibility of IdoA, particularly the low energy barrier between 
its confirmed chair conformations (e.g., 4C1 and 1C4), may be critical in many interactions. 
However, IdoA and its derivatives are not commercially available and are difficult to isolate 
from natural sources, thus synthesis of L-ido pyranose building blocks is required. 
 

 

Previously, our group has reported the synthesis of IdoA-lactone (IdoA-lac) as a super-
disarmed glycosyl donor. The use of this for lactone-based glycosylation requires no anomeric 
manipulation steps between glycosylations, and opening reactivates the donor capacity of the 
IdoA terminus. In contrast to our IdoA-lactone, Hashimoto et al reported a structurally similar 
[2.2.2]-manno lactone to function effectively as a glycosyl donor. Here we report our ongoing 
work to evaluate reactivity of IdoA-[2.2.2] lactones. Synthesis and X-ray crystallographic 
analysis of new glycosyl sulfoxide derivatives of IdoA-[2.2.2.] lactones, including both S-
disastereoisomers of a single lactone glycoside the comparative unreactivity of IdoA-[2.2.2.] 
lactones and new perspectives on their potential applications in glycosylation chemistry. 

References:  
1. Jeanneret, R. A.; Dalton, C. E.; Gardiner, J. M.; J.  Org. Chem., 2019, 84, 15063-15078. 
2. Hashimoto, Y.; Tanikawa, S.; Saito, R.; Sasaki, K.; J. Am. Chem. Soc. 2016, 138, 14840-14843. 
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Lignocellulosic cell walls of plants composed of cellulose, hemicellulose, pectin, and lignin 
serve as the major carbon sink for photosynthetically fixed carbon on Earth. While recent 
studies have extensively explored polymer synthesis pathways, the regulatory mechanisms 
governing carbon allocation toward wall polysaccharides at the cellular level remain poorly 
understood. Investigating these mechanisms in multicellular plants is challenging due to their 
multicellularity and genetic redundancy. To address these limitations, we aim to reconstruct 
cellulose biosynthesis in cyanobacteria, CO₂-fixing unicellular photosynthetically active cells. 
In this study, putative cellulose synthase genes (XcsA, XcsB, XcsC, BcsA1, and XcsB2) 
potentially representing two cellulose synthesis systems from Synechococcus elongatus PCC 
7942, a cellulose-producing cyanobacterium, have been cloned and introduced into 
Synechocystis sp. PCC 6803, a cyanobacterium lacking endogenous cellulose production. 
Cellulose synthesis has been assessed through histological staining, monosaccharide 
composition and glycosidic linkage analysis. Additionally, metabolic analysis will be conducted 
by measuring precursor concentrations for polymer synthesis, and epitope labeling will be 
further employed to identify key factors influencing carbon allocation toward cell wall 
polysaccharides. This study is expected to offer a quantitative framework for understanding 
carbon flow from photosynthesis to extracellular polymers, an approach not feasible in 
multicellular plants. 
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Polysaccharides (PS), widely used in licensed vaccines due to their surface exposure and 
strain specificity, are key antigens for inducing protective immunity against encapsulated 
bacteria1. While PS can elicit specific B-cell responses and antibody production, they do not 
generate durable memory B cells, as they activate the immune system in a T-cell–independent 
manner. This limitation has been addressed by covalently linking PS to carrier proteins to 
generate glycoconjugate vaccines2. Although anti-PS antibodies have been extensively 
studied, the cellular mechanisms underlying their induction - particularly the identity and 
dynamics of PS-specific B-cell subsets - remain largely unexplored. Conventional ELISpot 
assays quantify PS-specific B cells but do not enable phenotypic profiling or isolation of 
specific subsets 3. In contrast, spectral flow cytometry using fluorescently-labelled PS probes, 
allows direct identification, characterization, and sorting of PS-specific B-cell populations4. 
To investigate PS-specific B-cell responses elicited by Salmonella Typhimurium 
glycoconjugate vaccines in mice, we first purified and characterized the S. Typhimurium  
O-polysaccharide (O-PS)5. The O-PS was then biotinylated and tetramerized with streptavidin 
to generate fluorescent probes for flow cytometry. Prior to use in immune profiling, O-PS 
tetramers were validated though bead-based assays coated with anti-O-PS antibodies, 
confirming their specificity and structural identity. These validated probes were incorporated 
into a spectral flow cytometry panel alongside antibodies markers for the identification of  
B-cells response following vaccination. The panel enabled the characterisation of different  
B-cells populations including plasma cells, germinal centre B cells and memory B cells. 
This strategy offers a robust, high-resolution platform for dissecting PS-specific B-cell 
responses and supports the rational design of next-generation glycoconjugate vaccines with 
enhanced immunogenicity. 
 
References: 
1. Sorieul, C., Dolce, M., Romano, M. R., Codée, J. & Adamo, R. Glycoconjugate vaccines against antimicrobial 
resistant pathogens. Expert Review of Vaccines vol. 22 1055–1078 Preprint at 
https://doi.org/10.1080/14760584.2023.2274955 (2023). 
2. Stefanetti, G., MacLennan, C. A. & Micoli, F. Impact and Control of Sugar Size in Glycoconjugate Vaccines. 
Molecules vol. 27 Preprint at https://doi.org/10.3390/molecules27196432 (2022). 
3. Boonyaratanakornkit, J. & Taylor, J. J. Techniques to Study Antigen-Specific B Cell Responses. Frontiers in 
immunology vol. 10 1694 Preprint at https://doi.org/10.3389/fimmu.2019.01694 (2019). 
4. Hoving, D. et al. Combinatorial multimer staining and spectral flow cytometry facilitate quantification and 
characterization of polysaccharide-specific B cell immunity. Commun Biol 6, (2023). 
5. Micoli, F. et al. A scalable method for O-antigen purification applied to various Salmonella serovars. Anal Biochem 
434, 136–145 (2013).  
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The introduction of azide groups to carbohydrates is widely deployed to provide a surrogate 
for amine, or, for use in Click reactions. 2-Azido functionality is typically introduced through 
SN2 substitutions of leaving groups (with inversion) or using azido transfer reagents (azidation 
with retention). Here we report evaluating using this approach towards preparation of 
mannosamine-glucosamine dissacharides by azide introduction at the disaccharide or 
monosaccharide donor precursor stages. 
With thioglycoside substrates for 2-azidation, there are prior examples of 1,2-thio migration 
during this substation process, but with retention of the thio-face of attachment. This is 
rationalised via a thiiranium mechanism, with additional outcomes from a ring-opened 
oxonium pathways to account for some reports of anomeric mixtures. Other rearrangement 
products do not appear to have been reported.  
Here we report that using 2-OMs or 2-OTf as leaving group in thioglycosides, no direct azide 
C2 substitution occurs, and similar amounts of the α– and β–1-azido products with β–thio at 
C2 are obtained. However, these two major products - consistent with mechanism through 
thiiranium and opened oxonium-type intermediates - are accompanied with by-products not 
reported previously; a 2-thio-ene elimination product and the β–1-azide with β–2-thio product. 
These provides new insight into mechanisms of such carbohydrate migrations, with the latter 
product suggesting a (reversible) pathway via the elimination. X-ray structures of the three 
main isomers will be presented. Separable multigram amounts of these isomers have been 
prepared. 

 
 
Comparative work on azide substation on gluco-glucoazide disaccharides is also described, 
which directly provides expected substations and access to mannosamine-glucosamine 
dissacharides. 
 
References: 
1. Lassfolk, R.; Leino, R.; Chem. Eur. J. 2023, 29, 2023, 29, e202301489, 1-6.  
2. Polákováa, M.; Horákb, R.; Šestáka, S.; Holková, I.; Carbohydr. Res. 2016, 428, 62-71. 
3. Zhoua, Y.; Zhanga, X.; Rena, B.; Wua, B.; Peib, Z.; Dong, H.; Tet. Lett., 2014, 70, 5385-5390. 
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Galectins are glycan binding proteins involved in diverse physiological and pathological 
processes, including homeostasis, inflammation, and tumour development [1]. 16 Galectin 
members have been described so far in mammals, sharing the ability to bind to ubiquitous β-
galactose containing epitopes on the surface of human cells, such as polylactosamine and 
3´syalyl lactosamine [2,3]. Binding studies carried out under reductionist conditions show that 
different Galectins bind to these epitopes with different affinities. Herein, we aim to explore 
how these selectivities manifest in a complex scenario. To achieve this, we have introduced 
an NMR-observable tag into the protein to provide a unique and simple NMR signal per 
Galectin CRD, enabling the monitoring of competing Galectin binding. 
Due to the high NMR sensitivity of the 19F [4,5] and the key role of Trp in glycan binding in 
Galectins, 19F-Trp was chosen for incorporation into the protein structure as NMR-observable 
tag without altering the binding affinity [3]. In this work, we optimized the expression of different 
19F-Trp-containing Galectins and the acquisition 19F-NMR experiments to enhance their 
performance in monitoring molecular recognition in complex environments. 
 
References:  
1. Yang R-Y, Rabinovich GA, Liu F-T. Galectins: structure, function and therapeutic potential. Expert Reviews in 
Molecular Medicine. 2008.  
2. Cummings RD, Liu FT, Vasta GR. Galectins. 2017. In: Varki A, Cummings RD, Esko JD, et al., editors. Essentials 
of Glycobiology [Internet]. 3rd edition.,2015-2017, 36.  
3. Lete MG, Franconetti A, Bertuzzi S, Delgado S, Azkargorta M, Elortza F, Millet O, Jiménez-Osés G, Arda A, 
Jiménez-Barbero J. NMR Investigation of Protein-Carbohydrate Interactions: The Recognition of Glycans by 
Galectins Engineered with Fluorotryptophan Residues. Chemistry. 2023  
4. Gimenez D, Phelan A, Murphy CD, Cobb SL. 19F NMR as a tool in chemical biology. Beilstein J Org Chem. 
2021,17:293-318.  
5. Peter B. Crowley, Ciara Kyne, William B. Monteith, Simple and inexpensive incorporation of 19F-Tryptophan for 
protein NMR spectroscopy, Chem. Commun., 2012, 48, 10681–10683. 
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N-linked glycans play an important role in a plethora of biological processes. Despite their 
structural heterogeneity, the presence of the correct N-glycoforms at key sites is essential for 
glycoprotein integrity. The biosynthesis of N-glycans follows an assembly-line principle and 
involves a series of elongation and trimming events, carried by the combinatorial activity of 
glycosyltransferases (GT’s) and glycosidases.1 GlcNAc transferase V (MGAT5) has an 
important role in N-glycan elaboration as it primes the biosynthesis of an N-glycan antenna 
that is known to be heavily upregulated in cancer.2 Yet, despite its functional relevance, the 
rules governing the substrate choices of MGAT5 are not well defined. 
To address this, we develop a tool to report on the activity of MGAT5.3,4 We demonstrated that 
chemo-enzymatic synthesis is an efficient method to generate UDP-GlcNAc analogues with 
extended and branched acylamides. The engineered MGAT5 mutant was designed to lose its 
activity with the native sugar, but displays a substantial increase of activity toward the 4-
azidobutyramide-containing substrate analogue UDP-GlcNButAz. We demonstrated that this 
orthogonal enzyme-substrate pair is suitable for biorthogonal tagging of glycoproteins. 
Structural insights from X-ray crystallography and molecular dynamics simulations revealed 
the structural basis of this biorthogonal pair, providing guidance for the development of similar 
precision chemical tools for other GT’s. 
 

 
 

References:  
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2. J.F. Darby et al., ACS Catal. 2020, 10, 8590-8596. 
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4. A. Cioce et al., Nat Commun. 2022, 3, 3341-3355. 
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The family Trypanosomatidae comprises eukaryotic, single-celled, flagellate kinetoplastid 
parasites. All members of this family parasitize insects, with most associated genera exhibiting 
a monoxenous (single-host) lifecycle. However, some species within the genera Trypanosoma 
and Leishmania have adapted to a dixenous (two-host) lifecycle, parasitizing various 
mammalian hosts [1]. 
Several species infect humans and cause severe diseases, including African trypanosomiasis 
(Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense), American 
trypanosomiasis (Trypanosoma cruzi), and leishmaniasis (Leishmania spp). Without 
appropriate treatment, these infections can become chronic, leading to progressive tissue 
atrophy and/or eventual death [1]. 
While effective treatments exist for the acute stages of human trypanosomiasis and 
leishmaniasis, they are often less effective against chronic infections. Moreover, these 
treatments are associated with severe adverse effects due to their mechanism of action, which 
target conserved eukaryotic metabolic and functional pathways. Therefore, developing new 
drugs with fewer side effects, either as a replacement or as a complementary therapy, is 
crucial. Such treatments should target essential cellular processes or virulence factors unique 
to these early divergent eukaryotes [2]. 
Carbohydrate-active enzymes (CAZymes) represent promising drug targets due to the 
parasites' heavy reliance on glycan production for virulence, immune evasion, and enzymatic 
function [3]. While various CAZymes have been individually studied in these organisms [4], 
their collective interplay in regulating the distinct glycan compositions observed across 
different lifecycle stages remains poorly understood. 
This project aims to use a variety of bioinformatics tools to mine and classify CAZymes from 
currently available trypanosomatid genomes, allowing identification of their core CAZyme 
repertoire (the CAZome) across the Trypanosomatidae family, hence elucidating CAZymes 
unique to dixenous species which may serve as novel drug targets against these parasites. 
Current analysis has identified variations among strains of an expanded group of sialidases in 
Trypanosoma cruzi. These sialidases serve as key virulence factors, modifying extracellular 
glycans to help the parasite evade their host’s immune system [5]. Additionally, the GT67 
family, a unique CAZy family known for catalyzing diverse glycosylation activities in 
trypanosomes [4], has been found across the entire family Trypanosomatidae, not just in 
infectious species. 
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1,2,4,5-Tetrazines (s-tetrazines) are commonly used azadienes, whose [4+1] and [4+2] 
cycloadditions pave the way for constructing further N-heterocycles, such as pyrazoles, 
triazines and pyridazines [1]. Among these ring-transformations, the inverse electron-demand 
Diels-Alder reactions (IEDDA) promoted with strained cyclic dienophiles have become the 
most intensively studied ones in recent years. This type of transformations has emerged as 
one of the most powerful bioorthogonal reactions, providing possibilities for exploring 
physiological processes by labeling of biomolecules [2].  
In a recent paper [3], we reported the first representatives of C-glycosyl-1,2,4,5-tetrazines, 
which were completely unknown in the literature prior to our work. A set of 3-β-D-
glucopyranosyl-1,2,4,5-tetrazines (Scheme 1, II) were prepared by ring-closing reactions of 
different C-β-D-glucopyranosyl precursors (I). In addition, the synthetic applicability of these 
heterocyclic monosaccharides by their conversions into 3-β-D-glucopyranosyl pyridazines (III) 
was demonstrated [3].  
As a continuation of this study, a new synthetic route to get additional C-glycosyl-1,2,4,5-
tetrazines (V), suitable for functionalization (even with fluorescent moiety) by cross-couplings 
(V→VI), have been examined. Furthermore, the IEDDA reactions of tetrazines II and VI with 
strained cycloalkynes have also been under investigation to test their possible use as sugar-
based bioorthogonal labeling agents. 

 
Scheme 1. 

In the presentation the details of route IV→V→VI as well as the first results of the strain-
promoted IEDDA reactions of compounds II and VI will be reported. 
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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.[1] 
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 well-tolerated, 
safe and immunogenic in a first-in-human phase 1 and phase 2a clinical trials.[2] 
Aiming at a Shigella vaccine providing broad serotype coverage in the field, interest here is 
on the identification of a semi-synthetic glycoconjugate as vaccine candidate targeting S. 
flexneri serotype 6 (SF6), another prevalent serotype.[3] The SF6 O-Ag is defined by a partially 
O-acetylated linear tetrasaccharide repeat (AcABCD).[4]  
To this end, we report the synthesis of a panel of glycoconjugates obtained by site-selective 
conjugation of diversely site-specifically O-acetylated SF6 oligosaccharides (up-to 4 repeats) 
onto a protein carrier. We also describe the immunogenicity of the obtained semi-synthetic 
glycoconjugates in mice and discuss the most valuable O-Ag mimics and conjugates thereof, 
as governed by a promising balance between synthesis efficiency and immunogenicity. 
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Antibiotic-resistant microbials are on the rise and are classified as a top ten global health threat 
to humanity by the WHO [1, 2]. Therefore, the development of new antibiotic treatment 
strategies is required [2]. This research project focuses on the inhibition of the carbohydrate 
amidase enzyme class as a novel approach to combat bacterial infections. One such enzyme 
is N-acetylglucosamine-6-phosphate deacetylase (NagA), that is responsible for the recycling 
of N-acetylglucosamine-6-phosphate (GlcNAc-6P), an essential component for the 
biosynthesis of peptidoglycans and viability of pathogenic bacteria [3, 4]. Selective inhibition 
of NagA could prove a valuable addition to the anti-microbial infection toolbox and is therefore 
the target of this project.  
E.Coli, B. Subtillis and H.influenza NagA homologs have been overexpressed, purified and 
crystalized. We were the first to solve the structure for NagA from the pathogen H.influenza 
(Figure 1A), giving us a clinically relevant target as model protein for our sweet-antimicrobials. 
A fluorescamine based activity assay has been adapted from literature which allows for the 
screening of libraries of compounds as well the biological characterization of new mechanism-
based inhibitors (Figure 1B) that are currently been synthesized using the organic synthesis 
that has been developed for these carbohydrate analogues [5]. 
 

 
Figure 1. Active site residues of H.infNagA crystalstructure. B: Proposed natural substrat mimic inhibitor design. 
 
References: 
1. Murray, C.J.L., et al., The Lancet, 2022. 
2. WHO., Antimicrobial resistance. 2021.  
3. Mayer, C., et al., Int J Med Microbiol, 2019.  
4. Sassetti, C.M., et al., Mol Microbiol, 2003. 
5. Ahangar, M.S., et al., J Biol Chem, 2018. 
  



P14 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

SYNTHESIS OF ACINETOBACTER BAUMANNII LAC-4 POLYSACCHARIDE 
FRAGMENTS 

 
Mohini Burnwal, Giuseppe D’Orazio, Luigi Lay 

Department of Chemistry, University of Milan, Via Camillo Golgi 19 20133 Milan 
mohini.burnwal@unimi.it 

Acinetobacter baumannii (Ab) is a highly adaptable opportunistic pathogen known for its 
multidrug resistance and increasing prevalence in nosocomial and community-acquired 
infections, including pneumonia and severe urinary tract infections. Its ability to persist on 
abiotic surfaces for extended period of time facilitates its survival in hospital environments, 
making it a serious global health threat1,2. Hence, investigating its virulence factors is crucial 
for developing novel therapeutics and vaccines. In particular LAC-4 was identified as 
hypervirulent strain in a mouse model of intranasal infection in comparison to other clinical 
isolates and laboratory strains of Ab. Importantly, the LAC-4 strain exhibits high serum 
resistance and reliably reproduces the most relevant features of human pulmonary Ab 
infection, including significant extrapulmonary dissemination and bacteremia3. LAC-4 
polysaccharide is composed of trisaccharide repeating units (1, Figure 1) containing N-acetyl-
α-D-glucosamine (a), N-acetyl-α-L-fucosamine (b) and α-8-epi-legionaminic acid (c). Synthetic 
fragments of Ab bacterial polysaccharides can be valuable tools to understand how the 
polysaccharide interacts with receptors of the immune system and to be used for antigen 
mapping studies, with the aim of investigating the possible development of semisynthetic 
glycoconjugate vaccines capable of conferring protection against Ab infections. Hence, our 
group embarked on the synthesis of LAC-4 polysaccharide fragments, including the 
trisaccharide repeating unit and longer oligomers. As a first step of this endeavour, in this 
communication we will describe the design and synthesis of 8epiLegionaminic acid building 
block, and its incorporation into the full trisaccharide repeating unit of LAC-4 polysaccharide. 
The synthetic glycans will be chemically conjugated to different carriers (immunogenic 
proteins and nanoparticles) for immunoevaluation. 
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Figure 1 Retrosynthetic plan for LAC-4 trisaccharide 
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Carrageenan is a linear, sulphated polysaccharide consisting of repeating ᴅ-galactose 
residues, with alternating α-1,3-/β-1,4- glycosidic linkages.[1] Variations in sulphation patterns, 
and in some instances, the inclusion of 3,6-anhydrogalactose residues result in a range of 
structurally diverse galactans. These polysaccharides are primarily produced by red 
macroalgae and constitute a major component of their cell walls and extracellular matrices.[2] 
Several forms of carrageenan have found widespread industrial and commercial applications 
due to their abilities to form gels and viscous solutions.[2,3] However, carrageenan 
biosynthesis and catabolism remains largely uncharacterized, and only a handful of enzymes 
that act on the sulphated galactans have been described, evoking further investigation.[4,5] 
To alleviate the time commitment involved in oligosaccharide synthesis while maintaining 
structural specificity and purity of the final product, automation offers an attractive solution. 
Automated glycan assembly involves subsequent attachment of individual monosaccharide 
building blocks to a solid support resin via a cleavable linker. Iterative capping and 
deprotection cycles are performed to prepare the growing oligosaccharide for the attachment 
of the next monosaccharide residue, all the while being done using a computer-controlled 
delivery system in a fully automated fashion.  
Herein this poster, our current synthetic efforts toward sulphated carrageenan 
oligosaccharides– using automated glycan assembly – will be discussed, highlighting 
accomplishments and challenges in using such an approach (scheme 1). 
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Antibiotic resistance remains a major threat to public health worldwide, the development of 
new types of antibacterial agents provides an interesting challenge. The absence of heptose 
in the LPS core domain of Gram-negative bacteria results in a truncated lipopolysaccharide 
associated with the deep rough phenotype causing a greater susceptibility to antibiotics and 
an attenuated virulence for pathogenic Gram-negative bacteria.1 Therefore, 
heptosyltransferase WaaC is a validated antibacterial drug target. According to previous 
studies, when bound to WaaC, substrate analogs adopt remarkably distinct conformations 
inside the active site compared to ADP.2 Thus, introducing a cyclopropyl moiety3 to lock the 
conformation of the ADP-heptose analogs to mimic the binding model of WaaC may give good 
inhibition results to develop new antibacterial drugs. 
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Secondary metabolites of microscopic organisms (microalgae and cyanobacteria) are the 
subject of research due to their wide range of biological effects, which are interesting for 
industrial applications [1]. In our systematic work aimed at elucidating the structural features 
of an unknown EPS, the cyanobacterial strain N. calcicola was investigated for EPS production 
and characterization of its composition and structural features. Preliminary results showed 
very low solubility (~20%) of the crude biopolymer recovered after lyophilization, a complex 
composition consisting of up to eight sugar units, and the presence of a protein indicating the 
proteoglycan type of the biopolymer. Treatment of EPS with pronase to remove proteins 
increased its solubility to 80%. The complexity of the EPS structure is indicated by the seven 
neutral sugar units that participate in its composition, however, of these, only Glc and Fuc 
were dominant (~55%), followed by Xyl, Man and Ara (~40%) and the remainder Gal and Rha 
(~5%) residues. In addition, uronic acids was found (~13%), indicating an acidic nature of this 
biopolymer. Due to the complex structure of N. calcicola EPS, it was subjected to ion-
exchange chromatography, yielding five fractions, however, the fractions obtained were 
viscous and NMR measurements provided little information only. Since the high molecular 
weight and viscosity make structural analysis difficult, EPS was partially degraded to obtain 
lower fragments which were analysed by chemical and spectroscopic methods. The prebiotic 
activity test of EPS from N. calcicola confirmed the ability of the biopolymer to selectively 
promote the growth of probiotic bacteria. 
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C-type lectin-like receptor 2 (CLEC-2) is a receptor expressed on human platelets. 
Platelets play an important role in several biological events such as hemostasis, 
inflammation, infection and immunity. CLEC-2 is activated by podoplanin, a mucin-
type protein, causing platelet aggregation. [1] Another ligand that was reported to act 
as an agonist of CLEC-2 is fucoidan, a sulfated polysaccharide from the algae Fucus 
vesiculosus.[2] 
We report on our research towards the chemical synthesis of podoplanin- and 
fucoidan-based ligands for studying CLEC-2 biology. The sialyl Tn (STn) disaccharide 
moiety of the glycoprotein ligand podoplanin interacts most closely with CLEC-2.[3] 
Therefore, aminoalkyl-linker-functionalized STn was prepared by enzymatic 2,6-
selective sialylation of linker-functionalized N-acetyl-galactosamine with CMP-sialic 
acid. Later, analogs with different hydrophobic groups at the position 9 of the sialic 
acid were synthesized following the same approach. Podoplanin-based glycopeptide-
ligands were synthesized as well, starting from a GalNAc threonine building block. In 
this case, both the sugar and the peptide moiety will contribute to binding to the 
receptor.[4] Fucoidan-based hexasaccharide ligands with alternating α1,3- and α1,4-
linkages are prepared through several rounds of glycosylation reactions using four 
different L-fucose building blocks, followed by selective sulfation. The choice of the 
positions for sulfation are guided by the sulfation pattern of the natural fucoidan ligand 
for CLEC-2 from Fucus vesiculosus.[5] The binding between the ligands and CLEC-2 
will be studied using biophysical techniques. 
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Galectins play key roles in immune regulation, inflammation, and cancer progression [1]. While 
Gal-1 and Gal-3 have been extensively studied, the tandem-repeat galectins (Gal-4, Gal-8, 
and Gal-9) remain underexplored despite their involvement in cancer-related processes [2]. 
These galectins possess two carbohydrate recognition domains (CRDs) with distinct glycan 
specificities, enabling complex ligand recognition. To address the need for high-affinity ligands 
targeting tandem-repeat galectins, we investigated the binding of multivalent glycoconjugates, 
including poly-LacNAc-based neo-glycoproteins and human milk oligosaccharide derivatives 
such as lacto-N-tetraose, lacto-N-neotetraose. 
We employed biolayer interferometry (BLI) and ELISA-based assays to quantify binding 
affinities (see Figure [1]), complemented by nuclear magnetic resonance (NMR) for detailed 
epitope mapping. Using 15N-labeled galectins and 1H-STD-NMR (see Figure [1]), we identified 
both lectin and ligand binding regions. Additionally, molecular docking and molecular dynamics 
simulations provided structural insights into galectin-ligand recognition, revealing key amino 
acid residues involved in binding. Compared to single-domain galectins, tandem-repeat 
galectins exhibited distinct multivalent binding properties, emphasizing the importance of 
studying full-length proteins rather than isolated CRDs. Our findings provide novel insights into 
the molecular basis of tandem-repeat galectin recognition of complex glycoconjugates and 
highlight their potential as targets for diagnostic and therapeutic applications.  

  
Figure [1]. Investigation of the interaction between LN2-Lac and Gal-8. A) Affinity determined using 

ELISA and BLI. B) Epitope mapping of Gal-8 using STD-NMR. 
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Klebsiella pneumoniae strain Kp-IT395 belongs to ST307, a clone that was first identified in 
the early 1990s and has spread widely in healthcare settings, particularly in the United States 
and Europe. Strains of ST307 are multidrug-resistant (MDR) and responsible for high levels 
of morbidity and mortality rates in hospitalized patients because they cannot be effectively 
controlled by any available antibiotic. As reported by several international organizations, there 
is therefore an urgent need to find new alternative strategies to solve or at least reduce the 
burden of MDR bacterial infections. In addition to vaccination, a promising approach is phage 
therapy, i.e. the use of bacteriophages, i.e. viruses that are able to selectively kill bacteria. 
Since the capsular polysaccharide (CPS) together with the ability to form biofilms are important 
virulence factors, the CPS primary structure of Kp-IT395 was determined by chemical analysis 
and NMR spectroscopy. The results showed that the CPS structure is novel and identical to 
that of K. pneumoniae strain KL102 CPS, which was also characterized in our laboratories 
(Fig. 1). K. pneumoniae strain KL102 was isolated as part of the BARNARDS study [1], which 
aimed to generate important data on the impact of antibiotic resistance in neonatal sepsis in 
several low- and middle-income countries. With the aim of exploiting the use of phages against 
MDR bacteria, a phage capable of lysing the Kp-IT395 strain and possessing an 
endoglycosidase specific for the Kp-IT395 CPS was isolated. Afterwards, whole phage 
particles were used to depolymerize the CPS and the site of polysaccharide cleavage was 
determined by NMR spectroscopy. 
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Bacillus subtilis is one of the best-studied Gram-positive organisms and a key model for the 
study of bacterial biofilms. Bacterial biofilms are complex microbial communities encased in a 
self-produced extracellular polymeric matrix that facilitates cell adhesion to biotic and abiotic 
surfaces. B. subtilis is also used as a model system for the in-depth study of the many aspects 
involved in biofilm formation and stability, such as extracellular matrix production, biofilm 
development and differentiation [1]. It is well known that exopolysaccharides are crucial 
components of the biofilm matrix. They are usually involved in the colonization of surfaces, 
form a hydrated network that mediates the mechanical stability of the biofilm and prevents 
bacterial desiccation, confer resistance to host defenses during infection and can be a source 
of nutrients. In B. subtilis biofilms, the most important exopolysaccharide (EpsA-O) not only 
provides structural support, but is also involved in the colonization of plant roots, the binding 
of metals and protection against reactive oxygen species. 
Due to its importance, the structure of EpsA-O was determined by chemical analysis, Smith 
degradation and 1D and 2D NMR spectroscopy. The collected data revealed that EpsA-O has 
a novel structure [2], which is shown in Figure 1. 
 
 
 
 

Figure 1. Structure of EpsA-O repeating unit 

 
In addition, attribution of the glycosyltransferases of the epsA–O operon, devoted to the 
synthesis of the EpsA-O, to specific catalyzed reactions was achieved by in silico analysis with 
a good degree of homology. 
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Heparan sulfate (HS) is a biomolecule of the glycosaminoglycan (GAG) family, widely 
distributed on cell surfaces and within the extracellular matrix. It plays vital roles in biological 
processes such as viral infection, cell growth regulation, blood coagulation, inflammatory 
responses, tumor metastasis, and neuro-related diseases. However, deciphering the HS code 
remains highly challenging due to its structural diversity. Therefore, well-defined HS 
oligosaccharides are essential for evaluating structure–activity relationships and 
understanding HS functions in physiological processes. In this study, a divergent strategy was 
employed to synthesize 32 HS tetrasaccharides with specific sulfation patterns—2-O-sulfate, 
6-O-sulfate, 2,6-di-O-sulfate, and either N-sulfate or N-Ac—using two orthogonally protected 
disaccharide building blocks: D-glucosamine-α1→4-D-glucose and D-glucosamine-α1→4-
1,6-anhydro-L-idose. The resulting tetrasaccharide library was employed to assess binding 
affinity with Midkine, revealing the structural requirements and sulfation patterns crucial for HS 
interactions. 
 

 
R = H or SO3-, R1 = H or SO3-, R2 = SO3- or Ac 
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Glycoproteins practically cover all eukaryotic cells and are responsible for numerous cellular 
communication and recognition events. Glycobiology underwent significant development at 
the end of the last century but remains hampered by the high structural complexity of glycans 
[1]. The need for new tools to study the structure and function of glycoproteins is therefore 
crucial, given that certain diseases result from glycosylation defects or are marked by specific 
surface oligosaccharides [2]. The recent development of Metabolic Oligosaccharide 
Engineering (MOE) by Carolyn Bertozzi and coworkers represents a significant breakthrough 
allowing the study of native glycans in living cells [3]. Our goal is to develop an alternative 
chemical-based bioconjugation method. To specifically functionalize saccharides of interest, 
we aim to use boronolectins (BL) for their selectivity [4] coupled with Boronic Acid Catalytic 
methods (BAC) to ensure reactivity [5]. 
 

 
 
In this communication, we will disclose our latest results regarding the design, the synthesis 
and the reactivity of mannose-specific boronolectins. 
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Rhizobium sp. CAS 24 is a soil bacterium belonging to Rhizobiaceae family. This bacterial 
endophyte was originally isolated from roots of Chamaecytisus albus. Similarly to the majority 
of Gram-negative rods, the strain CAS 24 produces lipopolysaccharide (LPS), which is a main 
component of an outer leaflet of the outer membrane. There are three structural regions in 
LPS molecule: a lipid A, a core oligosaccharide (core OS), and an external part called an O-
specific polysaccharide (O-PS). The LPS composed of these three parts is called the smooth 
(S) form, in comparison to the rough (R) form without the O-PS region. The SDS-PAGE profile 
of the LPS from Rhizobium sp. CAS 24 indicated that the majority of the material migrated as 
the R-LPS. The core oligosaccharide was isolated from the LPS by mild-acid hydrolysis and 
purified by gel permeation chromatography on a Sephadex G50 fine column. The obtained 
preparation was subjected to chemical analyses (sugar composition, linkage analysis), as well 
as 1H and 13C Nuclear Magnetic Resonance spectroscopy and mass spectrometry techniques 
(MALDI-TOF-MS, ESI-MS, and MS/MS). The molecular weight of oligosaccharides from the 
core OS fraction ranged from 1300 Da to 1400 Da. The chemical studies revealed that 
Rhizobium sp. CAS 24 core OS contains 3-deoxy-D-manno-oct-2-ulosonic acid (Kdo), 
glucose, galacturonic acid and its 3-O-methyl derivative, as well as is deprived of heptoses 
and phosphate residues. The linkage analysis showed that the Kdo is substituted at C-4 
position, similarly as it was described prevoiusly in the Rhizobium etli CE3 core 
oligosaccharide [1].  
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This project presents an enhanced alternative to the N-(phenyl)trifluoroacetimidate glycosyl 
donor, first introduced by Yu and colleagues.[1,2] While this donor has become widely used, 
several challenges persist. The synthesis of trifluoro-N-phenylacetimidoyl chloride, a key 
reagent for donor preparation, involves the use of the highly toxic CCl₄. Additionally, the 
stereochemistry of the synthesized donors remains uncontrollable, leading to complex α/β 
mixtures, further complicated by the formation of E/Z isomeric mixtures of the acetimidates. 

 

 

 

 

 

This project has developed a method for synthesizing trifluoro-N-phenylacetimidoyl chloride 
and similar compounds in high yields by reacting the amide, pyridine, and POCl3 at 160 °C for 
4 hours in microwave reactor glass vials. Additionally, a supplementary method that does not 
require special glassware was developed, using 2,4,6-collidine instead of pyridine. The 
dichloro trifluoro-N-phenylacetimidoyl chloride reagent was found to be less volatile than 
trifluoro-N-phenylacetimidoyl chloride. It was also possible to synthesize  
N-(dichlorophenyl)trifluoroacetimidate donors in good yields with high β-selectivity using 
DABCO in toluene, and in some cases, high α-selectivity using TEA and DMAP in toluene. 
The synthesized donors were succefully used in several glycosylation reactions. 
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Auranofin (AF) is a therapeutic compound consisting of a peracetylated thioglucose moiety 
linked to a triethylphosphine-chelated gold. It has been primarily used for over 40 years, 
receiving FDA approval in 1985, as an oral treatment for rheumatoid arthritis (RA) in patients 
who have not responded well to conventional therapies such as nonsteroidal anti-inflammatory 
drugs (NSAIDs) or disease-modifying antirheumatic drugs (DMARDs).[1] AF exhibits anti-
inflammatory properties by inhibiting the NF-κB-IL-6-STAT3 pathway and increases cellular 
oxidative stress through the inhibition of thioredoxin reductase. 
Although AF has been gradually replaced by other drugs for RA, ongoing research continues 
to explore its potential in broader therapeutic areas, including cancer, autoimmune disorders, 
and antibiotic treatments. Its well-characterized toxicological profile makes it particularly 
valuable for drug repurposing.[2] In the context of antimicrobial resistance (AMR), the search 
for new antibiotics [3] or combination therapies is crucial, and recent studies have 
demonstrated AF’s antimicrobial efficacy against bacteria such as S. aureus (including MRSA) 
and C. difficile.[4] 

 
 

While most of the modes of action are well understood at molecular level, the mechanisms 
governing AF transport in and out of cells, as well as influence of AF on the absorption and 
elimination of other drugs, remain unknown.[5] 
As part of the investigation of the control of C. difficile growth and sporulation,[6] we aimed to 
explore this question by the use of a suitable novel auranofin probe. The synthesis of the 
selected fluorescent auranofin conjugate will be described. 
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Vibrios are among the most abundant microorganisms found either free-living in aquatic 
environments or associated with several marine organisms. Due to their enormous biodiversity 
and pathogenicity, controlling diseases in the aquaculture industry can be challenging [1,2].  
Vibrio crassostreae is a Gram-negative bacterium known to be pathogenic to shellfish, mostly 
oysters and reported in other marine species during episodes of morbidity and mortality, 
causing significant losses in the aquaculture industry. Following an episode of sea urchin 
mortality (P. lividus) in Procida Island, tissues and spines of diseased animals were analysed 
for microbiology. The study of the bacterium's surface glycans aims to establish a baseline for 
future research to determine whether Vibrio crassostreae may also be pathogenic to sea 
urchins, specifically investigating its potential contribution to “bald sea urchin disease,” a 
condition resulting in spine loss of these animals. To isolate Vibrio spp., soft tissues 
(oesophagus/intestines) and spines from P. lividus, were inoculated into 10 ml of Marine Broth 
(MB) for 48 h at 30°C. Serial dilutions were performed for each sample and 100 µl of 10-2 and 
10-3 of diluted samples were plated on the selective medium Thiosulfate-Citrate-Bile Salts-
Sucrose (TCBS) Agar. Plates were incubated for 24-48 hours at 30°C to allow the growth of 
Vibrio spp. 
The bacterium has been shown to produce a rough lipopolysaccharide (LPS) and a capsular 
polysaccharide (CPS). In this study, we analysed both glycans' sugar composition together 
with a full characterisization of the capsular polysaccharide's structure. 
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The type 1 fimbrial adhesin (FimH) is a mannose specific binding lectin found on Escherichia 
coli (E. coli). Notably, it is found on uropathogenic E. coli (UPEC) which caused 400 million 
urinary tract infections in 2019 [1].  FimH has been extensively studied for its properties as a 
virulence factor for UPEC. A leading research area is the use of mannosides in the anti-
adhesion approach to E. coli-host cell interactions [2]. Covalent drugs are gaining renewed 
interest due to their increase potency and selectivity. [3] In our research group, we are 
interested in developing glycoconjugates as new covalent antimicrobial agents. [4] The 
presence of electrophilic groups or warheads in covalent ligands allows for their crosslinking 
to nucleophilic side chains in the binding site. Preliminary testing of the divalent mannoside in 
Figure 1, which features acrylamide moiety, has shown it inhibits biofilm inhibitor in laboratory 
and environmental E. coli strains. We aim to further explore the ability of mannoside ligands 
designed as covalent antagonist of FimH in the crosslinking and biofilm formation inhibition in 
a range of E. coli strains, including UPEC. 
 
 

 
 

Figure 1. Chemical structure of a cross-linking divalent mannoside. 
 
Acknowledgements: We would like to thank the Research Ireland for awarding the Government of Ireland 
Postgraduate award to Shane Coyle. 
 
References:  
1. X.Yang et al., Front. Public Health, 2022, 10. 
2. L.mousavifar et al., Pharmaceutics, 2023, 15, 527. 
3. L.Boike et al., Nat Rev Drug Discov  2022, 21,881-898. 
4. K.doherty et al., Bioorg. Med. Chem, 2025, 117, 118020. 
  



P29 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

PSEUDOMONAS AERUGINOSA LPS FROM CYSTIC FIBROSIS PATIENTS: 
IMPLICATIONS OF STRUCTURE IN ANTIBIOTIC RESISTANCE 

 
Raffaele D’Amicoa, Angela Casilloa, Wojciech Jachymekb, Rosanna Papac,  

Anna Maciejewskab, Marta Kaszowskab, Jolanta Lukasiewiczb, Maria Michela Corsaroa 

  
a Department of Chemical Sciences, Federico II University, Complesso Universitario     

Monte S. Angelo, Via Cintia 4, 80126 Naples, Italy 
raffaele.damico@unina.it 

b Laboratory of Microbial Immunochemistry and Vaccines, Hirszfeld Institute of Immunology 
and Experimental Therapy, Polish Academy of Sciences, Weigla 12, 53-114 Wroclaw, 

Poland 
c Department of Public Health and Infectious Diseases, Sapienza University, Piazzale Aldo 

Moro 5, 00185 Rome, Italy 
 

Biofilm-associated infections pose a major healthcare challenge, particularly in chronic and 
nosocomial diseases, where antibiotic resistance complicates the treatment. Pseudomonas 
aeruginosa, a key pathogen in cystic fibrosis (CF), forms biofilms and modifies its 
lipopolysaccharide (LPS) structure, contributing to persistence and immune evasion. 
Understanding these modifications is crucial for developing targeted therapeutic strategies [1]. 
Here we analyzed LPS and Lipid A structural variations in P. aeruginosa clinical isolates from 
CF patients at different stages of disease, by comparing antibiotic-sensitive clinical strain 
(WT2), two multi-drug resistant (MDR1 and MDR5) and pan-drug-resistant (PDR7) strains with 
the antibiotic-sensitive reference strain PA14 [2]. The isolates were grown under planktonic 
and biofilm conditions to mimic the CF pulmonary environment.  

Structural variations in Lipid A across these strains were evaluated concerning the degree of 
antibiotic resistance and chronic infection. Furthermore, we will assess the effects of LPSs 
and Lipids A on inflammatory pathway activation [3,4]. 
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The European Green Deal promotes reducing pesticide use by encouraging biocontrol 
solutions that are safer for the environment and human health. Grapevine (Vitis vinifera), due 
to its economic importance and reliance on fungicides to combat diseases like downy mildew 
(Plasmopara viticola), powdery mildew (Erysiphe necator), and grey mold (Botrytis cinerea), 
was identified as a priority crop.  
Chitosan, a biopolymer derived from crustacean shells, has shown promise as a biocontrol 
agent against these fungal pathogens, though its exact mode of action - whether direct 
antifungal activity or immune system stimulation - remains unclear. 
 

 
 

In this study, six chitosans with varying degrees of polymerization (DP12 to DP470) were 
tested for both antifungal activity and their ability to trigger grapevine immune responses.  
Results revealed that low DP chitosans, especially DP12, were the most effective in both direct 
pathogen inhibition and activating plant defences. Field trials over three years demonstrated 
that chitosan DP12 could provide adequate protection under low disease pressure and, when 
combined with just two fungicide treatments, maintained good disease control throughout the 
season. Overall, a chitosan-based biocontrol product presents a promising alternative to 
reduce chemical inputs in sustainable viticulture. 
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The sialic acid-binding immunoglobulin-like lectins (Siglecs) are a family of I-type lectin 
receptors predominantly expressed on immune cells, where they play key roles in 
immune regulation through their interactions with sialylated glycans [1]. These 
interactions, mediated by the regulatory motifs of Siglecs, can influence several 
immune processes [2]. Given that gangliosides serve as natural ligands for Siglecs, 
this project focuses on the design and synthesis of novel glycomimetics derived from 
the ganglioside core structure 1, with several positions for tuning affinity through 
additional substituents. (Figure 1) [3]. By synthesizing smaller ganglioside fragments, 
which can be considered as new pharmacophores, this approach will enable the 
development of a diverse library of compounds for screening against different Siglecs 
to assess their affinity and selectivity. Compounds exhibiting the strongest binding in 
microarray assays will be further analyzed using competitive STD-NMR experiments 
to identify key interaction sites between the ligand and the protein. These insights will 
guide the rational design of glycomimetics with enhanced affinity, selectivity, and 
modulatory effects for Siglecs. This methodology aims to provide lead compounds for 
the advancement of glycan-based immunotherapies. 
 

 
Figure 1. Structure of ganglioside 1. 
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Quaternary ammonium salts (QASs) are a class of cationic surfactants with a typical head-
and-tail structure, composed of a positively charged nitrogen atom and four organic 
substituents or derivatives of heterocyclic amines. The positive charge of the cation is 
balanced by the presence of the anion (e.g., halide ions or organic acid derivatives). Due to 
their different properties, QASs are used in many areas of modern life: medicine, industry, 
everyday life. 
Basing solely on the properties of QAS structure leads to an inadequate assessment of their 
harmfulness and a mistaken inference regarding the safety of the group as a whole. Studies 
have shown differences in toxicity between QASs that are structurally similar but differ by a 
few carbon atoms. Therefore, each QAS with potential applicability should be tested for 
toxicity.  
Limitations in the use of QASs, along with the increasing resistance of microorganisms 
motivate chemists to search for new, more active and environmentally friendly QASs that can 
replace currently used, harmful chemicals. This is why the synthesis of new quaternary 
ammonium salts of sugar derivatives, alditols and anhydroalditols is so important [1]. 
Although sugars are economically favorable starting materials, the process of producing their 
ionic derivatives is complicated by the required multi-step synthesis method. Therefore, recent 
research work aims to simplify the obtaining of QASs by introducing procedures that reduce 
the number of synthesis steps [2]. 
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Endometrial carcinoma (EC) is a malignancy of the uterus originating from the epithelium of 
the endometrium. Its incidence is increasing, particularly among postmenopausal women, with 
several etiological risk factors implicated, including hyperestrogenism, metabolic syndrome, 
and genetic predispositions [1]. Although most EC cases are diagnosed at an early stage 
allowing for a favorable prognosis and high curability approximately 20% of patients present 
with extrauterine disease at diagnosis. The prognosis for advanced-stage disease (stage IV) 
remains poor, with a five-year survival rate of only around 15%. Therefore, early detection 
remains a key factor influencing treatment success. The development of non-invasive 
diagnostic approaches aimed at effectively excluding EC in women with postmenopausal 
bleeding has significantly progressed in recent years and offers a potentially more acceptable 
alternative to invasive procedures such as endometrial biopsy [2]. Despite available 
treatments, there remains a strong need for more accurate risk stratification and personalized 
therapy, leading to intensified research into molecular biomarkers, including changes in protein 
glycosylation [3]. Glycosylation plays a crucial role in regulating cell signaling, interactions with 
the extracellular environment, and immune recognition. Aberrant glycosylation is a hallmark of 
malignant transformation and may serve as a sensitive indicator of tumor presence or 
therapeutic response. In this study, we employed a lectin-based glycoprotein microarray 
platform to comprehensively profile the plasma glycome in EC patients. The array consisted 
of 21 lectins with various glycan specificities. We analyzed 66 pairs of plasma samples 
(preoperative and postoperative) to identify systemic changes associated with tumor 
presence. Our results revealed significant alterations in the binding profiles of several lectins 
following surgical tumor removal, suggesting the presence of dynamic changes in systemic 
glycosylation associated with the disease. These findings support the hypothesis that plasma 
glycosylation monitoring may serve as a non-invasive tool for assessing tumor status and 
potentially as a prognostic or diagnostic marker in EC. Lectin-based glycoprotein microarray 
technology thus appears to be a promising platform for identifying novel glycan-related 
biomarkers in tumor glycobiology, with potential applications in the development of 
personalized therapeutic strategies in oncogynecology. 
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The use of molasses as a feedstock for electrochemical conversions offers a sustainable way 
to produce valuable chemical compounds. In this work, the chemical analysis of molasses is 
investigated with regard to its suitability for electrochemical processes that have the potential 
to generate higher value products. The exact clarification of the molasses composition is of 
great importance, as possible secondary components such as organic acids or other impurities 
could negatively influence the electrochemical reactions or generate undesirable by-
products.[1] 

 

Figure 1. Flowsheet for the planned process for the electrochemical refinement of molasses. 

Initial analyses of the sugar composition were carried out using high-performance liquid 
chromatography (HPLC) to identify and quantify the main types of sugar, which are of 
particular interest for electrochemical conversions.[2] In this study, two different types of 
molasses, sugar beet and sugar cane molasses, were investigated to characterize their 
composition and evaluate their suitability for electrochemical conversions.  
For future work, other analytical methods such as LC-MS and GC-MS will be used to obtain a 
more precise characterization of the molasses and the electrochemically generated products. 
These methods will provide more precise information on the structure and identity of the 
products and thus promote the optimization of electrochemical conversions. The results of this 
study could provide important impact for the development of efficient and sustainable 
processes for converting molasses into valuable chemical compounds.[3] 
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The genus Tetraselmis, a green marine microalga of the order Chlorodendrales, has garnered 
significant attention in various applications. These species are widely employed in 
nutraceuticals for their antioxidant properties [1] and serve as a valuable feedstock in 
aquaculture due to their high Eicosapentaenoic acid (EPA) content[2]. Furthermore, the 
substantial lipid content of Tetraselmis species makes them a promising biofuel source[3]. 
Finally, several Tetraselmis species have been observed to produce extracellular 
polysaccharides (EPS)[4]. Studies have revealed that certain cultivation conditions, particularly 
heterotrophic growth, enhance EPS production in this genus[5]. These EPSs have substantially 
shown different biological activities, such as the EPS derived from Tetraselmis suecica, which 
has cytotoxic effects on tumor cells and exhibits antioxidant properties[6]. 
Here we present the production of EPS from three distinct marine strains of the genus 
Tetraselmis: T. chuii, T. suecica, and T. suecica 22D. These strains were cultivated under 
autotrophic, heterotrophic, and mixotrophic conditions to maximize EPS yields. The obtained 
supernatants were extracted and purified. The polysaccharide material was analysed using 
chemical analyses and NMR spectroscopy.  
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Virus-like particles (VLPs) are composed of viral structural proteins but lack viral genetic 
material, which prevents them from replicating in cells. Their uniform size and geometric 
configuration facilitate consistent conjugation of molecules [1]. The objective of this project is 
to functionalize bacteriophage Qβ VLPs with glycans at varying densities and conjugation 
chemistries in order to evaluate their potential to elicit a robust and selective immune 
response. The selected glycans -Globo H, Man3 and LDNF- have distinct immunological 
relevance. Globo H is a tumor-associated carbohydrate antigen (TACA) that is overexpressed 
in cancer and has been used in the development of anti-cancer vaccines [2]. Man3, a 
paucimannosidic glycan, is emerging as a promising target for cancer research, with potential 
roles as a contributor to immune evasion or recognition, and a target for immunotherapy or 
glycan-based treatments [3]. LDNF, a glycan moiety found in helminth parasites (e.g. 
Schistosoma mansoni), appears to be involved in host defense, suggesting potential as an 
immunomodulator in autoimmune diseases [4]. Moreover, aberrant expression of N-glycans 
containing LDNF has been reported in certain cancers, highlighting its possible role in immune 
evasion and tumor progression [5]. Functionalization of VLPs is analyzed using MALDI-TOF 
and SDS-PAGE, while internalization assays are performed by High-Content Screening 
(HCS). 
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Klebsiella pneumoniae is a Gram-negative and anti-microbial resistant bacterium, leading 
cause of neonatal sepsis in low- and middle-income countries [1]. Despite the urgent need, 
no licensed vaccines are currently available. Capsular polysaccharides, also known as K-
antigens (KAg), are key virulence factors and promising vaccine targets. However, the high 
diversity of KAg serotypes poses a significant challenge for vaccine development[2]. This 
study evaluates multiple technology platforms to accelerate the development of a broadly 
protective, multivalent KAg-based vaccine. Herein, a KAg capsular polysaccharide, one of the 
most prevalent serotypes associated with neonatal sepsis, has been selected as model 
antigen. 
We compared traditional conjugation[3], nanoparticle-based delivery[4], and MAPS 
technology[5]. For traditional conjugation, an improved 1-cyano-4-dimethylaminopyridinium 
tetrafluoroborate (CDAP) chemistry[6] was used and two carrier proteins, CRM197 and 
recombinant tetanus toxoid (8M-TT)[7], were evaluated. Nanoparticles offer advantages such 
as enhanced antigen uptake by antigen-presenting cells due to their optimal size (10-150nm), 
symmetrical and organized structure, with the possibility to accommodate multiple antigens 
on their surface. MAPS technology utilizes a high-affinity, noncovalent interaction between 
biotin-tagged polysaccharides and rhizavidine-fused proteins, potentially allowing for broader 
immune responses by combining KAg with conserved pathogen proteins. The resulting 
vaccine candidates were characterized for purity, saccharide-to-protein ratio and size. 
Immunogenicity of the vaccine candidates was assessed both in mice and rabbits by 
measuring the level of antigen specific antibodies classes and IgG subclasses, their ability to 
kill Klebsiella strains in vitro, as well as by evaluating the cellular immune response.  All 
constructs elicited a significant anti-KAg specific immune response with some differences 
among the platforms used.   
This study provides valuable insights 
into the development of a multivalent 
KAg-based vaccine against Klebsiella 
pneumoniae. The comparative 
evaluation of these technology 
platforms in different animal models, 
looking both at humoral and cellular 
responses, offers data that can inform 
the development of polysaccharide-
based vaccines against other bacterial 
pathogens too. 
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The growing interest in green technologies has significantly influenced the development of 
environmentally friendly extraction methods that can be used to recover valuable compounds 
from fruit industry waste. Blackcurrant pomace, the main waste product in juice production in 
Poland, is rich in polysaccharides, especially pectins, which can have many applications [1,2]. 
Traditional pectin extraction on an industrial scale is mainly based on the use of strong mineral 
acids, which creates significant environmental problems. A promising alternative is the use of 
natural deep eutectic solvents (NADES) [1,3]. 
In the presented research work, optimal conditions of the extraction process were developed 
to obtain pectin from blackcurrant pomace in a NADES environment. Polyphenol-
polysaccharide conjugates were obtained, which were purified by dialysis and ion exchange 
chromatography (IEC). In order to characterize the pure pectin fraction, a series of analyses 
were performed, including the use of chromatographic and spectroscopic methods. 
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Heparin is an invaluable drug in the prevention and treatment of thromboembolic diseases 
due to its anticoagulant effect. However, its use can face several limitations due to its 
polyanionic and heterogeneous nature. A major milestone in research was the development 
of a synthetic heparin analogue pentasaccharide drug, Arixtra (1, fondaparinux), which 
successfully minimized the side effects of anticoagulant therapy. Fondaparinux can be used 
to treat deep vein thrombosis and acute pulmonary embolism. It has a faster anticoagulant 
effect, higher and more predictable anti-Xa activity, a longer duration of action, and less 
biological risk compared to LMWH. This modified analogue of the antithrombin-binding 
pentasaccharide part of heparin was first prepared by French and Dutch researchers using a 
55-step chemical synthesis [1]. The development of the compound into a drug was achieved 
in collaboration with the pharmaceutical companies Sanofi and Organon, and it was marketed 
under the name Arixtra in 2001. Although the pentasaccharide has some clinical shortcomings 
(e.g. short half-life) and is extremely complex to synthesize, it is still the only commercially 
available synthetic heparin analogue used in medicine. Over the years, several synthetic 
routes have been developed for the preparation of fondaparinux. In a recent publication, Dey 
et al. developed a novel, programmable, one-pot synthesis [2]. In another work, Li et al. 
constructed fondaparinux (1) using a [3+2] block synthesis [3]. At about the same time, Chang 
et al. also reported a synthetic route for the economical preparation of the fully protected 
pentasaccharide and then fondaparinux [4]. Despite all this, the efficient synthesis of the 
pentasaccharide has not been solved to date. The common problem in all these works was 
the economical synthesis of the L-iduronic acid moiety. 
In our research, we will attempt to synthesize fondaparinux using an L-idose donor prepared 
by an efficient synthetic route developed by us. Thanks to the new L-idose donor, we have had 
the opportunity to test a new protecting group strategy and the way has also been opened to 
reduce the number of reaction steps. 

 
Figure 1. Schematic synthesis and structure of fondaparinux (1) 
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Conjugates of simple sugars with organometallic fragments are being explored for cancer 
treatment because the carbohydrate component can potentiate the effect of the organometallic 
part. In addition, organometallic complexes, especially ruthenium- and ferrocene-based 
compounds, are emerging as promising alternatives to platinum-based therapies, offering 
lower general toxicity and favorable kinetics. 
In this study, we synthesized and investigated the effects of fluorination at the 4- and/or 6-
positions  on the cytotoxicity of D-gluco- and D-galactosamine modified by attachment of a 
ferrocene or ruthenium(II) complex at the 1- or 2-position. The in vitro cytotoxicity of these 
compounds was evaluated against three different cancer cell lines and one noncancerous cell 
line.The cytotoxicity values, expressed as IC50, of the 4-fluorinated and 4,6-difluorinated 
precursors were compared with the values of their organometallic conjugates. Fluorinated 
hexosamines alone (e.g. 1, Figure 1) exhibit moderate cytotoxicity. A further increase in 
cytotoxicity was observed after conjugation with organometallics. Interestingly, while 
ruthenium half-sandwich complexes were found to be nontoxic, ferrocene conjugates(e.g. 
complex 2) and ruthenium tetrazene glycoconjugates exhibited significant cytotoxicity that 
often depended on the substituent at the anomeric position[1]. 

 
 

Figure 1. Difluorinated glucosamine (1) and its ferrocene conjugate (2) and their cytotoxicity to triple 
negative breast cancer cell line MDA-MB-231. 
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Cannabidiol (CBD) is a non-psychotropic cannabinoid isolated from Cannabis sativa that has 
several promising biological effects.[1] However, its low water solubility and first-pass 
metabolism limit its oral bioavailability, which hinders the medicinal use of CBD. Therefore, 
there is a great need for appropriate chemical modifications to improve its physicochemical 
and biological properties. Our aim was to conjugate various carbohydrates to CBD to increase 
the water solubility and possibly enhance the biological effects of the parent molecule. 

 
Scheme 1. Photoinitiated chemoselecteive hydrothiolation of CBD at D8 with glycosyl thiols 

 
In this work, we chose the photoinduced thiol-ene reaction which is a widely applied atom-
economic click-ligation method [2] to couple protected 1-thiosugars to CBD (Scheme 1). Using 
an equimolar amount of thiol (1-thio-D-Gluc, -Man and -GlcNAc, and 1-thio-L-Fuc, etc.), the 
reactions proceeded with complete chemoselectivity in all cases, due to the higher reactivity 
of the exocyclic C8 double bond in the radical addition. The thiol-ene reaction produced the 
anti-Markovnikov addition product with full regioselectivity, but the stereoselectivity was 
variable and depended on the sugar configuration. After separation of the two 
diastereoisomers, Zemplén deacylation was performed to produce several novel 
carbohydrate-cannabidiol thioconjugates that will be potential candidates for a wide range of 
biological studies. 
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Glycosaminoglycans (GAGs) are linear polysaccharides attached to a core protein to form 
proteoglycans, which are located at the extracellular membrane of eukaryotic cells.[1] As these 
highly sulfated polymers promote protein binding and therefore enable intercellular 
interactions, GAGs also play a crucial role in cell infection process by mediating pathogen 
adhesion and invasion.[2] In context of novel therapeutic strategies tackling this issue, the 
design of synthetic GAG-mimetics aims for a deeper elucidation of GAG-mediated cell 
infection processes.[3] 

The systematic synthesis of GAG-mimetics shall enable the generation of a library of diverse 
polymeric structures which are to be evaluated by structural differences, binding affinities and 
other characteristics. We deploy mannose-based acrylamide monomers (ManHEAA), which 
can be polymerized by a method, recently developed by our group: The thiol-induced, light-
activated controlled radical polymerization (TIRP) allows the straightforward synthesis of low-
dispersity polymers with specific end-groups.[4] Incorporation of the polymers into membranes 
and study of pathogen interactions can be conducted by additional functionalization with a 
membrane anchor and a fluorophore, enabled through the synthesis of a new TIRP 
macroinitiator.[5] 
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Chondroitin sulfate/dermatan sulfate (CS/DS), a glycosaminoglycan (GAG) that regulates cell 
proliferation and differentiation, exists in cell surfaces and extracellular matrices. Studies on 
myoblast cells have shown that CS reduction promotes differentiation, suggesting the complex 
role of CS/DS in cellular processes. While CS/DS has been implicated in the differentiation 
processes of various cell types, the molecular details of CS/DS profiles during adipocyte 
differentiation remain largely unexplored. To bridge this knowledge gap and provide a more 
comprehensive understanding of CS/DS in tissue formation, this study aimed to analyze 
CS/DS structural changes and gene expression in mouse 3T3-L1 cells to elucidate molecular 
mechanisms underlying adipose tissue formation. 
Using high-performance liquid chromatography (HPLC) and reverse transcription real-time 
PCR, we comprehensively analyzed CS/DS dynamics during 3T3-L1 adipocyte differentiation. 
Differentiated cells exhibited a significant decrease in total CS/DS content alongside reduced 
expression of biosynthesis genes, including chondroitin sulfate  
N-acetylgalactosaminyltransferase 1 and 2 (Csgalnact1/2) and chondroitin polymerization 
factor. Moreover, CS/DS chains showed reduced molecular weight, suggesting structural 
remodeling associated with cellular differentiation. 
Furthermore, A-units (CS/DS chains) predominated in both undifferentiated and differentiated 
cells, with a notable increase in CS-A proportion during differentiation. This shift correlated 
with altered sulfotransferase activity. To complement these findings, we conducted additional 
experiments using rat mesenchymal progenitor cells (MPCs). Intriguingly, inhibiting 
Csgalnact1/2 unexpectedly enhanced adipocyte differentiation, indicating complex regulatory 
mechanisms of these enzymes. 
Ultimately, this study shed light on the dynamic remodeling of CS/DS during adipocyte 
differentiation, providing new insights into the mechanisms of cellular development. The 
downregulation of CS chain elongation enzymes highlights the complex regulatory processes 
underlying cell differentiation. By revealing the unexpected impact of Csgalnact1/2 on 
adipocyte differentiation, this research deepens our understanding of molecular controls in 
adipogenesis, potentially paving the way for new avenues in lipid metabolism research and 
the understanding of adipose tissue development. 
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In recent years, antibody-drug conjugates (ADCs) have attracted attention as a new modality 
of antibody-based therapies that leverage antibody-dependent cellular cytotoxicity (ADCC). 
However, some concerns have been raised regarding antibody-specific drawbacks, such as 
the depletion of target antigens and toxicity associated with the antibodies themselves. Lectins 
are gaining interest as potential probes for cancer-associated carbohydrate antigens, serving 
as alternatives to antibodies. Several examples of lectin-drug conjugates (LDCs) have been 
reported to date.  
The rhamnose –binding lectin from catfish (Silurus asotus) eggs (SAL) can bind and internalize 
into globotriaosyl ceramide (Gb3) expressing cancer cells, and induces cell growth 
retardation1. Gb3 is known as a cancer-related carbohydrate marker overexpressing in such 
as cervical, breast and colon cancer, and associating with their malignancy2. Interestingly, we 
observed that SAL enhanced influx rate of anticancer drugs in human Burkitt’s lymphoma Raji 
cells and cervical carcinoma HeLa cells3. Here, we prepared two SAL/LDCs, SM30 and SM50, 
which were conjugated with monomethyl auristatin E (MMAE) as a payload toxin with binding 
capacities of 30 and 50%, respectively. Cytotoxicity of SM30 and SM50 for Gb3 expressing 
Raji cells, HeLa cells, and human testicular seminoma JKT-1 cells were evaluated by trypan-
blue exclusion test. Both LDCs exhibited concentration- and binding capacity-dependent 
cytotoxicity. The IC50 value of SM30 against Raji, HeLa and JKT-1cells were 17.33 μg/mL, 
1.21 μg/mL, and 0.72 μg/mL, and those of SM50 were 6.14 μg/mL, 1.02 μg/mL, and 0.48 
μg/mL, respectively. To confirm the importance of Gb3, we established Gb3 removed (KO) 
cells by editing of Gb3 synthase A4GALT gene. As expected, SM30/50 had no effects for KO-
Raji, KO-Hela, and KO-JKT-1 cells. To further determine whether SM30/50 can selectively 
recognize Gb3 positive cells, we prepared co-culture and detection system of Gb3 non-
expressing K562 and A4GALT-transfected and GFP-labeled K562 cells (Gb3-K562). Even in 
the co-culture medium, SM30/50 killed only Gb3-K562 but not K562 cells.  
Although the internalization rates of SAL into respective cell lines could be different, these 
results suggest that SAL/LDC is promising as a probe for the selective delivery of drugs to 
Gb3 expressing cancer cells. 
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Phytochemicals play an important role in drug discovery. In this context, there is a renewed 
interest in natural products and their structural analogues to address antimicrobial resistance. 
The diverse biological activities of natural polyphenols are responsible for their significant 
therapeutic properties (e.g. antioxidant, anti-inflammatory, antibacterial, anticancer, 
antimutagenic) and many of them are considered as potential therapeutic agents against 
neurodegenerative diseases, cardiovascular disorders, diabetes, cancer and aging [1]. In 
addition to antioxidant activity, many representatives of this group exhibit significant 
antimicrobial activity, which makes them promising antibacterial and antifungal agents. In line 
with this concept, natural and synthetic gallotannins have been a subject of considerable 
interest. Gallotannins (GTs) are generally composed of a central carbohydrate core esterified 
with gallic acid. Among various naturally occurring GTs, 1,2,3,4,6-penta-O-galloyl-D-glucose 
(PGG) was most widely studied, due to its diverse pharmacological effects [2]. Moreover, 
natural PGG exhibited potent antifungal activity against drug-resistant Candida albicans, 
Candida auris and Candida glabrata [3].  
Presented research is focused on the synthesis and biological activity evaluation of non-
natural PGG analogues. The molecular structures of GTs derived from D-mannose, D-glucose 
and L-rhamnose were characterized by various spectroscopic methods. Their genotoxic effect 
and DNA-damaging/protective potential on human blood lymphocytes were evaluated. 
Furthermore, the compounds were screened for antifungal activity against a panel of 
pathogenic Candida species. It was shown that GTs with a number of hydroxyl and phenolic 
groups are able to inhibit or slow down yeast growth. However, there are differences between 
the GTs types in terms of efficacy, as well as differences resulting from their chemical structure. 
The results suggest that synthetic GTs could be considered as non-toxic agents for the design 
of new antimicrobials with potential applications in biomedicine and consumer products. 
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Our group is investigating the development of “pseudo-glycoconjugates”, in which the original 
activity or function are altered by slight structural modification of the native glycoconjugates.  
We recently developed novel pseudo-glycoconjugates by replacing the functional group at C2, 
which characterizes the function of glycans, to the exomethylene functionality.  The 
introduction of an exomethylene group results in the loss of hydrogen bonding ability at 
functional group at C2, but the π-bond can cause different intermolecular interaction.  In 
addition, the ring strain caused by the introduction of sp2 carbon results in a unique 
conformational property from that of native glycoconjugates.  We expected that these steric 
and electronic property of this pseudo-glycoconjugates would lead to finding new biological-
active glycan analogues. 
Firstly, we challenged to develop a methodology for the stereoselective synthesis of various 
2-exomethylene-type α-glucosides 1 and β-glucosides 2.  In this study, we investigated the 
Tsuji-Trost-type reaction of glucal derivative 3 as a common precursor of glycosides.  We 
anticipated that the stereoselectivity could be controlled by a ligand of the Pd catalyst.  
Treatment of 3 and an acceptor and catalytic amount of Pd2(dba)3 and dppf (4) under heated 
conditions gave the 1 in a stereoselective manner.  Further examination of the ligand revealed 
that the use of (R)-DTBM-SEGPHOS (5) reversed the stereoselectivity and selectively gave 
2.  These methods were applicable to 24 species of primary or secondary alcohols [1].  
We synthesized the pseudo-glucosylceramide (pseudo-GlcCer) 6 and evaluated its function 
as a ligand for immune receptor. Finally, we found that it has different property from that of 
native GlcCers as expected. We will report the development of synthetic methodology and the 
biological activities of pseudo-GlcCers in detail. 
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Polyguluronates (poly-G) are alginates consisting exclusively of α-L-guluronic acid residues. 
Sulfated poly-G-s have shown promising applications, found to have an anticoagulative, anti-
inflammatory [1], immunomodulatory [2], antiviral [3] and lipid-lowering activities [4]. Despite 
useful properties, they have seen only limited structural characterization [5], complicating 
determination of their structure-activity relationship for applications development. Therefore 
poly-G-s were sulfated homogeneously in DMSO with Py·SO3, followed by comprehensive 
analysis with NMR-spectroscopy (1H, HSQC and COSY) to assign the spectra of starting 
materials and reaction products in order to determine sulfation patterns of poly-G sulfates. It 
was found that at lower concentrations of sulfating reagent, G-3 sulfation was slightly 
preferred, while at higher concentrations, G-2 sulfation alongside G-2,3 disulfation were 
prominent. Protecting groups (PG) were used to direct regioselectivity by protecting one 
hydroxyl group, leaving other open for sulfation, thus aiding the structural characterization. By 
using TBDMS-ether as PG, poly-G sulfated primarily at G-2, while with Bz-ester, G-3 selectivity 
was found. 
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The N-glycans attached to the Fc region of therapeutic antibodies significantly influence their 
pharmacological efficacy. It has been reported that the absence of core fucose and the addition 
of terminal galactose enhances the affinity of therapeutic antibodies for Fc receptors (FcR), 
thereby improving antibody-dependent cellular cytotoxicity (ADCC) activity (Fig. 1). Utilizing 
sialylglycopeptide (SGP) and asialo-glycoprotein (G2P) as homogeneous glycan donors, we 
developed glycan remodeling technology employing endoglycosidase (Endo-M) and its 
mutant variant (Glycosynthase: Endo-M N175Q). This approach enabled the resolution of 
glycan heterogeneity in therapeutic antibodies and demonstrated enhanced binding affinity to 
FcR. 

 
Figure 1. Non-fucosylated galactosyl glycoform 

 
While the glycan structures of therapeutic antibodies contribute to pharmacological efficacy, 
the presence of non-human type glyco-antigens raises concerns about the risk of anaphylactic 
reactions. To address this, we synthesized non-human type N-glycan antigens using chemical 
glycan synthesis technology to create reference standards for quantitative analysis. 
Furthermore, we developed anti-NeuGc and anti-αGal antibodies utilizing chemically 
synthesized glycan epitopes, establishing a simplified analytical method. We anticipate that 
these advancements will contribute to the enhanced functionality and quality of antibody 
drugs. 
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Xylan is a highly abundant biopolymer with potential to be modified obtaining outstanding 
chemical and physicochemical properties. Utilization of xylan remains limited as processing of 
the biopolymer remains inefficient due to shortage of substituent-modifying enzymes acting 
on the polymeric material. Efficient enzymatic xylan-debranching is desirable to reduce water 
solubility of the biopolymer for successful introduction to biobased consumer products. GH51 
family α-L-arabinofuranosidases liberating L-arabinose directly from branched xylan are 
required for effective conversion of the raw biopolymer to a high-value product component. 
Manual as well as programmatical sequence curated mining was implemented for candidate 
arabinofuranosidase prioritization for production and characterization aiming subsequent 
exploitation in xylan debranching. Candidate sequences ( ̴ 11000) indexed in CAZy database 
as attributed to GH51 family were analyzed in respect of domain organisation, conservative 
motif patterns and sequence identity to characterized xylan-debranching enzymes resulting in 
prioritized sequences (3) of manual mining. SINTEF data mining pipeline based on the 
HMMER suite and the dbCAN3 meta server with the profile Hidden Markov Model (HMM) of 
GH51 family was used for programmatical sequence mining. Candidate sequences indexed 
in Marine Metagenomics databases of University of Tromsø (Norway) and proprietary 
databases of SINTEF Industry (Norway) were analyzed resulting in prioritized sequences (8) 
of programmatical mining. Prioritized sequences were selected considering soluble 
expression predictions from a shortlist of sequences (35) curated by Multiple Sequence 
Alignment and Sequence Similarity Network from HMM hits ( ̴ 4200). 
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We have previously studied the influence of 6-O-acyls on anomeric selectivity in glucosylations 
with thioglycoside donors.[1] Our findings showed that the most electron withdrawing esters 
promoted the highest a-selectivity in glucosylation reactions. 
In this study, we extended our investigations to the stereodirecting effect of various distal 
benzoyl esters on anomeric selectivity in galactosylation reactions. We found that esters at 
O6 of thiogalactosyl donors had a negligible influence on anomeric selectivity. Instead, a-
selective galactosylations were observed with 4-O-benzoyl, 3,4-di-O-benzoyl and 4,6-di-O-
benzoyl protected galactosyl donors, with the highly electron withdrawing p-nitrobenzoyl 
protecting group providing the most a-selective galactosylations. Furthermore, a-selectivity 
was enhanced by replacing the thiophenyl aglycon functionality with the highly reactive 
cyclohexyl aglycon functionality. These findings enabled the successful synthesis of the 
biological relevant a-D-Gal(1→4)Gal linkage.  
 

 

Figure 1. Graphical illustration of donor selectivity  
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Nucleosides represent a family of biomolecules involved in numerous crucial life processes in 
every living organism. Regarding their importance, it is not surprising that this class of 
substances emerged as a prototype for the discovery of bioactive compounds. Nowadays, 
many unnatural nucleosides and their analogues (Gemcitabine, Remdesivir, Sofosbuvir) are 
clinically used for the treatment of different types of cancer and viral infections (HIV, Hepatitis 
C and B).[1] In the past few years, our group has investigated the biological activities of an 
unnatural 1,2,3-triazolyl-C-nucleoside family (SRO-91 family) in relation to various viruses and 
cancer cell lines.[2] SRO-91 family possesses an amide function on position 5 of the triazole 
ring, whose derivatization showed the importance of functionalizing this position for the 
antiviral and anticancer activities.[2] Thus, the objective of this project is to incorporate 
molecular diversity on this particular position via a versatile methodology. 
Even if examples dealing with nucleosides are underrepresented,[3] metal-catalyzed C-H 
functionalization (MCF) of carbohydrates has very recently gained attention.[4] Our strategy 
consists thereby in using a non-prefunctionalized SRO-91-like structure, bearing a C-H bond 
in the targeted position 5, to form unnatural C-C bonds via MCF reactions. Herein we will 
present the introduction of aryl moieties via a direct palladium-catalyzed process. 
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Lipopolysaccharides (LPS) are crucial virulence factors in plant pathogenic bacteria, serving 
as pathogen-associated molecular patterns (PAMPs) that mediate plant colonization and 
trigger host defence responses. The structural diversity of O-polysaccharides (OPS) within 
LPS molecules from different strains of Pectobacterium parmentieri, an economically 
significant phytopathogen causing soft rot and blackleg diseases in potato crops worldwide, 
was investigated. 
The chemical structures of OPS from five P. parmentieri strains were elucidated using 
comprehensive NMR spectroscopy and chemical methods. The analysis revealed remarkable 
heterogeneity, with three distinct OPS molecular structures identified among the strains. 
Notably, strains SCC3193 and IFB5432, isolated from different countries, possess identical 
OPS structures containing the rare sugar residue – pseudaminic acid [1]. Strains IFB5427 and 
IFB5408 exhibited a second, different OPS structure, while strain IFB5441 possessed a third 
unique OPS molecule, further demonstrating the structural diversity within this species. 
Comparative genomic analyses revealed that strains sharing identical OPS structures 
exhibited the highest genome-wide similarity based on average nucleotide identity. 
Furthermore, these strains demonstrated superior plant tissue maceration capabilities 
compared to others. Strain IFB5441, despite having a distinct OPS structure, showed 
comparable virulence in chicory leaf maceration assay. The observed OPS heterogeneity 
appears to correlate with both genomic diversity and phenotypic traits, suggesting that LPS 
structural variation may contribute to the remarkable adaptability and virulence potential of  
P. parmentieri in diverse environmental conditions. 
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Heterocyclic compounds are among the most extensively studied groups of bioactive 
molecules. One particularly significant class is 1,4-dihydropyridine (1,4-DHP) derivatives, 
which possess a six-membered ring with a nitrogen atom at the first position. These 
compounds play a crucial role in the pharmaceutical industry, particularly in treating 
hypertension and cardiovascular diseases. Their pharmacological activity stems from 
interactions with calcium channels and other metabolic pathways, leading to antihypertensive, 
antioxidant, anticancer, neuroprotective, and cardioprotective effects. However, despite their 
therapeutic benefits, 1,4-DHP derivatives often exhibit adverse side effects, limiting their 
clinical applications. 
To address this issue, structural modifications are being explored to enhance their solubility, 
selectivity, and reduce toxicity. One promising approach involves introducing sugar-based 
structural elements into the 1,4-DHP ring. This modification is expected to improve the 
compounds' pharmacokinetic properties by increasing water solubility, preventing 
bioaccumulation, and enhancing selectivity toward specific cellular receptors. 
This study focuses on the synthesis of new sugar-modified 1,4-DHP derivatives. The synthetic 
strategy involves a multicomponent reaction to obtain core 1,4-DHP derivatives, followed by 
monosaccharide modification and N-alkylation to incorporate the sugar moiety. The results of 
this study will contribute to evaluating the potential of sugar-functionalized 1,4-DHP derivatives 
as safer and more effective therapeutic agents. 
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Cyclodextrins (CDs) belong to a class of cyclic oligosaccharides, the most common ones being 
α-, β- and γ-CDs formed by six, seven and eight α-(1–4) D-glucopyranoses units, respectively. 
They are one of the most widely used macrocyclic host molecules in the food, pharmaceutical 
and cosmetic industries due to their ability to form inclusion complexes with a variety of 
lipophilic guest ligands. Host-guest (cyclodextrin-ligand) inclusion complexes are formed 
through non-covalent interactions, such as van der Waals forces, hydrogen bonding and 
dipole-dipole interactions, between host and guest molecules. The formation of these 
complexes alters the physicochemical properties of the guest molecules, including their 
solubility, which may be enhanced or reduced [1]. Furthermore, complexation within 
cyclodextrin cavities can influence the chemical reactivity of the guest molecule and enhance 
its stability, protecting it against degradation processes such as hydrolysis, photolysis, and 
thermal stress. 
In this contribution, we present the physicochemical principles underlying the interactions 
between cyclodextrins (α-, ß- and γ-) and three lipopeptides, namely the octanoylated (C8-
KR12-NH₂), laurylated (C12-KR12-NH₂) and myristoylated (C14-KR12-NH₂) KR12 peptide 
(K18R19IVQR23IK25DFLR29-NH₂), the smallest antimicrobial peptide derived from human 
cathelicidin LL-37 [2]. Isothermal titration calorimetry (ITC), supported by circular dichroism 
spectroscopy data, allowed for the determination of the stoichiometry of the resulting 
complexes, the binding constants and the thermodynamic parameters of the interactions (ΔG, 
ΔH, TΔS). This approach enables the description of the investigated interactions on the 
molecular level. To further gain better insight into the physicochemical nature of the 
interactions, the experimental findings were complemented by molecular dynamics 
simulations. Particular attention has been paid to the correlation between the strength of the 
interactions and the structural features of the reactants, namely the differences in the 
hydrophobic chain lengths of fatty acid residues and cyclodextrin (α-, ß- and γ-) cavity size. 
Finally, the putative entrance mechanisms of the lipopeptides into the cyclodextrin cavities 
were proposed and discussed. The proven affinity of cyclodextrins for lipopeptides and their 
ability to form relatively stable host-guest complexes may protect lipopeptides from 
environmental degradation. This process may also alter their biological activity, including 
antimicrobial, antiviral and other therapeutic effects. 
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AB5-type toxins are bacterial enterotoxins released during severe infectious diseases, such as 
cholera and traveler’s diarrhea. Whereas the A-subunit is responsible for the toxic catalytic 
activity, the B5-subunit is necessary for cell surface adhesion. Neutralization of the toxin with 
a suitable ligand with a high binding affinity offers new therapeutic options to fight these 
threats. The pentameric B5-subunit with its five-fold symmetry suggests the development of 
multivalent inhibitors. This strategy has been followed by many groups and multivalent ligands 
with spectacular affinities have been developed [1]. However, these high-affinity ligands have 
complex structures and are synthetically demanding. 
Here, we present a ligand-directed (LD) approach to effective cholera toxin (CT) ligands. The 
natural ligand of CT is the GM1 oligosaccharide. We designed a GM1 mimic based on a 
published structure [2] to which we attached an electrophilic N-alkyl-N-acyl sulfonamide 
(NASA)-type [3] warhead via a suitable linker. Using this approach, a lysine residue near the 
binding site is targeted and covalently modified. Upon reversible binding of this ligand to a CT 
B-subunit, the NASA warhead is positioned near a close by lysine residue (Figure 1). A 
proximity-driven acylation reaction leads to covalent attachment of the ligand to the protein. 
Covalent attachment of the ligand to the protein increases the effective molarity of the ligand 
at the binding site, similar to a multivalent interaction resulting in an effective inhibition of the 
protein. We present the ligand design, its synthesis, and the covalent protein modification that 
we monitored by mass spectrometry. 
 

 
 

Figure1. Principle of covalent binding of a synthetic GM1 mimic attached to a NASA warhead to  
a lysine side chain of a CT B-subunit. EWG: electron-withdrawing group 
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The Spike glycoprotein (S-gp) of SARS-CoV-2, a virus responsible for the COVID-19 
pandemic, contributes to the virus entry into host cells and is the major target of host’s humoral 
immune response [1-2]. It contains two highly glycosylated subunits, S1 and S2, mediating 
attachment and membrane fusion, respectively [3]. To study the role of the complement 
system in SARS-CoV-2 infection, we investigated interactions between S-gp N-glycosylation 
variants and complement-activating collectins (MBL, CL-10, CL-11), ficolins (ficolin-1, -2, -3), 
as well as a non-activating collectin SP-D. Recombinant SARS-CoV-2 B.1.617.2 (Δ) S-gp with 
wild type N-glycans (wt), a variant with high-mannose N-glycans (GnTI-), as well as N234 
(S1), N343 (S1), N801 (S2) N-glycan knockouts were used. The N-glycosylation patterns were 
confirmed by mass spectrometry. The wt and GnTI- variants were shown to activate C3 in 
pooled sera collected before the pandemic. In contrast to ficolins, all tested collectins (both 
recombinant and present in sera) recognized the S-gp. Western blot analysis demonstrated 
that collectins bind only intact S-gp, not separate S1 or S2. With the exception for SP-D, this 
interaction led to the activation of complement. The S-gp glycosylation variants were similarly 
recognized by SP-D, but the complement-activating collectins showed the highest affinity to 
the GnTI- variant. Moreover, the N-glycan at position 801 affected the MBL recognition. In 
silico studies confirmed that the presence of N-glycan at position 801 is required for 
interactions with MBL. The intramolecular interactions between S-gp variants and human 
recombinant MBL and SP-D will be examined by surface plasmon resonance (SPR). 
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Protein glycosylation plays a crucial role in cellular communication, influencing numerous 
biological processes. Alterations in glycan structures of glycoproteins and other 
glycoconjugates are associated with key physiological interactions, such as pathogen-host 
recognition, immune responses, stem cell function, and fertilization, as well as various 
diseases, including cancer, inflammatory and neurological disorders, and psychiatric 
conditions. Microarrays have emerged as a powerful high-throughput tool for analyzing 
glycosylation changes, enabling precise identification of target glycans among diverse 
molecular structures. Since the introduction of microarray technology for high-throughput 
glycotyping, numerous platforms with distinct customizations have been developed for 
glycomic applications. We have designed and implemented reverse-phase lectin-based 
glycoprotein microarray biochips, a technique that allows for the simultaneous and rapid 
analysis of a large cohort of samples. The method involves printing multiple samples onto a 
microarray substrate, which is then incubated with biotinylated lectins, followed by fluorescent 
detection via streptavidin conjugation. This approach enables efficient glycotyping and 
biomarker screening with potential applications in biomedicine, biotechnology, and molecular 
biology. Although lectin interactions do not provide precise structural identification of glycans, 
they serve as a valuable tool for detecting glycosylation changes. To achieve structural 
validation, we complement microarray analysis with mass spectrometry techniques, allowing 
for a more comprehensive characterization of glycosylation patterns. We focus on 
serum/plasma glycosylation and also pay attention to extracellular vesicle (EV) glycosylation 
as a potential source of biomarkers, as EVs carry glycan structures reflecting the glycosylation 
patterns of their cell of origin, making them valuable biomarkers for disease detection and 
monitoring. We have recently applied the described microarray approach to study and 
determine glycosylation changes in, for example, endometrial cancer (EC), gestational 
diabetes mellitus (GDM), attention-deficit hyperactivity disorder (ADHD), and congenital 
disorders of glycosylation (CDG) [1,2]. 
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The BIONEER Project, led by SINTEF Industry (Norway), focuses on the valorization of 
second-generation carbohydrate sources, specifically non-food lignocellulosic biomass, for 
the sustainable production of bioactive building blocks. By leveraging underutilized feedstocks 
such as agricultural residues and forestry waste, the project aims to overcome the limitations 
of first-generation biomass, which often competes with food systems and contributes to land-
use challenges. A particular focus of the project is the enzymatic conversion of xylan, a major 
hemicellulose polysaccharide, into high-value, bio-based building blocks. These xylan-derived 
intermediates have the potential to serve as versatile platform chemicals, targeting a range of 
market applications including furniture coating and personal care products.  
The project will explore innovative enzymatic and process technologies to optimize the 
conversion of xylan and other carbohydrate fractions, improving yield and selectivity. A critical 
component of the BIONEER Project is comprehensive techno-economic analysis, which will 
evaluate the economic viability and scalability of the proposed bioconversion processes. This 
analysis will consider factors such as feedstock availability, processing costs, energy 
efficiency, and environmental impact, and relevant examples will be presented. By integrating 
biotechnological innovation with economic assessment, the BIONEER Project aims to develop 
cost-effective and sustainable solutions for future biorefineries. Ultimately, this work will 
support the transition to a circular bioeconomy in Europe, promoting innovation, resource 
efficiency by reducing reliance on fossil resources and enhancing the value of renewable 
biomass. 
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Rhizobium sp. CAS 24 is a soil bacterium belonging to Rhizobiaceae family grouping symbiotic 
and plant endophytic strains. This endophytic bacterium was originally isolated from roots of 
Chemaecytisus albus. Similarly to the other Gram-negative soil bacteria, the strain CAS 24 is 
able to produce an abundant amounts of egzopolysaccharides (EPSs), covering the bacteria, 
loosely attached to the cell, and acting as protective agent in environmental stressing 
conditions. Large amounts of EPS were obtained from R. giardini CAS 24 post-culture medium 
and subjected to chemical characterisation procedures and SEC, together with structural 
analysis of the polymer using FT-IR and NMR spectroscopies, as well as MALD-TOF mass 
spectrometry. The EPS is composed of an α-(1®4)-glucan backbone decorated occasionally 
(nonstoichiometric) at positions C-2, C-3 and C-6 (mainly) with hexoses or very short 
oligosaccharides residues. The molecular weight was determined to be above 1,000 kDa. The 
polymer is scanty decorated with non-sugar residues (only traces of acetyl moieties were 
detected by NMR). Moreover, absence of substituents with a negative or positive electrical 
charges indicates the neutral nature of this polymer. To our knowledge, among bacteria that 
fix atmospheric nitrogen in symbiotic systems with legumes, no bacteria that produce EPS 
with a starch-like structure have been so far described [1]. 
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Sialyltransferases transfer sialic acid to glycoproteins and glycolipids in the Golgi apparatus. 
α-2,6-sialyltransferase (ST6Gal I) does so via an α-2,6-linkage and plays an important role in 
cancer progression. Rillahan et al. discovered a series of glycosyltransferase inhibitors using 
high-throughput screening, of which the compound JFD00458 (Figure 1) showed the strongest 
inhibitory activity against ST6Gal I with an IC50 of 10.8 μM. However, this inhibitor is not 
expected to cross the cell membrane(s) and reach the Golgi apparatus in vitro or in vivo due 
to its high polarity [1]. In this work, we designed and synthesized analogues of JFD00458 to 
increase cell permeability and improve compound potency. We also used a recently developed 
biochemical assay to evaluate ST6Gal I inhibitors [2]. Our structure-activity study 
demonstrates that potent inhibition can be maintained with simultaneous cellular permeation. 

 

 
Figure 1. JFD00458 structure 

 
References:  
1. C. D. Rillahan, S. J. Brown, A. C. Register, H. Rosen, J. C. Paulson. High-Throughput Screening for Inhibitors 
of Sialyl- and Fucosyltransferases. Angew Chem Int Ed Engl. 2011, 50(52), 12534-7. 
2. K. Clairene Filipe, S. Dangudubiyyam, C. Lion, M. Decloquement, R. Elin Teppa, C. Biot, A. Harduin-Lepers. A 
Rapid and Sensitive MicroPlate Assay (MPSA) Using an Alkyne-Modified CMP-Sialic Acid Donor to Evaluate 
Human Sialyltransferase Specificity. Chembiochem. 2024 Oct 29:e202400539. 
  



P61 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

DIVERSIFICATION OF O ANTIGEN POLYSACCHARIDES IN KLEBSIELLA 
PNEUMONIAE: THE MOLECULAR BASIS FOR O-ACETYLATION IN SOME 

SEROGROUPO2 SUBTYPES 
 

Agnieszka M. Kowalczyka,b, Bradley R. Clarkeb, Chris Whitfieldb  
 

a Faculty of Chemistry, University of Gdańsk, Gdańsk, Poland 
agnieszka.kowalczyk@ug.edu.pl 

b Department of Molecular and Cellular Biology, University of Guelph, Guelph, Ontario, 
Canada 

 
Klebsiella pneumoniae is one of the most prevalent human pathogens associated with global 
human deaths and a leading cause of deaths linked to antimicrobial resistant pathogens. It 
appears at top of the “critical” group of bacteria in the 2024 Bacterial Pathogen Priority List 
published by the World Health Organization. It is the subject of intense investigation aimed at 
developing alternative therapeutic approaches to antibiotics, including vaccination and 
immunoprophylaxis. Surface polysaccharides (capsular K antigens and lipopolysaccharide 
(LPS) O antigens) are potential targets and are being pursued.  
The structural diversity of O antigens in clinical isolates of K. pneumoniae is relatively limited, 
compared to K antigens and our research group is interested in the molecular basis of  
O-antigen diversity in this species. Several O antigens belong to serogroup O2, and are based 
on decoration of a backbone with a disaccharide repeat unit designated the O2a (formerly 
O2a) antigen: [→3)-β-ᴅ-Galf-(1→3)-α-ᴅ-Galp-(1→] 
Modifications to this backbone may influence its antigenicity and affect epitopes recognized 
by therapeutic antibodies, so the structures need to be considered in immune-based therapies. 
The enzymology of O2a-biosynthesis and the addition of sugar-based modifications is well 
understood, but the process for O-acetylation to create the O2g antigen is not. Prior structural 
characterization of O-acetylated O2 subtypes indicated non-stochiometric modifications of 
~40% of Galf residues divided almost equally between positions 2 and 6.  
We have identified the gene (orf8) responsible for O-acetylation, located adjacent to the 
chromosomal genetic locus for the O2a antigen. The DNA sequence suggests an acetyl-CoA-
dependent  membrane-embedded O-acetyltransferase. Coexpression of compatible plasmids 
carrying orf8 and the O2a locus in an E. coli K-12 host resulted in a significant change in the 
physical properties of the lipopolysaccharide molecules and their behaviour in conventional 
hot aqueous-phenol extraction. While O2a-containing LPS molecules partition predominantly 
in the aqueous phase of extracts, LPS from cells expressing both plasmids was almost 
exclusively contained from the phenol phase and most LPS molecules in the aqueous phase 
lacked O antigen. 
These observations highlight a need to consider both phases in hot aqueous-phenol extracts 
in O-antigen structural characterization. They create uncertainty about the original analyses 
of O-acetylated O2 subtypes, which were obtained from the aqueous phase of extracts. 
potentially those results reflect an under-O-acetylated portion of the total LPS population. 
Alternatively, the higher gene dosage of orf8 in the recombinant strain may drive levels of O 
acetylation not observed in wildtype bacteria. Reinvestigation of these structures is in 
progress. 
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Galactofuranosyltransferase (GlfT2) is an essential enzyme that transfers galactofuranose 
(Galf) subunits from donor UDP onto the acceptor galactan chain during Mycobacterium 
tuberculosis cell wall assembly. As tuberculosis to be a major global health threat, with 1.25 
million fatalities reported in 2023, targeting GlfT2 presents a promising strategy for the 
development of new therapeutic agents. In this study, we employed two distinct drug design 
approaches to identify potential inhibitors of GlfT2. First, we utilized the transition state of UDP-
Galf from a previous QM/MM study [1] to design transition state mimetics using iterative R-
group Enumeration, Bio-isostere expansion and core hopping. Second, we performed virtual 
screening of the Asinex database to identify lead compounds against GlfT2’s active site. Our 
hierarchical approach started with initial filtration based on molecule weight < 1000 da and 
number of rotatable < 10 followed by high throughput virtual screening and molecular docking. 
This process led to the identification of several lead candidates with better binding affinities 
than UDP-Galf. With the subsequent geometry optimization using B3LYP-D3 and 6-31G+* 
basis sets, re-docking and Binding pose metadynamics, we were able to show six compounds 
with comparable stability to UDP-Galf across the metadynamics simulations. These 
compounds exhibited PoseScore values < 2.0 and PerScore values > 0.4, a threshold often 
attributed to X-ray crystalized poses [2]. Principal component analysis indicated that the 
proposed compounds are well within the chemical space of FDA approved drugs. Taken 
together, our results provide a strong rationale for the experimental testing of these 
compounds to validate their potential as GlfT2 inhibitors. 
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Human galectins (hGals) are a family of β-galactoside-binding lectins that play a key role in 
regulating biological processes linked to cancer progression [1]. Given their involvement in 
these pathways, there is a growing interest in the development of selective galectin inhibitors. 
However, this effort is complicated by the fact that there are 12 hGals with similar substrate 
specificities. A deeper understanding of the structural and functional differences among 
individual hGals is essential for the design of more selective inhibitors [2]. 
Deoxyfluorinated carbohydrates, in which at least one hydroxyl group is replaced by fluorine, 
effectively mimic natural carbohydrate ligands [3]. The systematic substitution of hydroxyl 
groups with fluorine in galectin ligands allows us to evaluate the role of each hydroxyl in 
galectin binding and to identify subtle differences between individual galectins. In addition, 19F 
NMR spectroscopy provides insight into the molecular mechanisms of galectin-ligand 
interactions [4]. 
This study focuses on the synthesis of a complete series of mono-deoxyfluorinated methyl β-
lactosides (1–7) and their binding affinity towards selected hGals, assessed using an ELISA 
assay. Furthermore, the enzymatic glycosylation of the fluorinated β-lactosides has been 
explored. The synthetic approach involves the use of monosaccharide building blocks, which 
undergo glycosylation and subsequent deprotection to afford the final compounds 1–7. 
 

 
Figure 1. Structures of fluorinated methyl β-lactosides. 
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The plant cell wall is the outer fibre composite layer which plays an important role in providing 
support to cells as well as in microbe interactions, such as the defence response against 
pathogens,which is a complex network to a large part composed of structural polysaccharides 
such as cellulose, hemicellulose and pectin.1 Pectin is comprised of the domains 
homogalacturonan (HG), rhamnogalacturonan-I (RG-I), and rhamnogalacturonan-II (RG-II). 
The RG-I backbone is made up of alternating units of (1→2)-α-L-rhamnopyranose and (1→4)-
α-D-galactopyranuronic acid, substituted with various L-arabinan, D-galactan, and 
arabinogalactan side chains.2 Oligosaccharide fragments of RG-I represent important 
research tools for studying RG-I biosynthesis as well as its potential involvement in plant 
immune responses such as Danger Associated Molecular Patterns (DAMPs).  
Towards the chemical synthesis of RG-I oligosaccharides, we employ a post-assembly-
oxidation strategy, transforming the galactose residues to the corresponding galacturonic 
acids.3 The backbone is constructed using thioglycoside donors activated with NIS and 
TMSOTf. Fluorenylmethoxycarbonyl (Fmoc) serves as a temporary protecting group for chain 
elongation, and benzoyl (Bz) protecting groups at C-6 of the galactose units provide remote 
participation to facilitate α-selective glycosylations before they are selectively removed and 
oxidized after backbone assembly.4 The aim of the experiment is to synthesis RG-I fragments 
in varying length with a goal of probing plant immune response. 
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In the nature, the negatively charged oligo- and polysaccharides are playing an important role. 
One of their main classes is glycosaminoglycans (GAGs), e.g.: heparin, heparan sulphate. 
GAGs are built from repeating disaccharide units, have high molecular weight and are linear 
in structure. In addition to anticoagulant effects, they also have several other effects, including 
inhibiting cell growth [1]. Alginates are another significant group of compounds of this type, 
which also include linear anionic polysaccharides composed of 1,4-linked β-D-mannuronic 
acid and α-L-guluronic acid alternately or randomly [2]. These compounds are found in cell 
wall, on the cell-surfaces or in the extracellular matrix. Alginates also have a number of 
biological effects, including antioxidant and anti-inflammatory activity. 
Our research group has been engaged in the synthesis of oligosaccharides for decades, and 
for several years we have been investigating the possibility of producing new, synthetic 
anticoagulant pentasaccharides. Based on our previous results, we managed to produce three 
heparin-analogue trisaccharide derivatives that selectively inhibited the proliferation of tumour 
cells without any harmful effects on healthy cells [3], [4]. 
With this knowledge and results, tri- and tetrasaccharides were synthesized, which are built 
up alternately from D-glucose and D-mannuronic acid units (Figure 1.). We formed acetyl-, 
methyl-, -OH groups in addition to sulphate-ester groups in different patterns, examining the 
effect of these patterns, the type of uronic acids and the number of units on antioxidant, anti-
inflammatory and cell growth inhibiting effects. 
 

 
Figure 1. The structure of the synthesized heparan sulphate analogue derivatives 

 
Acknowledgements: The authors gratefully acknowledge financial support for this research from the National 
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Inspired by the precision and control of natural macromolecules such as DNA, saccharides, 
and proteins, we have applied the well-established technique of Solid Phase Peptide 
Synthesis (SPPS), originally developed by Bruce Merrifield, along with a growing toolbox of 
synthetic amino acids to synthesize precision oligomers.[1,2] These oligomers serve as 
scaffolds for the precise presentation of carbohydrate motifs in regard to valency and spatial 
arrangement.[2] 
Our research focuses on synthesizing a library of glycooligomers via SPPS to study the 
interaction of carbohydrate motifs on these precise scaffolds with lectins of the immune 
system. We employ 96-well plates for synthesis, drastically enhancing efficiency through 
parallel coupling, washing, and deprotection steps (see Figure 1). 

 
Figure 1. Parallel SPPS to obtain library of precision glycooligomers (left) and prelimenary on-resin 

screening of library (right). 

Additionally, we have developed a rapid on-resin fluorescent screening method, allowing 
preliminary binding analysis before resin cleavage (see Figure 1). This innovative approach 
minimizes labor-intensive steps, streamlining the identification of promising glycooligomer 
candidates for detailed binding assays e.g., with surface plasmon resonance. Currently, we 
are validating this screening method using the model lectin Concanavalin A (Con-A) to ensure 
its consistency with traditional off-bead assays. Following validation, we will target lectins 
involved in HIV infection, specifically aiming for selective binding to langerin over DC-SIGN. [3] 
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Glycosyltransferases are a class of enzymes that are responsible for building a cell’s glycans. 
They transfer a glycosyl donor (typically a nucleoside mono- or diphosphate sugar) onto a 
glycosyl acceptor (typically a specific hydroxy group on a mono- or oligosaccharide being 
extended) [1]. 
During tumor development, preneoplastic cells undergo various cellular changes, including 
alterations in glycosylation, which are significant in malignant processes and are associated 
with oncogenic transformation. These glycosylation changes, which include biomarkers used 
for cancer diagnosis such as CA125, CA19-9, and CA72-4 play a functional role in tumor 
progression and affect processes like invasion, angiogenesis, metastasis and therapy 
response. Specifically, changes such as increased sialylation, overexpression of sialylated 
Lewis antigens, and unique expression of O-truncated glycans, are catalyzed by 
glycosyltransferases (GTs) like fucosyltransferases (FTs) and sialyltransferases (STs), which 
are key in the biosynthesis of cancer-associated glycoforms [2].  
In this project, we will identify novel compounds as leads for inhibiting glycosyl transferases, 
such as FTs and STs. We will also develop a fluorescence-polarization (FP) based assay for 
GT binding by putative inhibitors. 
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Cafeteria roenbergensis virus (CroV) is a double-stranded DNA giant virus (692 kb) that infects 
the marine unicellular heterotrophic nanoflagellate C. burkhardae and it is the first giant virus 
reported to infect zooplankton1. Viruses should be seen as integral components of any 
ecosystem where they contribute to the maintenance of the balance between species and 
resources. Indeed, bacterivorous nanoflagellates such as C. burkhardae, make up a 
significant portion of the ocean’s protozoan communities. Unlike mammalian viruses (e.g. HIV-
1, SARS-CoV-2), which exploit host-encoded enzymes to build glycans that echo those of the 
host, most giant viruses encode their own enzymes with the result that their polysaccharides 
differ from those produced by their hosts2. Gene annotation suggests that CroV encodes a 
partial Kdo biosynthetic pathway (Fig. 1); each of the three viral proteins, crov265, crov266, 
crov267, presents a dual activity that in some cases (C-termini of crov266 and crov267) seem 
not to be related to CMP-Kdo production (Fig. 1). This study aims to provide new insights into 
the CroV Kdo biosynthetic pathway by analysing the features of the encoded proteins by 
bioinformatic analysis. 

Figure 1. Putative Kdo biosynthetic pathway in CroV. 
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Xylan is a major component of the complex network of the plant cell wall. It consists of xylose 
units connected by β-(1,4) glycosidic bonds, with α-D-glucuronic acid (GlcAp) or 4-O-methyl 
GlcAp (MeGlcAp) commonly substituting at the O-2 position. The GH115 family includes  
α-glucuronidases that can remove this substituent. 
FAgu115A, a novel α-glucuronidase from the unclassified Flavobacteriaceae bacterium strain 
3519-10, is encoded within a polysaccharide utilization locus (PUL) for xylan degradation. 
FAgu115A, exhibits activity on both polymeric and oligomeric xylan. Key catalytic residues 
have been identified, and Molecular Dynamics simulations suggest that water is responsible 
for the nucleophilic attack. Additionally, the C-terminal domain determines the dimeric status 
of the protein, ensuring its activity and polymeric substrate binding, through the presence of a 
critical tryptophan residues.  
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Glycopeptidolipids (GPLs) isolated from the smooth (S)-morphotype of M. abscessus (Mab) 
are reported to inhibit macrophage apoptosis by binding to mitochondrial Cyclophilin D 
protein.[1] The reduced amount or complete absence of these compounds in rough-
morphotype Mab is linked to the more proapoptotic activity and high virulence of the strain 
compared to the smooth morphotype.[2‒6] These Mab GPLs generally contain a 24–33-
carbon lipidated tetrapeptide core of D-Phe-D-allo-Thr-D-Ala-L-alaninol sequence, where the 
lipopeptide is glycosylated at the D-allo-Thr and L-alaninol moieties with 6-deoxy-L-talose and 
L-rhamnose, respectively.[5‒6] Modification such as acylation, methylation, or further 
glycosylation at the sugar units have also been reported. With these diverse structures, the 
exact GPL sequence responsible for the reported bioactivity has yet to be identified. Thus, we 
chemically synthesized eight GPLs that mimic those found in S-type Mab. We then used the 
synthesized compounds to study their macrophage apoptotic activity and their possible role in 
Mab virulence. We report herein our chemical synthetic route for these eight GPL mimics and 
our findings on how these synthesized GPLs interact with macrophage cells compared to what 
was reported in the literature. 

 

 
Figure 1. Structure of the target Mycobacterium abscessus glycopeptidolipids. 
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Carbohydrates, presented on the cell surface, play an important role in cell-cell 
communication, and pathogen infection. Obtaining carbohydrate molecules is paramount to 
investigating the interaction between carbohydrate molecules and proteins. However, those 
glycans are heterogeneous and usually hard to isolate from natural sources. Therefore, 
chemical synthesis is a promising way to obtain those molecules while building the glycosylic 
bond via glycosylation reaction needs to face the challenges of stereoselectivities. Recently, 
remote participation, similar to the neighboring group effect, has drawn more attention. During 
the activation, the acyl group was suspected to interact with the anomeric position and form 
the dioxolenium ion (figure 1), which can enhance the stereoselectivity by constraining the 
direction of acceptor attack. However, the existence of this effect has been debated in the 
literature for more than two decades. 
Recently, our group has built a GlycoComputer system that introduces two indicators, RRV 
and Aka, for the reactivity quantitation of both the donors and acceptors respectively.[1] The 
stereoselectivities of the glycosylation reactions can be predicted in a precise manner. 
Numerous environmental effects, such as solvent, promoter, and temperature, can be 
effectively analyzed. Herein, we synthesized a series of 2-azido-2-deoxy-1-thioglucoside 
donors with an acetyl (Ac) or benzoyl (Bz) group at positions 3, 4, or 6 and carried out their 
glycosylation reactions with four different acceptors under the NIS/TfOH promotor system. The 
stereoselectivity of glycosylation was studied systematically, and by comparing these results 
with our GlycoComputer platform, we confirmed the presence of this long-range neighboring 
group participation effect in 2-azido-2-deoxy-1-thioglucoside donors, and Bz shows a higher 
participation effect than Ac. Therefore, among all the donors, p-tolyl 2-azido-3,6-di-O-
benezoyl-4-O-benzyl-2-deoxy-1-thio-β-D-glucopyranoside provided the highest α-selectivity. 
 

 
Figure 1. Possible dioxolenium ion intermediates of GlcN3 
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N-glycosylation is an essential post-translational protein modification in all forms of life 
including viruses. Chloroviruses, however, exhibit a unique glycosylation pattern with a distinct 
N-glycan core structure not found in other species. Diversity among chloroviruses, occurs due 
to differences in methylation and non-stereoisomeric substituents attached to the core 
glycans. In this study, we reported the differential modifications of N-glycans from two strains 
of chloroviruses, MT325 and FR483. NMR analysis of the capsid N-glycans of both viruses 
showed the presence of the core glycan structure containing an N-linked β-glucose, a 
hyperbranched fucose, a proximal D-xylose and a terminal D-galactose. NMR spectra of 
MT325 also showed methylation at the α-rhamnose linked to the core fucose residue via α-
1,3 linkage. However, this modification was not found in FR483. The different glycoforms can 
be attributed to the virus-encoded glycosyltransferases. 
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Glycoside hydrolases (GHs) constitute a diverse family of enzymes that catalyse the 
hydrolysis of glycosidic bonds in carbohydrates. Under certain conditions, the hydrolytic water 
molecule can be replaced by a saccharide acceptor, facilitating the formation of a new 
glycosidic bond. Galactose is a highly abundant monosaccharide in nature, and its derivatives, 
galactosides, hold pivotal roles across biological kingdoms and hold significant industrial 
relevance. Consequently, galactosidases, the enzymes that hydrolyse or form galactosides, 
are of significant interest. 
In our comprehensive genomic analysis of a representative bacterial strain, we identified a 
plethora of galactosidases, each potentially exhibiting unique or synergistic functions. Notably, 
we aim to investigate a conserved dual-domain enzyme comprising GH36 (α-galactosidase) 
and GH173 (β-galactosidase) domains, frequently located within polysaccharide utilization loci 
(PULs) across various bacterial taxa. Additionally, our genomic exploration was extended to 
multiple pathogenic bacterial strains, predominantly respiratory pathogens, and revealed the 
presence of numerous retaining α- and β-galactosidases, including yet another dual GH 
domain enzyme. 
Our research endeavours to elucidate the synergistic interactions among these 
galactosidases by expressing them and characterizing their substrate specificities against a 
comprehensive panel of substrates, both commercially available and synthesized in-house. 
The overarching objective is to uncover the functional significance of these galactosidases, 
identify novel enzymes for diverse applications, perform comparative analyses of their 
enzymatic activities and substrate specificities as well as their capacity for regioselective 
glycan synthesis.  
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Green macroalgae are found globally and thrive in eutrophic water. Their abundance makes 
them a valuable source of polysaccharides, with ulvan being the most abundant 
polysaccharide in green macroalgae. Ulvan is a sulphated polysaccharide which possesses 
promising applications for food, biofuels and demonstrating bioactive properties. Enzymatic 
degradation [Figure] of ulvan using polysaccharide lyases is an effective method to generate 
oligosaccharides while still preserving the intricate bioactive structure. Enzymes acting as 
ulvan lyases have been identified in families PL24, PL25, PL28, PL37 and PL40, but have just 
been sporadically investigated, making it important to further investigate putative members of 
these families. 

 
Figure 1. The currently known mechanism of ulvan lyases, which cleaves the ulvan between 

rhamnose-3-sulphate linked to either glucuronic acid or iduronic acid [1]. 
 
To address this issue, putative ulvan polysaccharide lyases from families PL24, PL28 and 
PL37 were selected from Wenyingzhuangia fucanilytica CZ1127 through genome mining. 
PL40 enzymes were already mined from the same genome. Bioinformatic analysis was 
performed to determine the evolutionary relationship between the investigated ulvan lyases 
from different families and the genomic organization of the genes. These enzymes were 
cloned and heterologous overexpressed in Escherichia coli and through affinity 
chromatography. The enzymes activity was evaluated using different ulvans as the substrate 
and was determined spectrophotometrically and products were visualized using thin layer 
chromatography. 
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A comprehensive approach to the valorization of agrowastes, such as peels, pulp, roots, 
shells, and leaves, focuses on utilizing these materials as sources of industrially valuable 
compounds. The aim of the study was to verify whether pectins extracted from carrot root 
pomace using natural deep eutectic solvents (NADES), optimized according to the Box-
Behnken design, are suitable materials for the construction of oral delivery systems for 
biologically active substances. The physicochemical properties of pectins were analyzed 
under varying conditions of pH, ionic strength, temperature, and the presence of polyvalent 
ions. The viscosity and gelling capacity of the pectins were determined in situ using a rotational 
viscometer, while the zeta potential was measured by means of the electrophoretic light 
scattering (ELS) technique. The behavior of pectins in a four-stage gastrointestinal model 
(saliva, small intestinal fluid, and large intestinal fluid, with regard to pH, ions, enzymes, bile 
salts, temperature and residence time) was monitored using ATR-FTIR and UV-Vis 
spectroscopy techniques. Finally, the pectins were used as building materials for hydrogel 
microcarriers. The impact of pectins on the morphology (size and shape) and structural 
integrity of the carrier system was assessed using scanning electron microscopy (SEM) and 
optical microscopy. The loading capacity of the microcarriers was determined by UV-vis 
spectroscopy. The physical stability and release behavior of the pectin-hydrogel microcarriers 
were evaluated in an in vitro human gastrointestinal tract.  
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Protein-glycan interactions play pivotal roles in numerous biological processes, ranging from 
cellular recognition to immune response modulation. Understanding the intricate details of 
these interactions is crucial for deciphering the molecular mechanisms underlying various 
physiological and pathological conditions.  
In the last years, by the means of a combined and integrated approach including synthetic, 
spectroscopic, biophysical and computational methods, we dissected the molecular basis of 
the binding between host proteins, including Siglecs1 and C-type lectins such as DC-SIGN2, 
and both endogenous and exogenous glycans (Figure 1).  
In addition, we unveiled the recognition of complex glycans, typically exposed on host cells’ 
surface, by microbial receptor proteins, such as streptococcal Siglec-like adhesins3, 
mycoplasma cytoahesins4 (Figure 1) and other bacterial lectins.  
Finally, we investigated the action of selected monoclonal antibodies against multidrug-
resistant strains of Neisseria gonorrhoeae5 and Staphylococcus aureus6 (Figure 1). 
Overall, our outcomes contributed to the fields of structural glycobiology and molecular 
recognition studies. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic representation of studied protein-glycan interactions.  
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Multifunctional nanoplatforms that present in a multivalent way different active components 
have emerged as appealing candidates for solving biological problems. Size and shape 
control, water dispersibility, colloidal stability, controlled surface functionalization with multiple 
(bio)active molecules, multivalency, and batch-to-batch reproducibility, are among the key 
challenges to be addressed toward the construction of advanced nanomaterials for biomedical 
applications. 
In this contribution, we show the progresses of our research on the development of easily 
programmable nanoplatforms, i.e. glyco-gold nanoparticles (glyco-GNPs) [1] and glyco-GNPs 
embedded in submicrometric cellulose nanocrystals (CNC) [2]. The ability to fine tune the 
surface of these glyconanomaterials by loading structurally different (bio)active headgroups 
under strictly controlled reaction conditions will be presented. In particular, the presence of 
sugar heads ensures cell homing ability thus allowing to employ our glyconanomaterials as a 
new generation of precision delivery systems and chemical tools to intervene in carbohydrate-
mediated interactions. Furthermore, the incorporation of fluorescent dyes allows to track their 
intracellular fate as a function of the nanomaterial size and degree of functionalization. 
 

 
Our results foreshadow a substantial step forward in the design of precision tools for medical 
intervention in the field of vaccination and cancer treatment. 
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The WHO has placed antimicrobial resistance among the top ten global public health threats 
[1]. Antivirulence agents promise to circumvent resistance by disarming the pathogen as 
opposed to affecting growth or viability [2]. A common strategy consists in interfering with 
adhesion, which is frequently mediated by proteins that bind multiple carbohydrates displayed 
on the host cell surface [3]. To inhibit such interactions, many molecular scaffolds have been 
devised for the multivalent presentation of carbohydrates [4]. However, few allow a precise 
control of number, orientation, and distance between the sugars, which is fundamental to 
maximize biological activity. 
Arylamide foldamers are bioinspired synthetic oligomers that, like peptides or nucleic acids, 
fold into well-defined conformations [5]. They feature key properties which make them ideal to 
build materials for multivalent presentation of carbohydrates: they adopt stable helical 
conformations in solution, whose predictability, tunability, and ease of synthesis render them 
particularly suitable to allow precise control of number, nature, and orientation of carbohydrate 
ligands. In addition, they can feature proteinogenic side chains to mimic protein surfaces. 
Herein we describe our current efforts towards developing arylamide glycofoldamers as 
mimics of naturally occurring glycoproteins that decorate host cell surfaces, aiming to 
competitively interfere with the recognition processes that takes place between host cells and 
pathogens. 
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The chemical synthesis of the branched human milk oligosaccharides Lacto-N-hexaose (LNH) 
and Lacto-N-neohexaose (LNnH) is described [1],[2]. All donor and acceptor building blocks 
are crystalline and were obtained by synthetic routes without any chromatographic purification 
steps [3]. Additionally, the discovery of crystalline tetra- and hexasaccharide intermediates 
further minimized the use of tedious purification steps. The reported synthetic routes give 
access to LNH and LNnH with high purity and in large quantities. LNH, LNnH and their 
fucosylated and/or sialylated derivatives are highly abundant in human milk and of interest for 
biological studies [4]. 

 
Figure 1. Lacto-N-hexaose (LNH) and Lacto-N-neohexaose (LNnH). 

 
References: 
1. M.D. Bandara, K.J.Stine, A.V.Demchenko, J. Org. Chem. 2019, 84, 16192-16198. 
2. M.D. Bandara, K.J.Stine, A.V.Demchenko, Org. Biomol. Chem. 2020, 18(9), 1747-1753. 
3. I. Bajza et.al, A method for preparation of the tetrasaccharide lacto-n-neotetraose (LNnT) containing n-
acetyllactosamine, 2011, Patent: WO2011100980A1. 
4. B. Soyyılmaz, M.H. Mikš, C.H. Röhrig, M. Matwiejuk, A. Meszaros-Matwiejuk, L.K. Vigsnæs, 2021, Nutrients 
13(8), 2737-2759. 
 
  



P80 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

COMPARISON OF BOX-BEHNKEN AND I-OPTIMAL MODELS  
IN OPTIMIZATION OF NADES-BASED ULTRASOUND-ASSISTED EXTRACTION 

OF PECTINS FROM CARROT ROOT POMACE  
 

Aleksandra Mazurek-Hołys, Ewa Górska, Marta Tsirigotis-Maniecka,  
Izabela Pawlaczyk-Graja 

   
Laboratory of Bioproducts Technology, Department of Engineering and Technology of 

Chemical Processes, Faculty of Chemistry, Wrocław University of Science and Technology,  
wyb. Wyspiańskiego 29, 50-370 Wrocław, Poland 

aleksandra.mazurek@pwr.edu.pl 
 

Pectins, in addition to cellulose and hemicelluloses, are key elements of plant cell walls [1]. 
Plant biomass, which is waste from juice production, is a good raw material for obtaining 
pectins with different architecture, and consequently with different physicochemical properties. 
The approach based on the management of this type of food industry waste, in order to obtain 
products with high market value, fits well with the principles of sustainable development and 
circular economy. On an industrial scale, pectins are extracted in high temperature conditions, 
in an environment of highly corrosive mineral acids [2].  
The research work presents the effectiveness of using an extraction medium based on 
compounds of natural origin, able to form natural deep eutectic solvents (NADES), i.e. choline 
chloride, glucose, and citric acid, in various proportions, to obtain pectins from carrot root 
pomace. In order to increase the efficiency of the extraction process, ultrasounds as a physical 
supporting factor, facilitating the transport of mass from the raw material particles to the 
extraction medium, were used [3]. 
In order to optimize the extraction process parameters, which would provide a satisfactory 
degree of fit of the mathematical model to the actual experimental results, two different design 
of experiment (DoE) models were used, i.e. Box-Behnken design and I-optimal design. The 
independent variables in the experimental matrix were components of NADES in different 
proportions, and the dependent variable was the extraction efficiency, maximizing the total 
amount of polysaccharides, especially those rich in uronic acids. The results of the obtained 
predictions were analysed using the response surface methodology (RSM). The pectin-rich 
products obtained under optimal extraction conditions were analysed by GC-MS for their 
saccharide composition in the form of alditol acetates. These analyses provided insight into 
the structure of the obtained products, although further detailed studies are necessary to be 
able to propose the chemical structure of these polysaccharides. 
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Carbohydrates form some of the most important biopolymers on earth. The study and 
implementation of carbohydrates is therefore invaluable for biological and biotechnological 
studies. Obtaining pure carbohydrates from natural sources is time-consuming, costly and 
inefficient, resulting in impure heterogeneous mixtures. Synthetic assembly of 
oligosaccharides offers an alternative for the procurement of pure homogenous 
carbohydrates. Advances in synthetic approaches have led to the implementation of 
automated solid-phase glycan assembly (AGA). This technique relies on the precise and 
iterative addition of each monomeric building block. The strategy highly benefits from 
optimized glycosylation conditions. A reliable optimization system (AGO) is thereby extremely 
valuable for AGA [1]. Such optimization must mimic key reaction components to increase atom 
economy, reproducibility and efficiency. While ideal in theory, the use of real glycosyl acceptors 
for optimization studies is impractical. Simple model acceptors can surrogate real glycosyl 
acceptors for optimization as long as they retain key structural features. We developed an 
automatic screening of glycosylation conditions at different temperatures on the same platform 
on which the solid phase assembly takes place. this ensures an efficient translation to AGA. 
Here we show that while using only n-alkyl acceptor provides rough optimization trends, co-
optimization with a 4-aminocyclohexanol acceptor mimics the optimized glycosylation 
conditions for glycosyl acceptors more reliably. Implementation of the acceptor-derived 
optimization principles enabled precise evaluation of glycosylation conditions which were 
validated by AGA for several oligosaccharides. Adoption of this optimization process would 
increase the predictability of AGA [2]. 
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Among the compounds related to carbohydrates, iminosugars play a prominent role.[1,2] 
Since their discovery, several advantageous properties have been revealed. Among others 
their effectiveness has been proven in the treatment of many diseases, including antiviral 
infections, metastatic processes but some of them has antidiabetic effect too.[3] It was proven 
as well that their ability has also been linked to their glycosidase inhibitory effects. Thus, 
glycosidase enzymes as regulators of carbohydrate metabolism can become potential targets 
for the treatment of these diseases.[4] 
The nitrogen atom of iminosugars in the ring plays a significant role in the development of the 
glycosidase inhibitory effect, because through its protonation it can form a very similar 
structure to the transition state of carbohydrates, the oxocarbenium ion, and thus bind to the 
active site of the enzyme.[3] 
Our goal is the synthesis of a new family of iminosugar type molecules, which can be potential 
glycosidase enzyme inhibitors in the future. For the preparation of these monocyclic and 
condensed bicycle oxazepane and morpholine iminosugar derivatives, the reaction route is 
short and cost-efficient (Figure 1.). 
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Bacterial glycoproteins and oligosaccharides contain several rare deoxy amino sugars virtually 
absent in human cells.1 This structural difference between the bacterial and host cell surface 
glycans can be exploited to develop carbohydrate-based vaccines and target specific drugs.2 
Herein, we extend strategic use of one-pot bis-triflation and double serial displacement 
protocol3 on D-fucose to access various less explored 6-deoxy rare amino D-sugars i.e.  
D-perosamine, 2,4-diazido-2,4,6-trideoxy-D-mannose, D-pneumosamine, and  
D-rhamonsamine. All these azide-bearing rare sugars offer a path to access new bacterial 
glycoproteins, target specific drugs, and can be used as metabolic incorporation of glycans.4 
This strategy applies to the first total synthesis of the trisaccharide unit of Pseudomonas 
stutzeri OX1 strain5 containing rare sugar, D-perosamine.6 Installation of 1,2 cis-linkage and 
late-stage N-formylation are the key challenges in total synthesis, accomplished via longest 
linear sequence of 21 steps with 1.4% overall yield.  
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Glycans are important biomolecules involved in various biological phenomena, including 
inflammation control, through precise molecular recognition. The biological functions of 
glycans originate from their interactions with other biomolecules. However, the glycosidic 
bonds are flexible and can adopt multiple conformations. As a prevailing assumption, sterically 
and stereoelectronically stable conformations have been regarded as “active conformations” 
for biological functions of glycans, a view supported by X-ray crystallography and NMR 
analysis.1 
Isomaltose (IM, 1) is a disaccharide that induces amylase production in A. nidulans.2 Our 
group designed and synthesized its analogs (pseudo-IM) by editing the O-glycosidic bond to 
CH2 (2), (S)-CHF (3), and (R)-CHF (4) linkage to modify steric and stereoelectric effects, 
aiming to find molecules that reproduce the active conformation of 1 (linkage-editing 
strategy).3 Biological evaluation revealed that 2 induced prolonged amylase production 
compared to 1, while 3 and 4 showed negligible activity (Figure A). These results suggested 
that 2 can reproduce the active conformation, while neither 3 nor 4 can. However, NMR 
analysis 1-4 suggested that both 3 and 4 also shared stable conformations that are also found 
in 1 and 2. Thus, we hypothesized that several different conformations of isomaltose can be 
involved in the amylase induction process. Here, we discuss the conformational distribution 
and dynamic range of (pseudo-)IM, computed by QM/MM-gREST simulations and DFT 
calculations (Figure B). We revealed that linkage-editing affected glycan dynamics, with 
biologically active compounds 1 and 2 displaying common specific motions. 
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Figure 1. Library of synthesised glycomimetics based on thiolactulose. 

 
Galectins are carbohydrate-binding proteins that contain at least one carbohydrate recognition 
domain (CRD) with an affinity for β-galactoside containing carbohydrates1. Galectins play key 
roles in regular physiological functions including modulating the immune system and in 
inflammation, but are also implicated in pathophysiological processes including cancer 
progression and metastasis2, heart failure3 and rheumatoid arthritis4. Although the highly 
conserved nature of the galectin CRDs enables the specificity for β-galactosides, it 
simultaneously makes the design of selective antagonists challenging5. A promising strategy 
to target these proteins is using glycomimetics. 
Glycomimetics are compounds that mimic the structure and function of endogenous 
carbohydrates with strategic modifications to improve binding affinity and other drug – like 
properties such as metabolic stability and oral bioavailability6. PyMOL and AutoDock Vina 
were used to explore the structure of the gal - 3 CRD and to evaluate the binding affinities and 
protein-ligand interactions of potential compounds using molecular docking. These 
computational studies guided the structure-based design and optimisation of target 
compounds. A library of these compounds (Figure.1) have been synthesised using 
established synthetic methodologies such as amide coupling and copper-catalysed azide-
alkyne cycloaddition (CuAAC), and characterised through NMR and mass spectroscopy. The 
binding affinities of the synthesised compounds will be assessed against a panel of galectins, 
and protein-ligand interactions will be investigated using techniques such as STD-NMR and 
X-ray crystallography. The resulting data will inform the structure-based design of the next 
generation of ligands.  
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Mucopolysaccharidosis type II (or MPS II), also known as Hunter syndrome, is a rare X-linked 
recessive disorder caused by a deficiency of the enzyme iduronate 2-sulfatase (IDS) in the 
lysosomes. IDS is responsible for the degradation of the GAGs heparan sulfate (HS) and 
dermatan sulfate (DS)1. Accumulation of these undegraded sugars underpins MPS II. In 
severe cases, progressive and debilitating  neurodegeneration occurs, thereby reducing the 
life expectancy of the patients to 10 – 20 years of age2. In view of the current absence of 
effective therapies to treat neurological symptoms, we set out to develop new pharmacological 
chaperones (PCs) as treatments for MPS II. These small molecules selectively bind to the 
target mutant protein in the neutral pH environment of the endoplasmic reticulum (ER). Most 
pharmacological chaperones act as competitive inhibitors by binding to the active site of their 
target enzyme3. In association with the target protein, these small molecules can correct the 
three-dimensional conformation of the protein to confer stability and facilitate trafficking of the 
correctly folded enzyme through the Golgi apparatus to the lysosome4. Our strategy for 
synthesizing small molecule PCs in the form of prodrugs is based on mimicking the structure 
of natural substrates for the IDS enzyme (i.e., HS and DS).  L-Iduronic acid (L-IdoA) is a crucial 
component of HS and DS. This approach aims to replace the sulfate functional group at C-2 
of L-IdoA derivatives with non-hydrolyzable groups such as carboxymethyl and various 
analogues with the remainder of the natural structure largely retained.  
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6,6’-Diacyltrehaloses, such as trehalose dimycolate (TDM, 1), are known as potent immune-
stimulating agents and the high-affinity ligands for Mincle, making their structure-activity 
relationship a focus of considerable interest. By contrast, the corresponding neotrehalose 
analogs, a stereoisomer of trehalose, exhibit significantly lower affinity for Mincle than 
trehalose derivatives [1]. The difference in affinity is thought to result from the distinct spatial 
positioning of the two glucose units.  
We recently have developed glycan analogs based on linkage-editing strategy [2]. Our 
hypothesis is that linkage-editing alters the conformational distribution of glycans, resulting in 
change to their biological activities. Here, we applied this concept to the design of 
neotrehalose analogs with the aim of developing potent immune-stimulating agents based on 
the neotrehalose structure. Specially, we have designed and synthesized three neotrehalose 
analogs with CH2, (R)-CHF, and (S)-CHF linkages. 
Glycosyl bromide 3 was coupled with each stereoisomer of 4 under reductive cross-coupling 
conditions, stereoselectively affording the desired disaccharide 5 [2]. Three types of C-linked 
analogs 2 were synthesized via stereoselective hydrogenation followed by site-selective 
acylation with each stereoisomer of 5. Starting from 5-(E), the selective synthesis of 2a and 
2b was achieved by using appropriate hydrogenation catalysts, whereas the same procedure 
applied to 5-(Z) afforded 2c. Ultimately, the biological activity of these analogs was found to 
be dependent on the glycan linkage. 
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The hydrogen bond (HB) is one of the main interactions between carbohydrates and proteins. 
This is certainly the case with the excessively hydroxylated carbohydrates. There is little 
detailed knowledge of HB properties of individual alcohol groups in carbohydrates. Based on 
our previous work on HB donating (HBD) properties of alcohol groups in model compounds 
[1,2,3], this work aims to chart the HBD properties of alcohols in important sugars, and how 
this is influenced by substitutions such as deoxygenations and deoxyfluorinations. 
The HB donating capacity of sugars are measured on the pKAHY scale, which is defined as the 
equilibrium constant of the complexation between the substrate and a standard acceptor (N-
methyl pyrrolidinone, NMP) in an apolar solvent (CCl4) [4]. 
 
 

 

 
 
The data show that the hydrogen bond donating capacity of alcohol groups of carbohydrates 
display marked differences depending on relative stereochemistry and introduction of remote 
deoxygenation and deoxyfluorinaton, which will be explained in detail. Furthermore, the 
comparison of the selected sugar HB acidities with the Bronsted acidity values [5] of the 
corresponding gluco- and galactosamines will be discussed in detail. The mapping of sugar 
alcohol groups on the medicinal chemistry relevant pKAHY scale allowed to establish a number 
of parameters that influence sugar alcohol HB acidity. These results will be valuable for the 
interpretation of binding data of carbohydrates and glycomimetics to proteins. 
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α-L-Fucosidases of glycoside hydrolase family 29 (GH29; CAZy; http://www.cazy.org/) are 
retaining exo-glycosidases that typically hydrolyze α-linked fucose from non-reducing end of 
polysaccharides and glycoconjugates [1, 2].  GH29 α-L-fucosidases have a broad substrate 
specificity, hydrolyzing α-(1→2), α-(1→3), α-(1→4) and α-(1→6) linked fucosyl residues from 
glycans [3]. Of the two GH29 subfamilies with distinct sequence homology and substrate 
specificity, GH29A enzymes are more suitable for transfucosylation because they utilize 
chromogenic substrates such as 4-nitrophenyl α-L-fucopyranoside (pNP-Fuc) or 2-chloro-4-
nitrophenyl α-L-fucopyranoside (CNP-Fuc). To date, the CAZy database contains 14 527 
annotated GH29 α-L-fucosidases, only four of which belong to the fungal kingdom and one of 
them is fully characterized [4]. 
We present here the screening of selected fungi potentially producing proteins with  
α-L-fucosidase activity under the induction by six carbohydrate inducers. We have identified 
new fungal α-L-fucosidases and produced them heterologously in a Pichia pastoris expression 
system. We identified their transglycosylation capabilities with pNP-Fuc donor. 
 

 

Figure 1. Transglycosylation reaction catalyzed by a novel fungal α-L-fucosidase. 
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TP53 is the most frequently mutated gene in human cancers. The vast majority of cases of 
high-grade serous ovarian cancer (HGSOC) display abnormalities in the TP53 gene. We 
showed that the presence of cytoplasmic p53 aggregates correlated with poor prognoses in 
several cancers [1, 2]. We also reported that cytoplasmic p53 aggregates suppressed 
apoptosis induction by cisplatin or ultraviolet irradiation by interfering with the p53 apoptotic 
function [1–3]. Here, we investigated the relationship between p53 aggregation and 
expression of aberrant glycan structures, another characteristic of many cancers. By using the 
CL40 antibody, which recognizes 6-sulfo sialyl Lewis X and 6-sulfo sialyl LacNAc with an 
absolute dependency on GlcNAc 6-O-sulfation [4], we found that the presence of CL40-
positive cancer cells and p53 aggregates in peritoneal- or omentum-disseminated HGSOC 
tissues. In the cell-based assay with HGSOC-derived OVCAR-3 cells harboring p53 
aggregates, the ReACp53 p53 aggregates inhibitor suppressed the expression of CL40-
reactive glycans. The mRNA expressions of GlcNAc-6-O-sulfotransferase genes were 
reduced by ReACp53 treatment. Finally, pretreatment of OVCAR-3 cells with CL40 reduced 
Siglec-9 binding to the cell surface. Overall, our results suggest a novel function of p53 
aggregation in regulating synthesis of CL40-reactive sialylated glycans in HGSOC. Future 
work will clarify the roles of CL40-reactive glycans in HGSOC pathology. 
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Pectin is an integral component of the plant cell wall. The most complex part of pectin is 
rhamnogalacturonan II (RG-II), a highly branched polysaccharide with various side chains 
A-F.[1] While the structure of RG-II is highly conserved throughout the plant kingdom, slight 
variations have been reported solely on side chain B. Depending on different plant species, 
the size of side chain B can span from a penta- to a decasaccharide. However, the structural 
motif of the first five glycosidic linkages between ᴅ-galacturonic acid, ᴅ-apiose, ʟ-rhamnose, ʟ-
aceric acid and ᴅ-galactose is preserved.[2] While there are reports of the synthesis of varying 
parts of side chain B[3] starting from the ᴅ-galactose, to our knowledge, the synthesis of 
oligosaccharides derived from the conserved inner structure has not been attempted yet. 
Herein, we report the synthesis of a tetrasaccharide (1) comprised of the first four sugars found 
in RG-II side chain B. The synthesis of this tetrasaccharide poses a significant synthetic 
challenge, as there are two challenging 1,2-cis glycosidic linkages to be made in this molecule. 
Moreover, the rare sugar donors derived from ʟ-aceric acid and ᴅ-apiose need to be 
synthesized from commercially available starting materials in multiple steps. Notably, we 
report the synthesis and first successful use of an ʟ-aceric acid donor (2) in chemical 
glycosylation. This novel glycosylation reaction was thoroughly analysed and we were able to 
obtain either 1,2-trans and the desired 1,2-cis linkage with partial selectivity by varying the 
reaction temperature and activator system. We utilized NOESY experiments to tackle the 
significant challenge of determining the anomeric configuration of disaccharides comprising ʟ-
aceric acid. 
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Cholera is a severe infectious disease caused by Vibrio cholerae. Cholera primarily spreads 
through contaminated food and water sources. is a significant global health concern. The 
pathogenesis of V. cholerae is facilitated by a secreted neuraminidase (VCNA). The cleavage 
of host cell surface sialic acids is pivotal for Cholera colonization and infection. While the 
interaction of VCNA with sialosides holds promise as a bacterial biomarker, evaluating these 
interactions in complex food environments presents a challenge. We developed an 
electrochemical biosensor based on impedance spectroscopy (EIS) to detect VCNA. We 
utilized a variety of synthetic sialosides as molecular probes. These sialosides were 
immobilized on gold electrodes to form a self-assembled monolayer. The changes in EIS 
signals were observed upon the interaction between VCNA and the immobilized sialosides. 
This work demonstrates the quantitative measurement of these interactions under varying 
environmental conditions, including different media and pH values. Our selective detection of 
VCNA activity is demonstrated through distinct impedance variations corresponding to the 
enzymatic cleavage of sialosides. This approach provides insights into the development of 
robust biosensing platforms for bacterial detection, offering potential applications in various 
diagnostic. 
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Exosomes are 40-160nm sized vesicles secreted by most types of cells as vehicles for 
intercellular trafficking of cellular components including miRNA, mRNA, proteins, lipids, 
metabolites, etc. Their ability to connect distant tissues has stimulated a broad interest in 
exosomes as a natural non-immunogenic drug and gene delivery vehicle [1]. Considering the 
importance of glycans for exosome targeting capacity  [2], we aim to develop exosomes, as a 
tool for drug delivery in cancer therapy by glycoengineering their surface glycans. To this end 
we will functionalize mesenchymal stem cell derived exosomes with covalently attached sialyl 
LewisX tetrasaccharide, a glycan with high affinity to the human lectin E-selectin, which is 
overexpressed in the endothelia of inflamed tissues and also tumors [3]. To this end , we have 
synthesized sialyl LewisX with an anomeric PEG linker (sialylLewisX-PEG-NH2) via a 
combination of chemical and chemo-enzymatic reactions starting from lactosamine. For the 
chemo-enzymatic synthesis , both an α-2,3-sialyltransferase and an α-1,3 fucosyltransferase 
were expressed and purified. After each purification, a protein electrophoresis, and an activity 
assay by UPLC were performed.  As a first approximation, the activation of lactosamine-PEG-
NH2 has been already carried out and different functionalization trials on purified exosomes 
have been performed. We will evaluate the effects of reaction time, buffer pH and reagent 
excess on the degree of surface functionalization with the help of mainly anti-sialyl Lewis X 
antibodies, Lectin-probed western blot, MALDI-TOF MS and Z-potential. Moreover, we will 
employ lectin-array technology for analyzing surface glycosylation before and after every 
glycoengineering approach. Our recent advances towards this intermediate goal will be 
presented. 
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α-Fucoside units are found in many biologically important compounds, and have interesting 
implications in cancer biology [1]. As glycosidic linkages are the key to diversification of 
saccharide function and biological properties, controlling the stereochemistry of fucosylation 
reactions is of great importance within the field of carbohydrate chemistry. However, existing 
methods for the α-selective synthesis of fucosides are limited by a lack of generality in terms 
of stereoselectivity, as well as a requirement for the use of 3,4-di-O-benzoate-protected 
donors. This limits the potential for orthogonal deprotection towards saccharide diversification. 
[2]. 
This work is concerned with stereochemical control in α-fucosylation reactions. Recently, the 
McGarrigle group has employed an α-selective methodology for galactosylation using an 
orthogonal para-nitrobenzoate protecting group at position four of galactosyl donors [3]. This 
poster will describe the application of this methodology with the analogous fucose donor [4]. 
 

 

A model 4-O-nitrobenzoate-protected donor was prepared and gave access to fucosyl α-1,3-, 
-1,4- and -1,6-linkages in exclusive α-selectivities and up to 72% isolated yield. 
Two orthogonally protected 4-O-nitrobenzoate fucosyl donors were also prepared over 8 steps 
to examine functional group tolerance and were found to maintain exclusive α-selectivity in 
the presence of an orthogonal allyl group and using a 2-O-(para-methylbenzyl)-3-O-benzyl 
donor in up to 69% isolated yield. Work towards the synthesis of a Lewis antigen derivative 
trisaccharide using this methodology will also be reported. 
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Carbohydrates are essential to numerous biological processes, making them a common focus 
of research and synthesis, including the development of their diverse derivatives. A crucial 
aspect of carbohydrate synthesis is the stereoselective formation of the glycosidic bond. [1,2]  
In this study, we introduce a novel approach to the stereoselective and regioselective 
synthesis of N-glycopyranosyl tetrazoles using a visible light-promoted photocatalytic reaction. 
This method employs readily available glycal donors (1a or 1b) [3] and tetrazole derivatives, 
obtaining α-d-glycopyranosyl tetrazoles in exclusive 1,2-cis stereoselectivity. 
This photocatalytic radical reaction is facilitated by a commercially available acridinium 
organocatalyst (2), which is re-oxidized in the presence of diphenyldisulfide [4-7] (Scheme 1).  
 

 
Scheme 1 
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Glycogen Storage Disease Type II (GSD II) is a rare, autosomal recessive disorder caused by 
mutations in the GAA gene, leading to a deficiency of acid α-glucosidase (GAA). This 
enzymatic deficiency results in glycogen accumulation, primarily affecting muscle tissues. 
Enzyme replacement therapy (ERT) with recombinant human GAA has significantly improved 
survival and quality of life [1]; however, individual immune responses to treatment can lead to 
varying therapeutic effectiveness among patients. To address this variability, non-invasive 
monitoring of free oligosaccharide (FOS) biomarkers contributes to the reliable assessment of 
therapy efficacy in individual patients [2]. In Slovakia, more than 20 GSD II patients have been 
diagnosed, with most receiving ERT. For over five years, we have been systematically 
monitoring these patients, utilizing ¹H NMR analysis, which offers high specificity and 
reproducibility for precise quantification of FOS. The levels of 
αGlc(1→6)αGlc(1→4)αGlc(1→4)Glc tetrasaccharide (Glc4) ranged from 3.4 µM/mM 
creatinine in late-onset patient receiving ERT to 882.5 µM/mM creatinine in infantile-onset 
case prior to ERT initiation. Long-term monitoring has provided valuable insights into treatment 
response and disease progression, reinforcing the role of Glc4 as a key biomarker for 
individualized patient management. 
Acknowledgements: This work was funded by the EU NextGenerationEU through the Recovery and Resilience 
Plan for Slovakia under the project No. 09I03-03-V04-00681. 
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Norovirus, a highly contagious virus causing acute gastroenteritis, affects millions globally 
each year [1]. Despite extensive research, no approved antivirals or vaccines exist [2]. Human 
noroviruses bind to histo-blood group antigens (HBGAs) [3], but structurally similar fucosylated 
Human Milk Oligosaccharides (HMOs) act as natural inhibitors [4]. This work focuses on 
synthesizing rare, branched HMOs like LNH, LNnH, and their fucosylated derivatives to 
explore their potential in norovirus inhibition. Limitations in (chemo)enzymatic methods, along 
with complex chemical synthetic routes [5], inspire new strategies for LNnH and LNH 
synthesis. 
The chemical synthesis of LNnH & LNH were accomplished in 19 and 27 steps, respectively, 
starting from lactulose, lactose, glucosamine, and galactose. A key tetrasaccharide 
intermediate is reached in 15 steps before the pathways diverge, with the final four steps 
selectively yielding LNH or LNnH. This common synthetic approach enhances efficiency, 
scalability, and economy. Key transformations include regioselective silyl protection using tin 
chemistry, [2+2] and [2+4] glycosylations, and orthogonal protection/deprotection strategies. 
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N-Glycanase 1 (NGLY1) is an enzyme that removes N-Glycans from misfolded glycoproteins 
that are targeted to ER-associated degradation (ERAD). Loss of NGLY1 function as a result 
of heterozygous inactivating mutations in the ngly1 gene causes a rare genetic disorder, 
referred to as NGLY1 deficiency. Previous studies have confirmed that de-N-glycosylation by 
NGLY1 is a critical processing step in activating the transcription factor Nuclear Factor 
Erythroid 2 Like 1 (NFE2L1).[1] Misglycosylation of NFE2L1 is contributing to the severe 
presented phenotype in NGLY1 deficiency. In addition, NFE2L1 represents an important, but 
inaccessible target in oncology as it is associated with acquired resistance mechanisms in 
certain cancers, including multiple myeloma or mantle cell lymphoma.[2] Genetic deletion as 
well as chemical inhibition of NGLY1 has been shown to successfully inactivate the 
transcription factor and sensitizes cancer cells to proteasome inhibitor cytotoxicity. A targeted 
screen of thiol-reactive compounds identified a selective inhibitor (WRR139) for NGLY1. 
However, high concentrations are required for efficient inhibition, which limit the clinical 
applications of WRR139.  
In ongoing studies, we aim to convert the established inhibitor into affinity probes for NGLY1. 
By modification of the established synthesis route, we successfully introduced a hydroxyl 
group into the benzene ring that serves as basis for further functionalization. Attachment of 
photo-inducible crosslinkers will yield NGLY1-specific probes for proto-affinity labelling (PAL). 
We will use these probes to identify interaction partners of NGLY1. We further show the 
attachment of the structurally modified WRR139 to a ligand for an E3 ligase via several linkers 
of varying length and flexibility, giving a set of first-generation PROTACs targeting NGLY1. 
Such an NGLY1 degrader will also indirectly target NFE2L1 activity and could thus potentially 
serve as a powerful therapeutic strategy for the treatment of cancers associated with these 
proteins.   
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Cutibacterium (formerly known as Propionibacterium) comprises representatives of the human 
skin microbiome. These bacteria are associated with various infections, including prostheses, 
sarcoidosis, soft tissue infections, and acne lesions. Within Cutibacterium acnes, three major 
phylotypes — I, II, and III — have been identified, each linked to different disease associations. 
In 2024, a comprehensive comparative analysis of the lipidome across various species within 
the Cutibacterium genus was published [1] revealing distinct profiles of lipid metabolites that 
enable differentiation between species of the Cutibacterium genus and the phylotypes of C. 
acnes. Additionally, our preliminary studies on extracellular vesicles (EVs) released by C. 
acnes indicated that these EVs' lipid and protein profiles vary between the different phylotypes 
of C. acnes [2].  
The study aims to perform a comparative structural analysis of the cellular membrane 
glycolipids from four strains of C. acnes, which represent different phylotypes.  
Glycolipids found in the C. acnes (phylotypes IA1, IB, II, and III) were isolated and obtained in 
pure form. Based on their chromatographic behaviour, the glycolipids were designated as GL1, 
GL2, GL3, and GL4. These compounds were analysed using various techniques, including 
thin-layer chromatography (TLC), gas-liquid chromatography-mass spectrometry (GLC/MS), 
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), 
and nuclear magnetic resonance (NMR). In vitro tests were conducted with PWR-1E human 
prostate cells and MSU1.1 fibroblasts to evaluate the toxicity of the major glycolipids. 
All four glycolipids were identified in lipid extracts from C. acnes phylotype IB cells. In contrast, 
lipid extracts from the other phylotypes contained only glycolipids GL1 and GL3. Notably, 
glycolipid GL1 was present in lipid extracts from C. acnes extracellular vesicles (EVs) across 
all phylotypes, while glycolipid GL3 was found only in phylotypes IA1 and III. 
GLC-MS and MALDI-TOF MS analyses revealed that glycolipid GL1 consists of two glucose 
residues attached to a glycerol molecule, along with two fatty acid chains (C15:0/C17:0). 
Glycolipid GL3 shares the same sugar-glycerol backbone but includes three fatty acid residues 
(C15:0/C17:0). Glycolipids GL2 and GL4 were structural modifications of GL1 and GL3. 
Additionally, both glycolipids GL1 and GL3 were shown to be non-toxic to selected human 
cells in vitro. 
The chemical and biological characteristics of C. acnes glycolipids serve as a basis for further 
research into their antigenic properties. This research could lead to the development of new 
vaccine components and diagnostic tools. Additionally, exploring the role of glycolipids in 
bacterial extracellular vesicles (EVs) presents an exciting opportunity for future studies.  
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Lysozyme is an important immune enzyme, possessing antimicrobial and immune-modulating 
functions.  However, excess production of lysozyme leads to abnormalities such as 
sarcoidosis, neuropathic pain and hematologic malignancies.[1] This study explores the 
interaction of lysozyme with multivalent chitobiose-containing self-assembled glycostructures, 
in order to uncover the roles of lysozyme. Chitobiose-containing glycolipid (GL) and aglycon 
lipid (L) were synthesised for this purpose.  Glycovesicles were formed by varying the molar 
ratios of GL and L and characterized in solution and in the solid state.  Spherical morphologies 
with varied sizes were observed for these glycovesicles.  The glycovesicles, possessing pH-
sensitive ester linkages, allow the disassembly under varying pH of the solutions. Steady-state 
fluorescence spectroscopy and surface plasmon resonance techniques were used to study 
the ligand-receptor interactions, in this instance, the binding of glycovesicles with lysozyme 
was evaluated. The binding of glycovesicles having chitobiose molar ratio of ~50% GL-L with 
the enzyme occurred significantly higher than vesicles with other GL/L ratios. The multivalent 
glycovesicles demonstrated faster association and slower dissociation kinetics, with 
equilibrium binding constants (Ka) 2-4 orders of magnitude higher than that for the monomeric 
chitobiose-lysozyme complex. Further the complexation of lysozyme with multivalent 
glycovesicles delayed the antimicrobial lytic activity of the enzyme, as compared to lysozyme 
alone. These findings offer new insights into lysozyme inhibition and will be presented in 
detail.[2] 

                                     
Acknowledgements: We are grateful to Department of Biotechnology and Science and Engineering Research 
Board, New Delhi, India, for a research support. BSP acknowledges the Indian Institute of Science, Bangalore, for 
a research fellowship. 
 

References: 
1. S. Yadav, A. Surolia, Sci. Transl. Med. 2019, 11, eaav4176, 1-13. 
2. B. S. Patel, S. Yadav, A. Surolia, N. Jayaraman, Bioorganic Chemistry, 2025, 154, 108009. 
  



P101 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

COMBINED GLYCOPROTEIN LECTIN-BASED MICROARRAY AND LC-MS 
ANALYSIS OF COLORECTAL CARCINOMA SAMPLES 

 
Lucia Pažitná, Maroš Krchňák, Patrícia Dudoňová, Kristína Kianičková, Marek Nemčovič, 

Zuzana Pakanová, Peter Baráth, Jaroslav Katrlík 
 

Institute of Chemistry, Slovak Academy of Sciences, Dúbravská cesta 9,  
845 38 Bratislava, Slovakia 

chemlpaz@savba.sk 
 
Colorectal carcinoma (CRC) is currently the third most common cancer in men and the second 
most common in women, with highly variable disease progression and clinical outcomes 
among patients [1]. Although CRC is preventable and treatable when detected early, it remains 
a leading cause of cancer-related deaths [2,3], highlighting the urgent need for improved early 
detection strategies. One promising approach involves studying changes in glycosylation. 
Altered glycan structures, key players in processes such as cell adhesion, invasion, and 
signaling are commonly associated with cancer progression [1]. Aberrant glycosylation 
enhances the immunosuppressive capacity of tumor cells and promotes immune escape, 
which contributes to tumor recurrence, metastasis, and drug resistance [4]. To gain a better 
understanding of glycan changes during CRC, we conducted N-glycan profiling using lectin-
based microarray method and LC-MS. Lectin-based microarray technique has already shown 
its great potential in detecting glycan changes in analysis of samples related to various 
diseases such as GDM, ADHD, and SARS-CoV-2 infection. Using lectin-based microarray, we 
analyzed plasma samples of patients with CRC and healthy plasma controls. Samples were 
spotted on epoxy-coated slides in triplicates (1 spot = 0.5 nL) using non-contact robotic 
spotter. Slides with immobilized samples were then blocked, incubated with a panel of 17 
biotinylated lectins with various glycan specificities and labeled with fluorescent dye 
conjugated with streptavidin. For LC-MS analysis of unlabelled reduced N-glycans, plasma 
samples were dot-blotted onto a PVDF membrane. N-glycans from immobilized glycoproteins 
were enzymatically released with PNGase F, reduced and desalted. Samples were analysed 
using PGC-ESI-MS/MS in negative ion mode. Results from lectin-based microarray and LC-
MS were statistically analyzed, and compared to identify glycan changes associated with 
CRC. Our findings demonstrate that the glycoprotein lectin-based microarray is not only an 
effective tool for glycan profiling but, when combined with LC-MS, can sensitively detect glycan 
alterations occurring during CRC progression. 
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In recent decades, researchers have paid increasing attention to the highly negatively charged 
polysaccharides and higher oligosaccharides on the cell, on the cell surfaces or in the 
extracellular matrix. An important class of these structures are glycosaminoglycans. Heparin 
and heparan sulphate (HS) are very important molecules belonging to the family of GAGs, 
which are built up from alternating α-D-glucosamine and hexuronic acid units. These 
derivatives and its analogues have a wide range of biological effects [1]. Our research group 
has long been working on the synthesis of heparin and heparan sulphate analogue 
oligosaccharides. We already have synthesized some of non-glycosaminoglycan-type, 
heparin-analogue oligosaccharides (di-, tri- and pentasaccharides), in which the glucosamine 
unit was replaced by a simpler glucose moiety. Moreover, in our department three D-
glucuronate-containing trisaccharides were synthesized, which showed significant and 
selective inhibitory effects on the growth of tumour cells [2]. We supposed that the newly 
synthesized tetra-, penta- and hexasaccharide fragments of heparan sulphate might also 
display biological activity. 
Based on the mentioned results we synthesized oligosaccharides that are composed of 
alternating D-glucose and D-glucuronic acid units with various sulphation and acetylation 
patterns. We planned of our compounds to investigate in vitro studies on cell proliferation, anti-
inflammatory effects and cytotoxicity both healthy and tumour cell lines. 
 

 
Figure 1. The structure of the synthesized D-glucuronic acid-containing oligosaccharides 
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Antimicrobial resistance (AMR) is a major threat for individual and public health.1 AMR is often 
induced by limited permeability and uptake. In this project, we aim to overcome antimicrobial 
resistance by hijacking energy-driven carbohydrate uptake systems (PTS and ABC 
transporters) to actively transport carbohydrate-antibiotic conjugates into bacteria and break 
AMR (Figure 1). These transporters are able to accumulate mM intracellular concentrations of 
their substrates.2 After uptake, the carbohydrate-antibiotic conjugates will be hydrolyzed by 
cytosolic glycosidases to release the antibiotics. To date, we have synthesized carbohydrate 
conjugates attached with levofloxacin with different linker lengths or linezolid. Their 
antimicrobial activities were evaluated by MIC determination.  

 
Figure 1. Schematic representation of the idea to hijack PTS and ABC transporter  

to actively pump carbohydrate-antibiotics into bacterial cells. 
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Chitosan is a widely used linear biopolymer composed mainly of glucosamine and to a lesser 
extent of N-acetylglucosamine units [1] . Many biological activities of chitosan are attributed to 
its shorter oligomeric chains (COS with degree of polymerization DP 10-25) [2-4]. However, 
the extraction of such chains, which are well defined in terms of the degree of acetylation and 
polymerization, is very problematic on a preparative scale (tens of mg) [5]. The first step to 
obtain shorter oligomeric chains from polymeric chitosan is usually acid hydrolysis, which can 
be steered by the choice of a suitable acid. Therefore, we compared the kinetics of chitosan 
hydrolysis by various (in)organic acids, investigating the distribution of the polymer chain 
lengths in time. Hydrolyzed mixtures of shorter chitooligosaccharide chains were subsequently 
separated by ion exchange gel chromatography. The prepared individual COS were used as 
an ideal alternative scaffold for the multivalent presentation of bioactive carbohydrates such 
as galactoside-based glycomimetics with affinity to galectins. To test the feasibility of chemical 
functionalization of COS, we conjugated pentynoic acid to the glucosamine monomer. The 
introduction of this functional group for the biocompatible method of CuAAC click chemistry 
into the chitosan scaffolds enabled the conjugation of galactoside ligands. The resulting 
multivalent chitosan-galactoside conjugates were then tested in competitive ELISA-type 
assays with recombinant galectind to assess the application potential of these glyco-
nanomaterials in galectin-associated pathologies. 
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N-glycosylation, is important for cell-cell adhesion, cell signalling and protein stability [1]. N-
linked glycosylation starts from a common precursor, from which more complex structures are 
built up through sequential action of mannosidase and glycosyltransferase enzymes. MGAT1, 
the first enzyme in the pathway for generating complex and hybrid N-glycans, is crucial for 
proper development, as MGAT1 knockouts are embryonically lethal in mice [2]. Here, we 
employ a bump-and-hole approach to develop a bioorthogonal precision tool for MGAT1. In a 
structure-guided process, we replaced so-called gatekeeper residues in the MGAT1 active site 
to smaller amino acids, thereby allowing the enzyme to accept a modified artificial UDP-
GlcNAc analogue (Figure 1). We generated a series of these artificial substrates containing 
bulky alkyl groups and an bioorthogonal handles. A library of MGAT1 mutants was screened 
against a series of chemically modified substrate analogues, from which the most compatible 
enzyme-substrate pair was selected and characterized kinetically. Iterative, optimization using 
molecular dynamic simulations provided an optimized enzyme-substrate pair with greater 
selectivity and fewer background incorporation by other glycosyltransferases. After 
establishing cellular biosynthesis of the modified UDP-GlcNAc analogue, we employed the 
MGAT1 bump-and-hole pair for selective chemical tagging of N-linked glycans on proteins in 
living mammalian cells. Thereby, our work expands the toolbox for glycan-based reporter 
compounds. 
 

 
Figure 1. Bump-and-hole engineering of MGAT1. 
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Molecular dynamics simulations are a popular tool used to predict the behaviour and 
properties of particles. However, the all-atom representation of complex systems, especially 
long polysaccharide chains or large biological systems containing carbohydrates, suffers from 
high computational costs. To alleviate this problem, coarse-grained (CG) force fields, e.g. 
Martini 3, are used, where groups of atoms are mapped to beads [1]. Unfortunately, this 
simplification can cause the loss of information regarding selected conformational properties, 
like natural flexibility of glycosidic linkages leading to the formation of anti- conformers or 
pyranose ring distortions. In this poster, we present the strategy of parametrization of 
conformationally flexible glycans. The bonded interactions for glucopyranose polysaccharides 
(model compounds for flexible linkages) and non-sulfated dermatan (model compound for 
flexible rings) were optimised with respect to their possible conformation (accordingly syn and 
anti-f/y glycosidic linkage conformers, and regular chairs, inverted chairs, boats and skew-
boats of L-iduronic acid ring conformers). Obtained parameters were then mixed into 
tablulated potentials, considering the relative energies of all considered forms. This approach 
increases the accuracy of CG-MD simulations and allows for partial recovery of behaviour 
inherently lost in the process of all-atom-to-CG model mapping.  
 
Acknowledgements: This research was funded by the National Science Centre, Poland (contract financed in 
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The altered expression of glycans within the glycocalyx is recognized as a cancer hallmark. 
These altered glycans are the products of the aberrant activity of specific enzymes known as 
glycosyltransferases (GTs) which are mainly resident in the Golgi apparatus and endoplasmic 
reticulum [1]. Accordingly, the targeting of the Golgi apparatus is considered a primary goal for 
the future development of molecules able to control the aberrant activity of GTs. 
Despite this, only a few Golgi-targeting probes have been reported to date. Their identification 
has long been hampered by poor understanding of the targeting mechanisms and even though 
key related aspects are gradually being elucidated, Golgi-targeting strategies are still in their 
infancy [2]. Consequently, a systematic study on Golgi-targeting moieties is missing. 
Taking advantage of BODIPY probes developed in our laboratories [3,4], we will report on a 
systematic study aimed at providing advancements in the knowledge on Golgi-targeting 
strategies. With this in mind, we will provide details on the chemical strategies to fluorescently-
label structurally different Golgi-targeting moieties, with the aim to track their subcellular fate 
and to unveil insights on their ability to reach and target the Golgi apparatus. Τhe identification 
of the most efficient compounds capable of targeting the Golgi apparatus will pave the way to 
the precision subcellular delivery of GT modulators and thus improve their therapeutic effect 
against cancer.  
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innovation programme under the Marie Skłodowska-Curie Actions Grant Agreement n. 101119601 
(GLYCANDRUG). 
 
References:  
1. S. Pinho, C. Reis, Nat. Rev. 2015, 15, 540-555.  
2. S. Xu et al., Chem. Soc. Rev. 2024, 53, 7590-7631. 
3. G. Biagiotti et al., Bioorg. Chem. 2021, 109, 104730.   
4. E. Giacomazzo et al., RSC Adv. 2019, 9, 30773-30777. 
 
 
 
 

 

 

 

 

 

 

 

  

MSCA – 



P108 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

SYNTHESIS AND CONFORMATIONAL ANALYSIS OF 15N-LABELED 
N-DISACCHARIDES 

 
Vít Prouzaa,b, Adam Rybkaa, Nina Habanováb, Radek Pohlb, Kamil Parkana 

  
a UCT Prague, Technická 5, 166 28, Prague 6, Czech Republic 

prouzav@vscht.cz 
b IOCB Prague, Flemingovo náměstí 542/2, 160 00 Prague 6, Czech Republic 

 
This work focuses on the synthesis of isotopically 15N-labeled N-disaccharides via three 
different approaches: reductive amination, substitution, and epoxide ring opening, and their 
application in NMR conformational analysis. The 15N-labeled bridge enables the measurement 
of NMR parameters, such as 15N-13C and 15N-1H J-couplings, which are not accessible at the 
natural abundance.1 The conformation of 15N-disaccharides is defined by torsional angles ϕ 
and ψ, influenced by hydrogen bonding, steric effects, and electronic interactions, which 
describe the mutual orientation of the two connected monosaccharide units.2 N-disaccharides 
are flexible molecules and can exist in multiple conformations and presented labeling method 
could help to estimate preferred conformers and their population in solution.3 Additionally, 15N-
labeled N-disaccharides could be valuable in NMR binding studies with lectins, where changes 
in 15N chemical shift, signal shape, or J-coupling can provide key insights into binding events, 
interaction strength, and the structural details of the N-disaccharide-lectin complex. 
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Galectin-8 (Gal-8) plays an important role in innate and adaptive immune responses as well 
as in the regulation of cancer growth and metastasis [1], making it a target of interest for highly 
selective and potent Gal-8 inhibitors. We have designed focused libraries of 2-O-substituted 
D-galactosides that bind to the N-terminal domain of Gal-8, starting from lead 1 (Figure 1A) 
[2,3]. All designed compounds were docked to the selected Gal-8N crystal structure (PDB ID: 
7AEN) using Glide to explore the possibility of 2-O-substituents that can make favourable 
contacts with the protein and help select candidates for synthesis and biochemical evaluation. 
We evaluated compound binding by a competitive fluorescence polarisation assay (FP) and 
isothermal titration calorimetry (ITC). This strategy led us to selective nanomolar inhibitors of 
Gal-8N. We solved a co-crystallized structure of a selected galectin-8 inhibitor 11 (Figure 1B) 
in complex with the protein (PDB ID: 9FYJ), which helped us to decipher the nature of the 
interaction of the substituents at position 2. A detailed thermodynamic analysis revealed 
important differences in enthalpic and/or entropic contributions to binding. Finally, an energy 
decomposition analysis was performed, which showed that a bonding interaction between 
Gal-8 Arg45 and acetylene of 11 occurs via a new molecular orbital, indicating the presence 
of an unanticipated non-canonical cation-π interaction. 

 
Figure 2. (A) The structure of lead 1. (B) A crystal structure of 11 in complex with galectin-8N. 
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Acinetobacter baumannii is a Gram-negative opportunistic pathogen responsible for hospital-
acquired infections such as pneumonia, meningitis, urinary trait infections, etc. In the Bacterial 
Priority Pathogen List 2024 compiled by the WHO, the bacterium has been classified as 
critical: high mortality rates associated with an alarming spread of multi-drug resistant strains 
make its treatment quite challenging [1], [2], [3]. 
To fight infections, research is focusing on developing alternative therapies including vaccines 
based on A. baumannii capsular polysaccharide (CPS): surface polysaccharide consisting of 
tightly repeating oligosaccharide subunits that protects the bacterium against variuous 
external insults [4]. 
This project, funded by the European Union, focuses on the automated-glycan assembly 
(AGA) of different fragments from A. baumannii ATCC17961 and ATCC17978 CPS. This 
automated approach, deviating from the one in solution reported so far [5], will enable the 
synthesis of oligosaccharide fragments with varying repeating units but also lenghts since 
multiple consecutive units will be assembled on solid-phase. Additionally, AGA will allow us to 
explore, quickly and effortlessly, structures with different acetylation patterns, since the 
presence or absence of an acetate group is a key difference between the two reported strains 
(Fig.1) [6]. 
 

 
Figure 1. AGA scheme and products 

 
Here I present the first progresses in the project with the design and synthesis of the building 
blocks and the AGA workflow. 
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Photoswitchable surfactants have proven themselves to be an invaluable tool for membrane 
research. Employing these artificial lipids allows for the introduction of membrane internal 
stimuli, yielding profound structural rearrangement while minimizing external system 
perturbation for highly precise measurements. The field ranges from research on the inner 
workings of membranes, such as bidimensional phase transitions1 and changes to lipid 
mesophases2, to evaluating the influence of membrane states on the function of membrane-
embedded proteins.3,4 As a non-ionic and spatially demanding head group, carbohydrates 
provide a unique range of properties to these surfactants and present, with their unmatched 
potential for derivatizations, a promising foundation for tailoring membrane properties. 
 

 
 

Figure 1. The synthesized photoswitchable amphiphiles are assembled in layer systems and used to 
emulate stimuli occurring in membranes causing rearrangements and phase transitions. 

 
The synthetic combination of an azobenzene-based photoswitch between the polarity-wise 
strongly opposing head and tail group puts severe limitations on protecting group-based 
carbohydrate chemistry. Considering additional requirements defined by the model system, 
like miscibility and molecular rigidity, these multifunctional compounds make for an interesting 
synthetic challenge. To cover a broad range of lipid geometries, the synthesized surfactants 
include single-chain, sterol and glycerol-based lipids. Glucose was used as the default head 
group, which was optionally replaced by maltose or maltotriose. The photoswitchable 
glycolipids were employed in the reversible switching of mesophases in multilamellar 
arrangements and analyzed by small angle X-ray scattering. The synthesis of the 
photoswitchable surfactants will be presented alongside an elucidation of the glycobiophysical 
context. 
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Lysosomal storage diseases count more than 70 different diseases, collectively affecting more 
than 1 in 5,000 live births. One of the most prevalent ones is Pompe disease (PD, glycogen 
storage disease type 2), where the mutated lysosomal α-glucosidase (α-GAA) can not 
catalyze the breakdown of glycogen and other large glycosides into glucose units. Only 12% 
of patients with a so-called classic infantile form of PD live longer than 18 months if not treated. 
Nonetheless, PD has no cure yet – only enzyme replacement therapy, with a limited clinical 
efficiacy, is employed for treating the sympthoms.[1,2] 
In this work, by means of computational chemistry methods, we employ molecular dynamics 
and QM/MM metadynamics to unravel the molecular mechanism of the α-GAA enzyme, 
describe the the conformational space of sugar substrate during the catalysis and the most 
important protein-ligand interactions. The enzyme, as a retaining hydolase follows a double 
displacement Koshland mechanism, with characteristic conformational changes in the leaving 
sugar conformations. The results obtained are used to propose new pharmacological 
chaperones, that could be used either with an enzyme replacement therapy or to stabilize 
selected versions of the defective enzyme. 
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Vancomycin is a glycopeptide antibiotic used to fight infections with Gram-positive bacteria. It 
is often the antibiotic of last resort in the treatment of methicillin-resistant (MRSA) or 
vancomycin-resistant (VRSA) strains of Staphylococcus aureus. [1] 
In order to increase the efficacy of vancomycin and at the same time reduce its toxicity, many 
of its modifications are synthesized. Typical modification sites are the aglycone, the amino 
group of vancosamine and the side carboxyl group of the cyclic heptapeptide. [2] 
Here we present the synthesis of four vancomycin analogues (Figure 1). Two modifications 
involved reductive amination of the vancosamine amino group with 2,5-anhydro-D-mannose 
or 2,5-anhydro-D-tallose. The other two involved attachment of 1-amino-2,5-anhydro-1-deoxy-
D-mannitol or 1-amino-2,5-anhydro-1-deoxy-D-tallititol to the carboxyl group of the cyclic 
heptapeptide. It is worth emphasizing that due to the addition of 2,5-anhydroalditol derivatives 
to vancomycin, the analogues obtained in this way showed better solubility in water than 
vancomycin. 
 

 
Figure 1 
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Advancements in vaccine research have significantly enhanced human health by preventing 
many bacterial and viral infections. In this context glycoconjugate vaccines, which combine a 
polysaccharide (PS) or oligosaccharide (OS) antigen with a carrier protein, have been 
developed and commercialized [1]. Since only the conjugated portion is highly immunogenic, 
a key challenge in their production is the accurate monitoring of saccharide content throughout 
the entire process. Moreover, distinguishing between free and conjugated (or total) 
saccharides is essential to ensure regulatory compliance [2, 3]. Therefore, a robust analytical 
platform is essential to quantify PS/OS during various production stages, including the drug 
substance (DS) and the final drug product (DP). Current methods, such as HPAEC-PAD and 
colorimetric techniques require multiple sample manipulation steps (conjugate precipitation, 
ultrafiltration, and solid phase extraction), which are time-consuming and material-intensive 
[4]. This project aims to develop new, faster, and more accurate analytical platforms for 
saccharide quantification in multivalent glycoconjugate vaccines. To achieve this goal, various 
analytical tools were explored, incorporating both physico-chemical and immune-based 
assays, with MenACWY vaccines as case studies. The first attempt to analyze all four antigens 
in a one-shot analysis was performed using capillary electrophoresis (CE) techniques. Micellar 
electrokinetic chromatography with UV-Vis detection (MEKC-UV) showed good results in the 
oligosaccharides and their respective free saccharides separation at DS level. However, it 
showed significant limitations when all four antigens were analyzed simultaneously. Moreover, 
the use of UV-Vis detection did not allow for accurate quantification of low levels of free 
saccharide, which lack suitable chromophores. To increase the sensitivity of our tools, we 
shifted our focus to immuno-based approaches, evaluating a multiplex bioassay. This method 
enables the selective and sensitive detection of all serotypes simultaneously using color-
coded magnetic beads coupled with serotype-specific antibodies and a phycoerythrin 
conjugate species as reporter [5]. To this end, several configurations of the sandwich assay 
were designed and developed, aiming to create a sensitive method capable of detecting all 
four antigens simultaneously. Very promising results were obtained for the conjugate attribute, 
while the quantification of free and total saccharides together is still ongoing. 
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The exopolysaccharides (EPSs) produced by Rhodothermus marinus DSM 16675 were 
studied for their emulsifying capabilities and chemical composition under various cultivation 
conditions. Both batch and single-cycle fed-batch fermentations were assessed, with the 
highest EPS yield (20 mg/L) obtained during fed-batch cultivation. The EPSs showed strong 
emulsifying activity, achieving an emulsification index (E24) of 64.3%. Chemical analysis 
identified the EPS as a heteropolysaccharide mainly composed of rhamnose, arabinose, and 
mannose, with a protein content of 19.22 ± 0.29%, indicating a glycoprotein nature. Fatty acid 
profiling revealed the presence of both covalently bound and encapsulated lipids, with a total 
lipid content of 10% (w/w). Optimal emulsifying performance was observed at a concentration 
of 5 g/L, within a pH range of 7–9, and temperatures between 4°C and 25°C. However, 
emulsifying stability declined under high salinity and extreme pH conditions. Dynamic light 
scattering (DLS) analysis revealed a bimodal particle size distribution with a Z-average of 260 
nm and a moderately negative ζ-potential of –26.88 mV, indicating good colloidal stability. The 
EPSs maintained emulsifying activity over time and under moderate conditions, demonstrating 
their promise as natural emulsifiers for use in pharmaceutical and biotechnological 
applications. 
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Non-typeable Haemophilus influenzae (NTHi) is a common commensal of the human 
nasopharynx and an opportunistic pathogen associated with infections of both the upper and 
lower airways. Accumulating evidence suggests that NTHi is also a common driver of asthma 
and chronic obstructive pulmonary disease (COPD) exacerbations. With no vaccines in 
development, NTHi remains a major epidemiologic concern [1]. This pathogen displays a 
variety of virulence factors, such as lipooligosaccharide (LOS) which are involved in 
pathogenesis, immune evasion, and adherence to host cells [2]. Our preliminary data showed 
that NTHi infections can induce tolerance in primary bronchial epithelial cells (NHBE), which 
could drive chronic NTHi infections. However, the enhanced CXCL-8 levels after Escherichia 
coli LPS and Pam3CSK4 stimulation in NHBE previously treated with inactivated NTHi 
suggest that some bacterial ligands, such as LOS, may induce a memory in epithelial cells [3]. 
Nevertheless, the specific role of NTHi LOS in trained immunity and its relationship with the 
development of asthma and COPD remains unknown. 
To elucidate the biological and chemical properties of LOS in the context of chronic lung 
diseases we have cultivated NTHi strain H-189, a clinical isolate from pharyngeal smear of 
patient with pneumonia (kindly provided by Prof. Rupp, UKSH, Lübeck) in HTM medium [4] 
and isolated LOS [5]. Pure LOS was subjected to SDS/PAGE which indicated the presence of 
a longer LOS molecule in NTHi H-189 than typically expressed for the NTHi rough LPS [2]. 
Thus, in the next steps detailed chemical analysis via GC and GC/MS of LOS and its fractions 
will be performed. In parallel, we aim to uncover the host immune mechanisms regulated by 
NTHi LOS. To achieve this goal, NHBE will be treated with LOS for 24 hours followed by a 7-
day resting period. Afterwards, the cells will be subjected to a secondary stimulus using LOS 
or Pam3CSK4 for the same time. The immune mechanisms will be evaluated by performing a 
whole transcriptomic analysis from each stimulation point. 
In our presentation we will discuss the obtained structure-function results on LOS of NTHi H-
189 in the context of chronic lung infections. 
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Toll-like receptors (TLRs) are widely distributed in the gastrointestinal tract as part of the innate 
immune system, making them relevant in the treatment of carcinomas of the duodenum, small 
intestine, colon, and rectum. Short hyaluronic acid (HA) oligosaccharides activate signaling 
cascades upon binding to TLR4-MD2 complex, leading to the production of angiogenic 
cytokines IL-1β and IL-8. HA plays a key role in drug resistance mechanisms, as cancerous 
cells exhibit a higher proportion of low molecular weight hyaluronan (LMW-HA) in the 
extracellular matrix (ECM). This triggers pathways responsible for ECM remodeling and 
promotes tumor cell aggressiveness. 
Immunoprecipitation studies have shown that CD44 and TLR4-MD2 complex can physically 
associate. Interestingly, CD44-knockout cells still exhibit HA binding to TLR4, indicating that 
TLR4-induced pathways are CD44-independent but can benefit from CD44 presence. We 
study three hypotheses regarding how CD44 assists HA binding, which can be tested using  
molecular dynamics simulations: (1) CD44 blocks HA from interacting with off-target regions 
of the TLR4-MD-2 complex, (2) CD44 actively binds HA, limiting its degrees of freedom and 
directing it to the TLR4-MD-2 binding site, and (3) CD44 increases the local effective 
concentration of HA around the TLR4-MD-2 complex. 
In this work, we use enhanced sampling molecular dynamics simulations to find optimal 
structure of the CD44-TLR4-MD-2 complex. Our model incorporates existing glycosylation 
data for these proteins, which limits their interaction surface-accessible area. The placement 
of HA-binding residues of CD44 in proximity to TLR4-MD-2 found binding motive suggests 
that CD44 acts as a facilitator by maintaining HA close to the complex, thereby increasing the 
likelihood of cascade activation. Found complex structure is used to assess differences in 
binding HA by TLR4-MD-2 with and without presence of CD44. 
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Genetic or chemical modifications of cell membranes are revolutionary for advancing diverse 
therapeutic approaches and gaining deeper insights into biological processes. We recently 
introduced eY-Click, a biocompatible electrochemical method to functionalize native proteins 
[1]. Employing a N-methylluminol (NML), a fully tyrosine-selective protein anchoring group, we 
were able to functionalized cell surfaces from viruses, living bacteria and eukaryotic cells 
models, with simple molecules in just minutes [2].  
In this study, we extended this strategy to apply it to more complex biomolecules, especially 
by taking advantage of biological relevant oligosaccharides. To achieve this, we synthesized 
NML-glycoconjugates via oxime ligation between unprotected sugar and an aminoxy-
functionalized NML. Our electro-bioconjugation method was successfully applied to a protein 
model, paving the way for the development of glycoproteins, which are widely explored for the 
study of biological process and vaccine applications. Finally, we vectorized the membrane 
surface of immune cells with NML-SialylLactose (NML-SL) conjugates, aiming to enhance 
their ability to recognize and target B-cell lymphoma, known to overexpress the siglec-2 
receptor (CD22). This innovative solution offers a promising new strategy for advancing cancer 
immunotherapy beyond CAR-T or metabolic engineering, providing a streamlined and 
versatile approach to immune cell functionalization. 
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Eukaryotic cells are enveloped by a dense carbohydrate layer that plays a crucial role in 
interactions such as pathogen attachment to host cells. A key class of these carbohydrates 
are sulfated glycosaminoglycans (sGAGs), such as heparan. While traditionally recognized 
for their anticoagulant properties, sGAGs are increasingly being studied for their antiviral 
properties. However, research on these molecules is hindered by the limited availability of 
well-defined sGAG structures from biological sources. 
Through solid-phase polymer synthesis, we can precisely generate sequence-defined, 
monodisperse, oligomeric sGAG mimetics with tailored properties [1] to study their binding 
affinity and selectivity against different pathogens. In addition to a stepwise assembly 
approach, we are working on a parallel synthesis strategy to create diverse libraries of sGAG 
mimetics using solid-phase techniques. By integrating this parallel synthesis with high-
throughput screening, we aim to accelerate the discovery and optimization of sGAG mimetics. 
As a basis for establishing this parallel synthesis approach, we utilize the "SPOT synthesis" 
developed by Frank et al. [2] Using solid-phase synthesis on cellulose membranes and 
copper(I)-catalyzed click chemistry, we can generate a diverse range of glycooligomers in 
good purities. Furthermore, by using specialized cellulose membranes, we are able to sulfate 
the synthesized glycooligomers directly on the membrane and thus generate the sGAG 
mimetics (see Figure 1). 

 

Figure 1. Parallel synthesis of sGAG mimetics on membrane support and screening against various 
pathogens. 

The derived membrane-bound glycooligomer libraries are then screened for binding with 
various lectins and pathogens. 
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As integral part of the host’s antimicrobial defense, the complement system can mount a quick 
and effective response by causing inflammation and cell lysis and by inducing downstream 
immune processes. The recognition of microbial carbohydrate signatures by pattern 
recognition receptors (PRRs) of the complement system’s lectin pathway, including mannose-
binding lectin (MBL), collectins, and ficolins plays a critical role in this process [1,2]. However, 
as observed during severe cases of COVID-19, a fulminant activation of complement can 
cause adverse thromboinflammatory states. Therefore, there is an unmet need to elucidate 
this interaction network on a molecular level and to develop glycomimetic entities to inhibit (or 
enhance) such recognition events. 
Ficolins are oligomeric lectins that have been identified as PRRs for a wide range of disease-
triggering pathogens, including eukaryotic protozoa, bacteria, and viruses, and also play a 
major role in the pathogenesis of several autoimmune diseases. They mainly bind to N-
acetylated glycans such as GlcNAc, GalNAc and NeuNAc, although with distinct specificity 
[3,4]. 
Based on available 3D structures, glycomimetic compounds were designed, synthesized and 
evaluated for their antagonistic activity to the recombinantly expressed CRD of ficolin-1. 
Several of the newly designed sialosides showed improved binding affinity and inhibitory 
efficacy when compared to NeuNAc. Therefore, our initial structure-activity relationship 
experiments for neuraminic acid and derivatives thereof show promising activity profiles for 
further development. 
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Pectins can be commercially extracted from several agricultural byproducts. However, 
conventional extraction has several limitations such as thermal degradation, undesirable 
physicochemical and functional properties, and low degrees of esterification due to prolonged, 
direct heating than the emerging processing technologies. Emerging thermal and non-thermal 
technologies, as well as their combination, have been explored [1]. The extensively promising 
novel techniques for extraction and isolation of bioactive compounds appears to be microwave 
assisted extraction (MAE), ultrasound assisted extraction (UAE), pressurized hot water 
extraction (PHWE), pressurized liquid extraction (PLE), pulsed electric field assisted extraction 
(PEFAE), ohmic heated assisted extraction (OHAE) [2]. Due to the internal thermal energy 
generation mechanism, OH could significantly reduce energy consumption compared to 
conventional extraction, which is beneficial. 
The aim of this study was to find the most convenient process parameters for extraction of 
pectin from waste pomace after blackcurrant juice production, supported by Ohmic heating 
(OH), and then to compare the physicochemical properties of this product with pectin obtained 
from the same raw material, but extracted by the conventional extraction method. In these 
experiments, the extraction system was allowed to reach a maximum temperature, close to 
the boiling point of the extraction medium (~90°C), regardless of the heating source. The effect 
of the heating agent on the yield and quality of the obtained pectin was investigated, also 
taking into account different types of extraction medium, i.e. aqueous acidic solution, alkaline 
solution, and NADES. 
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Fusobacterium nucleatum, an oral anaerobe linked to various cancers and Alzheimer's disease, 
which has gained attention as a potential antibiotic target and vaccine candidate.1 This work 
builds on prior research focused on bacterial glycans and their roles in host-pathogen 
interaction. Herein, we report details an efficient total synthesis of the zwitterionic trisaccharide 
repeating unit from Fusobacterium nucleatum ATCC 51191. Remarkable features of the target 
molecule are the presence of rare sugars and multiple nitrogen atoms across three sugar units, 
along with carboxylic acids and an amide linkage.2 Key challenges associated with the synthesis 
are: 1, 2-cis Glycosidic linkage (achieving the desired linkage in the AAT sugar), glycosylation 
(using GlcNAcA donors with the less reactive 4-OH group), late-Stage Coupling (conducting 
amino acid coupling in a sterically hindered environment), rare Amino Sugar Synthesis 
(synthesis of orthogonally protected rare sugars). The synthesis contains a Cbz protecting 
group in the AAT building block, which act as to temporarily mask the C4-amino function and 
ensure 1, 2-cis selectivity with isopropanol. The strategy includes late-stage amide bond 
formation and early-stage oxidation at the monosaccharide level, promote efficient assembly of 
the target molecule. This synthetic approach also useful for the total synthesis of other frame 
shift trisaccharides and longer oligomers. The total synthesis involved a 22-step linear process, 
yielding 2.3%. 
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Human cells are coated with a dense array of glycoproteins and glycolipids called the 
glycocalyx [1]. Sialic acids are nine-carbon monosaccharides that are mostly found as the 
terminal residues of glycans forming the glycocalyx with N-acetyl-5-neuraminic acid (Neu5Ac) 
being the most common member of this family [2]. A common post translational modification 
of glycoproteins, is the O-acetylation of the hydroxyl at C-4, 7, 8, and/or 9 on Neu5Ac which 
is important in cell-cell signaling, autoimmunity and viral infection [3,4]. O-acetylated-Neu5Ac 
is a receptor for Influenza C and type 2a coronaviruses and toroviruses [5]. These viruses bind 
host cell surface O-acetylated-Neu5Ac-glycoproteins via hemagglutinin-esterases (HEs) or a 
spike protein followed by cleavage of the acetyl-group, leading to the destruction of the 
receptor. Viruses bearing non-functional HEs have reduced infectivity, highlighting their 
potential anti-viral targets [6]. The goal of this project is to design and synthesize covalent 
inhibitors and non-hydrolysable substrate mimics, targeting viral sialic acid esterases (SAEs). 
These compounds expand the chemical space available for sialic acid modifications and will 
be tested for their efficacy against recombinant 9-O-SAEs. 
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Chitooligomers (COS, β-1-4-linked oligomers of N-acetylglucosamine (GlcNAc) and 
glucosamine (GlcN)) are bioactive compounds with diverse beneficial properties, such as 
antitumor, immunomodulatory, antiangiogenic, antioxidant, and antimicrobial. Importantly, they 
can activate plant defense mechanisms and protect plants from diseases indirectly as elicitors 
of resistance against bacterial, fungal, and insect pathogens [1]. The biological activity of COS 
depends on their degree of polymerization (DP) and the degree of acetylation (DA). Longer 
COS of DP 6-8 exhibit higher antifungal activity and stronger affinity to the respective plant 
receptors than shorter COS of DP 4-5, inducing thus chitin-responsive genes more effectively. 
Unfortunately, enzymatic synthesis of COS with higher DP faces many challenges and the 
development of a robust and scalable method for the synthesis of COS with DP ≥ 6 is of 
eminent importance.  
Here we describe a pioneering enzymatic approach for the efficient transformation of low-DP 
COS obtained from chitinase-hydrolyzed chitin, waste material of the food industry, into 
valuable chitooligomers with a degree of polymerization ranging from 6 to 11. In the first step, 
chitin was hydrolyzed using engineered variants of the novel fungal chitinase from 
Talaromyces flavus with increased hydrolytic activity to generate low-DP chitooligomers, 
followed by an extension to the desired DP using the high-yielding variants of β-N-
acetylhexosaminidase from Aspergillus oryzae [2], achieving yields of insoluble COS (DP ≥ 6) 
up to 57% [3]. Subsequently, the prepared chitooligomers can be partially deacetylated using 
novel fungal chitin deacetylases. This innovative enzymatic route demonstrates sustainability 
and feasibility for the transformation of waste chitin into unavailable bioactive chitooligomers, 
providing a potential application of the prepared COS in zero-pesticide organic agriculture.   
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Sialic acid-binding Ig-like lectin 10 (Siglec-10) is an immune modulator and emerging cancer 
immunotherapy target.1 However, limited understanding of its structure and mechanism of 
action hinders the development of drug candidates and hence preventing the unleash of its 
full therapeutic potential. In this study, we elucidate the crystal structure of Siglec-10 and its 
binding epitope for an anti-Siglec-10 antibody (Ab).  Interestingly, besides the conserved 
canonical arginine (R119) located on β strand F of the carbohydrate recognition domain, we 
have identified a second arginine residue (R127) on β strand G. Furthermore, we demonstrate 
the importance of both, the canonical R119 and R127 residues in the interactions of Siglec-10 
with T cells. Additionally, we showcase that binding of Siglec-10 to T cells depends on the 
presence of α(2,3)- and α(2,6)-linked sialoglycans, which can be blocked with anti-Siglec-10 
Ab. Collectively, our findings provide an integrated understanding of the structural features of 
Siglec-10 and emphasize glycosylation as a crucial factor in controlling T cell responses. 
 
References:  
1. Zhang, C., Zhang, J., Liang, F., Guo, F., Gao, S., Yang, F., Guo, H., et al. (2022) Innate immune checkpoint 
Siglec10 in cancers: mining of comprehensive omics data and validation in patient samples. Frontiers in Medicine, 
16, 596-609.  
  



P126 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

FUNCTIONAL IMPACT OF O-GLYCANS ON SURFACE MANNOPROTEINS IN 
CRYPTOCOCCUS NEOFORMANS: INSIGHTS INTO THE SECRETION, 

STABILITY, AND IMMUNOGENICITY OF CDA1 AND MP88 
 

Seon Woo Songa, Tae Ho Leea, Eun Jung Thaka,b, Hyun Ah Kanga 

 
aDepartment of Life Science, Chung-Ang University, Seoul, South Korea 

songsw6267@naver.com 
bCollege of Pharmacy, Dongduk Women’s University, Seoul, South Korea 

 
The human pathogenic yeast Cyptococcus neoformans assembles two types of O-glycans on 
its proteins; major O-glycans without xylose and minor O-glycans containing xylose, which are 
mediated independently by two mannosyltransferases encoded by KTR3 and CAP61. In this 
study, we investigated the effect of altered O-glycan structures of glycosylphosphatidylinositol-
anchored mannoproteins, MP88 and chitin deacetylase I (Cda1)2,3, on proteolytic cleavage 
and host-cell interactions. KTR3 deletion (ktr3∆) led to the accumulation of truncated O-
glycans with single-mannose residues and the increased proportion of xylose-containing O-
glycans. Notably, the absence of extended major O-glycans caused aberrant cleavage of the 
Cda1 protein, resulting in the loss of its glycosylphosphatidylinositol-anchor. The host cells 
incubated with the purified MP88 and Cda1 proteins from cap6∆ showed decreased IL-6 
secretion compared to those exposed to the mannoproteins from ktr3∆. Moreover, mice 
immunized with Cda1 produced by ktr3∆ showed higher anti-Cda1 antibody production 
compared to those immunized with wild type-Cda1, consistent with the enhanced IL-6 
secretion. These results highlight the contribution of xylose residues in O-glycans to the 
induced host immune response. Understanding the structure and roles of O-glycans 
assembled on immunogenic proteins, particularly their roles in protein stability and host-cell 
interactions, would be useful in designing vaccines against fungal infections. 
 
Acknowledgements: Supported by the Korean MSIT [NRF grant number, RS-2023-00212663]. 
 
References: 
1. Eun Jung Thak, Ye Ji Son, mBio. 2022 Dec 20;13(6):e0211222.  
2. Huang C, Nong SH, Mansour Mk, Specht CA, Levitz SM. Infect Immun. 2002 Oct;70(10):5485-93 
3. Baker LG, Specht CA, Lodge JK. Eukaryot Cell. 2011 Sep;10(9):1264-8 
  



P127 
 

The 22nd European Carbohydrate Symposium, 6-10 July 2025 GDAŃSK, POLAND 

STRUCTURAL INSIGHTS INTO GALECTIN-3 RECOGNITION  
OF A SELENOGLYCOMIMETIC 

 
Alessia Stornaiuoloa, Maria Pia Lenzaa,b, Antonio Molinaroa, Alba Silipoa 

 

a Department of Chemical Sciences, University of Naples “Federico II”, Via Vicinale Cupa 
Cinthia 26, 80126, Naples, Italy 

alessia.stornaiuolo@unina.it 
b Department of Pharmacy, University of Naples “Federico II”, Via Domenico Montesano 49, 

80131, Naples, Italy 
 
Galectins, a family of carbohydrate-binding proteins, are critically involved in various 
physiological and pathological processes, including fibrosis and carcinogenesis, where 
Galectin-3 (Gal-3) is often up-regulated, making it a promising therapeutic target.1,2,3 Galectin-
3 is defined by a single carbohydrate-recognition domain (CRD) of approximately 130 amino 
acids, which displays a particular attraction for galactosides.4 Selenoglycomimetics, 
particularly seleno-digalactoside (SeDG) and its benzyl-modified derivative SeDG-Bn, have 
shown potential as Gal-3 inhibitors,5,6 especially in the context of treating cancerous 
conditions. Selenium can modulate inflammation,7 potentially affecting galectins. Studies show 
selenium may reduce inflammatory markers in conditions like arthritis and heart disease, 
possibly influencing galectin pathways. We employed ligand-based and protein-based Nuclear 
Magnetic Resonance (NMR) spectroscopy to elucidate the molecular details of the interaction 
between SeDG-Bn and Gal-3.8 Specifically, we utilized saturation transfer difference (STD)-
NMR to probe ligand binding, and chemical shift perturbation (CSP) experiments to identify 
the binding site on Gal-3. Our NMR studies revealed significant binding affinity of SeDG-Bn 
for Gal-3, with specific residues within the canonical binding site, including the β-sheets S4-
S5-S6, comparable to SeDG, showing important chemical shift perturbations upon ligand 
binding. Furthermore, notable distinctions were observed, illustrating the effect of the benzyl 
modification on how the ligand is recognized. Specifically, SeDG-Bn induced changes in 
additional amino acids within the S2 and S3 β-sheets. CSPs were analyzed to determine the 
binding affinity (KD) of hGal-3 (CRD) for SeDG and SeDG-Bn using key perturbed residues. 
Also, STD-NMR revealed the SeDG-Bn binding epitope, showing strong interaction with 
aromatic protons and some involment of galactose protons. These findings provide valuable 
insights into the molecular recognition of Gal-3 by SeDG-Bn, supporting its potential as a 
therapeutic agent for conditions associated with Gal-3 overexpression. The detailed binding 
information obtained through NMR spectroscopy can further guide the rational design of more 
potent and selective Gal-3 inhibitors. 
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Food allergies are a major health concern that in the most severe cases can result in life-
threatening anaphylaxis. Strict avoidance of an allergen is the most common approach to 
avoid severe disease but in daily practice difficult to achieve. Thus, there is a need to develop 
approaches to prevent or manage food allergies. There is data to support that modification of 
an allergen with a ligand for a sialic acid binding immunoglobulin-like lectin (Siglec) can 
provide possible immunotherapies for severe allergies [1,2]. Reported approaches to attach a 
Siglec ligand to an allergen are based on random conjugation to for example side chains of 
lysine residues. This approach does not provide control over the number of attached Siglec 
ligands and may result in masking or modifying of specific epitopes. To address these 
limitations and gain a better understanding of structure-function relationships of the sialic acid-
Siglec axis, we describe here a methodology to attach in a controlled manner between 1 and 
9 Siglec-9 ligands to a protein by peptidoligase catalyzed modification of the N-terminus with 
a synthetic glycopeptide ester having a different number of azides. Next, strain-promoted 
azide-alkyne cycloaddition (SPAAC), allowed the introduction of (high affinity) Siglec-9 ligands 
or clusters thereof. GFP was used as a model protein and β-lactoglobulin as allergen. Cell-
based studies established the importance of valency and the affinity of the monovalent ligand 
for biological activity.  
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Bacterial cells express structural diverse glycans on the surface. Based on the type of cell 
envelope, bacterial species are classified into two large groups: Gram-negative bacteria and 
Gram-positive bacteria. Gram-negative bacteria have an outer membrane and present 
lipopolysaccharides (LPSs), amphiphilic molecules composed of three different moieties 
namely lipid A, core oligosaccharide and O-antigen polysaccharide. Depending on chemical 
structure of LPSs, the host innate immune system is elicited. On the other hand, Gram-positive 
bacteria lack an outer membrane but are protected by thick peptidoglycan layers. Some Gram-
positive bacteria have unique polysaccharides such as arabinogalactans (AGs) from 
Mycobacterium tuberculosis (Mtb). AGs have long and highly branched chain containing Araf 
and Galf residues. AGs are known to perform important roles in infectivity and pathogenicity 
of tuberculosis, which is one of the most serious diseases [1].  
To elucidate the role of bacterial glycans in immune system and provide insights for 
development of new biomedical therapies, we focused on isolation, characterization and 
molecular recognition at the atomic level. In this context, a multidisciplinary approach 
combining wet lab with synthesis, NMR experiments and computational studies [2–4], was 
followed in order to extract, purify, characterize and define the 3D structure of the LPSs from 
Gram-negative strains, like Bacteroides uniformis. A similar approach was applied to the 
synthetic AGs, from 14-mer up to 92-mer, from Mtb (Gram-positive, Figure.1).  
 

 
Figure 1. The structure of arabinogalactan 92-mer 
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Carbohydrate oligomers play a significant role in various biological processes, such as energy 
storage, intercellular communication, and structural polymer formation.1,2 To be able to convey 
these diverse functions, carbohydrate structure and dynamics are  mainly governed by 
interactions between adjacent monomers of the polymer sequence and feature very little 
interactions between units far away in sequence. Herein, we use molecular dynamics 
simulations to examine the effect of interactions between non-adjacent monomers on the 
overall structure of small  oligosaccharides and N-glycans. The difference in conformational 
dynamics between a full glycan and its disaccharide constituents can be attributed to 
interactions between non-adjacent monomers. First, we observe that among all possible 
trimes of Glucose, Galactose, and Mannose, only those with branched structures and adjacent 
glycosidic bonds exhibit non-negligible differences in equilibrium distributions. Next, we 
investigated the impact of long-range interactions between non-adjacent sugars in 33 common 
N-glycans.  We observe that only a few glycosidic bonds such as alpha 1-3 and alpha 1-6 
glycosidic bonds between mannose monosaccharides within the GlcNAc2Man3 
pentasaccharide core, core fucosylation, exhibit different dynamics that the disaccharide 
fragments. These findings confirms that carbohydrate's structural behavior is mainly 
dominated by short-range interactions between adjacent monomers, but for few specific 
sequences, such as those present in Lewis antigens,3  the effect of non-adjacent interactions 
becomes non-negligible. A better understanding of the role long-range interactions play in 
carbohydrates structure formation and dynamics will result in new simulation techniques being 
developed, force-field designs being developed, as well as practical applications involving the 
discovery of new biomaterials and the design of novel carbohydrate-binding drugs. 
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Enterobacter cloacae, a Gram-negative opportunistic human bacterium, is one of the highly 
virulent and antibiotic resistant ESKAPE pathogens and classified by the WHO (2024) as 
‘critical priority’ for the development of new antibiotics. [1] EclA, a newly discovered lectin from 
E. cloacae, is a key player in cell attachment, biofilm formation. [2,3] The inhibition of lectins 
with glycomimetics can hinder the infection process and effectively attenuate pathogenesis 
while minimizing the risk of development antimicrobial resistance [4]. 
In previous studies, glycan array analysis indicated a high specificity of EclA for the Lewisa 
antigen and the type II H-antigen (blood group O) over Lewisx, Lewisy, and Lewisb antigens as 
well as blood group A or B. In competitive binding assay including several monosaccharides, 
EclA showed affinity to L-fucose, methyl a-L-fucoside and methyl b-L-fucoside in the millimolar 
range. Moreover, EclA hemagglutinated blood group O red blood cells. The addition of fucose 
resulted in disruption of the hemagglutination activity. [3] 
We hypothesize that fucomimetics that bind with higher affinity to EclA would contribute to a 
reduced virulence in E. cloacae infections. In this work, we screened a number of fucosides, 
fucosyl amides and fucomimetic derivatives through a fluorescence polarization-based 
competitive binding assay. Results showed 10-fold increased affinity compared to methyl L-
fucosides and 40-fold than L-fucose. Synthesis of C-4 modified fucose derivatives is currently 
performed, evaluating their activity as inhibitors of the lectin EclA and exploring the structure-
activity relationship for further optimization. 
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Our research focuses on developing mannose-6-phosphate (M6P) analogues designed to 
regulate the binding of insulin-like growth factor 2 (IGF2) to the insulin-like growth factor 
receptor 2 (IGF2R/M6P). IGF2 and IGF2R, along with insulin and IGF1, belong to the insulin 
superfamily of proteins and play key roles in regulating blood sugar levels, embryonic growth, 
and overall metabolic homeostasis. Although the exact role of IGF2 remains incompletely 
understood, its abnormal expression has been linked to severe neurodegenerative diseases, 
including Alzheimer’s disease, Angelman syndrome, autism spectrum disorders, and various 
types of cancer.[1-5] 
Our goal is to develop isosteric M6P analogues that are resistant to hydrolysis by 
phosphatases and exhibit higher affinity for IGF2R, thereby modulating IGF2 binding and 
internalization.[6-8] To further enhance the affinity of M6P analogues, the prepared 
monosaccharide analogues of M6P were covalently attached to peptides of varying lengths. 
The affinity of these M6P monosaccharide analogues and glycopeptide dendrimers for IGF2R 
was determined using fluorescence polarization anisotropy (FPA).[9] 
This research may provide new therapeutic strategies for modulating IGF2 levels, with 
potential applications in treating neurodegenerative diseases and cancers associated with 
aberrant IGF2 expression. 
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GB0139 is an investigational drug which, until recently, was being developed for treatment of 
Idiopathic Pulmonary Fibrosis (IPF) by Galecto [1-4]. GB0139 is a specific inhibitor of the 
galactoside binding pocket of galectin-3. 
Dextra collaborated with Galecto to select, and develop, a drug candidate and bring it to the 
clinic. Following a medicinal chemistry programme, GB0139 was chosen as the candidate for 
development. Chemistry and manufacturing protocols were developed to allow the provision 
of material for GLP toxicological studies and subsequent clinical trials. The synthesis of 
GB0139 uses click methodology to install the aryl triazole via a copper catalysed azide-alkyne 
Huisgen cycloaddition (CuAAC). 
 

 

 
We report our findings from the evaluation of the medicinal chemistry route and present  
a scalable route to GB0139, which was used to produce 1 kg for IND enabling toxicological 
studies and 0.5 kg to support Phase 1 and 2a clinical trials (GMP manufacture). A new 
approach to the regulatory starting material for GMP manufacture, 1,2,4,6-Tetra-O-acetyl-3-
azido-3-deoxy-D-galactopyranoside, provided IP and reduced the number of steps required 
[5]. 
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In Ireland, 11% of the total land area is covered by forest, and around 8.2 million tonnes of 
wood waste are produced annually from construction, demolition, and deforestation [1]. Wood 
waste can provide a sustainable source of wood-derived xylan and xylooligosaccharides 
(XOS), proposed as next-generation prebiotics for human health and animal feed supplements 
[2]. However, whether human- and bovine-associated commensals demonstrate different 
preferences and utilisation of these prebiotics and impact on gut colonisation potential to 
enhance gut health is unknown. In this study, four lactobacilli species, human-associated 
(Lacticaseibacillus rhamnosus, Lacticaseibacillus paracasei) and human- and bovine-
associated (Lactobacillus acidophilus, Levilactobacillus brevis), were investigated for their 
utilisation mechanisms of xylans and XOS of varying lengths. XOS improved the growth of 
lactobacilli strains by 5-30%, particularly by mixing different concentrations and lengths of XOS 
(cocktail mix, CTM). Degradation profiles of xylan and XOS CTM indicated that bacterial 
utilisation mechanisms were not restricted by host species, but were strain-specific, and L. 
brevis xylanase was produced within 2 h of supplementation. Xylan and XOS also impacted 
on commensal ability to form biofilms which affects colonisation in the gut. This research 
provides key insights into the different utilisation mechanisms in human and bovine digestion. 
Therefore, tailored combinations of valorised xylan and XOS of different lengths could be 
targeted for different outcomes in animal and human health. 
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Human milk offers nutrients to promote infant growth and development in the early stages of 
life. Human milk consists of bioactive substances such as lipids, proteins, and human milk 
oligosaccharides (HMOs). These HMOs are crucial for protection against infections and for 
the development of the intestinal microbiome. To establish structure-function relationships and 
exploit glycoscience for the development of future nutraceuticals and therapeutics, it is 
essential to determine exact HMO structures in human milk. The development of an Ion 
Mobility – Mass Spectrometry (IMS-MS) technology provided elucidation of HMO structures 
with undefined carbohydrate sequences and linkages in Human milk donors. Fragments of 
HMOs were identified by their accurate mass and CCS values, using fragment ion entries from 
the reference database, which were used for de novo sequence assembly to elucidate the 
HMO structures. However, in a specific case, the resolution of the IMS system was insufficient 
to provide a distinction between two CCS values of the fragment ions needed for isomer 
confirmation of the LNH isomers with a fucose linkage either of α1-3 on the 6-arm (F-LNH-III)  
or α1-4 on the 3-arm (F-LNH-II). Therefore, enzymatic synthesis was necessary to identify the 
CCS values of the intact structures of the fucosylated LNH isomers. Furthermore, a hurdle for 
identification in the positive ionization IMS-MS method was the practical implication of 
observed fucose rearrangements in branched HMO structures, which complicated the de novo 
sequencing of unknown HMOs with fucose linkages.  

        
F-LNH-II      F-LNH-III  DF-LNH-II      DF-LNH-II*        DF-LNH-II** 

 
This study presents the enzymatic synthesis of DF-LNH-II, F-LNH-II, and F-LNH-III HMO 
structures for elucidating the unique intact CCS values for confident identification via IMS-IMS. 
Furthermore, novel practical insights were obtained for the fucose rearangement process via 
C13 labeled branched DF-LNH structures, which will greatly improve the attractiveness of 
developing positive ionization methods for fluorescently labeled and free reducing end HMOs. 
Now, fucose rearangement products can be confidently identified as false positives via unique 
CCS values of the rearangement products. It will allow the glyco-workfield to rapidly and 
unambiguously identify exact structures in biological samples, independently of reducing end 
labels, without a need for more synthetic standards. 
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In 2024, the biopharmaceutical market value reached above $469 billion. This market includes 
not only recombinant proteins such as monoclonal antibodies, but also biosimilars, hormones, 
nucleic acid and engineered cell-based products. Currently, most of the monoclonal antibodies 
are produced in mammalian cell expression systems, such as Chinese Hamster Ovary (CHO) 
cells [1]. However, production in CHO cells is expensive. This leads to a growing interest for 
the development of cheaper and effective expression systems, such as microalgae. Since they 
are photosynthetic eukaryotic cells, the cultivation of these microorganisms in 
photobioreactors is inexpensive. In addition, microalgae perform efficient folding and N-
glycosylation of proteins [2]. For instance, it has been shown that the diatom Phaeodactylum 
tricornutum introduces on its proteins oligomannoside N-glycans that are identical to that of 
plants and mammals [3]. Moreover, microalgae are classified as Generally Recognized as 
Safe (GRAS) strains and, therefore, microalgae have emerged as alternative cell factories for 
the production of biopharmaceuticals.  
N-glycan xylosylation of plant-derived biologics has been demonstrated to induce immune 
responses [4]. As a consequence, the present research project aims at characterizing a 
xylosyltransferase (XylT) in the microalgae P. tricornutum because the xylosylation of N-
glycans attached to microalgae-derived biologics may impact their use in human therapy. 
While plant XylTs, such as Arabidopsis thaliana XylT [5], have been well-studied, involvement 
of XylTs in the N-glycosylation pathway of microalgae proteins remains poorly understood. In 
this context, experiments to first identify xylosylated N-glycans on P. tricornutum proteins by 
mass spectrometry are performed. Moreover, bioinformatic approaches allowed the 
identification of a putative sequence coding for a xylosyltransferase in the P. tricornutum 
genome. Functional complementation of plant mutants impaired in XylT activity [6, 7] with the 
gene coding for this putative XylT from P. tricornutum will help unravelling its substrate. In vitro 
enzymatic bioassays, using recombinant XylTs produced in heterologous systems, will be also 
performed to better define the substrate specificity, reaction kinetics and optimal parameters 
(pH, temperature). 
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Strain NCIMB 700966 of Lactococcus lactis subsp. lactis has originally been isolated from 
Swedish long milk, a Scandinavian soured milk which is viscous because of ‘ropiness’,  
a feature usually associated with the production of exopolysaccharides by lactic acid bacteria. 
In this study, the purified polysaccharide was characterized by physicochemical methods, and 
its primary structure was elucidated by chemical, chromatographic, and spectroscopic 
methods. 
The bacterium was grown in milk, and its polysaccharide was isolated from the whole culture 
and purified by trichloroacetic acid and acetone precipitations, solvent extractions, dialysis, 
and freeze-drying. Yields ranging between 62 and 76 mg were obtained for 2 L cultures. 
Sugar and absolute configuration analyses gave D-Glc and D-Gal in equimolar proportions. 
The following partially methylated alditol acetates were obtained by methylation analysis: 
1,5-Ac2-2,3,4,6-Me4-Gal, 1,4,5-Ac3-2,3,6-Me3-Glc, 1,3,5-Ac3-2,4,6-Me3-Gal, 1,5,6-Ac3-
2,3,4-Me3-Glc, and 1,4,5,6-Ac4-2,3-Me2-Glc. 
1D and 2D 1H, 13C, and 31P NMR spectroscopy of the native polysaccharide and a chemically 
modified oligosaccharide alditol obtained by autolysis followed by reduction led to the following 
hexasaccharide structure for the repeating unit: 

 
This structure is unique and was compared to that of other phosphate-containing 
polysaccharides from Lactococcus strains. 
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Carbohydrates are implicated in many important biological processes [1]. Hence, there is 
much interest in manipulating protein-carbohydrate interactions or activities of carbohydrate-
processing enzymes [2]. Despite this, there are not many carbohydrate-based drugs (apart 
from nucleoside analogues) [3], and this is due to their excessive hydrophilicity. 
Deoxyfluorination is one of the validated strategies to increase sugar lipophilicity [4-7]. 
However, lipophilicities of dideoxy-difluorinated monosaccharides are still well below the 
desired range for oral drug candidates. Little is known about the potential of other halogens, 
such as chlorine. Here we investigate the power of deoxychlorination to increase sugar 
lipophilicities. A series of dideoxygenated chloro-fluorosugars was synthesized and for these 
substrates it was shown, by means of a 19F NMR method [4], that deoxychlorination increased 
the logP significantly compared to analogous deoxyfluorination. This shows the potential of 
deoxychlorination of carbohydrates to increase lipophilicity while limiting the number of 
potentially important hydrogen bond donating groups to be sacrificed and will be of interest for 
glycomimetic development.  
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Bacteria are able to coordinate the behaviour of cell population by secreting and sensing small 
molecules called autoinducers. This phenomenon is known as quorum sensing (QS). Among 
the QS compounds, autoinducer-2 (AI-2, Figure 1) stands out as a potential “universal” 
bacterial signalling molecule for inter-species communication.[1,2,3] Understanding the 
molecular mechanisms that bacteria use to communicate and therefore regulate their group 
behaviours can lead to the development of new therapies to control bacterial infections. 
AI-2 plays a crucial role in controlling the colonisation and homeostasis of the gut microflora. 
It has been shown that AI-2 can be used to mitigate the adverse effects caused by antibiotic-
induced microbiota imbalances in the gut.[3] Therefore, our hypothesis is that synthetic AI-2 
can aid in restoring a healthy bacterial phyla ratio after antibiotic treatment.  
We will present the synthetic strategies towards the preparation of AI-2 prodrugs to orally 
deliver intact AI-2 to the gut based in colon-specific drug delivery systems.[4] The AI-2 
prodrugs consist of AI-2 linked to beta-glycosides (Figure 1) that will be specifically hydrolysed 
in the gut taking advantage of beta-glucosidases and beta-galactosidases produced by the 
gut microbiota. The enzymatic release of AI-2 from the new AI-2 prodrugs was demonstrated 
using commercial beta-glycosidases and mice gut extracts. Quantification of AI-2 released 
from the prodrugs was performed using a new GC-MS AI-2 quantification method developed 
by our group. 

 

 
 

Figure 1. 
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β-1,3-xylan is a linear homopolysaccharide in which D-xylose units are linked through β-1,3-
glycosidic bonds. It occurs as the main xylan structure in the cell walls of marine algae, such 
as green and red algae [1]. Algal biomass containing 1,3-xylan can serve as a feedstock to 
produce renewable chemical commodities. Rapid syntheses of β-1,3-xylan oligosaccharides 
of defined lengths would pave the way for studies of β-1,3-xylan-degrading bacteria [2]. In this 
work, we use an automated glycan synthesizer [3] to develop a solid-phase synthesis of β-
1,3-xylan oligosaccharides. First, we developed an efficient route for multigram scale 
synthesis of disarmed and armed xylose-thiotolyl and -phosphate donors, which are protected 
with Fmoc as a temporary protecting group for chain elongation. Then, through systematic 
screening of glycosylation temperature and reactions times as well as reactivity control 
through the choice of protecting groups, we achieved high yields in the automated glycan 
assembly of 1,3-xylan oligosaccharides (27% for decasaccharide in 21 steps). After UV-
induced cleavage from the resin, the protected 1,3-xylan oligosaccharides were subjected to 
global deprotection to obtain the final products equipped with an amino-alkyl-linker at the 
reducing end. 
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Cancer-associated glycosylations are the results of aberrant activity of specific 
glycosyltransferases (GTs).[1] Such alterations on the meshwork of glycans within the 
glycocalyx of cancer cells are non-random and are essential for cancer survival. For this 
reason, they are emerging as critical therapeutic targets.[1] However, drug discovery in this 
field is mainly hampered by the lack of crucial information on the structure of key cancer-
associated GTs. Thus, some of the cancer-linked GTs remain severely unappreciated as 
potential investigation focal points. For this reason, developing chemical tools that can help 
scientists to unveil insights on the structure of these enzymes is a sought-after goal. In this 
context, glycomimetics,[2] can serve as functional or structural mimics thus can have the 
potential to be recognized by carbohydrate-processing enzymes, enabling the study of how 
the enzymes identify and engage with the substrate.[3] 
With this in mind, our group is approaching the creation of glycomimetics by taking advantage 
of an original version (Figure) of the inverse electron demand [4+2] hetero Diels-Alder 
(ihDA).[3-5] In this communication, we aim to highlight the versatility of our ihDA in addressing 
the goal of an easy access to a large library of glycomimetics, provided with the mandatory 
structural variability to explore the catalytic site of specific GTs. Moreover, this approach can 
ensure improved interactions with the pertinent GTs and precision in the cancer-associated 
glycan-motif editing of the glycocalyx. As a proof of the strength of this approach, the synthesis 
of fucose and sialic acid mimetics is discussed. 
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Galectins (Gal-) are β-D-galactoside-binding proteins involved in cell adhesion, 
proliferation, and apoptosis. Tandem-repeat galectin-4 (Gal-4) is highly expressed in 
gastrointestinal tissues and plays a key role in epithelial glycoprotein transport. Due to 
the weak affinity of carbohydrate-lectin interactions, nature employs multivalency, 
known as the glycoside cluster effect. Inspired by this concept, synthetic multivalent 
glycoconjugates like glycopeptides, glycodendrimers, and glycopolymers have been 
designed to enhance galectin binding [1]. While Gal-1 and Gal-3 have been extensively 
studied, research on tandem-repeat galectins like Gal-4 remains limited due to their 
complex carbohydrate recognition domains. Recent studies show that valency and 
ligand presentation critically affect Gal-4 binding, emphasizing the usefulness of 
tailored multivalent synthetic glycomimetics for galectin research [2]. In this work, we 
present the synthesis of a library of glycoconjugates: (i) tetravalent glycoclusters based 
on D-glucose core with lactose ligands of varying spacer lengths, and (ii) polyoxazoline 
(POx)-based glycopolymers featuring different multivalent presentations of lactose and 
a previously identified high-affinity tetrasaccharide ligand of Gal-4 (Fig.1). The impact 
of ligand presentation on Gal-4 affinity was systematically evaluated using ELISA 
competitive assay and biolayer interferometry. Our findings contribute to a better 
understanding of Gal-4 recognition and provide new insights into the rational design of 
synthetic glycomimetics for targeting tandem-repeat galectins. 
 

 
Figure 1. Synthetic pathway to multivalent glycoclusters and glycopolymers 
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We have developed a highly effective glycosylation method that involves the activation of 2-
(2-propylsulfinyl)benzyl 1,2-orthoester glycosides using triflic anhydride (Tf2O). Our research 
indicates that half of the glycosyl donor is activated through Tf2O via an interrupted Pummerer 
reaction mechanism, while the remaining portion is activated by triflic acid (TfOH) generated 
in situ. As a result, as little as 0.5 equiv of Tf2O is adequate for activating the orthoester 
glycoside donors. This glycosylation procedure offers several benefits, such as high efficiency, 
wide applicability, and the utilization of a recyclable leaving group.  

 
 

Figure 1.  Glycosylation with OPSB glycosides and 1,2-orthoester glyco-sides. 
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Trans-decalin like sulfonium oxathiane glycosyl donors have been previously shown as a 
viable route to access 1,2-cis-glycosides, 1-3 though these reports have indicated donor 
structure has a large influence on glycosylation outcome. 4,5 This work describes the synthesis 
of an array of methyl oxathiane donors and their subsequent use in discerning the effect of 
structural differences on stereoselectivity and reactivity in glycosylations. In particular, 
introduction of 3-methyl groups in the oxathiane heterocycle allowed kinetic tuning of the 
glycosyl donor without diminishing α-selectivity, and even improved the poor selectivity often 
observed in armed oxathiane 2-O-ether donors. 
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Mucopolysaccharidosis Type 3A (MPS IIIA, also called Sanfilippo Syndrome) is a rare 
autosomal recessive lysosomal storage disorder. Although the disease is systemic, it is 
primarily characterised by severe developmental defects in the brain and the central nervous 
system which present as a form of childhood dementia [1]. MPS IIIA is caused by a mutation 
in the lysosomal carbohydrate sulfatase (SGSH), which disrupts heparan sulphate 
degradation. HS is the major glycosaminoglycan component of the extracellular matrix (ECM), 
and is a linear polysaccharide composed of alternating glucosamine and uronic acid repeats. 
HS is essential in functions in development and homeostasis [2,3] with significant roles in 
neuronal circuits, and a key regulator of connectivity and synapse function and development 
[4]. SGSH removes sulfate groups from the glucosamine residues, which is a critical step for 
HS recycling. However, the precise substrate specificities of SGSH, and the mechanisms 
through which many MPS IIIA-associated mutations disrupt SGSH functions remain unknown. 
This project aims to functionally characterise a panel of SGSH mutations, some of which are 
predicted to indirectly modulate SGSH activity by inducing enzyme mislocalisation or 
destabilisation [5]. There are significant variations in disease phenotype dependent on the 
causative mutation, showing phenotype-genotype correlations [6]. Preliminary data has 
revealed variable localization profiles of SGSH mutants, including T118P which is no longer 
appropriately trafficked to the lysosome (Fig 1) and variants that disproportionately accumulate 
in aggresome-like structures. We will analyse subcellular  localization, expression profiles, 
metabolic activity and structurally characterise 76 clinically relevant SGSH mutants to better 
understand the pathophysiological processes that drive MPSIIIA.  

 

Figure 1. Fixed HEK293 
SGSH-null cell line 
transfected with WT and 
T118 SGSH stained with 
Anti-SGSH (red), Anti-
LAMP-1 (green) and DAPI. 
Scale bar 100 µM. 
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Lysosomal storage diseases (LSDs) are a group of inherited genetic disorders that result from 
deficiencies in lysosomal enzymes or transport proteins, leading to the accumulation of 
undegraded macromolecules within the lysosome. The ability of β-cyclodextrin (β-CD) to form 
inclusion complexes with cholesterol, or with lipids such as lipofuscin bisretinoids, makes it a 
useful chaperone for either reducing cholesterol accumulation in disorders such as Niemann-
Pick type-C (NPC), or for the treatment of Stargardt disease [1].  
Previously, our group has developed a method for lysosomal targeting by covalently attaching 
a biantennary N-glycan hexasaccharide containing two mannose-6-phosphate (M6P) residues 
to β-CD (figure a) [2]. In this second-generation approach reported here, we detail the 
synthesis of several other M6P-containing oligosaccharide and their attachment to β-
cyclodextrin. Lysosomal targeting of β-CD may in the future provide the basis for the 
development of new therapies to treat Niemann-Pick C and other metabolic disorders, such 
as Stargardt disease. 
 
 
 

 

 

                                                                    

                                                                        

        
 

 
 Figure 1. [2] 
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Metabolic Glycoengineering (MGE) is a powerful tool to manipulate the glycan metabolism in 
living prokaryotic or eukaryotic systems.1,2 In this study, we explore the D-mannose 
metabolism using clickable D-mannose analogues. We show that 6-azido-D-mannose and 7-
azido-heptose can selectively be incorporated in the cell wall of Brucella abortus but not in 
Escherichia coli or Sinorhizobium meliloti. Using a series of mutants, we demonstrate that the 
clickable monosaccharides are exclusively incorporated into the lateral branch of the core LPS 
glycan, but not in the O-chain or any other cell wall component. (Figure 1) The metabolic route 
followed by the mannose analogues was also evidenced using bacterial mutants and involves, 
as a first step, the anomeric phosphorylation of the azido-sugars by phosphomannomutase 
ManB. The XRD 3D-structure of ManB was obtained and docking of clickable azido-sugars in 
ManB allowed the rationalization of their phosphorylation. GDP-N3-sugars are then generated 
and selectively used by mannosyltransferase WadC to transfer N3-sugars on the LPS inner 
core. 
Site-specific incorporation of mannose in the lateral chain of the LPS core opens new 
perspectives such as the identification of macromolecules binding this important structure for 
the host-pathogen interactions, highlighting a strategy that could be applied to many other 
bacterial pathogens. 
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Fucosylated glycans are involved in immune cell homeostasis1, selectin-dependent leukocyte 
adhesion, and intercellular communication3. However, structural analysis of fucosylated 
glycans by mass spectrometry (MS) often shows non-native peaks that originate from a fucose 
migration along the glycan sequence which can lead to incorrect structure assignment of a 
glycan4. In this study, we used computational techniques to investigate the fucose 
rearrangement mechanisms that occurs during MS analysis of blood group antigens. 
Energetics, vibrational frequencies, and collision cross section (CCS) values of blood group 
antigens and all their possible isomers were calculated by using density functional theory 
(DFT) and the results were compared with the available experimental cryogenic IR 
spectroscopy and CCS data. Computationally predicted IR spectra and CCS values of Lewis 
x and BG-H2 antigens were inconsistent with the experimental measurements. Instead, the 
theory predicts that the isomer which has fucose linked to the galactose via an α1-6 glycosidic 
bond provides the best match with the experiment5. Similar analysis was then performed on 
the protonated ions of Lewis a and BG-H1 antigens resulted in the assignment of the 
experimental spectra to the structures of the respective parent ions.6 By comparing these two 
pairs of antigens, we determine that the internal rearrangement reaction is triggered by the 
proximity of the protonated amide group to the glycosidic bond and the mobility of the proton: 
the Lewis a and BG-H1 structures lacks the mobile proton to initiate the migration, whereas a 
loosely bound proton in Lewis x and BG-H2 was able to protonate the fucose glycosidic bond. 
These findings show that the migration of fucose moiety is a sequence-dependent 
phenomenon and most likely occurs following in-source activation of intact ions during the 
nanoESI process. 
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Streptococcus pneumoniae is a bacterial pathogen and a frequent cause of disease in 
humans. The bacterial capsular polysaccharide (CPS) is a key virulence factor and the primary 
target of pneumococcal conjugate vaccines (PCVs). Although PCVs have greatly reduced the 
disease burden, the prevalence of non-vaccine serotypes, such as 23A and 23B, has 
increased, necessitating the development of higher valency vaccines. For serogroup 23, 
preliminary studies have indicated a lack of cross protection between vaccine serotype 23F 
and structurally similar 23A and 23B, the causes of which remain unclear. 
Here we employ molecular modeling to investigate and compare the conformation and 
exposed epitopes of pneumococcal serotypes 23A, 23B and 23F, and hence provide insight 
into cross-reaction within serogroup 23. We find that all three CPS adopt stable helical 
conformations, with 23A the most well-defined. While both the rhamnose and glycerol-
phosphate (Gro2P) side chains are exposed on the exterior of the helix, steric crowding limits 
their accessibility in 23A. Notably, the immunodominant rhamnose side chain is well defined 
and adopts an identical orientation in both 23F and 23A. In contrast, the Gro2P side chain 
adopts three distinct conformational epitopes (EP1–EP3). Serotype 23B favors EP1, 23F EP1 
and 2 and 23A EP2. Structural analysis of a 23F antibody-binding fragment suggests that 
recognition requires both the rhamnose side chain in the orientation presented and the EP1 
Gro2P conformation. These findings provide a potential explanation for the lack of cross-
protection between 23F and non-vaccine serotypes 23A/23B. Justifying their inclusion in next 
generation vaccines. 
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N-glycosylation is a conserved post-translational modification found across all domains of life, 
i.e., Eukarya, Bacteria, and Archaea. Halobacterium salinarum, a halophilic archaeon and the 
first non-eukaryotic organism shown to perform N-glycosylation, decorates its glycoproteins 
with sulfated oligosaccharides assembled on dolichol phosphate or pyrophosphate carriers [1-
2]. While some components of these glycosylation pathways have been identified, the 
enzymes responsible for introducing certain sugars—such as L-iduronic acid (L-IdoA)—
remain unknown. 
L-IdoA, the C-5 epimer of D-glucuronic acid (D-GlcA), is a well-documented constituent of 
glycosaminoglycans (GAGs) in animals and appears in some bacterial polysaccharides. Hbt. 
salinarum offers the only known example of L-IdoA being incorporated into a N-linked glycan, 
specifically a tetrasaccharide. However, the pathway used for IdoA biosynthesis in this domain 
of life has not been established [3,4]. In this study, we produced a deletion strain lacking a 
putative D-glucuronyl C5-epimerase predicted to be responsible for the generation of L-IdoA 
at the third position of the tetrasaccharide. We subsequently determined the function of the 
gene product by assessing the N-glycan assembled in the mutant. Our findings represent the 
first identification of such an enzyme in Archaea and provide new insight into the complexity 
and evolutionary diversity of archaeal N-glycosylation systems. 
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Platinum-based compounds, including cisplatin, oxaliplatin, and carboplatin, play a crucial role 
in anticancer chemotherapy [1], however, their clinical utility is often constrained by poor 
selectivity for tumor cells and diminishing effectiveness with prolonged treatment [1,2]. This 
underscores the need for novel cytostatic agents. Half-sandwich complexes of platinum-group 
metal ions, such as Ru(II), Os(II), Ir(III), and Rh(III), have emerged a promising alternatives to 
platinum-based drugs. In this context, our research group has synthesized a library of half-
sandwich platinum-group metal complexes incorporating monosaccharide-derived 
heterocyclic N,N-bidentate ligands. Sevaral of them demonstrated superior antineoplastic 
activity against different cancer cell lines and also exhibited bacteriostatic effect on 
multiresistant Gram-positive bacteria [3,4]. A p-cymene containing Os(II) complex with O-
perbenzoylated 1-N-(β-D-glucopyranosyl)-4-(2-quinolyl)-1,2,3-triazole ligand was the most 
efficient complex in the series. 
The aim of the current study is to further modify the sugar derived ligand by changing the 
anomeric configuration from β to α. Accordingly, a series of the targeted half-sandwich type 
complexes containing 1-N-(α-D-glucopyranosyl)-4-hetaryl-1,2,3-triazoles as N,N-chelators 
(hetaryl = 2-pyridyl, 2-quinolyl) were synthesized in both O-peracylated and O-unprotected 
forms as a mixture of diastereomers. To assess the hydrophilic/lipophilic feature of these 
complexes, their distribution coefficient (logD) was determined. Moreover, the anti-cancer 
activity of the newly synthesized complexes was evaluated, these findings will be detailed in 
the poster presentation. 
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Glycan structures exhibit remarkable variability also in the non-mammalian systems, in 
particular, in insects, displaying a wide range of glycan diversity. Some insects serve as 
intermediate hosts for parasites or viruses, posing public health challenges, while others are 
significant due to their roles in allergies or as agricultural pests [1, 2]. Despite their relevance, 
the roles of insect glycans in disease transmission and pest control remain largely unexplored. 
Mosquitoes are key vectors for various human and animal pathogens in tropical regions, 
including the malaria parasite Plasmodium and flaviviruses such as Dengue; additionally, 
tsetse flies (Glossina morsitans) transmit African trypanosomes, which cause sleeping 
sickness in humans [3]. Climate change is expanding the geographical range of these insect-
borne diseases, whose transmission often relies on glycan-mediated interactions. Insects 
exhibit a diverse array of modifications on non-vertebrate N-glycans, including the presence 
of multiantennary structures and highly modified cores featuring zwitterionic modifications 
such as phosphoethanolamine (PE) and phosphorylcholine (PC) on their N-glycans [4, 5]. 
Sulphate groups have also been detected on the mannose residues of N-glycan cores in 
Drosophila, mosquitoes, and lepidopteran species.  
 

 
 

Since PC-, PE-, and sulphate-modified insect glycan fragments are not available in sufficient 
homogeneity or quantity, and the corresponding enzymes are lacking, chemical synthesis 
represents a state-of-the-art approach for creating a library of molecularly defined PE/PC-
modified glycan epitopes. We have chemically synthesized PC-, PE-, and sulphate-modified 
trisaccharide motifs equipped with amino group-terminated linkers as probes for glycan array 
studies and investigated their binding to antibodies, pentraxins, and other proteins of the 
mammalian immune system.  
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Klebsiella pneumoniae is a Gram-negative opportunistic pathogen and is considered by 
several international health organizations to be one of the most critical bacterial species. 
Indeed, infections caused by multidrug-resistant K. pneumoniae (MDR-Kp) represent a major 
clinical challenge due to their massive spread in hospitals and the lack of effective drugs. The 
bacterial capsule (CPS) is an important virulence factor as it protects the cells from the host's 
immune defences and from available antibiotics, making it an interesting target for the 
development of alternative antimicrobial strategies. In recent years, bacteriophage-derived 
enzymes have emerged as promising alternatives to conventional antimicrobial molecules. 
The aim of this study is to characterize the activity of bacteriophage-derived endoglycosidases 
(EG) specific for the CPS of K. pneumoniae strain KpB-1, whose structure was determined in 
our laboratory (Fig. 1) [1]. To test phage-associated EG activity, phage particles [2] were 
incubated with pure CPS; characterization of the products by NMR spectroscopy and ESI-MS 
led to the recognition of the EG cleavage site in the α-L-Rhap-(1→3)-β-D-Galp linkage. 
Subsequently, a recombinant version of phage EG was obtained and its activity against pure 
CPS and bacterial cells was evaluated. The hydrolytic activity of the enzyme was monitored 
using a colorimetric assay specific for the reducing ends. Microbiological methods and flow 
cytometry analysis confirmed that the enzyme alone has no effect on cell viability, but it 
effectively cleaves CPS and enhances the antibacterial effect of colistin. In addition, the 
possibility of using EG to functionalize drug carriers to target specific bacteria, e.g. Kp-MDR, 
is being investigated. 
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Figure 1. KpB-1 CPS repeating unit and EG cleavage site 
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Zoonotic viruses can rapidly emerge from animals and transmit to humans, causing 
pandemics that lead to millions of deaths and a massive economic burden for humanity. Some 
widely recognized respiratory viruses such as the Spanish flu, Swine flu, MERS-CoV, and 
SARS-CoV-2, have resulted in significant human casualties due to the lack of effective drugs 
and vaccines.[1] Those pandemic influenza and corona viruses exploit animal and human 
sialic acid receptors for transmission and infection.  
Sialic acids are a family of monosaccharides composed of a nine-carbon backbone. They are 
typically located at the terminal end of carbohydrate chains, attached to several glycoproteins 
and glycolipids on the cell membrane and thus serve as primary receptors by many viruses 
for establishing infection.[2] These receptors therefore constitute an important target for drug 
research against these viruses.[3]  
Our research aims to develop molecules that perfectly lock the virus sialic acid binding proteins 
and thereby block viral infection. To this end, we systematically varied the sialic acid motif 
through chemical synthesis, ensuring ongoing enrichment of a sialomimetic library. These 
synthetic sialomimetics were immobilized onto glass slides in an array format.[4] These arrays 
were subsequently exposed to recombinant sialic acid binding lectins (SNA, CD-22 and CD-
33) for array validation. Then Influenza A viruses H1N1 and H3N2 were tested to evaluate 
receptor-specific binding. Additional viruses will be examined as more compounds become 
available. The information obtained will guide the development of antiviral drugs employing 
multivalency to enhance viral scavenging efficiency. Within the context of pandemic 
preparedness, this pipeline prepares for potential future outbreaks of unknown sialic acid-
binding viruses. 
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