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Boron-Wittig Reaction in Carbohydrate Chemistry 

Jakub Zýka1, Kamil Parkan1 

1UCT Prague, Prague 6, Czech Republic 

Currently, there is a growing interest in studying carbohydrates and their interactions in organisms, because their 
recognition could answer many questions about intercellular communication[1,2], which takes part in a wide variety 
of processes[3,4] such as infection, inflammation, metastasis or immune responses. Understanding and simulating 
molecular mechanisms of these cellular processes could help to diagnose and treat serious diseases. 
 
O-glycosidic bond of natural oligosaccharides is not suitable for further research and therapeutic use because of its 
hydrolytic lability. There is therefore an effort to develop and optimize the synthesis of glycosides and 
oligosaccharides with a stable C-glycosidic bond, which offers better hydrolytic stability, through which they can be 
used in the research of cellular processes. 
 
Our new universal synthesis of carbohydrate precursors for the preparation of stable C-glycosides or C-
oligosaccharides is based on the boron-Wittig reaction[5] of bis[(pinacolato)boryl]methane with appropriately 
protected carbohydrate aldehydes or ketones 1. The potential of these pinacol-boronates 3 was verified by further 
transformation to one carbon-extended aldehydes or iodides. Another great potential of these compounds is their 
use for the sp²-sp² Suzuki-Miyaura reaction[6]. 
 
[1] Lam, S. K.; Ng, T. B. Appl. Microbiol. Biotechnol. 2011, 89, 45–55. 
[2] Ghazarian, H.; Idoni, B. Acta Histochem. 2011, 113 (3), 236–247. 
[3] Liu, B.; Bian, H.; Bao, J. Cancer Lett. 2010, 287 (1), 1–12. 
[4] Kilpatrick, D. C. Biochem. Biophys. Acta 2002, 1572, 187–197. 
[5] Matteson, D. S.; Moody, R. J.; Jesthi, P. K., J. Am. Chem. Soc. 1975, 97, 5608-5609. 
[6] Miyaura, N.; Yamada, K.; Suzuki, A., Tetrahedron Lett. 1979, 20, 3437-3440. 
 

 
General scheme of Boron-Wittig reaction
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GMMA as Novel Carrier for Polysaccharides Toward the 
Development of Effective Multivalent Vaccines 

Renzo Alfini1, Francesca Necchi1, Roberta Di Benedetto1, Fabiola Schiavo1, Martina Carducci1, Francesca Mancini1, 
Cristiana Balocchi2, Brunella Brunelli2, Diego Piccioli2, Paolo Costantino2,3, Roberto Adamo2, Allan Saul1, Francesca 
Micoli1 

1GVGH - GSK Vaccines Institute for Global Health, Siena, Italy, 2GSK , Siena, Italy, 3PC is retired and was employee of 
GSK group of companies when this work was performed. 

Nanoparticle systems are being explored for the display of carbohydrate antigens, characterized by presentation of 
saccharide epitopes in multiplicity and special chemico-physical properties of nano-sized particles. Among them, 
outer membrane vesicles (OMVs), combining antigen presentation to the immunopotentiator effect of the Toll-like 
receptors naturally present on these systems, are receiving great attention [1]. In this context, we are testing GMMA 
(Generalized Modules for Membrane Antigens) as carrier for polysaccharides [2]. GMMA are OMVs naturally released 
from Gram-negative bacteria mutated to increase blebbing, allowing high yields and reduced costs of production [3, 
4]. 
Here we have identified easy methods for covalent linkage of serogroup A and C meningococcal oligosaccharides 
(MenA and MenC) to surface protein or lipo-oligosaccharide sites of Neisseria meningitidis serogroup B GMMA. A 
panel of analytical tools has been put in place for full physico-chemical characterization of the purified GMMA 
conjugates, including determination of oligosaccharides number per GMMA particle.  
When tested in mice, GMMA conjugates resulted able to induce total polysaccharide specific IgG titers not inferior to 
corresponding more traditional CRM197 conjugates, and with stronger functionality. Differently from CRM197 
conjugates, GMMA induced strong response after only one dose, even in the absence of adjuvant. Also, six months 
after primary immunization antibodies induced by GMMA-conjugates showed stronger bactericidal activity compared 
to CRM197 conjugates. Number of saccharide chains per GMMA particle can be modulated and this can be important 
to preserve immune response induced by GMMA itself. No impact of sugar length on the immune response has been 
verified for meningococcal A oligosaccharides, while linkage to proteins is preferable to linkage at lipo-
oligosaccharide sites resulting in higher anti-polysaccharide specific IgG titers. 
When MenA and MenC oligosaccharides were linked to the same GMMA particle no immune interference for the anti-
polysaccharide response was found. These features have not been found with other nanoparticle systems. Work is 
ongoing to extend these findings to polysaccharides and GMMA from different sources, supporting the development 
of low cost and effective multivalent vaccines through this novel technology. 
 
[1] Micoli, F.; Adamo, R.; Costantino, P. Molecules 2018, 23(6), 1451.  
[2] Micoli, F.; et al. Proc. Natl. Acad. Sci. U S A 2018, 115(41), 10428. 
[3] Gerke, C.; et al. PLoS One 2015, 10(8): e0134478. 
[4] Kis, Z.; et al. Biotechnol. J. 2019, 14, 1800376. 
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Glycosaminoglycans Sulfation Pattern Governs Interactions with 
Heavy Metal Ions  

Israel Alshanski1, Joanna Blaszkiewicz2, Evgeniy Mervinetsky1, Jörg Rademann2, Shlomo Yitzchaik1, Mattan Hurevich1 

1Institute of Chemistry and Center for Nanoscience and Nanotechnology, The Hebrew University of Jerusalem, Safra 
Campus, Givat Ram, Jerusalem, 91904. (Israel), Jerusalem, Israel, 2Freie Universität Berlin, Medicinal Chemistry 
Königin-Luise-Strasse 2 + 4, Berlin, 14195 (Germany) , Berlin, Germany 

Sulfated saccharides are extracellular components. They interact with many partners in their environment including 
metal ions. The specific sulfation pattern of a saccharide may play a crucial role in its affinity toward metal ions. 
Studying the influence of sulfation patterns on metal ion binding stems from: 1) low accessibility to the saccharides 
and 2) shortage in suitable analytical methods to sense these low concentration interactions. We used 
electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) to elucidate the selective binding of 
differently sulfated oligohyaluronans to the heavy metal ions cadmium, lead and mercury. Our results indicate that 
sulfation pattern controls the preferences of the saccharides toward the different ions. This proved that sulfated 
saccharides nanolayers may provide selective metal ions sensing and might be used for both environmental and 
medical related applications. Our work shows the potential of using electrochemical tools to study the interactions of 
saccharides with very low concentrations of ions. The tools we developed can be used to study these very common 
interactions that are very hard to sense otherwise.  
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A Novel and Rapid Strategy for Labelling N-Glycans and 
Glycopeptides for Qualitative Analysis Using Uhplc-Esi-Ms 

Manuela Amez Martín1,2, Concepcion Badia Tortosa1, Jenifer Hendel1, Richard Gardner1, Helene Ledru3, Carmen Galan3, 
Manfred Wuhrer2, Daniel Spencer1 

1Ludger Ltd, Abingdon, United Kingdom, 2Leiden University Medical Centre, Centre for Proteomics and Metabolomics, 
Leiden, The Netherlands, 3School of Chemistry, University of Bristol, Cantock’s Close, Bristol BS8 1TS, Bristol, United 
Kingdom 

Glycosylation can have significant effects on the clinical safety and efficacy of biopharmaceuticals [1,2]. As a result, 
both innovator drugs’ and biosimilars’ glycan profiles need to be fully characterized during the product lifecycle, 
from development to commercialization including batch-to-batch consistency and release to the market [2]. 
Additionally, a vast amount of research has been performed on the identification of disease biomarkers based on the 
glycosylation of biological samples [3,4,5]. Due to the high demand and institutional pressure for biopharmaceutical 
characterization [6] and the huge number of samples that a clinical setting is exposed to [7], there is a need for the 
development of a rapid, sensitive and selective method for glycan and glycopeptide analysis. Glycosylation analysis 
both at the N-glycan and glycopeptide level provide complementary information. N-glycan analysis gives specific 
information about the glycan structure and linkages by exoglycosidases analysis while glycopeptide analysis is a 
more favourable approach for the characterization of site-specific glycan compositions. 
A new label for both N-glycan and glycopeptide analysis has been investigated. This label has an imidazolium group 
with a permanent positive charge that has been used as MS probe showing greater spectral peak intensities and 
lower limits of detection [8]. This new label synthesis is achieved in two steps. Glycoanalysis with this tag is quick 
and easy: it just requires 4 steps and no dry down steps are involved in the process, allowing it to be completed in 
as little as 2 hours. Final sample separation and identification is performed by tandem HILIC-UHPLC and ESI-MS.  
This poster will focus on the details of this new chemical derivatisation label. We will show that reliable data for both 
N-glycan and glycopeptide identification is generated using this rapid procedure with a small amount of glycoprotein 
(less than 10 μg for proteins with only one glycosylation site). The results obtained as a proof-of-concept for the 
analysis of antibodies and fetuin will be presented. As further optimization is required, the plans for future work will 
also be discussed. 
 
[1]  Kawasaki, N.; Itoh, S.; Hashii, N.; Takakura, D.; Qin, Y.; Huang, X.; Yamaguchi, T. The Significance of 
Glycosylation Analysis in Development of Biopharmaceuticals. Biol. Pharm. Bull. 2009, 32 (5), 796–800. 
https://doi.org/10.1248/bpb.32.765. 
[2]  Zhang, P.; Woen, S.; Wang, T.; Liau, B.; Zhao, S.; Chen, C.; Yang, Y.; Song, Z.; Wormald, M. R.; Yu, C.; et al. 
Challenges of Glycosylation Analysis and Control: An Integrated Approach to Producing Optimal and Consistent 
Therapeutic Drugs. Drug Discov. Today 2016, 21 (5), 740–765. https://doi.org/10.1016/j.drudis.2016.01.006. 
[3]  Kailemia, M. J.; Park, D.; Lebrilla, C. B. Glycans and Glycoproteins as Specific Biomarkers for Cancer. 
Analytical and Bioanalytical Chemistry. 2017, pp 395–410. https://doi.org/10.1007/s00216-016-9880-6. 
[4]  Costa, J.; Streich, L.; Pinto, S.; Pronto-Laborinho, A.; Nimtz, M.; Conradt, H. S.; de Carvalho, M. Exploring 
Cerebrospinal Fluid IgG N-Glycosylation as Potential Biomarker for Amyotrophic Lateral Sclerosis. Mol. Neurobiol. 
2019. https://doi.org/10.1007/s12035-019-1482-9. 
[5]  Pavić, T.; Dilber, D.; Kifer, D.; Selak, N.; Keser, T.; Ljubičić, Đ.; Dugac, A. V.; Lauc, G.; Rumora, L.; Gornik, O. N-
Glycosylation Patterns of Plasma Proteins and Immunoglobulin G in Chronic Obstructive Pulmonary Disease. J Transl 
Med 2018, 16 (323). https://doi.org/10.1186/s12967-018-1695-0. 
[6]  Fournier, J. A Review of Glycan Analysis Requirements. BioPharm Int. 2015, 28 (10). 
[7]  Walsh, G. Biopharmaceutical Benchmarks 2018; 2018; Vol. 36. https://doi.org/10.1038/nbt.4305. 
[8]  Galan, M. C.; Tran, A. T.; Bernard, C. Ionic-Liquid-Based Catch and Release Mass Spectroscopy Tags for 
Enzyme Monitoring. Chem. Commun. 2010, 46 (47), 8968–8970. https://doi.org/10.1039/c0cc04224b.
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Synthesis and Immunomodulatory Activities of Glycolipids 
Containing Characteristic Lipid Moieties 

Yohei Arai1, Toshihiko Aiba1,2, Ryota Saito1, Natsumi Hirata1, Takanori Matsumaru1, Shinsuke Inuki1,3, Yukari Fujimoto1 

1Faculty of Science and Technology, Keio University, Yokohama-shi, Japan, 2Graduate School of Science, Osaka 
University, Toyonaka-shi, Japan, 3Graduate School of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Japan 

Various microbial cell membrane glyco-/lipid-conjugates are recognized by innate immune receptors such as TLRs, 
CLRs, and lipid antigen-presenting molecules, CD1, which lead to release of various cytokines and activate the 
immune system. For the recognition of the glyco/lipid-conjugates, the lipid moieties bind to hydrophobic binding 
pocket of the receptors, such as TLR2, TLR4 and CD1d. We focused on a few polar residues in the hydrophobic 
pocket of the lipid recognition receptors, expecting their stronger shielded hydrogen-bond in the hydrophobic 
pocket [1, 2]. We designed the ligands containing polar functional groups in the lipid chain, which was expected to 
interact with the hydrophilic regions of the binding pocket, in order to improve the immunomodulatory activities and 
selective activation of the lipid recognition receptors. Namely, several glyco-/lipid-conjugates such as α-GalCer, 
Pam2CSK4, and phosphatidylinositols, which contain polar functional groups in the lipid chain, were synthesized 
(Figure 1). The results of the binding assay, cytokine induction assay and MD simulation (with TLR2 or CD1d) using 
the ligands showed that the position of polar group in the acyl chain influenced the ligand activities, presumably 
because the polar functional group interacted with the hydrophilic regions of the binding pocket in TLR2 and CD1d. 
Moreover, the designed �-GalCer displayed higher binding affinities and cytokine production activities compared to 
the CD1d ligand containing an unmodified lipid chain. These results suggested that the polar functional groups may 
specifically interact with polar residues in the lipid binding pocket, and these residues may be a target for the 
regulation of ligand recognition and the biological activities[3,4,5].  
 
[1] Gao, J.; Bosco, D. A.; Powers, E. T.; Kelly, J. W. Nat. Publ. Gr. 2009, 16, 684-90. 
[2] Schmidtke, P.; Luque, F. J.; Murray, J. B.; Barril, X. J. Am. Chem. Soc. 2011, 133, 18903-10. 
[3] Inuki, S.; Aiba, T.; Hirata, N.; Ichihara, O.; Yoshidome, D.; Kita, S.; Maenaka, K.; Fukase, K.; Fujimoto, Y. ACS Chem. 
Biol. 2016, 11, 3132-9. 
[4]Inuki, S.; Kashiwabara, E.; Hirata, N.; Kishi, J.; Nabika, E.; Fujimoto, Y. Angew. Chem. Int. Ed. 2018, 57, 9655-9. 
[5] Arai, Y.; Inuki, S.; Fujimoto, Y. Bioorg. Med. Chem. Lett. 2018, 28, 1638-41. 

 
Structures of glyco-/lipid-conjugates containing characteristic lipid moieties
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Utilisation of Cyclodextrin Glycosyltransferases (Cgtases) in 
Synthesis of Alkyl Glycosides 

Kazi Zubaida Gulshan Ara1, Eva Nordberg Karlsson1, Patrick Adlercreutz1, Pontus Lundemo, Mohd Younis Rather2 

1Dept. of Chemistry, Division of Biotechnology Lund University, Lund, Sweden, 2Dept. of Pharmacology, Government 
medical College Srinagar, Kashmir, India 

Non-ionic surfactants such as alkyl glycosides have a wide range of applications which made them an interesting 
target for biotechnological industries. It has been shown that elongation of the hydrophilic group makes them milder 
to cells and tissues, which make elongation of the carbohydrate part of alkylglycosides of particular interest. The 
elongation process of an alkyl glycoside can be achieved very efficiently by using α-cyclodextrin as donor in 
coupling reactions catalyzed by CGTase [1]. Cyclodextrin glucanotransferases (CGTases) (EC 2.4.1.19) belongs to GH 
family 13 and are also capable of catalysing cyclization, hydrolysis and disproportionation by using substrates like 
starch. This opens up the possibility to synthesize a whole range of highly interesting surfactants with elongated 
carbohydrate groups.  
Recently we have characterized a novel CGTase (CspCGT13) from Carboxydocella, which was used to elongate 
dodecyl-β-maltoside (β-DDM) [2]. The enzyme displayed high coupling activity using γ-CD as donor and β-DDM as 
acceptor. CspCGT13 was also efficient in elongating β-DDM by using α-CD [3]. However, in both cases the 
disproportionation reaction was dominating over the coupling reaction which limits the usability of this enzyme for 
producing well-defined alkyl glycosides (table 1 & 2). On the other hand the high disproportionation reactivity of 
CspCGT13 makes it an interesting candidate for synthesizing alkyl polyglycosides (APGs). We have also used site-
directed mutagenesis approach to improve the coupling activity and the primary results shows improved 
coupling/disproportionation ratio. 
 
Acknowledgements: This project was supported by FORMAS (Grant 2015-769). 
 
References: 
1. Svensson, D.; Ulvenlund, S.; Adlercreutz, P. Enzymatic route to alkyl glycosides having oligomeric head groups. 
Green Chem. 2009b. 11:1222-1226.  
2. Ara, K Z G.; Lundemo, P.; Fridjonsson, O. H.; Hreggvidson, G. O.; Adlercreutz, P.; Karlsson, E N. A CGTase with high 
coupling activity using γ-cyclodextrin isolated from a novel strain clustering under the genus Carboxydocella. 
Glycobiology. 2015. 25, 5, p. 514-523. 
3. Rather, Y.; Ara, KZG.; Karlsson, E N.; Adlercreutz, P. Characterization of cyclodextrin glycosyltransferases (CGTases) 
and their application for synthesis of alkyl glycosides with oligomeric head group. Process Biochem. 2015. 50, 5, p. 
722-728. 
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Table 1: Coupling and disproportionation activities of CGTase from Carboxydocella. Dodecyl-β-maltoside was used as 
acceptor for coupling and disproportionation.  
And Table 2: Product profiles of different CGTases in coupling reaction using Dodecyl-β-maltoside as accceptor and 
α-CD as donor. The primary coupling product is Dodecyl-β-maltooctaoside (β-DDMO). 
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Molecular Recognition of Blood Group Antigens by Human 
Galectin-1 

Sara Bertuzzi1, Ana Gimeno1, Sandra Delgado1, Jesús Jiménez-Barbero1, Ana Ardá1 

1CIC Biogune, Derio, Bizkaia, Spain 

The recognition of glycans by lectins are key events in many biological processes. Human Galectin-1 is a β-
galactoside binding lectin that has been shown to be implicated in a wide range of biological phenomena, including 
immune response, immune disorders, inflammation, host-pathogen interactions [1], and cancer progression [2]. 
The glycan binding partners of hGal-1 share the LacNAc disaccharide motif, where modifications at the terminal Gal 
residue modulate binding affinities [3]. Opposite to hGal-3 [4], modifications resulting in the blood group ABH 
antigens (Galα1-3 and Fucα1-2) decrease the binding affinity.  
With the aim of understanding the molecular basis of this effect, in this work, we have studied the structural features 
of the complexes between the ABH blood group antigens and hGal-1, by combining Nuclear Magnetic Resonance 
(NMR) experiments, Isothermal Titration Calorimetry (ITC), and molecular modeling.  
 
[1] Camby, I; Le Mercier, M.; Lefranc, F.; Kisset, R. Glycobiology, 2006, 16, 137R-157R. 
[2] Ito, K.; Stannard, K.; Gabutero, E.; Clark A. M.; Neo, S.-Y.; Onturk, S.; Blanchard, H.; Ralph. S. J. Cancer Metastasis 
Rev, 2012, 31, 763–767. 
[3] Stowell, S. R.; Arthur, C. M.; Mehta, P.; Slanina, K. A.; Blixt, O.; Leffler, H.; Smith, D. F.; Cummings, R. D. J. Biol. 
Chem., 2008, 283, 10109-10123. 
[4] Gimeno, A.; Delgado, S.; Valverde, P.; Bertuzzi, S.; Berbís, M. A.; Echavarren, J.; Lacetera, A.; Martín-Santamaría, S.; 
Surolia, A.; Cañada, F. J.; Jiménez-Barbero, J.; Ardá, A. Angew Chem. Int. Ed. Engl., 2019, doi: 
10.1002/anie.201900723.
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Convergent Synthesis of Oligosaccharides Structurally Related to 
Galactans of Klebsiella Pneumoniae and Their Use in Screening of 
Antibody Specificity 

D.A. Argunov1, V.B. Krylov1, N.E. Nifantiev1 

1Laboratory of Glycoconjugate Chemistry, N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 
Leninsky prospect 47, 119991 Moscow, Russia 

Klebsiella pneumoniae is a Gram-negative pathogenic bacterium that emerges a challenge for modern medicine due 
to intensively rising multi-drug resistance. Polysaccharides linked to the core region of LPS O-chains represent 
promising targets for development vaccines for immunoprophylaxis or immunotherapy of K. pneumoniae-caused 
diseases. The O-antigens of the most prevalent O1 serotype are built up from galactan I, galactan II and galactan III. 
Herein we report the synthesis of biotinylated 2-,4- and 6-saccharides 1‑6 structurally related both to galactan I and 
galactan II (scheme 1). For the assembling of target oligosaccharides convergent strategy based on disaccharide 
donors 9 and 11 was used. The key step for preparation of galactofuranose-containing synthetic blocks was 
pyranoside-into-furanoside (PIF) rearrangement [1]. 
Biotinylated oligosaccharides 1-6 were immobilized on the surface of streptavidin coated plates to form glycoarray 
which was applied for screening of sera against K. pneumoniae. The obtained results demonstrate the applicability 
of such a glycoarray-based assay for typing Klebsiella strains belonging to most frequent O1 serogroup [2]. 
 
This work was supported by RSF grant 19-73-30017. 
 
[1] V.B. Krylov, D.A. Argunov, D.Z. Vinnitskiy, S.A. Verkhnyatskaya, A.G. Gerbst, N.E. Ustyuzhanina, A.S. Dmitrenok, J. 
Huebner, O. Holst, H.-C. Siebert, N.E. Nifantiev, Chem. Eur. J., 2014, 20, 16516-16522. 
[2] D.A. Argunov, A.S. Trostianetskaia, V.B. Krylov, E.A. Kurbatova, N.E. Nifantiev, Eur. J. Org. Chem., 2019, in press. 
 

 
 
Scheme 1. Key blocks and stages in the synthesis of galactan I and galactan II related oligosaccharides.
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Chemo-enzymatic Synthesis of Pseudaminic acid glycans 

Harriet Chidwick1, Emily Flack, Dr Martin Fascione  

1Department of Chemistry, University of York, United Kingdom 

Pseudaminic acid (Pse) is a rare sugar present on the cell surface of a number of bacteria and plays a role in 
pathogenesis and virulence related to motility [1] and biofilm formation [2]. Pseudaminic acid processing enzymes 
are therefore intriguing drug targets and a potential alternative to existing antimicrobial therapies. However 
characterization of such enzymes are limited due to challenges in the synthesis of Pse resulting in an absence of the 
desired Pse chemical probes.  
 
The low-cost, practical synthesis of CMP-Pse has been developed utilizing enzymes from the Campylobacter jejuni 
and Aeromonas cavaie Pse biosynthetic pathway and progressed to the chemo-enzymatic synthesis of Pse 
containing di- and trisaccharides using sialyltransferases. It has also enabled investigations into the characterization 
and activity profile of a putative retaining pseudaminyltransferase (Figure 1). 
 

 
 
Figure 1 Chemoenzymatic synthesis of Pse-containing saccharides; 1) PseB, PseC, PseH, PseG, PseI, Pyridoxal 5’-
phosphate, ˪-glutamic acid, N-acetyl cysteamine thioacetate and phosphoenolpyruvate, 2) PseF, MgCl2 and Cytidine 
triphosphate, 3) sialyltransferase or pseudaminyltransferase and an acceptor. 
 
[1]C. P. Ewing, E. Andreishcheva, P. Guerry, Journal of Bacteriology 2009, 191, 7086-7093. 
[2]G. Soong, A. Muir, M. I. Gomez, J. Waks, B. Reddy, P. Planet, P. K. Singh, Y. Kanetko, M. C. Wolfgang, Y.-S. Hsiao, L. 
Tong, A. Prince, The Journal of Clinical Investigation, 116, 2297-2305 
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Synthesis of Neisseria Meningitidis A Carba Analogues as 
Hydrolytically Stable Antigens for Antimeningococcal 
Glycoconjugate Vaccines 

Ludovic Auberger1, Jacopo Enotarpi1,2, Marta Tontini3, Maria Rosaria Romano3, Jeroen Codée2, Roberto Adamo3, Luigi 
Lay1 

1University of Milan, Department of Chemistry, Milan, Italy, 2University of Leiden, Leiden Institute of Chemistry, 
Leiden, The Netherlands, 3R&D Centre, GlaxoSmithKline GSK, Siena, Italy 

The Gram-negative encapsulated bacterium Neisseria meningitidis type A (MenA) is a major cause of meningitis in 
developing countries, especially in the sub-Saharan region of Africa [1]. The development and manufacture of an 
efficient glycoconjugate vaccine against MenA is largely hampered by the poor stability in water of the natural 
capsular polysaccharide (CPS)[2], composed of (1→6)-linked 2-acetamido-2-deoxy-α-D-mannopyranosyl phosphate 
repeating units, with acetyl substituents. As a consequence, most of MenA glycoconjugates currently available have 
been licensed as lyophilisates. The availability of MenA polysaccharide mimics resistant to hydrolysis, however, is 
highly attractive for the development of a more stable glycoconjugate vaccine in liquid formulation. To this end, we 
envisaged that the replacement of the endocyclic ring oxygen with a methylene group to get a carbocyclic analogue 
will lead to the loss of the acetalic character of the phosphodiester and consequently to the enhancement of its 
chemical stability [3], [4].  
 
We describe herein our synthetic approach to non-acetylated phosphodiester-linked carba oligomers of MenA CPS 
containing up to 7 repeating units. The increased stability of the synthetic carba oligomers was first confirmed by an 
accelerated stability study, then selected fragments were conjugated to CRM197 (a diphtheria toxin mutant) as a 
protein carrier. The immunological profile of the resulting neo-glycoconjugates was carefully investigated, with the 
purpose to highlight the effect of the carbohydrate chain length on the immunoactivity [5]. 
 
[1] Tan L. K. K.; Carlone G. M.; Borrow R. Advances in the development of vaccines against Neisseria meningitidis. N. 
Engl. J. Med. 2010, 362, 1511-1520. 
[2] Frasch, C. E. Production and control of Neisseria meningitidis vaccines. Adv. Biotechnol. Processes 1990, 13, 
123−145. 
[3] Gao, Q.; Zaccaria, C.; Tontini, M.; Poletti, L.; Costantino, P.; Lay, L. Synthesis and preliminary biological evaluation 
of carba analogues from Neisseria meningitidis A capsular polysaccharide. Org. Biomol. Chem. 2012, 10, 6673-6681. 
[4] Gao Q.; Tontini M.; Brogioni G.; Nilo A.; Filippini S.; Harfouche C.; Polito L.; Romano M. R.; Costantino P.; Berti F.; 
Adamo R.; Lay L. ACS Chem. Biol. 2013, 8, 2561. 
[5] This project has received funding from the H2020-MSCA-ITN-2015 “Glycovax” under grant agreement No 675671. 
 
 

 
 
Figure 1. Structures of MenA CPS repeating unit and target carba-oligomers.
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Determination of Sugars by Anion Exchange Chromatography 
Using a Dual Eluent Generator 

Sean Austin1 

1Nestle Research, Lausanne, Switzerland 

High performance anion exchange chromatography with pulsed amperometric detection (HPAEC-PAD) is a powerful 
tool for the analysis of mono- and oligosaccharides. Over other chromatographic techniques it has the advantage of 
high sensitivity and excellent resolving power without the need for derivatisation of the analytes. Perhaps one of the 
most time-consuming tasks of setting up the system is preparation of the mobile phase, since it requires extensive 
degassing of the eluents to eliminate carbonate, which binds strongly to the stationary phase, and thus causes 
problems for retention time stability. Several years ago, the eluent generator was introduced for production of KOH, 
however since carbohydrates often need an additional gradient of sodium acetate for elution, the KOH generator was 
not widely implemented in labs performing carbohydrate analysis. Last year a dual eluent generator (Dual EG) was 
introduced, able to generate gradients of both KOH and potassium methane sulfonate (KMSA). Such a system is 
suitable for the analysis of a wide range of carbohydrates. The system is designed to work with 1mm diameter 
columns, running with a typical flow rate of 0.05 mL/min, the system can generate a maximum concentration of 200 
mM KOH or 200 mM KMSA, or a mix of the two with a combined maximum concentration of 200 mM.  
 
One of the most common analyses required in the food industry is the analysis of sugars (glucose, galactose, 
fructose, sucrose, lactose and maltose). The separation and quantitative determination of these six sugars is easily 
performed on a CarboPac PA20 (7µm, 3 x 150 mm) using a gradient of sodium acetate and NaOH. Here we 
demonstrate that the same analysis can be performed on a prototype CarboPac PA20 (4µm, 1 x 150 mm) using a 
gradient of KMSA and KOH. We also observed that while it is necessary to use post-column addition of NaOH when 
running the analysis on a standard system, it was not necessary on the system using the 1 mm column.  The system 
was also applied for the analysis of fructans in infant formula according to AOAC 2016.14, and results were 
comparable to the standard method. 
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Tumor Associated Carbohydrate Antigens (TACAs) are valuable targets for the development of anti-cancer 
therapeutics.[1] Thus, epitope mapping has become crucial in both vaccine and monoclonal antibody (mAb)-based 
immunotherapy development. We are using a combination of synthetic carbohydrate chemistry, molecular modeling, 
and binding experiments to elucidate the epitopes displayed by the TACA dimeric Lewis X (Chart 1).[2] We have 
reported that, while the two LeX trisaccharides were rather rigid, the β-GlcNAc-(1,3)-Gal linkage that connects the 
two Lewis X (LeX) trisaccharides (Chart 1, in red) was highly flexible.[3] Indeed, it appears that the hexasaccharide 
antigen could adopt two distinct conformations in solution and thus, display two distinct families of epitopes.  
Our recent work has focused on the characterization of the epitopes recognized by two mAbs: 1. MAb IG5F6 was 
raised by E. Altman against H. pylori O:3 cells and selected using the H. pylori LPS known to express LeX and LeY 
antigens.[4]; 2. MAb SH2 was raised by S.-I. Hakomori against dimLeX-ceramide coated on S. Minnesota and shown 
to bind preferentially polymeric LeX structures.[5]  
Titrations using our glycoconjugates LeX-BSA and dimLeX-BSA suggested, as reported previously,[4-5] that both 
mAbs had greater affinity for dimLeX than for LeX. Competitive inhibition ELISA studies were performed using the 
dimLeX-BSA conjugate as immobilized antigen and a panel of tri- to hexa- saccharides (including dimLeXOPr) as 
soluble inhibitors. Much to our surprised, the trisaccharide LeX-OMe was the strongest competitor amongst the 
panel of oligosaccharides (Figure 1A). In contrast, inhibitions studies performed using LeX-BSA and dimLeX-BSA as 
soluble inhibitors showed that when presented on BSA, the dimeric Lewis X hexasaccharide was a stronger 
competitor than the Lewis X trisaccharide (Figure 1B). These results suggest that epitope presentation is driven by 
the presence of the carrier protein. We propose that the carrier protein favors one of the two possible conformations 
of dimLeX that displays the epitopes recognized by mAbs IG5F6 and SH2.   
 
1. Hakomori, S., Cancer Res. 1985, 45 (6), 2405–2414. 
2. (a) Wang, J.-W.; Asnani, A.; Auzanneau, F.-I., Bioorg. Med. Chem. 2010, 18, 7174�7185; (b) Hendel, J. L.; 
Auzanneau, F.-I., Eur. J. Org. Chem. 2011, (34), 6864‒6876. 
3. Jackson, T. A.; Robertson, V.; Auzanneau, F. I., J. Med. Chem. 2014, 57 (3), 817–827. 
4. Altman, E.; Harrison, B. A.; Hirama, T.; Chandan, V.; To, R.; MacKenzie, R., Biochemistry and Cell Biology 
2005, 83 (5), 589–596. 
5. Singhal, A. K.; Ørntoft, T. F.; Nudelman, E.; Nance, S.; Schibig, L.; Stroud, M. R.; Clausen, H.; Hakomori, S., 
Cancer Res. 1990, 50 (5), 1375–1380. 
 

 
Chart 1: Structure of the Dimeric Lewis X TACA  
Figure 1: Representative Competitive inhibition experiments
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The modern trends in drug discovery suggest seeking new therapeutic molecules in traditional medicinal herbs. Aryl 
glycosides, including vanilloloside 8 (Figure 1), its analogues and derivatives, are common constituents of such 
plants and have various activity against tumors [1], bacterial [2] and parasitic infections, as well as other useful 
effects [3]. Their synthesis is preferable over extraction due to many factors such as lability of those molecules 
during extractions, contamination with other similar compounds and low yields. The developed total synthesis of 
some aryl glycosides of vanillyl alcohol is presented hereby. 
 
We proposed to synthesize all desired compounds starting from vanillin 1 (Figure 1) and glucose 6. Thus, 
vanilloloside 8 was synthesized from them in several steps, including ABG synthesis, glycosylation followed by 
reduction to alcohol 7 and deacetylation. Calleryanin 7a was synthesized analogically from protocatechuic aldehyde 
2 prepared from vanillin 1 which was also a starting material for acylation agents 3a and 4 used in the synthesis of 9 
and 9a, respectively. To obtain 9b glycoside 7 was treated with commercial benzoyl chloride 5. To conclude, this 
work presents the first total chemical synthesis of aryl glycosides 8-8a and esters 9-9b. 
 
The work was funded by RFBR according to the research project № 18-33-00365. 
 
[1] Rayavarapu S, Yarla NS, Kadiri SK, Bishayee A, Vidavalur S, Tadikonda R, et al. Synthesis of Saccharumoside-B 
analogue with potential of antiproliferative and pro-apoptotic activities. Scientific Reports. 2017;7(1):8309. 
[2] Sarıkahya NB, Pekmez M, Arda N, Kayce P, Yavaşoğlu NK, Kırmızıgül S. Isolation and characterization of 
biologically active glycosides from endemic Cephalaria species in Anatolia. Phytochem. Lett. 2011;4(4):415-420 
[3] Abdel-Mageed WM, Backheet EY, Khalifa AA, Ibraheim ZZ, Ross SA. Antiparasitic antioxidant phenylpropanoids 
and iridoid glycosides from Tecoma mollis. Fitoterapia. 2012;83(3):500-507 
 

 
Figure 1. Synthesis of desired glycosides: (i) — AlCl₃, Py, DCM, Δ, 24 h; (ii) — 1. Py, Pip, malonic acid, 80℃, 4 h, 2. 

Py, Ac₂O; (iii) — 1. KOH/NaOH/H₂O, 160℃, 2. Py, Ac₂O; (iv) — SOCl₂, 2 h; (v) — 1. Ac₂O, HClO₄, 30–40℃, 2 h, 2. PBr₃, 

0–10℃, 3. H₂O, dark, 2 h; (vi) — 1-2, KOH, acetone, 1 h, 2. NaBH₄, H₂O/CHCl₃, CTMAB, 4–5 h; (vii) — MeONa, MeOH, 1 
h; (viii) — 3a or 5, Py, DCM, 24 h; (ix) — 4, DCC, DMAP, DCM; (x) — HCl/EtOH/CHCl₃ (1:3:1 vol.), 24–48 h.
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Nonsense mutations, generating premature termination codons (PTCs), account for 10% to 30% of the mutations in 
tumor suppressor genes. Nonsense translational suppression, induced by small molecules including gentamicin and 
G418, has been suggested as a potential therapy to counteract the deleterious effects of nonsense mutations in 
several genetic diseases and cancers. The NB compounds tested here, NB74, NB84, NB122, NB124 and NB127 
(Figure 1), all contain structural components derived from paromomycin and G418, but were designed to suppress 
PTCs more efficiently and with lower toxicity than conventional aminoglycosides. It was found that NB124, a 
synthetic aminoglycoside derivative recently developed especially for PTC suppression, strongly induces apoptosis 
in human tumor cells by promoting high level of PTC readthrough. Using a reporter system, we showed that NB124 
suppressed several of the PTCs encountered in tumor suppressor genes, such as the p53 and APC genes. We also 
showed that NB124 counteracted p53 mRNA degradation by nonsense mediated decay. Both PTC suppression and 
mRNA stabilization contributed to the production of a full-length p53 protein capable of activating p53-dependent 
genes, thereby specifically promoting high levels of apoptosis. This new-generation aminoglycoside thus 
outperforms the only clinically available readthrough inducer (gentamicin). These results have important implications 
for the development of personalized treatments of PTC-dependent diseases and for the development of new drugs 
modifying translation fidelity.  

 
Figure 1. Synthtic aminoglycosides efficiently supperss nonsense in tumor suppressor genes
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Biofilms are a common life-styles for microbial cells embedded in a self-produced matrix composed of biopolymers 
and small molecules [1]. Composition and morphology of biofilms influence microorganisms life. Among 
macromolecules, polysaccharides are considered the main contributors to the biofilm architecture [2]. 
Understanding the nature of the molecular interactions inside the biofilm is essential to understand their biology and 
towards the definition of novel anti-biofilm strategies. Cystic fibrosis constitutes an example of the presence of 
biofilm, where pathogens like those of the Burkholderia cepacia complex are involved. Among them, the C1576 strain 
of Burkholderia multivorans is interesting for the type of exopolysaccharide (named EpolC1576) found in biofilm. This 
polysaccharide, constituted by mannose and rhamnose, is characterized by the presence of a methoxy group 
substituting the C3 hydroxyl group of 50% of rhamnose units. 
A previous investigation of EpolC1576 by fluorescence spectroscopy and molecular modelling established the non-
polar characteristic of this polysaccharide and its ability to interact with hydrophobic molecules [3]. To confirm the 
hydrophobic nature of EpolC1576 interactions, and establish its three-dimensional conformation, investigations by 
means of Surface Plasmon Resonance (SPR) and Atomic Force Microscopy (AFM) were carried out. 
SPR indicated that EpolC1576 was able to interact with alkyl chains on a functionalized chip in a concentration 
dependent manner. It showed a higher binding affinity for alkyl chains with respect to dextran, used as a negative 
control. The formation of a stable complex between the polysaccharide and the alkyl chains was also detected, since 
its dissociation was not completely reversible. 
The three-dimensional structure of EpolC1576 was investigated by means of AFM after spray-drying on mica 
surfaces from aqueous solutions. Single chains were characterized by a spherical compact morphology and the 
tendency of the polymer to self-aggregate was evidenced by the presence of aggregates upon increasing 
concentration. These findings are very different from previous AFM investigations on other polysaccharides, 
including Cepacian also produced by species of the B. cepacia complex, which showed an elongated chain 
morphology [4]. To further characterize the EpolC1576 conformation, AFM experiments were carried out dissolving 
the polymer in mixed aqueous solvents composed of methanol and tetrahydrofuran. AFM images in these lower 
polarity solvents indicated a partial disruption of the aqueous conformation. This was especially evident in 
tetrahydrofuran where the measured height of the EpolC1576 was 0.5 nm compatible with a saccharidic chain lying 
on the mica surface. 
In conclusion, the hydrophobic nature of intermolecular interactions, confirmed by SPR, and the aqueous 
conformation of EpolC1576 evidenced by AFM, suggest a novel structural role for EpolC1576 in the stabilization of 
the biofilm matrix through the formation of polysaccharides aggregates exhibiting a compact conformation. The non-
polar nature of intermolecular interactions may explain the stability of the biofilm matrix in an aqueous environment. 
In addition, this kind of interactions may also play a role in the biochemistry of the matrix, as for example in the 
vehiculation of non-polar signalling molecules and adhesion of microbial cells to the biofilm matrix. 
 
1. Flemming, H.-C.; Wingender, J. The biofilm matrix. Nat. Rev. Microbiol. 2010, 8, 623–633. 
2. Limoli, D. H.; Jones, C. J.; Wozniak, D. J. Bacterial extracellular polysaccharides in biofilm formation and function. 
Microbiol. Spectrum 2015, 3(3):MB-0011-2014. doi:10.1128/microbiolspec.MB-0011-2014 
3. Kuttel, M. M.; Cescutti, P.; Distefano, M.; Rizzo, R. Fluorescence and NMR spectroscopy together with molecular 
simulations reveal amphiphilic characteristics of a Burkholderia biofilm exopolysaccharide. J. Biol. Chem. 2017, 292, 
11034–11042.  
4. Herasimenka, Y.; Cescutti, P.; Sampaio Noguera, C. E.; Ruggiero, J. R.; Urbani, R.; Impallomeni, G.; Zanetti, F.; 
Campidelli, S.; Prato, M.; Rizzo, R. Macromolecular properties of cepacian in water and in dimethylsulfoxide. 
Carbohydr. Res. 2008, 343, 81–89. 

  



EUROCARB XX LEIDEN 2019 

P16 

Utilization of Hydroxypropyl Methylcellulose and Sodium Starch 
Glycolate to Achieve A Chronological Release Profile of Etodolac 
from Coated Bilayer Tablets 

Ehab Bendas1, Randa Latif2, Ragwa Farid3, Kirolos Georgy3 

1Faculty of Pharmaceutical Sciences and Pharmaceutical Industries, Future University in Egypt, Cairo, Egypt, 2Faculty 
of Pharmacy, Cairo University, Cairo, Egypt, 3Faculty of Pharmacy and Drug Manufacturing, Pharos University in 
Alexandria, Alexandria, Egypt 

In latest years, excipient development is become essential part of research in pharmaceutical drug delivery because 
it impacts the formulation development and drug delivery process. Carbohydrate derivatives are excellent of 
research as excipient because of low toxicity, stability biodegrability, and availability. 
Repeated dose medication usually maximizes adverse effects, while sustained release systems did not offer a fast 
onset of action. The aim of this study is to formulate Etodolac to enable pulsatile and sustained drug release 
patterns, which was chronologically more suitable as an anti-inflammatory drug. 
Eudragit RSPO, Eudragit RLPO, and Hydroxypropyl Methylcellulose (HPMC K15M) were added in the sustained release 
layer and tried in different ratios. Croscarmellose sodium or sodium starch glycolate were used as 
superdisintegrants for the fast release layer offering the loading dose for rapid onset of drug action. Bilayer tablets 
were successively coated with Opadry II, HPMC K4M and HPMC E5 (1:40), and Surelease. All formulations complied 
with the Pharmacopeial standards for post-compression parameters. The coated bilayer tablet showed pulsatile and 
sustained release effects in rats. The licking time and swelling degree were tested and results demonstrated 
significant difference (P < 0.05) between the sustained anti-inflammatory action of formulation C1 compared to other 
groups. 
Therefore the new chronological design could provide a consistent drug release over 24 h with good protection 
against associated symptoms of gastric release. 
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Besides nucleic acids, proteins and lipids, glycoconjugates are among the core building blocks of all living matter. 
They play a pivotal role in numerous physiological processes ranging from cell development, intracellular 
interactions, signaling to pathogenesis and infection. The complexity of sugars is reflected in the enormous diversity 
of glycoconjugates found in nature. It is this complexity, which makes their studies extremely challenging. The 
development of new tools helping us to unravel their structure and understand their function is therefore of high 
demand. The main goal of this work was to design and synthesize modified analogs of various sugars which, after 
metabolic incorporation, would allow for the visualization of the newly synthesized glycoconjugates using selective 
click labeling reaction. In this regard, we have succeeded in the synthesis of per-acetylated N-galacto, N-gluco and 
N-mannosamine derivatives containing 1,2,4-triazine reacting group. Optimization of the synthesis and purification 
steps was necessary to obtain the desired derivatives in sufficient purity. Our kinetic studies revealed that the 1,2,4-
triazine moiety can react efficiently with trans-cyclooctene dienophiles. The successful incorporation of the triazine-
containing sugars was verified upon reaction with trans-cyclooctene modified biotin probe and subsequent 
visualization of the click-conjugate using fluorescently labeled streptavidin. These experiments revealed that using 
our newly synthesized sugar derivatives it is possible to visualize intracellular glycoconjugates but not cell surface-
associated ones. The major advantages of our method are fast reaction rates and no need for additional catalysis. 
This work is thus an important addition to already existing chemical biology tools enabling study of glycoconjugates 
and also a good starting point for future studies related to the use of 1,2,4-triazines as useful reagents in 
bioorthogonal reactions. 

 
The main goal of this work was to design and synthesize modified analogs of various sugars which, after metabolic 
incorporation, would allow for the visualization of the newly synthesized glycoconjugates using selective click 
labeling reaction.
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In the perspective of using enzymes as biocatalysts to produce non-natural compounds, the starting substrates are 
usually non-natural as well. Since the enzyme-substrate interactions are not naturally optimized in such cases, it is 
expected to be much room for the improvement of the catalytic efficiency. Identifying the regions of the enzyme 
structure most sensible to the binding and reactivity of a given non-natural substrate is crucial for the redesign of 
the enzyme.  
We will present here a computational algorithm (BindScan) that exhaustively casts all the positions on a given 
protein structure by individually mutating each position and measuring the effect on the binding affinity and 
reactivity to a given compound. The positions of those mutants showing an improvement of any of these metrics 
with respect to the wild-type enzyme are considered as “hot-spots” sensible to the binding or reactivity of the new 
compound. This information can then be used to experimentally design single point mutations or to guide directed 
evolution experiments for the improvement of substrate specificity in the working enzyme.  
Different benchmarks of the algorithm on CAZymes will be shown based on mutational data already published for 
different glycosidases and transglycosidases. 
The algorithm can further be applied to other families of enzymes and receptors in which there is a need to tune 
molecular recognition and/or reactivity. 

  



EUROCARB XX LEIDEN 2019 

P19 

Discovery of an Amphipathic Helix in a Glycosyl-Transferase 
Responsible of Its Membrane Adhesion 

Xevi Biarnés, Javier Romero-García1, Antoni Planas 

1Laboratory of Biochemistry, Institut Químic de Sarrià, Universitat Ramon Llull, Barcelona, Spain 

MG517 is an essential glycosyl-transferase of the pathogenic organism Mycoplasma genitalium that regulates the 
membrane fluidity [1]. The N-terminal region of this protein was modeled by means of homology modeling and 
Molecular Dynamics [2] but the structure of its C-terminal extension remains elusive. MG517 needs to be attached to 
the membrane in order to be active and it has been suggested that the C-terminus has an important role in this 
adhesion [1]. We report here a computational strategy to study this region and to find structural elements of MG517 
possibly associated to membranes [3]. The combination of predictor servers and modeling has allowed us to identify 
a 23 residues long amphipathic helix in the apical extreme of the C-terminal extension. The membrane association 
process of this helix has been simulated by Molecular Dynamics and Metadynamics. We have experimentally verified 
that truncation of part of this helix causes a substantial reduction of glycoglycerolipids synthesis. The model 
proposes that MG517 recognizes and binds the diacylglycerol substrate embedded in the membrane by means of 
this α-helix at the C-terminus together with a previously identified binding pocket at the N-terminus [3]. 
 
[1] Andrés E, Martínez N, Planas A. J Biol Chem. 2011, 286(41):35367-79. 
[2] Romero-García J, Francisco C, Biarnés X, Planas A. PLoS One. 2013. 8(12):e81990. 
[3] Romero-García J, Biarnés X, Planas A. Scientific Reports 2019, 9:7085 
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N-glycosylation is an essential process in eukaryotes and entails the post-translational modification of secretory 
proteins in the lumen of the endoplasmic reticulum (ER). A cascade of membrane-integral glycosyltransferases (ALG 
proteins) facilitate the biosynthesis of a high-mannose lipid-linked oligosaccharide (LLO), which is eventually 
transferred to target proteins by oligosaccharyltransferase. In eukaryotic cells, the initial assembly to a Man5- 
containing LLO is carried out in the cytoplasm, whereas the subsequent saccharides are added in the lumen of the 
ER. The involved enzymes have been identified and named ALG proteins, all of which are integral membrane 
proteins. Through in-vivo studies, the specific reactions were assigned to the individual ALG enzymes. However, 
their structure and reaction mechanism have remained elusive. 
We have recombinantly expressed and purified several ALG proteins that catalyze the later, ER-internal, biosynthetic 
steps of LLO synthesis. We reconstituted them into lipidic nanodiscs and generated conformational antibody 
fragments (Fab’s) against them. Some of the selected Fab fragments thermostabilized their cognate ALG proteins. 
The resulting complex was of sufficient size to make it amenable for single particle cryo-EM studies. We have 
obtained a first structure of an ALG-Fab complex in nanodiscs at near atomic resolution. This provides 
unprecedented insight into the fold and potential reaction mechanism of this family of GT-C enzymes.
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Cell surface carbohydrates play key roles in cell recognition mechanisms. Protein-carbohydrate interactions typically 
exhibit high specificity and weak affinities toward their carbohydrate ligand.[1] This low affinity is compensated in 
nature by the architecture of the protein, the host presenting the carbohydrate ligands in a multivalent manner or as 
clusters on the cell or mucosal surface.[2] O-glycosylation is a ubiquitous post-translational modification that is 
highly dynamic and responsive to cellular stimuli through the action of the cycling enzymes.[3] Expression of 
specific O-glycans is linked to changes in gene expression in, for example, inflammatory bowel disease, cystic 
fibrosis and several types of cancer.[4] Understanding these glycosylation patterns at molecular and functional 
levels will allow mechanisms associated with bacterial-host interactions, bowel disease and other cancers to be 
defined, which will facilitate the development of new effective therapeutics and diagnostic tools for these conditions.  
In this poster, the chemical synthesis of novel multivalent mucin-type O-glycan probes[5] for the screening of O-
glycosylation-linked interactions in cancer cells will be discussed.  
 
Reference: 
[1] Lis, H., Sharon, N., Chem. Rev. 1998, 98, 637-674. 
[2] Cecioni, S., Imberty, A., Vidal, S., Chem. Rev. 2015, 115, 525-561. 
[3] Yang, X., Qian, K., Nat. Rev. Mol. Cell. Biol. 2017, 18, 452-465. 
[4] Blixt, O., Clo, E., Nudelman, A. S., Sorensen, K. K., Clausen, T., Wandall, H. H., Livingston, P. O., Clausen, H., Jensen, 
K. J., J Proteome Res 2010, 10, 5250-5261. 
 [5] Benito-Alifonso, D.; Jones, R. A.; Tran, A. T.; Woodward, H.; Smith, N.; Galan, M. C., Beilstein. J. Org. Chem. 2013, 
9, 1867-1872. 
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P1, P2-pyrophosphate diester structural motif is embedded into the molecules of several classes of biologically 
important natural compounds such as nucleotide diphosphate sugars (NDPS), sugar diphospholipids, nicotinamide 
(NAD)/ flavin (FAD) dinucleotides, co-enzyme A, and ADP-ribose derivatives. Moreover, pyrophosphorylation has 
been recently recognised as a posttranslational modification of proteins on its own, whereas inositol pyrophosphates 
are on the list of major players in the inositol signalling pathways. 
Chemical and enzymatic frailty of the pyrophosphate bond provides an impetus for design and synthesis of stable 
non-hydrolysable analogues of natural pyrophosphates that are highly sought after as molecular probes to assist in 
depth elucidation of the relevant enzymatic activities and as novel molecular scaffolds for the next generations of 
potent and selective inhibitors. Preparation of methylene(bisphosphonate) (meBP) analogues of nucleoside 
(poly)phosphates sporting the methylene bond either in α,β- (P1-pyrophosphate monoesters) or in γ,β-position is 
well documented [1]. Introduction of electron withdrawing substituents and particularly fluorine in the methylene 
linker of meBP’s furnishes bioisosteric pyrophosphate analogues (F/FF-meBP) closely resembling the natural 
pyrophosphate in terms of acidity as well as both of bond angles and lengths, and critically improves biological 
relevance of the pyrophosphate mimics [2]. Only handful of examples of synthesis of meBP/ FF-meBP analogues of 
P1, P2‐ pyrophosphate diesters have appeared in the literature over three recent decades [3]. 
Here we will report initial findings towards development of a generic synthetic strategy aiming preparation of FF-
meBP analogues of natural P1, P2-pyrophosphate diesters. Starting from inexpensive starting materials a novel 
synthetic approach to the targeted compounds was developed making use of pseudo orthogonally protected mixed 
symmetric FF-meBP tetraesters to achieve crucial stepwise selective functionalization of the opposite termini of the 
bridging bisphosphonate bond. Notably, both esterification reactions were efficiently performed using standard 
Mitsunobu conditions. Ensuing global deprotection furnished representatives of novel non-hydrolysable analogues of 
some natural pyrophosphates in fair yields. 
 
[1] V. D. Romanenko, V. P. Kukhar. Phosphonate analogues of nucleoside polyphosphates. Arkivoc. 2018:1-49. 
[2] (a) G. M. Blackburn. Phosphonates as Analogs of Biological Phosphates. Chem Ind-London. 1981(5):134-138; (b) C. 
E. Mckenna, P. D. Shen. Fluorination of Methanediphosphonate Esters by Perchloryl Fluoride - Synthesis of 
Fluoromethanediphosphonic Acid and Difluoromethanediphosphonic Acid. J Org Chem. 1981;46(22):4573-4576. 
[3] (a) M. M. Vaghefi, R. J. Bernacki, W. J. Hennen, R. K. Robins. Synthesis of Certain Nucleoside 
Methylenediphosphonate Sugars as Potential Inhibitors of Glycosyltransferases. J Med Chem. 1987;30(8):1391-1399; 
(b) K. W. Pankiewicz, K. Lesiak, K. A. Watanabe. Efficient synthesis of methylenebis(phosphonate) analogues of P-1,P-
2-disubstituted pyrophosphates of biological interest. A novel plausible mechanism. Journal of the American 
Chemical Society. 1997;119(16):3691-3695; (c) H. Ikeda, E. Abushanab, V. E. Marquez. The assembly of beta-
methylene-TAD, a metabolically stable analogue of the antitumor agent TAD, by the stepwise esterification of 
monodeprotected methylenebis(phosphonate) benzyl esters under Mitsunobu conditions. Bioorg Med Chem Lett. 
1999;9(21):3069-3074; (d) V. S. Borodkin, M. A. J. Ferguson, A. V. Nikolaev. Synthesis of potential bisubstrate 
inhibitors of Leishmania elongating alpha-D-mannosyl phosphate transferase. Tetrahedron Lett. 2004;45(4):857-862; 
(e) S. B. Engelsma, N. J. Meeuwenoord, H. S. Overkleeft, G. A. van der Marel, D. V. Filippov. Combined 
Phosphoramidite-Phosphodiester Reagents for the Synthesis of Methylene Bisphosphonates. Angew Chem Int Edit. 
2017;56(11):2955-2959. 
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Glycosaminoglycans (GAGs) are long unbranched periodic and negatively charged polysaccharides. Each GAG with 
an exception of keratan sulfate consists of one uronic acid and one aminosugar and can be distinguished by their 
sulfation patterns known as sulfation code. GAGs are present in extracellular matrix of the cell in which they are 
involved in many relevant biological processes including angiogenesis, anticoagulation, adhesion, cell proliferation 
and signaling cascades by electrostatics-driven interactions with their protein targets. 
 
Heparin (HE) is made up of a 2-O-sulfated iduronic acid and 6-O-sulfated N-sulfated glucosamine with a -4 net 
charge per disaccharide unit. Being a part of proteoglycans, HE binds its protein targets such as chemokines and 
growth factors and thus actively participates in multiple biochemical signaling pathways. The family of mammalian 
fibroblast growth factors (FGF), one of HE targets consists of 18 members. FGFs are involved in a wide spectrum of 
biochemical processes ranging from development and regenerative processes to metabolim and tissue homeostatis. 
The complex of FGF1-HE was mostly characterized both experimentally and computationally. 
 
One has to know that application of experimental techniques alone might not be sufficient enough to gain a 
complete picture of protein-GAG interactions, hence theoretical approaches not only complement but also 
beneficially contribute to the understanding of the role of GAGs by bringing principally new and experimentally 
inaccessible details. However, computational analysis of GAG containing systems requires proper treatment and thus 
represents substantial challenge. The main reasons of that are: i) GAGs are characterized by their highly charged 
nature which leads to the importance of electrostatic-driven interactions and abundant solvent-mediated ones; ii) 
GAGs prefer to bind at solvent-exposed and spatially close but sequentially not necessarily successive positively 
charged aminoacid patches, made up of Lys or Arg residues and that possess long and flexible side chains, and they 
also contribute to the challenge in terms of how flexibility should be treated appropriately for these systems; iii) 
GAGs are very flexible in terms of their glycosidic linkage as well as pucker ring conformation. 
 
When using computational methodology, protein-GAG systems are usually studied in nanosecond timescale 
simulations. However, performing calculations in a microsecond timescale leads to qualitatively different results 
including those corresponding to overall complex stability (free energy calculations) as well as those corresponding 
to complex structure (number of native and nonnative contacts, hydrogen bonds analysis). 
 
The aims of this study involved: i) performing the rigorous conformational analysis of unbound HE, which involved 
clustering analysis of the structures observed in the MD simulation, and the analysis of conformational space of 
IdoA2S and GlcNS6S puckers along with conformational space of glycosidic linkages and H-bonding between these 
two monosaccharide units; ii) to characterize the interactions in the FGF1-HE system in a course of a 10 
microsecond-long MD simulation; iii) to elucidate the mechanism of binding in this system; iv) to compare the 
performance of the previously described computational approaches for this system in the nanoscale and the 
presented microscale MD simulations in terms of complex free energy-based stability and the observed FGF binding 
impact on the HE conformational space. The results obtained in this analysis allowed us to define the applicability of 
the aforementioned methods. Moreover, our data provide a novel methodological view on the interactions within the 
FGF1-HE system, suggesting the bottlenecks and drawing the limitations in the applicability of the available tools for 
these challenging systems. This work contributes to the general understanding of protein-GAG interactions and is 
important to further decipher their significance for the cell signaling processes with their potential implementation in 
the field of regenerative medicine.
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Exopolysaccharides (EPS) extracted with hot water from Spirulina platensis were characterized. The mass 
performance of water-soluble exopolysaccharides of Spirulina platensis suspension is 13.95%. The chemical 
composition of ESP was mainly consisted of 72.23±1.37% carbohydrates, among them 26.6±1.48% are neutral 
monosaccharides and 45.47±0.98% are uronic acids. Chromatographic analyzes using four TLC systems after 2M TFA 
hydrolysis at 80°C for 4 h indicate that ESP are composed mainly of glucoronic acid, arabinose and mannose. In vitro 
study shows that EPS of S. platensis exhibited anticoagulant activity as compared with heparin, a standard 
anticoagulant. The anticoagulant activity was detected by prolongation of activated partial thromboplastin time 
(APTT) and prothrombin time (PT). The EPS extract at 0.1% showed >300 s of APTT activity. In PT assay, almost all 
tested concentration did not show good activities. According to the results, the EPS extract strongly inhibit the 
endogenous pathway of coagulation.
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Terfezia arenaria, desert truffle harvested from the Algerian Sahara, is traditionally known by its particular nutritional 
values and its important healthy benefits. Through determination of chemical composition, phagocytic activity and α-
glucosidase inhibitory activity of water-soluble polysaccharides was revealed. T. arenaria ascocarps contain 28% 
total carbohydrate, 4% crude fiber, 24.9% total proteins, 9.65% ashes (266.7ppm of Sodium, 4633.33ppm of 
Potassium), 3.83% lipids, 1.13 % total polyphenols, 0.6% free sugars and 0.23% flavonoids. Water-soluble 
polysaccharides (WSP) were extracted from T. arenaria ascocarps by the sequential use of hot-water extraction, 
ethanol precipitation, ultra-filtration, and anion-exchange chromatography, which afforded a yield of 9.42%. The 
chemical composition of WSP was mainly consisted of 60.11±2.28% carbohydrates, among them 97.4±2.26% are 
neutral monosaccharides and 03.22±0.11% are uronic acids, and 17.27± 1.48% proteins. Analysis of monosaccharides 
by gas chromatography (GC/MS) indicated that the majority component was glucose. In order to evaluate the 
immunostimulatory effect of WSP, phagocytic activity of opsonized human leucocytes against opportunist pathogen 
yeast, Candida Albicans, was assessed. Compared with the control, WSP could significantly (p < 0.05) enhance 
phagocytic capacity at the dose of 1 mg.ml-1, which showed a phagocytic activity of 9.33%. Moreover, the 
hypoglycemic activity of extract was determined by α-glucosidase inhibitory activity, in vitro. WSP displays a 
promising inhibitory activity with an IC50 value of 71.96 mg.ml-1, significantly lower than that of the well-known 
synthetic α-glucosidase inhibitor, acarbose, which had an IC50 value of 9.62 mg.ml-1. The results of this work 
provide new knowledge in the field of chemical composition and biological activities of polysaccharides of Terfezia 
arenaria ascocarps and might play an important role in activating phagocytosis leucocytes cells, thus having 
contribution to antidiabetic activity.
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The correct diagnosis of multiple sclerosis (MS) remains challenging due to the complex pathophysiological and 
clinical characteristics of the disease. Current methods include invasive techniques such as cerebrospinal fluid 
analysis, which is used in combination with magnetic resonance imaging to deliver a diagnosis. Consequently, there 
has been interest in the development of non-invasive diagnostic tests for MS. Recent studies found that serum anti-
α-ᴅ-Glc-(1→4)-α-ᴅ-Glc (GAGA4) antibodies were upregulated in MS patients [1,2], and this finding led to the 
development of a commercial diagnostic test (gMS® Dx test), although the test has poor selectivity and has not 
been independently validated. To this end, we developed an enzyme-linked immunosorbent assay (ELISA) to 
evaluate the use and reliability of several anti-glucose IgM antibodies, including those against GAGA4, as diagnostic 
biomarkers for MS [3]. In contrast to previous studies, our results show that serum anti-GAGA4 IgM antibody levels 
are not significantly higher in MS patients, which could potentially explain the poor selectivity of the commercial test. 
 
1. Schwarz, M. et al. Serum anti-Glc(α1,4)Glc(α) antibodies as a biomarker for relapsing–remitting multiple 
sclerosis. Journal of the Neurological Sciences 2006, 244, 59-68. 
2. Freedman, M.S.; Laks, J., Dotan, N.; Altstock, R.T.; Dukler, A.; Sindic, C.J.M. Anti-α-glucose-based glycan IgM 
antibodies predict relapse activity in multiple sclerosis after the first neurological event. Multiple Sclerosis 2009, 15, 
422-430. 
3. Braganza, C.D.; Santoso, K. T.; Dangerfield, E.M.; La Flamme, A.C.; Timmer, M.S.M. ; Stocker, B.L. Evaluation 
of anti α-ᴅ-Glcp-(1→4)-α-ᴅ-Glcp (GAGA4) IgM antibodies as a biomarker for multiple sclerosis. RSC Advances 2018, 8, 
28086-28093. 
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Nowadays, chitosan is considered as one of the most important polysaccharides due to its large number of 
applications, for example in food or pharmaceutical industries. The necessity to replace non-natural polymers by 
natural ones is the principal reason for market growing of chitosan. Moreover, this polysaccharide possesses strong 
biological activities, useful in the wine industry.  
Chitosan is a copolymer of glucosamine and N-acetyl glucosamine connected through β-(1,4)- linkages. It is most 
commonly derived from chitin found in marine resources especially in shrimp cells. However, fungal sources of chitin 
exist (chitin-glucan) originating from cells walls of Aspergillus niger or Agaricus bisporus and it is the only form 
allowed in oenology. The fungal chitin presents the advantage to eliminate the need for marine resources. 
For the first time, a green chemistry process using hydrogen peroxide (H2O2) has been developed for molecular 
weight (Mw) reduction of fungal chitosan, and to produce chitosan fractions with controlled Mw with a known 
acetylation and polymerisation degree. Acetylation degree can be obtained from proton NMR spectroscopy or 
conductimetric analysis, and degree of polymerisation and Mw by HPLC/SEC analysis. The controlled radical 
hydrolysis of fungal chitosan is a simple, rapid and environmentally friendly method (due to the use of small 
amounts of hydrogen peroxide), to produce quantities ranging from milligrams (laboratory) to kilograms (semi-
industrial scale), with good yields and without altering properties of oligo- and low molecular weight chitosans, 
contrary to others degradation methods. 
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Proteoglycans (PGs) are glycoproteins with numerous relevant biological functions. Chondroitin sulfate (CS), which 
belong to PGs, are complex oligomers widespread in the organism. Synthesis of mimics of CS is an interesting 
strategy to study the interaction with biologically relevant proteins, such as lectins or growth factor, and is also a 
synthetic challenge. Thereby, the goal of this project is to obtain a range of multivalent CS grafted onto various 
platforms. To begin, we are focusing on non-sulfated disaccharides. 
An hemisynthesis starting from commercially available CS polymer was previoulsy optimized in the team to obtain 
the disaccharide I, which is the key starting material for our synthesis. [1] Since the trichloroacetyl group is known to 
be difficult to reduce, especially in the presence of other protecting groups, we propose to synthesize the imidate 
building block II bearing a trifluoracetyl protecting group on the amine. Introduction of the aglycon moiety 
(compound III) functionalized by a terminal azido group will allow the synthesis of the multivalent disaccharide using 
click chemistry on various alkynyl platforms. [2,3] 
 
(1) Lopin, C.; Jacquinet, J.-C. From Polymer to Size-Defined Oligomers: An Expeditious Route for the Preparation of 
Chondroitin Oligosaccharides. Angewandte Chemie International Edition 2006, 45 (16), 2574–2578. 
https://doi.org/10.1002/anie.200503551. 
(2) Müller, C.; Despras, G.; Lindhorst, T. K. Organizing Multivalency in Carbohydrate Recognition. Chem. Soc. Rev. 
2016, 45 (11), 3275–3302. https://doi.org/10.1039/C6CS00165C. 
(3) Domínguez‐Rodríguez, P.; Reina, J. J.; Gil‐Caballero, S.; Nieto, P. M.; Paz, J. L. de; Rojo, J. Glycodendrimers as 
Chondroitin Sulfate Mimetics: Synthesis and Binding to Growth Factor Midkine. Chemistry – A European Journal 2017, 
23 (47), 11338–11345. https://doi.org/10.1002/chem.201701890. 
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The demand for low lactose dairy products is increasing and more different lactose free food is commercially 
available. The level of lactose in these products decreased during the last years and nowadays a concentration of < 
0.01% is generally accepted as “lactose free”. DSM has a portfolio of lactase to produce lactose-free dairy products. 
Measurement of lactose enzymatic conversion into the diverse products in real application and in time resolved time 
is key for the development and optimization of lactases.  
In this presentation, we will show the application and performance evaluation of diverse lactose measurements 
techniques in real dairy products. We applied from Chromatographic methods (including ISO methods) to NMR and 
enzymatic-assays based determination. In this study we conclude that depending on the application and the 
information needed different techniques should be applied. Finally, to be able to study in detail lactase activity in 
real application a diverse analytical toolbox and strategy is needed.  
 
1J. Chromatogr. B, 1060 (2017) 395-399
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Human milk is considered the gold standard for infant nutrition; it is a complex mix-ture that besides providing 
complete nutrition to the infant, it delivers essential biomolecules. Human milk oligosaccharides (HMO) are a group 
of glycans that provide essential biological functions such as immune modulators, prebiotics, and nutrients for 
neonatal brain development [1]. 
Bifidobacterium bifidum present in the gut’s infant produces lacto-N-biosidase (LnbB), which is involved in the 
catabolism of HMOs. LnbB belongs to the GH20 family N-acetylhexosaminidases that catalyzes the hydrolysis of 
GlcNAc residues located at the non-reducing end of oligosaccharides and glycoconjugates via a retaining substrate-
assisted catalytic mechanism [2,3]. LnbB catalyzes the hydrolysis of the tetrasacchride lacto-N-tetraose (LNT) to 
lacto-N-biose (LNB) and lactose [4]. Our structural-functional analysis has revealed the multi-domain organization of 
the enzyme and the important residues for its hydrolytic activity [5]. 
The aim of this work is the production of LNT (core 1 HMO). We here report the engineering of LnbB following a semi-
rational approach. To obtain a transglycosylating enzyme we are targeting the conserved residues located in the 
negative subsites of the binding site. Selected mutants are characterized, the hydrolytic activity of the enzymes is 
tested on LNB-pNP (lacto-N-biose pNP) and the transglycosylation activity is studied using lactose as acceptor and 
LNB-pNP as donor. Whereas the wt enzyme has no detectable transglycosylating activity, it is observed that the 
transglycosylation/hydrolysis ratio largely increases when the residual hydrolase activity is decreased to a window 
of 0.2 to 1% relative to the wt enzyme, achieving an enzyme variant with 32% yield in LNT production for further 
optimization as biocatalyst. 
 
 
(1)  Bode, L. Human Milk Oligosaccharides: Every Baby Needs a Sugar Mama. Glycobiology 2012, 22, 1147–1162. 
https://doi.org/10.1093/glycob/cws074. 
(2)  Vocadlo, D. J.; Withers, S. G. Detailed Comparative Analysis of the Catalytic Mechanisms of β-N-
Acetylglucosaminidases from Families 3 and 20 of Glycoside Hydrolases. Biochemistry 2005, 44 (38), 12809–12818. 
https://doi.org/10.1021/bi051121k. 
(3)  Faijes, M.; Castejón-Vilatersana, M.; Cristina, V.-C.; Planas, A. Enzymatic and Cell Factory Aproaches to the 
Prodcution of Human Milk Oligosaccharides. Biotechnol. Adv. 
(4)  Ito, T.; Katayama, T.; Hattie, M.; Sakurama, H.; Wada, J.; Suzuki, R.; Ashida, H.; Wakagi, T.; Yamamoto, K.; 
Stubbs, K. A.; et al. Crystal Structures of a Glycoside Hydrolase Family 20 Lacto-N-Biosidase from Bifidobacterium 
Bifidum. J. Biol. Chem. 2013, 288 (17), 11795–11806. https://doi.org/10.1074/jbc.M112.420109. 
(5)  Val-Cid, C.; Biarnés, X.; Faijes, M.; Planas, A. Structural-Functional Analysis Reveals a Specific Domain 
Organization in Family GH20 Hexosaminidases. PLoS One 2015, 10 (5), 1–17. 
https://doi.org/10.1371/journal.pone.0128075. 
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DC-SIGN (Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Nonintegrin; CD209 antigen), a lectin 
present mainly on the surface of dendritic cells plays a relevant role in the efficacy of the immune system. This 
lectin strongly interacts with highly mannosylated and fucosylated cell membranes of some pathogens leading to 
internalization into the dendritic cell. Many research groups have devoted their efforts in recent years to the 
development of highly glycosylated structures targeting DC-SIGN.  
We validated a unique synthesis of highly glycosylated dendrimers built from a amino acid derived from methyl 
glucoside and activity of final conjugates for DC-sign CBL were measured with the Biacore technique and a strong 
cooperatively of the sugars was found [1]. 
 
[1] Cattiaux, L.; Porkolab, V.; Fieschi, F.; Mallet, J-M. New branched amino acids for high affinity dendrimeric DC-SIGN 
ligands. Bioorg. Med. Chem. 2018, 26, 1006-1015. 
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Oligomannose glycans are among the major targets on the Gp120 component of the HIV envelope protein (Env) for 
broadly neutralizing antibodies (bnAbs). In 2017 our group designed and synthesized a library of oligomannose 
mimetics, based on the unique chemical structure of a recently identified bacterial lipooligosaccharide. For every 
compounds both anomers were synthetized in order to understand which compound provided the best 
immunoresponse.  
One of these mimetics (I) is bound avidly by members of a family of oligomannose-specific bnAbs and their putative 
common germline precursor when presented as a glycoconjugate1.  
 
Fig.1: a.Glycoconiugate I, b. and c. Structure of the glycomimetics  
The good immune response provided by the β anomer of the compound I requested a modification of all the 
synthetic approach in order to improve the amount of β compound. Using the Crich β-mannosylation2 we were able 
to synthetize a new buildings blocks 3 with high selectivity (only β-anomer has been detected).  
Fig.2: Synthesis of the building block 3 
The development of the building block 4, with the introduction of a new orthogonal protective group, methyl-
naphthyl group, easily cleaved by oxidative agents, enables the synthesis of two different oligomannoside, the 
compound Man-7 and the compound Man-9. 
Fig.3: Structure of Man-7 and Man-9. 
 
[1]. Pantophlet, R.; Lu, N.; Chau, D.; Rempel, C.; Pantophlet, R.; Pantophlet, R.; Trattnig, N.; Kosma, P.; Murrell, S.; 
Wilson, I. A.; Murrell, S.; Wilson, I. A.; Wilson, I. A.; Wilson, I. A., Nat Commun 2017, 8 (1), 1601. 
[2]. Crich, D.; Smith, M., J. Am. Chem. Soc. 2001, 123 (37), 9015-9020. 
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Burkholderia cenocepacia is an important pathogen for cystic fibrosis patients, accounting for the majority of the 
clinical Burkholderia spp. isolates, and comprising the most virulent and transmissible strains, often associated with 
poor or lethal clinical outcome. Among the known virulence factors, the ability to form biofilms is connected with the 
production of exopolysaccharides (EPOLs) which are mainly involved in the mechanical stability of the biofilm matrix. 
Regarding B. cenocepacia H111, a Bcam1349/c-di-GMP regulated exopolysaccharide 12-gene cluster (Bcam1330–
Bcam1341) has been identified and found to be essential for biofilm formation [1]. The 12-gene cluster products 
appeared to be involved in the biosynthesis of a major EPOL that confers structural stability to the biofilms. 
Overproduction of Bcam1349 in trans promoted wrinkly colony morphology, pellicle, and biofilm formation in B. 
cenocepacia H111. In order to identify this major EPOL in the biofilm of B. cenocepacia H111, a strain overexpressing 
Bcam1349 was used to form both pellicles, a biofilm which forms at the air/liquid interface, and biofilm on agar 
plates. EPOLs extracted with NaOH from the biofilm matrix provided two major polymers: a water soluble EPOL 
containing rhamnose and mannose residues in the molar ratio 7:1 and a water insoluble EPOL made up of 
Gal:Glc:Man in the molar ratios 2:1:1. These EPOLs were found in the pellicles as well as in the biofilm developed on 
agar plates. In order to identify the EPOL biosynthesised by the 12-gene cluster coded proteins, strains with 
transposon insertion in two different genes of the cluster were investigated. They were not able to produce pellicles, 
nor wrinkly colonies on agar plates. Isolation and NMR analysis of the EPOLs produced by these two strains revealed 
the absence of the water-insoluble EPOL, strongly associating it to the wrinkly phenotype and indicating it as the 
product of the 12-gene cluster coded proteins. 
Investigation of the insoluble EPOL structure by GLC-MS and NMR spectroscopy suggested the following 
tetrasaccharide repeating unit: 
[3)-α-D-Gal-(1→3)-α-D-Man-(1→3)-α-D-Gal-(1→3)-α-D-Glc-(1→]n 
 
Its insolubility may well account for the wrinkly phenotype and the pellicle formation. 
 
[1] Fazli, M.; McCarthy, Y.; Givskov, M.; Ryan, R.P.; Tolker-Nielsen T. The exopolysaccharide gene cluster Bcam1330–
Bcam1341 is involved in Burkholderia cenocepacia biofilm formation, and its expression is regulated by c-di-GMP and 
Bcam1349. MicrobiologyOpen 2013, 2(1), 105–122. 
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Klebsiella pneumoniae is mostly responsible for nosocomial infections in immunocompromised patients, but can 
also cause severe community-acquired infections. The clinical scenario has worsened in recent years, with the global 
emergence and dissemination of K. pneumoniae strains resistant to carbapenems (CR-Kp). The major carbapenem 
resistance mechanism among CR-Kp is the production of carbapenemase, i.e. KPC. The most successful and 
widespread disseminated clonal group (CG) of KPC-producing K. pneumoniae (KPC-Kp) is CG258, which can be 
further differentiated in two clades characterized by the production of distinct capsular polysaccharides. Infections 
caused by KPC-Kp strains are challenging in healthcare settings, where they spread rapidly and are associated with 
significant morbidity and mortality [1]. 
Genotyping of the cps207-2 gene cluster with the wzc-based method showed that it is a new K-type, while the wzi-
based method associated it to the already known K41 K-type. 
Therefore, the primary structure of the capsular polysaccharide produced by K. pneumoniae KK207-2 [2], a member 
of the clade I of CG258, was determined by using GLC-MS of appropriate carbohydrate derivatives, ESI-MS of both 
partial hydrolysis and Smith degradation derived oligosaccharides, and NMR spectroscopy of oligosaccharides, 
lithium degraded CPS, and the native and de-O-acetylated CPS. The results showed that the repeating unit of KK207-
2 capsular polysaccharide (Fig. 1a) is a novel one among the Klebsiella K-types. Moreover, each glycosyltransferase 
in the sequenced cps207-2 gene cluster was assigned to the corresponding catalyzed reaction (Fig. 1b, 1c). 
 
[1] Lee, C-R.; Lee, J. H.; Park, K. S.; Kim, Y. B.; Jeong, B. C.; Lee, S. H. Global dissemination of carbapenemase-
producing Klebsiella pneumoniae: epidemiology, genetic context, treatment options, and detection methods. Front. 
Microbiol. [Online], 2016, 7, 895. https://doi.org/10.3389/fmicb.2016.00895. 
[2] D’Andrea, M. M.; Amisano, F.; Giani, T.; Conte, V.; Ciacci, N.; Ambretti, S.; Santoriello, L.; Rossolini, G. M. 
Diversity of capsular polysaccharide gene clusters in Kpc-producing Klebsiella pneumoniae clinical isolates of 
sequence type 258 involved in the Italian epidemic. PLoS ONE [Online] 2014, 9(5) e96827. 
https://doi.org/10.1371/journal.pone.0096827. 
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Figure 1: (a) Structure of the capsular polysaccharide repeating unit of Klebsiella pneumoniae KK207-2. (b) 
Glycosyltransferases of the Klebsiella pneumoniae KK207-2 cps gene cluster are listed above the respective 
glycosidic linkage. The polymerization site is marked by an arrow. (c) Identification of genes coded in the central 
region of the cps207-2 cluster.
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The Synthesis of Defined Heparan Sulfate Fragments in the 
Exploration of Gag-Degrading Enzyme Specificity 

Chih-Wei Chang1, Lisa Bohlmann1, Yu Xing1, Ifor Beacham1, Helen Blanchard1, Mark von Itzstein1 

1Institute For Glycomics, Griffith University, Southport, Gold Coast, Australia 

Glycosaminoglycans (GAGs) found either on cell membranes or in the extracellular matrix are a class of linear 
polysaccharides receptors that engage with a wide variety of proteins, resulting in various biological impacts. 
Investigation of specific GAG binding sequences within homogeneous GAG fragments and proteins is generally 
envisioned as an ideal approach to interrogate these biological recognition events.  
Here we describe a modular synthetic approach in the preparation of a well-defined heparan sulfate fragment library 
ranging from di- to octasaccharides which have been exploited to probe the substrate specificity of GAG-degradation 
enzymes including heparinases and heparanase.  
Bacterial heparinases have a long history of use in the cleavage of heparan sulfate (HS) and heparin for the 
production of low-molecular-weight heparin fragments (LMWHs). However, very little information is known about the 
substrate specificity of different types of heparinases. Here we employ various well-defined HS oligosaccharides to 
investigate the cleavage process catalysed by these two heparinases II from P. heparinus and B. eggerthii using 1H 
NMR spectroscopy. A broader substrate susceptibility to degradation by Heparinase II from P. heparinus was found, 
which provides us new insight regarding the substrate specificity of these different heparinases II [1].  
In addition, the crystal structure of a heparanase (BpHep) from the invasive pathogenic bacterium Burkholderia 
pseudomallei (Bp) was recently disclosed by our group [2]. We also found that BpHep has specificity to these well-
defined HS fragments. In summary, we have successfully prepared and used a well-characterized HS fragment library 
to investigate the differential degradation specificity of heparin and HS lyases and an endo-glycohydrolase.  
 
References:  
[1] Bohlmann, L.; Chang, C.-W.; Beacham, I.; von Itzstein, M., ChemBioChem 2015, 16, 1205–1211; 
[2] Bohlmann, L.; Tredwell, G. D.; Yu, X.; Chang, C.-W.; Haselhorst, T.; Winger, M.; Dyason, J. C.; Thomson, R. J.; 
Tiralongo, J.; Beacham, I. R.; Blanchard, H.; von Itzstein, M., Nat Chem Biol 2015, 11, 955–957 
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Sialic Acids as Biomarkers for Cardiovascular Disease 
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3University of Reading, School of Food and Nutritional Sciences, Reading, United Kingdom 

Cardiovascular disease (CVD) is the leading cause of death for men and women worldwide, causing 3.9 million (45% 
of all deaths) each year in Europe alone [1]. CVD encompasses a wide array of diseases such as heart attack, stroke 
and coronary artery disease. Assessing CVD risk can be complex, due to the multitude of factors to consider. Taken 
together, these factors form risk assessments such as QRISK, giving a percentage chance of mortality in a given 
time frame [2]. While QRISK gives good insight into broad CVD risk factors, it may not be entirely accurate [3]. 
Therefore, biomarkers that could be used to improve the prediction of CVD mortality are of interest. These would not 
replace assessments such as QRISK but rather be used in conjunction for more accurate risk management. Sialic 
acid (Neu5Ac) has previously been identified as a biomarker for CVD [4]. Neu5Ac content can be affected by several 
other factors separate from CVD, as such five di-O-acetylated derivatives of Neu5Ac have been identified in plasma 
as potentially superior biomarkers, unaffected by external factors. Two of the five 
derivatives have been successfully chemically synthesized. These compounds can now be taken forward as 
quantitative standards for the analysis of sialic acid in plasma and urine of volunteers. Work has been carried out at 
Ludger Ltd. to establish SOPs for this quantitative analysis using a liquid handling robot and UHPLC techniques. 
 
1. The European Heart Network, http://www.ehnheart.org/cvd-statistics/cvdstatistics2017.html, (accessed March 
2019) 
2. J. Hippisley-Cox, C. Coupland, Y. Vinogradova, M. May, P. Brindle, BMJ, 2007, 
335, 136 
3. G. S. Collins, D. G. Altman, BMJ, 2010, 340, 2442 
4. G. Lindberg, G. A. Eklund, B. Gullberg and L. Rastam, BMJ, 1991, 302, 143-146
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Inhibitors and Activity-Based Probes for Human Α-Amylase 

Yurong Chen1 

1Leiden Institute Of Chemistry, Leiden University, Leiden, The Netherlands 

Type 2 diabetes mellitus is a metabolic disorder that affects millions of people worldwide. Among the oral anti-
diabetic drugs used in the clinic are α-glucosidase inhibitors, which prevent hyperglycosemia by slowing digestion of 
starch and malto-oligosaccharides in the gut.[1] Unfortunately, the use of these drugs often results in severe 
gastrointestinal side effects. Partial hydrolysis of starch is accomplished by salivary α-amylase, with principal 
cleavage provided by human pancreatic α-amylase (HPA) within the gut, generating linear and branched malto-
oligosaccharides.[2] Selective inhibitors targeting exclusively HPA, the first enzyme in the digestion cascade, would 
be of interest, since side effects that arise from inhibition of other α-glucosidases would be avoided.[3] One 
attractive approach, envisaged here, would be the design of such selective irreversible inhibitors and activity-based 
probes (ABPs) by the use of epoxide, aziridine and cyclosulfate as electrophilic traps.[4] 
 
[1] L. J. Scott, C. M. Spencer, Drugs 2000, 59, 521–549. 
[2] G. D. Brayer, G. Sidhu, R. Maurus, E. H. Rydberg, C. Braun, Y.-L. Wang, N. T. Nguyen, C. M. Overall, S. G. Withers, 
Biochemistry 2000, 39, 4778−4791. 
[3] S. Caner, X. Zhang, J. Jiang, H.-M. Chen, N. T. Nguyen, H. S. Overkleeft, G. D. Brayer, S. G. Withers, FEBS Letters 
2016, 590, 1143-1151. 
[4] M. Artola, L. Wu, M. J. Ferraz, C. L. Kuo, L. Raich, I. Z. Breen, W. A. Offen, J. D. C. Codée, G. A. Van Der Marel, C. 
Rovira, M. F. G. Aerts, G. J. Davies, H. S. Overkleeft, ACS Cent. Sci. 2017, 3, 784–793. 
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A One Step Conversion of Glycals To 2‑Azido-2-Deoxysugars and 
Sugar Derived Enones Using Hypervalent Iodine Chemistry 

Ande Chennaiah1, Y. D. Vankar2, Eoghan McGarrigle1 
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2-Acetamido-2-deoxysugars are extremely useful intermediates which form a part of several oligosaccharides and 
glycoconjugates (glycolipids, glycopeptides and glycoproteins), biomolecules that play crucial roles in many 
biological processes.¹ Among others, 2-azido-2-deoxysugars serve as excellent precursors for 2-acetamido-2-
deoxysugars. Owing to the difficulties associated in their preparation with regio- as well as stereoselectivity, very 
few methodologies are available for the synthesis of 2‑Azido-2-deoxysugars.² 
Now, we present a new metal-free protocol for one-step highly regiospecific, and stereoselective conversion of 
glycals into 2-azido-2-deoxysugars by using a new reagent system comprised of PIFA-Me₃SiN₃-H₂O, catalyzed by 
TEMPO, and in presence of n-Bu₄NHSO₄ as a phase-transfer catalyst.³ The reaction conditions are mild (0 °C), the 
yields of the products are generally high, requiring only short reaction time (20-60 min.), and the substrate scope is 
also large with differently protected glycals. The present methodology does not require stringent conditions to 
exclude moisture. These reactions can be done on gram scale in high yield. Application of this methodology in a 
short synthesis of an important trisaccharide unit bound by monoclonal anti-I Ma antibody will also be discussed. 
 
Additionally, we also reveal a novel and efficient one-step protocol for the direct oxidation of 3-O-benzyl or 3-O-
silyl-protected glycals to the corresponding enones with PIFA-TEMPO and water as a reagent system.⁴ The reaction 
generally proceeds in high yields under mild conditions in short time. In addition, this oxidation protocol was found 
to be independent of the stereochemistry of the -Bn and -OTBDMS groups at C3 of glycals. Moreover, since the 
reactions are performed in presence of water, exclusion of moisture is not necessary. 
  
References 
[1] a) Bongat, A. F. G.; Demchenko, A. V. Carbohydr. Res. 2007, 342, 374−406.         
b) Mirabella, S.; Cardona, F.; Goti, A. Org. Biomol. Chem. 2016, 14, 5186−5204. 
[2] a) Lemieux, R. U.; Ratcliffe, R. M. Can. J. Chem. 1979, 57, 1244−1251.  
b) Seeberger, P. H.; Roehrig, S.; Schell, P.; Wang, Y.; Christ, W. J. Carbohydr. Res. 2000, 328, 61−69. 
[3] Chennaiah, A.; Vankar, Y. D. Org. Lett. 2018, 20, 2611−2614. 
[4] Chennaiah, A.; Verma, A. K.; Vankar, Y. D. J. Org. Chem. 2018, 83, 10535−10540. 
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Chemoenzymatic Synthesis of Sialylated Globosides and Their 
Derivatives 

Peiyun Chiang1, Pei-Jhen Li1, Szu-Yu Huang1, Chen-Yo Fan1, Wei-Lun Liang1, Takashi Angata2, Chun-Cheng Lin1 

1Department of Chemistry, National Tsing Hua University, Hsinchu city, Taiwan, 2Institute of Biological Chemistry, 
Academia Sinica, Taipei city, Taiwan 

Globosides, composed by ceramide and a series of glycans sharing a Gal-α1,4-Gal-β1,4-Glc trisaccharide core, have 
been found on various cancer cell surfaces and related to cancer development. Although many methods have been 
developed for the synthesis of globosides, the synthesis of disialo-globopentaosylceramide (DSGb5) has not been 
reported yet. We successfully synthesized DSGb5 glycan with azide-modified linker from Gb5 (SSEA-3) glycan with 
total 25% yield by one-pot multienzyme (OPME)¹ method and 12%~26% yields by three different chemoenzymatic 
methods. Moreover, Gb3, Gb4, and Gb5 glycans were sialylated with several kinds of sialyltransferases to afford 
mono-sialylated (α2,3- and α2,6-), linear di-sialylated (α2,8-α2,3- and α2,8-α2,6-), and branched di-sialylated (α2,6- 
and α2,3-) globo-series glycans. 
Sialic acid-binding immunoglobulin-superfamily lectin-7 (Siglec-7) expressed on natural killer (NK) cell was reported 
to suppress the cytotoxicity of NK cell to cancer cells when it binds to disialylated glycans on the cancer cell surface. 
To investigate the binding affinity of IgG Fc-fused Siglec-7 (Siglec-7-Fc) with sialylated globo-series glycans, the 
glycans were first immobilized on the alkyne-modified glass slide by CuAAC, followed by binding with Siglec-7-Fc 
and visualized by anti-IgG-Cy3. Surprisingly, DSGb5 glycan showed lower affinity to Siglec-7-Fc compared with GD3 
glycan, which is a well-known high-affinity ligand for Siglec-7. The unexpected low affinity may be caused by the 
linker difference with the naturally occurring ceramide, which motivated us to synthesize DSGb5 ceramide for further 
understanding the reason of relative low binding affinity.  
Although the glycan moiety is considered to be the key of globoside’s bioactivity, the ceramide of globosides was 
also indicated to be critical for signal transduction in recent studies. Therefore, it is desirable to develop an efficient 
method to synthesize globosides and their derivatives for investigation of the bioactivities toward cancer cell. 
Herein, OPME method was applied to synthesize Gb3, Gb4, Gb5,² SSEA-4, and Globo-H sphingolipids by using 
chemically synthesized lactose (Lac) sphingolipid as starting material, which shows better water solubility than that 
of Lac-ceramide. The fatty acid was introduced to above glycosphingolipids at the late stage and give globosides. 
 
[1]. Chen, X.; Varki, A. ACS Chem. Biol. 2010, 5, 163-176. 
[2]. Li, S.-P.; Hsiao, W.-C.; Yu, C.-C.; Chien, W.-T.; Lin, H.-J.; Huang, L.-D.; Lin, C.-H.; Wu, W.-L.; Wu, S.-H.; Lin, C.-C. Adv. 
Synth. Catal. 2014, 356, 3199-3213. 
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Block Polysaccharides 

Bjørn E. Christensen1 
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Certain plant polysaccharides such as alginates and pectins have a modular structure determined by the 
biosynthesis. The modular structure of alginates, their analysis, and their importance in the gelation to form 
biomaterials will be briefly discussed. 
A second approach to modular polysaccharides involves covalently assembling oligosaccharides from different 
sources to form hybrid block polysaccharides. This allows the design of new biopolymers with multiple built-in 
properties analogous to synthetic block polymers. We have explored the use of two key bioconjugation methods 
often used in glycosciences, namely dioxyamine and dihydrazide chemistry to form a range of diblock 
polysaccharides based on alginate, chitin, chitosan, dextran and β-1,3-glucans. These studies also include the use of 
2-picoline borane as reductant. Recent results will be presented. 
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Oxazoline Or Oxazolinium Ion? The Protonation State and 
Conformation of the Reaction Intermediate of Chitinase Enzymes 
Revisited 
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1Departament de Química Inorgànica i Orgànica and Institut de Química Teòrica i Computacional (IQTCUB) , Barcelona, 
Spain, 2Laboratory of Biochemistry, Institut Químic de Sarrià. Universitat Ramon Llull, Barcelona, Spain, 3Institució 
Catalana de Recerca i Estudis Avançats (ICREA), Barcelona, Spain 

Chitinases are glycosidases responsible for cleaving the glycosidic bond of chitin, one of the most abundant 
carbohydrates in nature. These enzymes have gained interest because of their medical and industrial applications.[1] 
Family GH18 chitinases, unlike most retaining glycosidases,[2] follow a substrate-assisted mechanism in which the 
2-acetamido group of the N-acetylglucosamine located at the -1 subsite reacts with the sugar anomeric carbon, 
forming an intermediate which is commonly described as an oxazolinium ion.[3,4] By means of QM/MM 
metadynamics simulations on chitinase B from Serratia marcescens, we analyzed the entire reaction mechanism, 
showing that the reaction intermediate features a neutral oxazoline, with an oxazolinium ion being formed only on 
the pathway toward the reaction products. The role of a well-defined hydrogen bond network that orchestrates 
catalysis by protonation events, is discussed.[5] 
 
(1)  Adrangi, S.; Faramarzi, M. A. From Bacteria to Human: A Journey into the World of Chitinases. Biotechnol. 
Adv. 2013, 31 (8), 1786–1785. 
(2)  Ardèvol, A.; Rovira, C. Reaction Mechanisms in Carbohydrate-Active Enzymes: Glycoside Hydrolases and 
Glycosyltransferases. Insights from First Principles QM/MM Molecular Dynamics Simulations. J. Am. Chem. Soc. 2015, 
137, 7528–7547. 
(3)  van Aalten, D. M.; Komander, D.; Synstad, B.; Gåseidnes, S.; Peter, M. G.; Eijsink, V. G. Structural Insights into 
the Catalytic Mechanism of a Family 18 Exo-Chitinase. Proc. Natl. Acad. Sci. U. S. A. 2001, 98 (16), 8979–8984. 
(4)  Jitonnom, J.; Lee, V. S.; Nimmanpipug, P.; Rowlands, H. a.; Mulholland, A. J. Quantum Mechanics/Molecular 
Mechanics Modeling of Substrate-Assisted Catalysis in Family 18 Chitinases: Conformational Changes and the Role of 
Asp142 in Catalysis in ChiB. Biochemistry 2011, 50 (21), 4697–4711. 
(5)  Coines, J.; Alfonso-Prieto, M.; Biarnés, X.; Planas, A.; Rovira, C. Oxazoline or Oxazolinium Ion? The 
Protonation State and Conformation of the Reaction Intermediate of Chitinase Enzymes Revisited. Chem. – A Eur. J. 
2018, 24, 19258–19265. 
 

 
Reaction intermediate of GH18 chitinase B from Serratia marcescens obtained from QM/MM simulations.
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Universitaria, S.P.8-km 0.700, 09042 Monserrato, Cagliari, Italy, 3Institució Catalana de Recerca i Estudis Avançats 
(ICREA), Passeig Lluís Companys 23, 08018, Barcelona, Spain 

Pseudomonas aeruginosa is a Gram-negative bacterium that causes dangerous hospital-acquired infections and has 
developed antibiotic resistance. Hence, a considerable research effort has been directed towards fighting this 
organism.[1] Most antibiotics require to cross the outer membrane (OM) in order to reach their targets and 
accomplish their function, and this step often compromises their efficacy. Therefore, understanding the molecular 
transport mechanism through the OM is crucial in antibacterial drug discovery.[2] The main gate for small molecules 
to pass through the OM are porins, membrane proteins that exhibit a β-barrel folding. Here we decipher the 
transport mechanism of glucose across OprB, a sugar-specific porin from Pseudomonads, by means of molecular 
dynamics in conjunction with metadynamics. Our results show that residues located in the constriction region of the 
pore play a major role in the transport, screening both the charge and the size of molecules (i.e., positive/neutral 
monosaccharides).[3] With this in mind, we also elucidate the transport mechanism of 2-acetamido-1,2-
dideoxynojirimycin (DNJ-NAc)[4] though OprB, since is an anti-infective monosaccharide positively charged and 
structurally similar to glucose. Thus, we exemplify how to exploit the transport though specific porins following the 
so-called Trojan Horse strategy. 
 
1. Wagner, S. et al. Novel Strategies for the Treatment of Pseudomonas aeruginosa Infections. J. Med. Chem. 2016, 
59, 5929–5969. 
2. Brown, D. G., May-Dracka, T. L., Gagnon, M. M. & Tommasi, R. Trends and exceptions of physical properties on 
antibacterial activity for gram-positive and gram-negative pathogens. J. Med. Chem. 2014, 57, 10144–10161. 
3. Coines, J., Acosta-Gutierrez, S., Bodrenko, I., Rovira, C. & Ceccarelli, M. Glucose transport via the pseudomonad 
porin OprB: implications for the design of Trojan Horse anti-infectives. Phys. Chem. Chem. Phys. 2019, 21, 8457–
8463. 
4. Yamaguchi, T. et al. Inhibitors for bacterial cell-wall recycling. ACS Med. Chem. Lett. 2012, 3, 238–242. 

 
Transport mechanism of glucose and DNJ-NAc (natural substrate and an antibiotic, respectively) through the sugar-
specific porin OprB from pseudomonads. 
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Chamomile (Chamomilla recutita), is one of most commonly used species in herbal medicine and is included in the 
pharmacopoeia of almost all countries. Some of the known pharmacological effects are attributed to the presence of 
secondary metabolites, but it is not known whether other molecules such as polysaccharides, are working together 
to these effects. There are few studies on the chemical structure and biological activity of chamomile 
polysaccharides. Therefore, the present study aimed to structurally characterize and evaluate the fermentation 
profile of polysaccharides extracted from chamomile tea by human intestinal microbiota in vitro. Chamomile tea was 
obtained by infusion of its floral chapters (40 g/L) and polysaccharides (MRW fraction) recovered by ethanol 
precipitation. Analysis of monosaccharide composition and NMR spectroscopy were performed for structural 
characterization. A model of in vitro fecal fermentation using human intestinal microbiota was used to evaluate the 
fermentation profile after 0, 4, 8 and 12 hours of incubation. Gas formation, changes in pH and the production of 
short chain fatty acids - SCFA (acetate, butyrate and propionate) and branched (isobutyrate and isovalerate) were 
evaluated. Chamomile tea had a dietary fiber content of 3.2%, based on the dry weight of the floral chapters, which 
corresponded to inulin and pectins (high methylesterified homogalacturonan). The MRW fermentation resulted in 
total gas production in 12 hours similar to positive (fructooligosaccharides - FOS) control. The highest pH reduction 
occurred in the initial four hours, being similar to FOS at all fermentation times. Total SCFA were 38% higher for MRW 
than for FOS in 12 hours of fermentation. Analyzing each short chain fatty acid separately, it is possible to observe 
that MRW presented 56% higher acetate production, and 30% lower butyrate production, when compared to FOS. 
Propionate production was similar for FOS and MRW. Chamomile tea is a source of beneficial polysaccharides (inulin 
and pectins) that can be fermented by human intestinal microbiota.
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Arabinoxylans (AX) are polysaccharides, also considered dietary fibers, found in monocots plants, mainly in cereals. 
The chemical structure of AX consists basically of a 1,4 linked β-D-xylose backbone with arabinose side chains. Its 
consumption has been associated to health benefits, such as improvement in glucose metabolism in subjects, 
immune response in mice and, more recently, its effects on gut microbiota has been reported. For this reason, AX 
has been studied as a novel class of prebiotics. It is important to highlight that the fine structure of AX directly 
influences its biological properties. Also belonging to the monocots, Bactris setosa, commonly known as Tucum, is a 
Brazilian palm plant of the Arecaceae family. Its purple fruit presents a succulent pulp, a fibrous peel, and are 
consumed by the residents and indigenous population of the Brazilian Cerrado. Few studies were conducted to 
analyse its health effects, however it has already been demonstrated that tucum has antioxidant properties. 
Therefore, information about dietary fiber composition in food is fundamental to understand its nutritional and 
technological aspects. In this sense, the aim of this work was to analyze the chemical structure of AX isolated from 
tucum soluble and insoluble dietary fibers. For this, tucum was freeze-dried, milled into powder, defatted, and 
submitted to the AOAC (991.43) method to obtain soluble (SDF) and insoluble dietary fibers (IDF) yielding 22% and 
41%, respectively. SDF were submit to Fehling’s solution, giving rise to a soluble (SDF-SF) and insoluble fraction, 
yielding ±11% and 89% respectively. IDF, subjected to alkali extraction, gave rise to an alkali soluble and insoluble 
fraction, yielding ± 49% and 46% respectively. SDF-SF fraction and the alkali soluble fraction (KS), were analyzed for 
its monosaccharide composition, both presented major relative amounts of xylose (59.2% and 90.1%, respectively), 
followed by arabinose (26.5% and 7.9% respectively) and galactose (8.3% and 2.0% respectively). Uronic acids (4.5 
%, glucuronic acid as standard) and fucose (1.5%) were only identified in SDF-SF. Both fractions were also analyzed 
regarding their glycosidic linkage pattern through methylation analyses. SDF-SF and KS presented the 2,3-Me2-Xyl in 
greater amounts (37.3% and 79.5% respectively), indicating a backbone of a (1→4) linked β-D-xylan. Also, the main 
chain of SDF-SF and KS is substituted in O-3 and O-2. The derivatives 2,3,4-Me3-Xyl, 2,3,5-Me3-Ara and 2,3,4,6-
Me4-Gal was identified as non-reducing ends in both fractions. The KS fraction presented more derivatives, 
suggesting a more heterogeneous and branched structure. This is the first report regarding the presence of AX in 
tucum edible fruits.



EUROCARB XX LEIDEN 2019 

P45 

Trans-Cyclooctene-Modified Carbohydrates Enable Bioorthogonal 
Manipulation of the Lac Repressor: Tetrazine-Induced Gene 
Expression 

Mark Alexander Ruben De Geus1, Can Araman1, Gijsbert van der Marel1, Marc Robillard2, Jeroen Codée1, Herman 
Overkleeft1, Sander van Kasteren1 

1Leiden Institute Of Chemistry, Leiden University, Leiden, The Netherlands, 2Tagworks Pharmaceuticals, Nijmegen, 
The Netherlands 

In vivo bioorthogonal deprotection chemistry has proven a powerful tool to control and synchronise the timing of 
biological processes. Ultrafast kinetics of reactions such as the inverse electron-demand Diels-Alder pyridazine 
elimination provide tantalizing opportunities to chemically control processes in living systems.  
We are interested in the interaction between host and pathogens, particularly the degradation of bacterial pathogens 
by phagocytes of the immune system. In our efforts to study the speed of killing of the bacteria, we have begun to 
develop methodology to control the point in time at which protein expression occurs in the bacteria inside a 
phagocyte. We therefore chose to make operon regulators for the lac operon of Escherichia coli. We here report the 
characterization of a new bioorthogonally protected inducer of the lac operon system, by virtue of its modification 
with trans-cyclooctene as a caging moeity. Inverse electron-demand Diels-Alder (IEDDA) pyridazine elimination 
liberated the carbohydrate inducer, thereby inducing the gene expression system in a wide variety of biological 
circumstances. 
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Pseudomonas aeruginosa is an opportunistic Gram-negative bacteria, which is the main cause of hospital associated 
infections, for example in the case of chronic lung injury or cystic fibrosis. Among the bacterial pathogens tested, 
this bacterium has the highest genom coding capacity and regulatory network density, which allows the bacterium 
to defer and survive in a variety of environmental conditions [1]. All of these factors and the aggressive use of 
antibiotics in the recent years have led to serious drug resistance in the investigated pathogen. Therefore it is time 
to search and apply new approaches to the prevention and treatment of these infections. Taiwanese researchers 
have observed that the recombinant horseshoe crab plasma lectin (rHPL, rhamnose binding lectin [2]) is able to 
inhibit the bacteria in forming the biofilm layer which is used for protection, owing to the fact that more components 
of the biofilm layer contain rhamnose units (eg lipopolysaccharides, Psl polysaccharide or dirhamnolipids). From 
these, Psl [1] is an exopolysaccharide containing repeating pentaccharide moieties, which plays particularly 
important role in the formation and maintenance of the biofilm. 
 
Our research group has been involved in the synthesis of biologically active oligosaccharides for decades [3], [4], 
[5]. The aim of our current co-operation is to more accurately identify the interaction between the pentasaccharide 
part of the Psl exopolysaccharide and the rHPL lectin. Within this research, our goal was to design and perform an 
efficient synthesis of the commercially not available pentasaccharide for the biological investigations. Herein, 
synthesis of the pentamer repeating unit as a p-methoxyphenyl glycoside (see Figure 1.) will be presented. 
 
Supported by the ÚNKP New National Excellence Program of the Ministry of Human Capacities. 
The authors gratefully acknowledge financial support for this research from the Premium Postdoctoral Program of 
HAS (PPD 461038) and from the EU and co-financed by the European Regional Development Fund under the project 
GINOP-2.3.2-15-2016-00008 
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BACKGROUND: 
Maturity onset diabetes of the young HNF1A (MODY 3) is the most frequent form of autosomal dominant monogenic 
diabetes and is caused by mutations in HNF1A gene. MODY is estimated to account for 1–2% of all diabetes cases. 
The most common form of testing for MODY is genetic testing, however, the cost and its unavailability in some 
countries lead to over 80% of MODY subjects remain misdiagnosed as either type 1 or type 2 diabetes [1]. As 
genome-wide association studies (GWAS) showed, N-glycan outer arm fucosylation levels are significantly altered by 
certain mutations in HNF1A gene [2]. Therefore, MODY 3 is an example of a disease where a glycan biomarker could 
be used in identification and stratification of patients. 
METHODS:  
LC-MS method was used to analyze procainamide-labeled N-glycans released from a cohort of 346 diabetes patient 
plasma samples including 30 subjects with three differently classified mutations in HNF1A gene - damaging, likely-
damaging and benign. Improved LC glycan separation was achieved using HALO 2 Penta- HILIC column. Glycan 
structures were identified and quantitation of antennary fucosylated glycans was performed in a high-throughput 
manner using an open source HappyTools software. A receiver operating characteristic (ROC) curves were used to 
estimate the diagnostic accuracy of antennary fucosylated glycan structures for discrimination of certain types of 
HNF1A mutation.  
RESULTS: 
46 glycan peaks were assigned and amongst them, 7 antennary fucosylated glycan structures were identified. 
A combination of two (A3FG3S2_A4FG4S4) and three (A3FG3S2_A4FG4S4_A4F2G4S4) glycan structures showed the 
best discriminative power between subjects with damaging HNF1A mutation and a group of subjects with benign or 
no HNF1A mutation. The best performing single glycan for discrimination between these subject groups was 
A3FG3S2.  
For discrimination between subjects with likely-damaging HNF1A mutation and subjects with benign or no HNF1A 
mutation, A3FG3S2_A4F2G4S4 and A3FG3S3_A3F2G3S3_A4F2G4S4 showed the best performing power as glycan 
combinations and A4F2G4S4 as a single glycan. 
CONCLUSIONS: 
Most cases with damaging mutations in HNF1A gene are manifested phenotypically. These subjects represent a 
decreased level of N-glycans with outer-arm fucosylation. Therefore, HPLC methods for determining antennary 
fucosylated glycan structures as a biomarker are a suitable tool to discriminate MODY subjects. 
We have developed and presented a workflow which focuses not only on highly repeatable HPLC analysis but also on 
high-throughput, systematic data processing. As a result, diagnostic performance of a single glycan biomarker and a 
combination of biomarkers were evaluated against a set of subjects with different types of mutation in the HNF1A 
gene.  
In this study, we have presented an innovative way to test glycan features for potential biomarkers in discrimination 
of subjects with damaging mutations in HNF1A gene. It was shown that a combination of glycan structures perform 
better than a single glycan as a diagnostic biomarker. 
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are we missing?” Diabetologia. 2010;53(12):2504–2508 
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master regulator of plasma protein fucosylation.” PLoS genetics vol. 6,12 e1001256. 23 Dec. 2010 
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Analogues via the Indium Mediated Allylation of Disaccharides 
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In Glycosciences the demand for efficient synthetic approaches towards complex carbohydrate structures is an 
important, still continuously growing research aim, because the isolation of complex natural glycans is not efficient 
in order to obtain quantitative amounts in high purity. Additionally, unnatural derivatives are often interesting 
variants for biomedical as well as medicinal applications. [1,2] In this context, the development of diastereoselective 
and efficient synthetic routes to elongated carbohydrates and oligosaccharides has been in our focus to contribute 
to this field. Therefore, we became interested in the indium-mediated allylation reaction for the elongation of 
carbohydrate moieties.[3,4] With the use of this reaction followed by ozonolysis, applied on disaccharides, various 
elongated carbohydrate analogs could be synthesized in a short, diastereoselective and efficient approach. This 
method has been applied to cellobiose, melibiose, lactose and maltose as starting materials. Results and 
experimental details will be presented. 
 
[1] P. Sears, C. Wong, Angew. Chemie - Int. Ed. 1999, 38, 2300–2324. 
[2] S. Nishat, P. Andreana, Vaccines 2016, 4, 19. 
[3] W. Schmid, G. M. Whitesides, J. Am. Chem. Soc. 1991, 113, 6674–6675. 
[4] W. Binder, R. Prenner, W. Schmid, Tetrahedron 1994, 50, 749–758. 
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from the Shigella Sonnei Polysaccharides and Its Oligomerization 
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Shigellosis is a diarrheal disease caused by a family of bacteria named Shigella. Phase III trials have demonstrated 
the protective capacity of a Shigella sonnei detoxified lipopolysaccharide-conjugate against S. sonnei infection in 
young adults and children older than 3 years of age.[1] As a possible alternative towards a highly immunogenic S. 
sonnei vaccine, we have engaged in the use conjugates made of synthetic oligosaccharides covalently attached to a 
carrier protein.  
The S. sonnei polysaccharides feature a zwitterionic disaccharide repeat encompassing two rare monosaccharides, a 
2-acetamido-2-deoxy-L-altruronic acid (residue A) and a 2-acetamido-4-amino-2,4,6-trideoxy-D-galactopyranose 
(AAT, residue B), 1,2-trans linked to one another. This communication will report our investigations on the synthesis 
of oligosaccharides that have the {�-D-FucpNAc4N-(1→}0,1[4)-�-L-AltpNAcA-(1→3)-�-D-FucpNAc4N-(1→]1,2,3…{4)-�-L-
AltpNAcA}0,1 core sequence (B0,1(AB)1,2,3…A0,1) (Figure 1).[2] 
Focus is on the identification of a suitable orthogonally protected AB disaccharide compatible with chain elongation 
at both ends, release in its free form, and subsequent site-selective conjugation onto a carrier or solid support. The 
synthesis of such a disaccharide intermediate, obtained by the post-glycosylation oxidation strategy, will be 
presented with emphasis on the selected A and B precursors, and their preparation from L-glucose and D-
glucosamine, respectively. Besides, proper protecting group manipulation ensuing that a robust [A+B] glycosylation 
is achieved and the feasibility of the overall strategy will be exemplified for the (AB)3 hexasaccharide. 
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 [2] Pfister, H. B.; and Mulard, L. A.; Synthesis of the zwitterionic repeating unit of the o-antigen from Shigella sonnei 
and chain elongation at both ends. Org. Lett. 2014, 16, 4892-4895. 
 
 

 
 
Figure 1: Schematic representation of the synthetic challenges. 



EUROCARB XX LEIDEN 2019 

P51 
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Siglecs (Sialic acid-binding Immunoglobulin (Ig)-like lectins) constitute a family of transmembrane glycan-binding 
receptors that decorate immune cells surfaces and are implicated in both innate and adaptive immunity. [1,2,3] 
These lectins recognize and bind sialic acids containing glycans, which represent a common structural motif 
exposed on all mammalian cells. Siglecs perform many regulatory roles and are involved in events like cell-cell 
communication, inhibition or regulation of immune tolerance and host-pathogen interactions. [4,5] 
We deeply characterized, at atomic level, the recognition of complex-type N-glycans by human and murine Siglec-2, 
also known as CD22, a B-cell surface inhibitory protein [1,5,6] able to dampen autoimmune responses against self-
antigens. [7] A combination of different techniques, including advanced NMR approaches [8,9,10,11] (Saturation 
transfer difference, transferred-NOESY), computational methods [12,13] (Molecular Dynamic, Docking, CORCEMA-ST) 
and biophysical assays (Surface Plasmon Resonance, Alpha Assay) allowed to achieve key information on the 
epitope mapping and conformation of complex glycans interacting with human/murine Siglec-2. 
Our results may have implication in the design of novel glycomimetics able to modulate the activity of Siglec-2 in 
autoimmune diseases and various B-cell derived malignancies. 
 
[1] Macauley, M. S.; Crocker, P. R.; Paulson, J. C. Nat. Rev. Immunol. 2014, 14(10), 653– 666. 
[2] Crocker, P. R.; Paulson, J. C.; Varki, A. Nat. Rev. Immunol. 2007, 7, 255–266. 
[3] Cagnoni, J.; PérezSàez, J. M.; Rabinovich, G. A.; Mariño, K. V. Front. Oncol. 2016, 6, 109. 
[4] Pillai, S.; Netravali, I. A.; Cariappa, A.; Mattoo, H. Annu. Rev. Immunol. 2012, 30, 357–92. 
[5] Müller, J.; Nitschke, L. Nat. Rev. Rheumatol. 2014, 10(7), 422-8. 
[6] Han, S.; Collins, B. E.; Bengtson, P.; Paulson, J. C. Nat. Chem. Biol. 2005, 1, 93–97. 
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In the neurodegenerative autoimmune disease multiple sclerosis (MS) the protein myelin oligodendrocyte 
glycoprotein (MOG) has been identified as the key autoantigen behind the demyelinating pathology1. Previous work 
from our group shows that decoration of this protein with an N-glycan containing fucosylated Lewis-type sugars, 
known ligands for the Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Non-integrin (DC-SIGN) 
receptor, plays an important role in immunotolerance towards MOG2. However, this work was performed on myelin 
as a whole and included heterogeneous mixtures of N-glycans. Furthermore, we recently showed that these 
peptides have amyloid-like aggregation behavior when citrillunated3 and are interested in the effect of glycosylation 
on this aggregation.  
To investigate the role of fucosylated sugars on MOG antigenicity, we decided to extent the commonly used 
antigenic peptide of MOG (MOG35-55) on the N-terminus to include the natural N-glycosylation site (Asn31). Using 
novel chemistry developed in our lab, we have synthesized Fmoc-asparagine building block decorated with various 
protected glycans, including a derivative of the known DC-SIGN ligand Lewis X. In my talk, I will present the synthesis 
of these glycosylated asparagine building blocks and their application in the solid phase peptide synthesis (SPPS) of 
homogeneously glycosylated MOG peptides. Furthermore, I will show the results of the aggregation assays of the 
glycosylated peptides as well as the results of our first biological assays showing that the Lewis X modified MOG 
peptides are capable of binding to DC-SIGN in vitro. 
 
References: 
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Healthy human MUC1 is a highly glycosylated extracellular peptide, containing a highly conserved tandem repeat 
sequence of 20 amino acids (GVTSAPDTRPAPGSTAPPAH)). Tumour associated MUC1 ((TA)MUC1) shows enhanced 
expression in 90% of breast cancers [1]. (TA)MUC1 is characterised by the incomplete glycosylation of the peptide 
backbone, resulting in a change of conformation and exposure of the peptide backbone to the immune system [1]. 
Autoantibodies from the sera of patients bound specifically to the incompletely glycosylated Ser¹⁴ and Thr¹⁵ of the 
GSTA domain of the tandem repeat sequence [1]. Seven glycopeptides were produced by solid phase peptide 
synthesis based off two regions of the MUC1 peptide sequence, one region containing Thr⁸ of the DTR region and the 
other containing Ser¹⁴ and Thr¹⁵ of the GSTA region. Each of the seven glycopeptides exhibits a different level of Tn 
antigen (α-GalNAc) expression. 
Cholera toxin B-subunit has previously been investigated for the display of peptide antigens, but not for 
carbohydrate antigens [2]. CTB-glycoconjugates of (TA)MUC1 were prepared using C-terminal sortase-mediated 
transpeptidase ligation methodology. These glycoconjugates were produced on a preparative scale and will go on to 
be used for the identification of antibody-like proteins via phage display [3]. The CTB-glycoconjugates will also be 
investigated as potential vaccine candidates. 
 
[1] Stergiou, N.; Gaidzik, N.; Heimes, A.-S.; Dietzen, S.; Besenius, P.; Jäkel, J.; Brenner, W.; Schmidt, M.; Kunz, H.; 
Schmitt, E. Reduced Breast Tumor Growth after Immunization with a Tumor-Restricted MUC1 Glycopeptide 
Conjugated to Tetanus Toxoid. Cancer Immunol. Res. 2019, 7 (1), 113–122. https://doi.org/10.1158/2326-6066.CIR-18-
0256. 
[2] Langridge, W.; Dénes, B.; Fodor, I. Cholera Toxin B Subunit Modulation of Mucosal Vaccines for Infectious and 
Autoimmune Diseases. Curr. Opin. Investig. drugs 2010, 11 (8), 919–928. 
[3] Tiede, C.; Bedford, R.; Heseltine, S. J.; Smith, G.; Wijetunga, I.; Ross, R.; AlQallaf, D.; Roberts, A. P.; Balls, A.; Curd, 
A.; et al. Affimer Proteins Are Versatile and Renewable Affinity Reagents. Elife 2017, 6. 
https://doi.org/10.7554/eLife.24903. 

 
C-terminal labelling of CTB-LPXTG using sortase-mediated transpeptidase ligation methodology. CTB-
glycoconjugates will be used in phage display experiments. 
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Carbohydrates with Unusually Broad Substrate Scope 
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Regioselective protection strategy remains a central challenge in carbohydrate synthesis. Many methods were 
developed, in which organotin reagents used to be identified as the best reagents for the selective protection. 
However, the organotin-methods are not enviroment-friendly due to the inherent potential toxicity of organotin 
reagents. Recently, we reported a non-toxic and environment-friendly catalyst, Fe(dibm)3, which can be used in 
selective alkylation of carbohydrates, leading to high regioselectivities [1,2]. The disadvantage of this method is that 
Fe(dibm)3 is not commercially available. After that, we reported the second green catalyst, Fe(acac)3, which is more 
inexpensive and commercially available, and can be used in selective acylation of carbohydrates with high 
regioselectivities [3]. Based on these results, we further demonstrated that FeCl3 could be used directly as a catalyst 
to catalyze the regioselective benzoylation of carbohydrates with the assistance of acetylacetone [4]. This result 
opens a gate for us to find the best catalytic system of regioselective protection. After tests of various metal salts 
and ligands, we have found that FeCl3 with the assistance of benzoyltrifluroacetone was the best catalytic system 
for regioselective acylation of carbohydrates. The catalytic system led to high regioselectivities in both benzoylation, 
acetylation and sulfonylation. We have also found that FeCl3 with the assistance of dipivaloylmethane was the best 
catalytic system for regioselective akylation of carbohydrates. FeCl3 with the assistance of dibenzoylmethane 
showed slightly lower catalytic activity than with the assistance of dipivaloylmethane for akylation. However, 
dibenzoylmethane is a much more inexpensive reagent than dipivaloylmethane. Both FeCl3 and 
dibenzoylmethane/dipivaloylmethane are commercially available and easily acquired. Therefore, FeCl3 as a green 
catalyst proved to have a great potential to be widely used in regioselective protection of carbohydrates with broad 
substrate scope.  
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CD22 is a sialic acid-binding immunoglobulin-like lectin (Siglec) that maintains a baseline level of B cell inhibition. Its 
function and restricted expression in B cells makes CD22 a validated target in therapies against deregulated B cells 
that cause B cell lymphomas and autoimmune diseases. High-affinity sialic acid based ligands that will compete with 
natural sialic acid ligands to bind CD22 represent a promising therapeutic tool. Here, we describe the design and 
synthesis of a sialoside library constructed by chemical modifications on carbon substituents C2, C5 and C9 on the 
natural Neu5Ac scaffold. We have solved the crystal structures of the most N-terminal three Ig domains (d1-d3) of 
human CD22 in complex with three different sialic acid derivatives. Our results provide a strategy to generate high 
affinity sialic acid molecules against CD22 that will outcompete the natural ligand for the receptor and modulate its 
activity. 
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Congenital Disorders of Glycosylation (CDG) are genetic diseases characterized by altered glycosylation of proteins, 
lipids and/or both. Protein glycosylation defects are divided in N- and O-glycosylation defects. The majority of CDG 
involves protein N-glycosylation, commonly classified in two groups. CDG type I defects affect oligosaccharide 
assembling in the ER, ad are characterized by unoccupied glycosylation sites in the protein, but with structurally 
complete glycans. CDG type II refers to defects in the subsequent processing steps in ER and Golgi, leading to the 
increase of abnormal glycans. 
ALG12-CDG is an inherited multisystemic disorder due to mutation of ALG12 gene. ALG12 encodes for Dol-P-
Man:Man7-GlcNAc2-PP-Dol α-1,6-mannosyltransferase that normally transfers the 8th mannose to the lipid-linked 
oligosaccharide (LLO precursor), which is required for subsequent N-glycosylation of proteins. The synthesis of 
completed glycan precursor GlcNAc2-Man9-Glc3 oligosaccharide decreases in ALG12-CDG, limiting its transfer to 
selected asparagine residues of nascent polypeptides (CDG type I defects).  
Clinical phenotype includes severe neurological disease and recurrent infections associated with 
hypogammaglobulinemia and cell B dysfunctions. Nine cases of ALG12-CDG have been reported until now.  
We investigated transferrin and serum N-glycosylation including targeted IgG in a novel ALG12-CDG patient by a 
combination of MALDI-MS and UPLC-ESI-MS strategies. We focused on serum and IgG N-glycome change, in order to 
investigate the impact of ALG12 molecular defect on the immunological phenotype of ALG12-CDG. 
MALDI-MS analysis of serum transferrin showed, as expected for a CDG I, peaks corresponding to the di-glycosylated 
transferrin and to the mono-glycosylated isoform. 
MALDI-MS analysis of IgG and serum N-glycan released after PNGase F treatment revealed occurrence of increasing 
amounts of hybrid and high mannose N-glycans in IgG and in total serum profiles. UPLC-ESI-MS analysis revealed 
these accumulating N-glycans were a sum of multiple isomeric structures. Abnormal hybrid structures were detected 
both in total serum and in IgG N-glycan samples, while abnormal high mannoses glycans were identified only 
through total serum N-glycan analysis. To further characterize the hybrid glycans accumulating in ALG12-CDG, we 
compared serum N-glycan structures of ALG12 patient with a control (showed in the attached figure) and also with a 
MAN1B1-CDG (1,2-α-mannosidase deficiency) sample serum, which is characterized by an increase of unusual hybrid 
configuration with α-1,2-terminal mannose residue. By the comparison of Extracted Ion Chromatograms (EICs) of 
released N-glycans from ALG12-CDG and MAN1B1-CDG serum samples, we demonstrated that the hybrid-type 
glycans accumulated in ALG12-CDG shared the same isomeric structures with the abnormal N-glycans that 
accumulate in MAN1B1–CDG. Similar results were observed analyzing EICs of GlcNAc2-Man5-7. In ALG12-CDG all these 
abnormal high mannosylated structure lacked the α1,6 mannose residue at the branched 6-Man arm, according to 
the molecular defect. These peculiar configurations of GlcNAc2-Man5-7 were completely absent in the control serum 
glycoprofile and never observed before. 
These results highlighted that ALG12-CDG behaves as a dual CDG (CDG-I and II), because of the occurrence of 
unoccupied glycosylation sites in the transferrin typical of CDG-I defects alongside with accumulation of abnormal N-
glycans caused by alteration in processing chain typical of CDG-II. 
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UHPLC-ESI Total Ion Current Chromatograms (TICCs) of serum N-glycans in the ALG12-CDG patient (red line) and a 
healthy pediatric control (black line) with major assignments. Glycan symbols: GlcNAc, blue square; Man, green 
circle; Gal, yellow circle; NeuAc, purple lozenge, Fuc, red triangle
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Seasonal flu (influenza virus infection) is one of the major threats to human health, causing of up to 500 thousand 
deaths worldwide annually).[1,2] Hemagglutinin, a glycoprotein presented in the surface of the influenza virus, binds 
sialylated N-glycans located on the surface of host epithelial cells. 
 
The structural elucidation and the conformational studies of N-glycans remain a challenge due to the complexity, 
heterogeneity and flexibility of carbohydrates. Moreover, the isochronous chemical shifts presented for the same 
units located at different branches make impossible the distinction of their signals in the NMR spectra. 
 
Taking advantage of the lanthanide approach, an unambiguous assignment of each carbohydrate unit has been 
reached for bianntenary N-glycans containing one and two LacNAc units, permitting their conformational elucidation 
and the recognition study of these N-glycans by the HK/68 hemagglutinin strain.[3] 
 
1. Influenza (Flu) | CDC https://www.cdc.gov/flu/ (accessed May 8, 2019). 
2. Petrova, V. N.; Russell, C. A. Nat. Rev. Microbiol. 2017, 16 (1), 47–60. 
3. Fernández de Toro, B.; Peng, W.; Thompson, A. J.; Domínguez, G.; Cañada, F. J.; Pérez-Castells, J.; Paulson, J. C.; 
Jiménez-Barbero, J.; Canales, Á. Angew. Chemie Int. Ed. 2018, 57 (46), 15051–15055. 

 
Left: Structure of the N-glycan containing 2 LacNAc units. Right: Extension of the H4 galactoses region of the ¹H-¹³C 
HSQC spectrum. 
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Introduction. Glycosylation is a fundamental post-translational modification (PTM) which when altered in cancer, 
plays an integral role in tumour progression and cancer cell survival. There is a clear link between chemoresistance 
and hypoxia, hypoxia and epigenetics and more recently glycosylation and epigenetics [1]. Our remit is to interrogate 
these paradigms together, to establish new approaches for the detection, diagnosis and treatment of ovarian and 
breast cancer.  
Materials and Methods. Ovarian and breast cancer cells were treated with the DNA methyltransferase inhibitor, 5-
AZA-2-deoxycytidine (5-AZA-dC). Cells were exposed to normoxia and differential hypoxic conditions. The 
methylation status of hypoxia-exposed cells and the normoxia-controls as well as demethylation status following 5-
AZA-dC treatment, was confirmed by flow cytometry. N-glycans from cell secreted glycoproteins were analysed 
using hydrophilic interaction liquid chromatography (HILIC) and mass spectrometry. Western blot analyses assessed 
apoptosis, senescence, autophagy and markers of epithelial to mesenchymal transition (EMT). The Oris Migration 
Assay monitored the cell migration, while qRT-PCR measured candidate glycosyltransferases and transcription factor 
(TFs) gene expression in these samples. Subsequent knock down of GATA transcription factors, transient siRNA 
approaches were confirmed by qRT-PCR and Western blot analyses. 
Results and Discussion. Branching and sialylation, known to aid in tumour survival, were increased on secreted N-
glycans from chemosensitive cells compared to chemoresistant cells following treatment with 5-AZA-dC and in all 
cells under hypoxic conditions. These changes correlated with increases in MGAT5 and ST3GAL4 expression in 
demethylated ovarian cancer cells. GATA2/3 were identified in-silico, as possible TFs for these genes. Results 
showed that there is a correlation between, ST3GAL4 and GATA2 and MGAT5 and GATA3, respectively. 5-AZA-dC-
treated and hypoxia-exposed cells displayed increased migration, with a greater effect in chemosensitive 
demethylated- and 0.5% hypoxia-exposed cells compared to chemoresistant cells. Apoptotic and senescence 
markers were increased in 5-AZA-dC treated cells. Knocking down GATA2 and 3 showed a decrease in MGAT5 and 
ST3GAL4 expression. 
Conclusion. These results give insight into the effects epigenetic alterations have on cancer cell glycosylation and 
how these may impact on the overall fate of those cells. The GATA2/3 TFs are linked to cancer stage, increased 
invasiveness and are possible therapeutic targets. Our data demonstrate a potential correlation between GATA2/3 
and the levels of glycosyltransferases involved in branching and sialylation which are involved in cancer cell survival 
and metastases. 
 
References  
[1] Greville G, McCann A, Rudd PM, Saldova R. Epigenetic regulation of glycosylation and the impact on chemo-
resistance in breast and ovarian cancer. Epigenetics, 2016, 11(12): 845–857.
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Bacterial exopolysaccharides (EPS) are high-molecular weight polysaccharides that are loosely attached to the cell 
surface or excreted in the environment (Figure 1) [1]. Their molecular structures vary among different strains [2], and 
can contain unusual carbohydrates and glycosidic linkages that are not found in eukaryotes. EPS have been studied 
extensively in the past years as they are part of bacterial biofilms, and combine interesting technological properties 
with promising effects on human health [3]. For example L. plantarum EPS might have a potential as antitumor drug 
[4], one of the EPS fractions isolated from B. animalis is under investigation for the effects on mucosal immunity in 
the small intestine [5] and the EPS released by L. rhamnosus might be useful in the treatment of metabolic disorders 
[6]. 
To gain more insight into the EPS structures that confer health effects, these molecules have to be isolated from the 
producing bacteria. An ideal isolation method should be applicable to different strains and lead to the isolation of 
the polysaccharides without any interference from medium components or contamination with cell’s content. 
In the current study we present the advancements in the isolation of EPS from several (an)aerobic strains, focusing 
mainly on Lactobacillus and Bifidobacterium spp, and compare the results obtained using different media and 
extraction procedures. The final goal is the development of a general isolation and purification method suitable to 
perform the study of these potential healthy natural products. 
 
References: 
[1]  P. Ruas-Madiedo et al., 2012, Handbook of Animal-Based Fermented Food and Beverage Technology, pp 125-152 
[2] J. Zhou et al., 2019, Carbohydrate Polymers, 207, 317-332 
[3] U. Nwodo. et al., 2012, Int J. Mol Sci, 13, 14002-14015  
[4] K. Wang et al., 2014, Int. J. Biol. Macromol. 63, 133-139 
[5] R. Xu et al., 2017, Food and Agricultural Immunology, 28, 1226-1241 
[6] Z. Zhang et al., 2016, Sci. Rep. 6, 36083 
 
 

 
 
Figure1: EPS layer surrounding Lactococcus lactis cells (left). Gram positive cell envelope (right).
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Recently, we described synthetic sulfolipids named Sulfavants (1-3) as a novel class of molecular vaccine adjuvants 
based on the sulfoquinovosyl-diacylglycerol skeleton.[1,2] These compounds induce maturation of human DCs by the 
up-regulation of phenotypic markers.[1,3] In particular, Sulfavant A (1), the prototype of this class of molecules, was 
proved to boost immune protection and to act as an adjuvant in mice in an experimental model of cancer vaccine 
against a murine B16F10 melanoma cell line, that is widely used for therapeutic evaluation.  
Therefore, the Sulfavants are ideal candidates to be used as vaccine adjuvants in relation to their efficiency 
properties accompanied by a low possibility of giving side effects.[1] Crucial steps for the pharmacological 
development of this class of adjuvants are certainly the elucidation of the biological mechanisms, the interactions 
between these compounds and their cellular targets, the monitoring of their metabolism and the mapping bio-
distribution in cells and in vivo. With these purposes, the preparation of fluorescent analogs of Sulfavants is an 
essential factor for future biological studies. In this regard, we planned a chemical strategy for the synthesis of a 
Sulfavant fluorescent analog linked to the 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene moiety (BODIPY) named 
Sulfavant R-BODIPY (4).  
The preparation of the Sulfavant R-BODIPY (4) dye was achieved by a versatile diastereoselective synthesis based on 
the trichloroacetimidate method which opens a straightforward access to a wide class of fluorescent sulfolipids 
derivatives, essential tools for achieving a better comprehension of the biological mechanisms at the base of 
adjuvant activity of this class of molecules. 
 
[1] E. Manzo, A. Cutignano, D. Pagano, C. Gallo, G. Barra, G. Nuzzo, C. Sansone, A. Ianora, K. Urbanek, D. 
Fenoglio, F. Ferrara, C. Bernardi, A. Parodi, G. Pasquale, A. Leonardi, G. Filaci, R. De Palma, A. Fontana, Sci. Rep. 2017, 
7, 6286. 
[2] E. Manzo, L. Fioretto, D. Pagano, G. Nuzzo, C. Gallo, R. De Palma, A. Fontana, Mar. Drugs, 2017, 15, 288. 
[3] E. Manzo, C. Gallo, L. Fioretto, G. Nuzzo, G. Barra, D. Pagano, I. Russo Krauss, L. Paduano, M. Ziaco, M. Della 
Greca, R. De Palma, and A. Fontana, ACS Omega 2019, 4, 7807-7814. 
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Biological glycosylation is the process which adds specific sugars to other sugars, proteins and lipids [1]. Protein 
glycosylation is one of the most important post-translational modifications, which occurs in more than half of all 
proteins present in the human body. Abnormal glycosylation has been demonstrated to be linked to many different 
diseases due to alterations associated with protein folding and biological function [2]. Therefore, glycosylation is 
absolutely essential for the correct structure, function and stability of important proteins [3]. 
 
Surface glycosylation patterns play a key role in the modulation of the immune responses which are mediated by 
carbohydrate-binding proteins called Lectins [4]. Such biomolecules are typically highly selective for specific glycan 
structures, making them extremely useful for glycan variation investigation [5]. 
  
A rapid and accurate bioanalytical method to detect early unhealthy cell signs during a bioprocess is a current issue 
facing the industry. It is widely known that as cells become stressed or diseased the earliest changes that occur are 
in cell surface glycosylation.  
 
CHO cells are the host cell of choice of the rapidly emerging biopharmaceutical industry for the production of 
glycoprotein therapeutics. Hence, this research work investigated the interaction between recombinant lectin probes 
with glycoconjugates on the surface of the CHO-K1 cells and on secreted biomolecules. With the aid of computational 
biology techniques, statistically significant differences were found on cell surface glycoprofile in response to 
variation in temperature, CO2 and nutrient depletion levels of the cell culture process.   
 
[1] Marth, J. D.; Grewal, P. K. Mammalian glycosylation in immunity. Nature reviews. Immunology. 2008, 8, 874–887.  
[2] Christiansen, M. N.; Chik, J.; Lee, L.; Anugraham, M.; Abrahams, J. L.; Packer, N. H. Cell surface protein 
glycosylation in cancer. Proteomics. 2014, 14, 525–546.  
[3] Lepenies, B.; Seeberger, P. H. Simply better glycoproteins. Nature Biotechnology. 2014, 32, 443–445. 
[4] Veiseh, M.; Kwon, D. H.; Borowsky, A. D.; Tolg, C.; Leong, H. S.; Lewis, J. D.; Turley, E. A.; Bissell, M. J. Cellular 
heterogeneity profiling by hyaluronan probes reveals an invasive but slow-growing breast tumor subset. Proc. Nat. 
Acad. Sci. U.S.A.[Online] 2014, 111, e1731–e1739 https://www.pnas.org/content/111/17/E1731 (accessed Feb 21, 2019). 
[5] Ohtsubo, K.; Marth, J.D. Glycosylation in Cellular Mechanisms of Health and Disease. Cell. 2006 126, 855–867. 
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Protein– glycans interactions set the basis of several molecular recognition processes and are implicated in events 
like cell–cell interactions, signal transduction, inflammation, viral entry and host bacteria recognition, thereby 
participating in disease, defense and symbiosis [1,2]. Of particular interest is the role of sialylated glycans in 
mediating bacterial and viral infections [3], acting as receptors for many pathogens, including paramyxoviruses as 
Mumps virus [4] (MuV).  
MuV represents the main cause of mumps disease, a systemic viral illness characterized by painful swelling the 
salivary glands, typically the parotid glands [5]. The pathogenesis of the virus in humans is a long-standing 
question. Although several vaccines have been developed, unexpectedly, MuV still causes outbreaks, even in highly 
vaccinated populations worldwide [6].  
Within this frame, the present work is focused on the study of the molecular recognition between the MuV 
attachment protein hemagglutinin-neuraminidase (MuV-HN) and sialylated ligands. The MuV-HN protein displays 
several functions essential for virus entry and infection, since is located on the surface of the MuV and mediates the 
viral attachment to the host cell surface. Actually, MuV-HN recognizes sialic acid-containing glycoconjugates on cell 
surfaces, thus assisting the fusion activity of the viral cell surface F protein, leading to the penetration of MuV into 
the host cell. In combination to that, the HN neuraminidase activity removes the sialic acid from progeny virus 
particles thereby avoiding viral self-agglutination [7].  
Nuclear magnetic resonance (NMR) techniques combined with computational studies were applied to dissect the 
interaction between HN protein and sialylated ligands. Novel insights on the kinetic of the hydrolisis reaction at the 
basis of the neuraminidase activity of HN have been provided; moreover, the definition of the bioactive conformation 
and of the binding epitope of the sialylated ligands allowed a deeper comprehension of the biological processes at 
the basis of MuV- HN infectivity. Our results represent a first step toward the development of more effective antiviral 
vaccines to prevent MuV infection and reinfection globally. 
 
[1] Schnaar, R. L. J. Allergy Clin. Immunol. 2015, 135, 609–615. 
[2] Rabinovich, G. A. and Croci, D. O. Immunity 2012, 36, 322–335. 
[3] Stehle, T. and Khan, ZM. J. Virol. 2014; 88(14). 
[4] Kubota, M. et al. Proc. Natl. Acad. Sci. 2016, 113, 11579–11584. 
[5] Latner, D.R. and Hickmann, C.J. PLoS Pathog. 2015, 11(5). 
[6] Rubin, S.A. et al. J Virol. 2012, 86(1), 615–620.  
[7] Kelm, S. and Schauer, R. Int. Rev. Cytol. 1997, 175, 137–240. 
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With the availability of complete genome sequences for numerous prokaryotic and eukaryotic organisms, the 
number of novel genes in need of functional assignment increases dramatically. Chemical probes for selective 
covalent labeling of proteins are thus of great interest for the isolation of biological receptors or functional 
characterization of putative enzymes [1]. Photoaffinity-based probes and mechanism-based inhibitors are among the 
most investigated means to isolate target proteins. However, because of the difficulties associated with the 
synthesis and manipulation of oligosaccharides, most of the examples reported to date concern mono-and di-
saccharide derivatives.  
In the present work, we report a novel class of carbohydrate probes i.e oligosaccharidic triazinyl glycosides allowing 
the selective labeling of lectins and CAZymes. Triazinyl glycosides can be efficiently obtained from unprotected 
carbohydrates in aqueous media [2]; they can also be chemically modified with two bioorthogonal reporters [3]. As 
an illustration, we will describe the synthesis of chitinpentaose-based probes and their evaluation against Wheat 
Germ Agglutinin, Bacillus circulans chitinase A1 and Hen Egg White Lysozyme. In particular, an activity-based probe 
allowing both continuous fluorescence detection of chitinase activity by FRET and protein labeling will be presented.  
 
[1] Stubbs K. A. Carbohydr. Res. 2014, 390, 9-19. 
[2] Noguchi, M.; Nakamura, M.; Ohno, A.; Tanaka, T.; Kobayashi, A.; Ishihara, M.; Fujita, M.; Tsuchida, A.; Mizuno, M.; 
Shoda, S. A Chem. Commun. 2012, 48(45), 5560–5562. 
[3] Li, H.; Zhou, H.; Krieger, S.; Parry,J. J.; Whittenberg,J. J.; Desai,A. V.; Rogers, B. E.; Kenis, P. J. A.; Reichert, D. E. 
Bioconjugate Chem. 2014, 25(4), 761–772. 
 
 

 
Figure 1. Selective labeling of carbohydrate binding proteins by triazinyl-glycosides.
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Variations of the Karplus equation[1,2] have been used widely to describe the dependency of NMR scalar coupling 
constants on the dihedral angle between the coupled nuclei. Specifically, carbohydrates have seen successful 
applications of the Karplus equations to problems of conformational analysis.[3] Due to the number of possible 
constitutional and configurational isomers, oligosaccharides have the greatest potential diversity and complexity 
among biomacromolecules. Oligosaccharides are present in all life kingdoms[4] and are essential to the 
biochemistry of protein folding/quality control,[5] immune response to infection, cell-cell interaction,[6] 
fertilization,[7] cancerogenesis,[8] cancer metastasis,[9] blood group antigens, and neuronal development.[10-13] 
Conformational flexibility increases the information content stored in such structures even further and influences the 
glycans’ biochemistry. The objective of the study here was to develop new Karplus equations for β-1,6-linked 
oligosaccharides. Conformational analysis of the glycosidic linkage was achieved by NMR spectroscopy and MD 
simulations. Karplus equations for the HCCH- fragment and the HCCC-fragment (ω angle) were developed from 
coupling constant calculations (Gaussian ’09, PCM water model) fitted to J = Acos2(θ)+Bcos(θ)+C and J = 
Acos2(θ+D)+Bcos(θ+E)+C. MD-histograms of dihedral angles were extracted (GLYCAM06, TIP3P water model) and 
were weighted by the Karplus equation to yield J-values. Preliminary test datashowed good fit between computed 
and experimental coupling constants in various β-1,6-linked oligosaccharides.  
 
(1) Karplus, M. J. Am. Chem. Soc. 1963, 85, 2870. 
(2) Karplus, M.; Anderson, D. H.; Farrar, T. C.; Gutowsky, H. S. J. Chem. Phys. 1957, 27, 597. 
(3) Coxon, B. Adv. Carbohydr. Chem. Biochem. 2009, 62, 17. 
(4) Larkin, A.; Imperiali, B. Biochemistry 2011, 50, 4411. 
(5) Moremen, K. W.; Tiemeyer, M.; Nairn, A. V. Nat. Rev. Mol. Cell Biol. 2012, 13, 448. 
(6) Bolam, D. N.; Koropatkin, N. M. Curr. Opin. Struct. Biol. 2012, 22, 563. 
(7) Hedrick, J. L. Soc. Reprod. Fertil. 2007, 63, 409. 
(8) Ju, T.; Wang, Y.; Aryal, R. P.; Lehoux, S. D.; Ding, X.; Kudelka, M. R.; Cutler, C.; Zeng, J.; Wang, J.; Sun, X.; 
Heimburg-Molinaro, J.; Smith, D. F.; Cummings, R. D. Proteomics: Clin. Appl. 2013, 7, 618. 
(9) Christiansen, M. N.; Chik, J.; Lee, L.; Anugraham, M.; Abrahams, J. L.; Packer, N. H. Proteomics 2014, 14, 525. 
(10) Babu, P. ACS Chem. Biol. 2014, 9, 96. 
(11) Huang, M. L.; Godula, K. ACS Chem. Neurosci. 2014, 5, 873. 
(12) Lopez, P. H. H.; Schnaar, R. L. Curr. Opin. Struct. Biol. 2009, 19, 549. 
(13) Rowlands, D.; Sugahara, K.; Kwok, J. C. F. Molecules 2015, 20, 3527. 
 

 
Figure 1. NMR-tools and computational methods for the development of Karplus equations.
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Mammalian glycans are highly abundant on all cellular surfaces facilitating a plethora of important processes 
including cellular adhesion and self- non self-discrimination. They often define cellular identity and expose the 
metabolic status of the cell. Consequently, cell surface glycosylation of multicellular organisms play a role in 
fundamental research topics like pathogen recognition, tumorigenesis and cancer metastasis.[1] Interactions with 
theses carbohydrates is facilitated by lectins and the effects of these interactions can range from redundant to 
substantial. To study the process of how lectins decode such information from cell surface glycans, we make use of 
information theory, an approach to investigate communication channels. Information theory determines boundaries 
and parameters of communication systems[2] and has found its application to biological problems previously.[3]  
 
Following this concept, we treat glycan based cell-cell communication as a communication channel for the 
transmission of glycan-encoded information to lectin-decoded output. Briefly, common myeloid cell lines were 
transduced to express various lectins. Glycans were then used as input messages in various formats such as 
dissolved, immobilized on plates, attached to soluble particles, or whole cells. The decoding process was then 
monitored using a biochemical response of the receiving cells in single cell resolution. This approach will allow us to 
determine and quantify basic parameters of glycan lectin interactions such as channel capacity, transmission 
efficiency, and the influence of noise on glycan lectin interactions. Following this approach, we hope to contribute to 
a better understanding on how mammalian cell surface glycans can encode essential information. 
 
1. Stowell, S. R., Ju, T. & Cummings, R. D. Protein Glycosylation in Cancer. Annu. Rev. Pathol. Mech. Dis. 10, 
473–510 (2015). 
2. Shannon, C. E. A Mathematical Theory of Communication. Bell Syst. Tech. J. 27, 379–423 (1948). 
3. Mian, I. S. & Rose, C. Communication theory and multicellular biology. Integr. Biol. 3, 350 (2011). 
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The lipopolysaccharide (LPS) is located on the outer surface of gram-negative bacteria and builds up a protective 
barrier against its environment and potential threats. The O antigen polysaccharide part of the LPS is the main tool 
for determining the serotype of different strains. So far, the E. coli strains are distributed in 180 serogroups with only 
a few left to elucidate. Here, we present the structure of the E. coli O188 polysaccharide. The O antigen 
polysaccharide was obtained utilizing hot phenol-water extraction, mild acid delipidation and purified with size 
exclusion chromatography. Sugar analysis and absolute configuration analysis using chemical derivatization and gas 
liquid chromatography showed the sugar units: D-Gal, D-GlcNAc, D-GlcA and D-Man and a combination of 1D and 2D 
¹H,¹³C NMR spectroscopy experiments revealed a pentasaccharide repeating unit. The structure of the repeating unit, 
which was predicted using the computer program CASPER and confirmed by NMR spectroscopy, is the branched 
pentasaccharide: 
→4)-β-D-GlcA-(1→2)-[α-D-Gal-(1→3)]β-D-Man-(1→4)-β-D-Man-(1→3)-β-D-GlcNAc-(1→ 
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Chitosan is a biodegradable, biocompatible and non-toxic natural polymer derived from chitin. The control of their 
chemical and physical properties allows chitosan derivatives to be used for different biomedical and industrial 
applications. [1] On the other hand, Selenium is an essential trace element. In Nature, its main biological function is 
associated with the incorporation in the form of selenocysteine into certain proteins having redox motifs, such as 
Glutathione Peroxidase (GPx), among others. Different selenium containing compounds resulted to be bio-inspired 
catalysts, good antioxidant agents and good GPx-mimics. [2] 
 
Our research focuses on the preparation of new selenoureidyl chitosan derivatives with tunable physicochemical 
properties by reaction of the biopolymer with a series of diversely substituted isoselenocyanates. This purpose will 
be carried out by taking advantage of the reactivity of chitosan´s amino group.  
 
All new compounds have been characterized by NMR techniques both in solution and in solid state. To study the 
applicability of the new chitosan-derived selenoureas, antioxidant capacity and GPx-mimics ability have been 
investigated. 
 
The authors thank the Junta de Andalucía (2011/FQM-142, and Project P09-AGR-4597); Spanish Ministerio de 
Economía, Industria y Competitividad (MINECO), Spain (CTQ2016-78703-P); A. J. Galera-Carrillo also thanks 
Universidad de Sevilla (PEJUS-2, 2017-2-EJ-070) for funding support. The authors also thank the CITIUS, Universidad 
de Sevilla, for the facilities.  
 
[1] Prasanthi , N.L., Roy , H., Jyothi , N., Vajrapriya ,V.S. 2016 A Brief Review on Chitosan and Application in Biomedical 
Field American Journal of Pharmtech Research, 6, 41-51  
[2] (a) Santi, C; Bagnoli. 2017 Celebrating Two Centuries of Research in Selenium Chemistry: State of the Art and New 
Prospective Molecules, 22, 2124. (b) Shchendrina, V.A.; Novoseleov, S.V.; Malinouski, M.Y.; Gladyshev, V.N. 
Identification and characterization of a selenoprotein family containing a diselenide bond in a redox motif Proc. Natl. 
Acad. Sci. 2007, 104, 13919-13924. 
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Intramolecular palladium-catalyzed alkene carboamination is a particularly atom-efficient reaction, which allows in a 
single step the concomitant formation of a C-N bond, a C-C bond and up to two stereocenters from a protected 
aminoalkene with a high degree of regio- and diastereoselectivity. This reaction involves a combination of an air-
stable palladium complex with a commercially available phosphine ligand in the presence of a base and an aryl, 
alkenyl or alkynyl halide [1]. This intramolecular reaction has mainly been employed for the synthesis of five-
membered nitrogen heterocycles, but it has never been used for the synthesis of highly functionalized heterocycles 
such as iminosugar C-glycosides [2]. 
Iminosugars are glycomimetics known for inhibiting carbohydrate processing enzymes, in which the endocyclic 
oxygen is replaced by a nitrogen atom [3]. As anomeric configuration is fundamental to the biological activity of 
carbohydrates, incorporating this information in the structure of glycomimetics is crucial and makes iminosugar C-
glycosides more interesting, as they can exist in the form of two different pseudo anomers, even if their synthesis is 
much more challenging [4]. 
This new methodology will allow in a few steps the synthesis of iminosugar libraries with a high degree of molecular 
diversity, which will be achieved by the use of different commercially available sugars as starting materials 
(aldoses/ketoses, pentoses/hexoses, furanose/pyranose forms) and by the use of different commercially available 
aryl, alkenyl or alkynyl halides. Biological evaluation of the synthesized compounds towards a panel of enzymes will 
be realized. 
The synthesis of various sugar-derived aminoalkenes will be presented, as well as the optimization of 
carboamination reaction conditions leading to a diversity of novel iminosugar C-glycosides in a highly 
diastereoselective process. 
 
[1] Wolfe, J. P. Stereoselective synthesis of saturated heterocycles via palladium-catalyzed alkene carboetherification 
and carboamination reactions, Synlett 2008, 19, 2913-2937. 
[2] Wolfe, J. P. Synthesis of saturated heterocycles via metal-catalyzed alkene carboamination or carboalkoxylation 
reactions, Top. Heterocycl. Chem. 2013, 32, 1-38. 
[3] Iminosugars: From Synthesis to Therapeutic Applications; Compain, P., Martin, O. R., Eds.; Wiley-VCH: Weinheim, 
2007. 
[4] Compain, P.; Chagnault, V.; Martin, O. R. Tactics and strategies for the synthesis of iminosugar C-glycosides: a 
review, Tetrahedron: Asymmetry 2009, 20, 672-711. 
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The previously discovered posttranslational α-rhamnosylation of a highly conserved arginine residue of elongation 
factor P was found to be essential for rescue of polyproline stalled ribosomes in clinically relevant species such as 
Pseudomonas aeruginosa or Neisseria meningitidis, and represents the first example of a rhamnosylated cytosolic 
protein in bacteria. [1-4] In view of the prevalence and importance of protein glycosylation, we assume that protein 
rhamnosylation in bacteria might not be limited to EF-P and Arg but represents a more common and so far, 
overlooked post-translational modification. Highly specific anti rhamnosyl-Asn, rhamnosyl-Ser and rhamnosyl-Thr 
antibodies are valuable tools to systematically investigate the potential rhamnosyl proteome in bacteria as they 
allow for the detection of protein mono-rhamnosylation in crude bacterial lysates. [3,5] As a prerequisite for the 
generation of such antibodies, efficient chemical approaches towards pure and stereochemically well defined α- and 
β- O- and N-rhamnosyl glycopeptide haptens need to be developed. In this regard, we herein present the synthesis 
of α- and β-O-rhamnosyl Ser and Thr as well as N-rhamnosyl Asn amino acid building blocks and their incorporation 
into artificial glycopeptide haptens. The later can be used for the generation of highly specific anti rhamnosyl-Asn, 
rhamnosyl-Ser and rhamnosyl-Thr antibodies.  
 
[1] Lassak J.; Keilhauer E.C.; Fürst M.; Wuichet K.; Gödeke J.; Starosta A.L.; Chen J.M.; Sogaard-Andersen L.; Rohr J.; 
Wilson D.N.; Häussler S.; Mann M.; Jung. K. Arginine-rhamnosylation as new strategy to activate translational 
elongation factor P. Nat. Chem. Biol. 2015, 11, 266-270.  
[2] Yanagisawa T.; Takahasi H.; Suzuki T.; Masuda A.; Dohmae N.; Yokoyama S. Neisseria meningitidis Translation 
Elongation Factor P and its Active-Site Arginine Residue Are Essential for Cell Viability. PLoS ONE 2016, 11 (2), 
e0147907. 
[3] Li X.; Krafczyk R.; Macošek J.; Li Y. L.; Zou Y.; Simon B.; Pan X.; Wu Q. Y.; Yan F.; Li S.; Hennig J.; Jung K.; Lassak J.; 
Hu H.G. Resolving the α-glycosidic linkage of arginine-rhamnosylated translation elongation factor P triggers 
generation of the first ArgRha specific antibody. Chem. Sci. 2016, 7, 6995-7001. 
[4] Wang S.; Corcilius L.; Sharp P. P.; Rajkovic A.; Ibba M.; Parker B. L.; Payne R. J. Synthesis of rhamnosylated 
arginine glycopeptides and determination of the glycosidic linkage in bacterial elongation factor P. Chem. Sci. 2017, 
8, 2296-2302. 
[5] Krafczyk R., Macošek J., Jagtap P. K. A.; Gast D.; Wunder S.; Mitra P.; Jha A. K.; Rohr J.; Hoffmann-Röder A.; Jung 
K.; Hennig J.; Lassak J. Structural basis for EarP-mediated arginine glycosylation of translation elongation factor EF-
P. mBio 2017, 8 (5), e01412-17. 
 



EUROCARB XX LEIDEN 2019 

P70 

Application of the Indium-Mediated Allylation Reaction:  
Synthesis of 3-Deoxy-2-Uloses 

Manuel Gintner1, Christian Denner1, Christoph Schmölzer1, Michael Fischer1, Peter Frühauf2, Hanspeter Kählig1, Walther 
Schmid1 

1Institute of Organic Chemsitry, University Of Vienna, Vienna, Austria, 2Institute of Analytical Chemistry, University of 
Vienna, Vienna, Austria 

The indium-mediated allylation reaction is a powerful tool for the elongation of carbohydrates since it can be 
performed in aqueous media under mild conditions [1,2]. We utilized this reaction in the synthesis of carbohydrate 
scaffolds containing the 3-deoxy-2-ulose motif, a barely investigated compound class [3]. The stereoselective 
outcome can be controlled by the presence or absence of a chelating group in α-position to the reacting carbonyl 
function as we verify on two model substrates [4,5]. Our approach towards the synthesis of 3-deoxy-D glycero-D-
galacto-2-nonulose - the ketose analogue of widely distributed 2-keto-3-deoxy-D-glycero-D-galacto-nonoic acid 
(KDN) - is accompanied by demanding epimer separation which has been tackled by the introduction of an UV-active 
group attached to the allyl building block facilitating detection using HPLC. Synthetic as well as experimental details 
will be presented. 
 
[1] Bowyer, W. J.; Singaram, B.; Sessler, A. M. Nature of the intermediates formed during indium mediated 
allylation under Barbier conditions. Spectroscopic and experimental data on allylindium species. Tetrahedron 2011, 
67, 7449. 
[2] Podlech, J.; Maier, T. C. Indium in Organic Synthesis. Synthesis 2003, 5, 633. 
[3] Schmölzer, C.; Fischer, M.; Schmid, W. Permanganate Oxidation Revisited: Synthesis of 3 Deoxy-2-uloses via 
Indium-Mediated Chain Elongation of Carbohydrates. Eur. J. Org. Chem. 2010, 25, 4886. 
[4] Li, C. J., Chan, T. H. Organic Syntheses Using Indium-Mediated and Catalyzed Reactions in Aqueous Media. 
Tetrahedron 1999, 55, 11149. 
[5] Paquette, L. A. Evaluation of Chelation Effects Operative during Diastereoselective Addition of the 
Allylindium Reagent to 2- and 3-Hydroxycyclohexanones in Aqueous, Organic, and Mixed Solvent Systems. Synthesis 
2003, 5, 765. 

 
Scheme: Application of the indium-mediated allylation reaction in the synthesis of 3-deoxy-2-uloses and tackling of 
demanding epimer separation.
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In this study we present the design, synthesis and biological evaluation of the Siglec-8 minimal binding epitope, the 
6-Sulfo Sia-Gal disaccharide.  
Siglec-8 is an I-type lectin and member of the CD33-related Siglec family, which has recently gained attention as an 
interesting target for the treatment of inflammatory diseases. The protein is exclusively expressed on eosinophils 
and mast cells, playing a key role in the pathophysiology of asthma.[1] Asthma is the most common chronic lung 
disease worldwide, affecting more than 300 million people. Although its symptoms can be controlled in the majority 
of cases, no cure is currently available.[2] Targeting Siglec-8 with antibodies or glycan ligands results in apoptosis of 
eosinophils and inhibition of mast cells degranulation, suggesting Siglec-8 as a promising new pharmacological 
target for the treatment of asthma and other eosinophil or mast cell-related disorders.[3] 
Recently, the NMR solution structure of the Siglec-8 lectin domain in complex with its preferred glycan epitope, the 
tetrasaccharide 6’-sulfo sialyl Lewisx, was published.[4] The key interactions involve two crucial salt bridges of the 
sialic acid carboxylate and the sulfate group in the 6’-position of D-Gal, whereas the L-Fuc- and D-GlcNAc-moieties 
show only minor contributions to binding. For these reasons the partial disaccharide structure 6-sulfo Sia-Gal was 
assumed to represent the minimal binding epitope for Siglec-8. We therefore synthesized the disaccharide fragment 
and evaluated its binding affinity to Siglec-8. In addition, a small library of bioisosteres of the disaccharide was 
synthesized and tested. 
 
[1] Floyd, H.; Ni, J.; Cornish, A. L.; Zeng, Z.; Liu, D.; Carter, K. C.; Steel, J.; Crocker, P. R. Siglec-8. A novel eosinophil-
specific member of the immunoglobulin superfamily. J. Biol. Chem. 2000, 275, 861-866.  
[2] Fahy, J. V. Type 2 inflammation in asthma - present in most, absent in many. Nat. Rev. Immunol. 2015, 15, 57-65. 
[3] Kiwamoto, T.; Kawasaki, N.; Paulson, J. C.; Bochner, B. S. Siglec-8 as a drugable target to treat eosinophil and 
mast cell-associated conditions. Pharmacol. Therapeut. 2012, 135, 327-336. 
[4] Pröpster, J. M.; Yang, F.; Rabbani, S.; Ernst, B.; Allain, F. H.; Schubert, M. PNAS 2016, 113, E4170-4179. 
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The phytotoxin diplopyrone is considered to be the main phytotoxin in a fungus that is responsible for cork oak 
decline. Highly stereoselective syntheses of the enantiomer of the structure originally proposed for the phytotoxin 
diplopyrone and structural analogs have been achieved using carbohydrate starting materials in two complementary 
approaches. Key steps in the synthesis of putative (-)-diplopyrone are a highly stereoselective pyranose chain-
extension based on methyltitanium, preparation of a vinyl glycoside via Isobe C-alkynylation-
rearrangment/reduction, and RCM-based pyranopyran construction. Crystallographic and NMR analysis confirms an 
earlier report that the structure originally proposed for diplopyrone may require revision. Structural analogs were 
prepared for biological evaluation, the most promising being a pyranopyran nitrile synthesized in an alternative 
approach by Ferrier cyanoglycosidation, Wittig chain extension, and lactonization. Biological assays revealed potent 
antibacterial activity for the nitrile analog against common bacterial pathogens E. ictaluri and F. columnare that 
cause enteric septicemia (ESC) and columnaris disease, respectively, in catfish. The IC50 value of 0.002 against E. 
ictaluri indicates approximately 100 times greater potency than the antibiotic florfenicol used commercially for this 
disease. Phytotoxic activity for three target compounds against duckweed was also observed. The antibiotic and 
phytotoxic activities of the new pyranopyrans synthesized in this study demonstrate the potential of such 
compounds as antibiotics and herbicides.  
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Glycosaminoglycans (GAGs) are an important group of biomolecules and are unbranched polysaccharides consisting 
of repeating disaccharide moieties. One GAG, heparin, is polysulfated with alternating D-glucosamino and either D-
glucuronic or L-iduronic acid units and is used as an anticoagulant drug.[1] As part of our work on heparin analogues 
in which the disaccharide units are S-linked rather than O-linked, we are attempting to synthesize the disaccharide 
thiol 5. (see Scheme below). The donor 1 is synthesized starting from glucose pentaacetate and the acceptor 2 from 
glucosamine hydrochloride The disaccharide 3 obtained from the glycosylation reaction between 1 and 2 has been 
subjected to multistep manipulations to give 4, a possible precursor to the desired thiol 5. 
  
References  
 [1] I. Capila and R. J. Linhart, Angew. Chem. Int. Ed., 2002, 114, 426-450. 
 

 
Progress towards the target disaccharide thiol 5
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Recently, we have demonstrated [1] that phosphatidyl-β-D-glucoside derived lyso-phosphatidyl-β-D-glucoside (lyso-
PtdGlc) is the first lipid derived regulator of central projections in nociceptive (pain) sensory afferents during 
embryonic development. This lyso-PtdGlc associated patterning is mediated by G-protein coupled receptor 55 
(GPR55). GPR55 has originally been deorphanized as a cannabinoid receptor, but has later been described as 
lysophospholipid-responsive receptor. GPR55 upregulation has been reported in a variety of cancers, while GPR55 
knock out mice show abnormal responses to inflammation and mechanical stimuli, suggesting a role of GPR55 in 
neuropathic pain and inflammatory processes. Furthermore, GPR55 has been linked to a variety of physiological and 
pathological processes, such as synaptic transmission, obesity, bone development and gastrointestinal functions. 
  
To characterize lysolipid-GPR55 interaction and more specifically the ligand binding pocket, we established synthetic 
access to lyso-PtdGlc and prepared a variety of synthetic lyso-PtdGlc analogues. The biological activity of our 
synthetic analogues was evaluated using our previously developed functional assay, based on primary cultured DRG 
sensory neurons endogenously expressing GPR55. To overcome the lack of structural information of GPR55, we 
established and validated a GPR55 homology model [2] and performed molecular dynamics (MD) simulations of 
GPR55 in the presence of natural and synthetic lysolipid ligands. The results of our MD simulation were in good 
agreement with our biological assay results, providing novel insight into the ligand binding pocket specifics. 
 
[1] A.T. Guy, Y. Nagatsuka, N. Ooashi, M. Inoue, A. Nakata, P. Greimel, A. Inoue, T. Nabetani, A. Murayama, K. Ohta, Y. 
Ito, J. Aoki, Y. Hirabayashi, H. Kamiguchi, Science 2015, 349(6251), 974-7. 
[2] A.T. Guy, K. Kano, J. Ohyama, H. Kamiguchi, Y. Hirabayashi, Y. Ito, I. Matsuo, P. Greimel ACS Chem. Neurosci. 2019, 
10, 716-727. 
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Molecular recognition by specific targets is at the heart of the life processes. Interactions between proteins and 
carbohydrates mediate a broad range of biological activities, from embryogenesis to pathological processes. The 
elucidation of the mechanisms that govern how sugars are accommodated in the binding sites of these receptors is 
currently a topic of interest. Thus, the determination of structural and conformational factors and physicochemical 
features which govern the molecular recognition process is of paramount importance.¹ We aim at mimicking the 
cellular environment using different probes², by performing in vitro experiments,³ and using NMR methods in 
solution⁴ and in cell, and also under experimental conditions that mimic the cell environment, developing synthetic 
membranes and exploiting highly crowded atmospheres.⁵ We herein present our preliminary results of the structural 
details of the interactions between human galectin-3¹ ⁶ with GM3-containing model membranes using NMR 
spectroscopy. 
 
[1] Gimeno, A. et al. Angew. Chem. Int. Ed. 2019, doi: 10.1002/anie.201900723.  
[2] Rahkila J. et al. ChemBioChem. 2019, 20, 203.  
[3] Gimeno, A. et al. ACS Chem Biol. 2017, 12, 1104.  
[4] Arda, A and Jimenez-Barbero J. Chem. Commun 2018, 54, 5761. 
[5] Diniz, A. et al. Chem. Eur. J. 2017, 23, 13213. 
[6] Santarsia S. et al. ChemMedChem. 2018, 13, 2030. 
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As glycomics research is getting more and more important for the biopharmaceutical industry, there is an increasing 
need for rapid and reproducible analytical methods to characterize and monitor N-glycosylation of therapeutic 
antibodies. [1] It is well known that the glycosylation pattern plays a key role in the biological activities of 
glycobiotherapeutics. Approaches to comprehensively analyze complex carbohydrates comprise numerous 
bioanalytical methods including mass spectrometry, liquid chromatography, capillary electrophoresis, NMR and 
exoglycosidase array based sequencing. [2] In this poster the most frequently used high performance liquid phase 
separation methods for carbohydrate analysis - ultrahigh pressure hydrophilic interaction liquid chromatography 
(HILIC-UPLC) and capillary electrophoresis (CE) - will be compared (Figure 1), using a multicapillary electrophoresis 
system. The latter has the great advantage of allowing the analysis of up to 12 samples in parallel, thus supporting 
high throughput. The effectiveness of the two methods will be compared by separating different fluorophore labeled 
partitioned carbohydrate libraries (e.g. high-mannose, afucosyl biantennary and fucosyl biantennary) and several 
high profile glycosylated therapeutic proteins (e.g., Humira and Enbrel).  
 
[1] Á. Szekrényes et al., “Multi-site N-Glycan mapping study 2: UHPLC,” Electrophoresis, vol. 39, no. 7, pp. 998–
1005, Apr. 2018. 
[2] A. Guttman, A., Rathore, A.S., Krull, “Bioanalytical Tools for the Characterization of Biologics and 
Biosimilars,” LCGC North Am., vol. 30, no. 5, 2012. 
 

 
Figure 1. Analysis of fluorophore-labeled N-glycans of Enbrel by HILIC UPLC (upper panel) and multicapillary gel 
electrophoresis (lower panel).
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Alternative glycosylation of different glycoproteins and their role in various diseases attracts the attention of 
scientists and recent publications are reporting continuously about new findings in this area [1]. Bovine and human 
milk derived oral immunoglobulin preparations were used to treat gastrointestinal infections until the beginning of 
2000s [2]. Furthermore, diet derived IgG could affect human innate immune system responses in a long term 
manner [3]. Albeit, N-glycan research in a well-studied field including immunoglobulins derived from cow milk and 
other animal sources, but still have some questions to be clarified [4]. In this study we have analyzed the IgG and 
IgA molecules captured from organic and non-organic cow milk colostrum (from local farms in Hungary) using 
protein G and IgA specific Z-domain variant Ni-IMAC columns. The glycan structures were released by PNGaseF 
digestion and labeled with a charged fluorophore aminopyrene trisulfonate (APTS), followed by purification with 
magnetic beads [5]. Analysis of the labeled glycans were carried out in an automated capillary electrophoresis 
system. Alterations in the N-glycan structures were found between organic and non-organic cow colostrum 
immunoglobulin samples, which could be the consequence of the different antibiotic or other treatments of the 
animals. Detailed structural characterization of the N-glycans found in both sample types will be given in a 
comprehensive comparable manner. 
 
[1] Zs. Kovacs, A. Simon, Z. Szabo, Z. Nagy, L. Varoczy, I. Pal, E. Csanky, A. Guttman, Electrophoresis, 2017, 38, 2115. 
[2] V. S. Jasion, B. P. Burnett, Nutrition Journal, 2015, 7, 14. 
[3] M. Splunter, T. L. J Osh, S. Brugman, H. F. J. Savelkoul, L- A. B. Joosten, M. G. Netea, R. J. J. Neerven, Nutrients, 
2018, 10, 1378. 
[4] T. D-Dopico, M. R. Clatworthy, Frontiers in Immunology, 2019, 10, 805. 
[5] M. Szigeti, C. Lew, K. Roby, A. Guttman, Journal of Laboratory Automation, 2016, 21, 281. 
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Anti-myelin-associated glycoprotein (MAG) neuropathy is a disabling autoimmune peripheral neuropathy caused by 
monoclonal IgM autoantibodies that recognize the glycan epitope HNK-1 (human natural killer-1). The glycoepitope 
consists of the sulphated trisaccharide SO4-3GlcAβ1-3Galβ1-4GlcNAc and is highly expressed on adhesion 
molecules, such as MAG, present in myelinated nerve fibers. The binding of the anti-MAG IgM autoantibodies to the 
HNK-1 glycoepitope causes demyelination and axonal damage, so that the patients suffer from severe symptoms 
including sensorimotor deficits, ataxia, pain and tremors.  
Currently, only off-label treatments with limited efficacy are available. We hypothesized that significant clinical 
improvements could be achieved by selective removal of the pathogenic anti-MAG antibodies with a biodegradable, 
poly-L-lysine based polymer (PPSGG) presenting multiple copies of HNK 1 glycoepitope mimetic on the peptide 
backbone.  
We assessed the difference in the inhibitory activity of an HNK-1 glycoepitope mimetic and its multivalent 
presentation on the polymer. The multivalent presentation improved the inhibitory activity towards patients sera, i.e. 
inhibition of antibody-binding to MAG, by a factor of up to 230,000 per epitope compared to the monomer, resulting 
in a low nanomolar inhibitory potency (mean IC₅₀ = 3.6 ± 0.4 nM). The pharmacodynamic properties of the 
glycopolymer were analysed in vitro with patients’ sera using both a MAG-ELISA and an immunofluorescence assay 
with sciatic nerves from non-human primates, and in vivo using an immunological mouse model. Furthermore, ADME 
parameters and safety pharmacology of PPSGG were assessed in different species. 
PPSGG efficiently inhibited MAG-binding of patients’ antibodies at nanomolar epitope concentrations and antibody-
binding to sciatic nerves was strongly inhibited by 62.5 μg/mL and completely inhibited by 125 μg/mL PPSGG. In 
vivo, single intravenous injections of 10 mg/kg led to significant reductions in anti-MAG IgM titers for up to five days, 
and weekly treatments resulted in a decreased anti-MAG IgM antibody rebound. A tissue distribution study showed 
fast uptake and metabolism of both PPSGG and the PPSGG:anti-MAG IgM complex in the mononuclear phagocyte 
system, which is consistent with the short in vivo plasma half-life of PPSGG in mice of ca. 17 min (t₁/₂ = 16.9 ± 5.5 
min). No signs of aggregate formation were detected either in vitro or in vivo. Neither could immunogenicity be 
induced in the different treated animal species nor could human B cells or dendritic cells be activated ex vivo by the 
glycopolymer. More importantly, the dose-range finding studies in two animal species showed no safety concerns 
for PPSGG.  
In conclusion, PPSGG efficiently neutralized and removed pathogenic anti-MAG IgM in vitro and in vivo, and had a 
favorable safety profile. Taken together, the obtained data shows that PPSGG is a very promising drug candidate for 
clinical trials in anti-MAG neuropathy. 
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Majority of secretory proteins are co-translationally labeled with asparagine-linked oligosaccharides (N-glycans). 
During protein synthesis and folding, N-glycans and N-glycan–processing enzymes play important roles in protein 
quality control. Endoplasmic reticulum (ER) glucosidase II (GII) inhibitors are N-glycan–processing enzyme inhibitors; 
further, they have been reported as potential therapeutics for lysosomal storage disorders. Moreover, some 
inhibitors from this class have been clinically applied as antitumor, antiviral, and apoptosis-inducing agents. The 
present study focused on the antiviral activity of the above-mentioned inhibitors, which exert their effects by 
disrupting N-glycan maturation in viral envelope proteins, thereby effectively inhibiting GII enzymes and considerably 
influencing particle assembly and viral infectivity. Because host-targeting antivirals are involved in viral infection and 
proliferation in human host cells, GII inhibitors offer several attractive options for addressing the appearance of drug 
resistance in viral strains. Owing to the extremely low mutational rate of host cells, GII inhibitors provide a broad 
scope of antiviral activity with very high genetic barriers to drug resistance (W. Hakamata et al, Trend. Glycosci. 
Glycotechnol., 30, E139-E145, 2018). 
Given that α-glucosidase inhibitors were previously discovered by our group using in silico high-throughput 
screening techniques from a compound library containing approximately 6,000,000 commercially available drug-like 
small molecules (W. Hakamata et al, Bioorg. Med. Chem. Lett., 22, 62-64, 2012), virtual ligand screening was 
performed against the substrate binding pocket for α-glucosidase and in vitro assays of α-glucosidase. A series of 
AR200 compounds with a tryptamine scaffold as a non-carbohydrate mimetic inhibitor were subsequently identified 
as potential α-glucosidase inhibitors. To determine the specificity of these inhibitors for α-glucosidase, the AR200 
compounds were performed for inhibitory activity against other glycosidases, β-glucosidase, α- and β-
galactosidases, and α-mannosidase. The results indicated that these inhibitors were specific for α-glucosidase. 
Although in the aforementioned assay the α-glucosidase inhibitory activity was evaluated for yeast α-glucosidase, it 
was more appropriate to evaluate the enzyme inhibitory activity of GII derived from human origin to further develop 
them into host-targeting antivirals. Subsequently, a cell-based GII assay system was constructed using HeLa cells 
and our newly developed fluorogenic substrate. The inhibitory activity of the AR200 series inhibitors was then 
evaluated using the constructed system. Therefore, most of the inhibitors in the sub-µM–50 µM range caused a 
decrease in fluorescence based on GII inhibition without showing any cytotoxicity in HeLa cells. Finally, photoaffinity 
labeling experiments were performed for the target identification of the AR200 compound series using AR200 
compound series -based photoaffinity labeling probes to pull-down GII proteins in the HeLa cells. These pulled-down 
proteins were then analyzed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis; the gels were silver 
stained and subjected to Western blotting. As a result, the probe could pull-down GII protein. Given these results, 
almost AR200 series compounds were indicated the GII inhibition at human cells and the inhibitors will be 
specifically bound to human GII. Continued evaluation of this AR200 compound series is needed in the future to 
elucidate the mechanistic details of bioactivity expression and to determine the beneficial applications of these 
compounds as host-targeting antivirals. In particular, it is essential to clarify the relationship between the 
accumulation of N-glycan caused by GII inhibition and the compounds’ antiviral activity.
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Some pteridines having various kind of sugars attached to the hydroxyalkyl side-chain at C-6 are known to occur in 
certain prokaryotes. As for a glycoside of biopterin (1), 2'-O-(α-D-glucopyranosyl)biopterin (2) was isolated from 
various kinds of cyanobacteria [1]. We have undertaken a synthetic exploration of various types of natural pterin 
glycosides owing to a marked interest in their physiological functions and biological activities as well as the 
structural proof of those natural products [2]. We present here the first sythesis of microcystbiopterin B (3), which 
was isolated from Microcystis spp. bloom biomass [3] (Scheme 1). 
The key, versatile precursor N²-(N,N-dimethylaminomethylene)-1’-O-PMB-3-NPE-biopterin (8) was efficiently 
prepared from the D-xylofuranose derivative (4) via 5–7 in 11 steps involving condensation of the phenylhydrazone 
(6) with 2,4,5-triamino-6-hydroxypyrimidine. Meanwhile, the glycosyl donor 2-O-PMB-3-O-methyl-α-D-
glucopyranosyl bromide (9) was prepared from D-glucose in 11 steps. Glycosylation of 8 with 9 in the presence of 
silver triflate and tetramethylurea predominantly afforded the corresponding α-D-glucopyranoside (10). The first 
synthesis of microcystbiopterin B (3) was achieved by successive removal of the protecting groups of 10.  
 
References  
[1] (a) Forrest, H. S.; van Baalen, C.; Myers, J. Arch. Biochem. Biophys. 1958, 78, 95–99. (b) Matsunaga, T.; Burgess, J. 
G.; Yamada, N.; Komatsu, K.; Yoshida, S.; Wachi, Y. Appl. Microbiol. Biotechnol. 1993, 39, 250–253. (c) Choi, Y. K.; 
Hwang, Y. K.; Kang, Y. H.; Park, Y. S. Pteridines 2001, 12, 121–125. 
[2] Hanaya, T.; Yamamoto, H. IUBMB Life 2013, 65, 300–309. 
[3] Lifshits, M.; Kovalerchik, D.; Carmeli, S. Phytochemistry 2016, 123, 69–74. 
 
 

 
 
Scheme 1. Synthesis of microcystbiopterin B (3).
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Fc glycosylation of human immunoglobulins G (IgGs) is essential for their structural integrity and activity. 
Interestingly, the specific nature of the Fc glycoforms is known to modulate the IgG effector function. Indeed, while 
core-fucosylation of IgG Fc-glycans greatly affects the antibody-dependent cell-mediated cytotoxicity (ADCC) 
function, with obvious repercussions in the design of therapeutic antibodies, sialylation can reverse the antibody 
inflammatory response, and galactosylation levels have been linked to aging, to the onset of inflammation, and to 
the predisposition to rheumatoid arthritis. Within the framework of a structure-to-function relationship, we have 
studied the role of the N-glycan sequence on its intrinsic conformational propensity. We report the results of a 
systematic study, based on extensive molecular dynamics (MD) simulations in excess of 62 μs of cumulative 
simulation time, on the effect of sequence on the structure and dynamics of increasingly larger, complex 
biantennary N-glycoforms, i.e. from chitobiose to the larger N-glycan species commonly found in the Fc region of 
human IgGs. Our results show that while core fucosylation and sialylation do not affect the intrinsic dynamics of the 
isolated (unbound) N-glycans, galactosylation of the α(1-6) arm shifts dramatically its conformational equilibrium 
from an outstretched to a folded conformation. Following this, we used Replica Exchange Molecular Dynamics 
(REMD) to study the dynamics of the N-glycans linked to Asn297 of the Fc region of IgG1. From these intensive 
simulations, we gained a better insight into the conformational propensity of the bound N-glycans and the 
carbohydrate-carbohydrate/carbohydrate-protein interactions that are present.
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as Substrates for Chemoenzymatic Studies 
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Bacterial infections are one of the leading threats to both human health and food productions world-wide. The role 
of sialic acids in microbial pathogenesis has not been fully understood yet. Structural complexity and inability to gain 
access to pure material has impeded this effort. Sialic acids are a group of unusual sugars that consist of a 9-carbon 
backbone typically found at the non-reducing (terminal) end of oligosaccharide chains on glycoproteins and 
glycolipids. Proteins that bind sialic acids are responsible for a broad range of biological processes, including 
intercellular adhesion, signalling and microbial attachment. 
 
Thus, in order to study substrate specificity of sialic acid enzymes unique to pathogenic bacteria, chemical 
preparation of their respective substrates and analogues were explored. Herein described is the chemical syntheses 
of novel precursors of pseudaminic acid and 6-O-functionalised N-acetyl-D-mannosamine derivatives from 
commercially available N-acetyl-D-glucosamine and N-acetyl-D-mannosamine respectively. Synthesis of an 
advanced intermediate towards pseudaminic acid, L-idosamine, was achieved via a Rh-catalysed hydrogenation of 
an exocyclic olefin, which itself was produced by elimination of an alkyl halide moiety. Subsequent oxidation of the 
secondary alcohol of L-idosamine gave rise to its corresponding ketone which was utilised to install the desired 
amine functionality by reductive amination of an oxime derivative. A convenient chemoenzymatic strategy for the 
synthesis of neuraminic acid analogues derivatised at C-9 is also described. Furthermore, a mini-library of novel 
sialic acid fluorophores at the anomeric position are presented. 
 
 
References: 
[1] Varki, A. Nature, 2007, 446, 1023–1029. 
[2] Gurung, M.; Raeder, I.; Altermark, B.; Smalas, A. Glycobiology, 2013, 23, 806-819. 
[3] Lee, Y.; Kubota, A.; Ishiwata, A.; Ito, Y. Tetrahedron Letters, 2011, 52, 418-421. 
[4] Berg, T.; Gurung, M.; Altermark, B.; Smalås, A.; Ræder, I. Carbohydrate Research, 2015, 402, 133. 
[5] C. Navuluri and D. Crich, Angew. Chem., Int. Ed., 2013, 52, 11339–11342. 
 
 
 

 
Figure 1: Selected Sialic Acid Structures 
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Metabolic glycoengineering (MGE) is a valuable tool to investigate and visualize cellular glycans. In this technique, 
unnatural carbohydrates, carrying a chemical reporter group, are incorporated into glycoconjugates and can then be 
visualized using a bioorthogonal ligation reaction, such as the inverse-electron-demand Diels-Alder (DAinv) reaction. 
Besides terminal alkenes [1] and norbornenes [2], cyclopropenes [3] proved to be especially valuable chemical 
reporter groups for MGE. In the past, three cyclopropene-modified mannosamine derivatives (Ac₄ManNCyc [3a], 
Ac₄ManNCyoc [3b], and Ac₄ManNCp [3c]) have been reported. However, a direct comparison of the performance of 
these three compounds in MGE has not been investigated. 
Here, we present a comparative study of these mannosamine derivatives focusing on their reaction kinetics, 
acceptance by the enzymatic machinery, and the overall cell-surface staining intensity [4]. We determined second-
order rate constants of the compounds in a DAinv reaction and the efficiency by which the sugars are incorporated 
into cellular sialic acids. Inspired by these results, we developed novel glucosamine and galactosamine derivatives 
featuring a cyclopropene moiety and explored their behavior in MGE. 
 
[1] a) Niederwieser, A.; Späte, A.-K.; Nguyen, L. D.; Jüngst, C.; Reutter, W.; Wittmann, V. Angew. Chem., Int. Ed. 2013, 
52 (15), 4265-4268; b) Späte, A.-K.; Schart, V. F.; Schöllkopf, S.; Niederwieser, A.; Wittmann, V. Chem. Eur. J. 2014, 20 
(50), 16502-16508; c) Dold, J. E. G. A.; Pfotzer, J.; Späte, A.-K.; Wittmann, V. ChemBioChem 2017, 18 (13), 1242-1250. 
[2] Späte, A.-K.; Dold, J. E. G. A.; Batroff, E.; Schart, V. F.; Wieland, D. E.; Baudendistel, O. R.; Wittmann, V. 
ChemBioChem 2016, 17 (14), 1374-1383. 
[3] a) Cole, C. M.; Yang, J.; Šečkutė, J.; Devaraj, N. K. ChemBioChem 2013, 14 (2), 205-208; b) Späte, A.-K.; Bußkamp, 
H.; Niederwieser, A.; Schart, V. F.; Marx, A.; Wittmann, V. Bioconjugate Chem. 2014, 25 (1), 147-154; c) Xiong, D.-C.; 
Zhu, J.; Han, M.-J.; Luo, H.-X.; Wang, C.; Yu, Y.; Ye, Y.; Tai, G.; Ye, X.-S. Org. Biomol. Chem. 2015, 13 (13), 3911-3917. 
[4] J. Hassenrück, V. Wittmann, Beilstein J. Org. Chem. 2019, 15, accepted. 
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Fungi are a unique kingdom within the eukaryotic domain. Its subtaxa are highly diverse but all fungi share common 
features such as a distinct cell wall morphology and specific unique metabolic pathways. Among them, thermophilic 
fungi are particularly interesting because they are able to metabolize nutrients that are inaccessible for other 
eukaryotes under higher temperature conditions. For example, thermophilic fungi such as Phanerochaete 
chrysosporium are able to degrade wood and other non-food biomass and thus exhibit and secrete a huge 
repertoire of specific enzymes with potential applicability in biotechnology. [1, 2]  
Here we show that Activity-based Protein Profiling (ABPP) is a promising method for functional screening and 
identifying hydrolases of thermophilic fungi. To this end, different hydrolase probes were used for in vivo screening 
and protein targets were identified by LC MS/MS.  
P. chrysosporium cultures were chemically profiled under different nutrient conditions with a fluorophosphonate-
based probe and detected a nutrient-dependent serine hydrolase repertoire. We identified three esterases, which 
hydrolyze chemical modifications on hemicellulose. These esterases catalyze the first step of (hemi)cellulose 
degradation by mediating access to the polymers for glycosidases. Moreover, we could identified several 
glycosidases in the same experiment. Recent work suggests that secreted esterases and glycosidases form 
synergistic protein complexes (Cellulosome) for targeted (hemi)cellulolytic activity.[3,4] Further studies to extend 
this approach to other, biotechnological relevant enzymes are currently underway.  
 
[1] Wymelenberg, A. V., Minges, P., Sabat, G., Martinez, D., Aerts, A., Salamov, A., ... & Dosoretz, C. (2006). 
Computational analysis of the Phanerochaete chrysosporium v2. 0 genome database and mass spectrometry 
identification of peptides in ligninolytic cultures reveal complex mixtures of secreted proteins. Fungal Genetics and 
Biology, 43(5), 343-356. 
[2] Martinez, D., Larrondo, L. F., Putnam, N., Gelpke, M. D. S., Huang, K., Chapman, J., ... & Coutinho, P. M. (2004). 
Genome sequence of the lignocellulose degrading fungus Phanerochaete chrysosporium strain RP78. Nature 
biotechnology, 22(6), 695. 
[3] Biely, P., Puls, J., & Schneider, H. (1985). Acetyl xylan esterases in fungal cellulolytic systems. Febs Letters, 
186(1), 80-84. 
[4] Haitjema, C. H., Gilmore, S. P., Henske, J. K., Solomon, K. V., De Groot, R., Kuo, A., ... & Chiniquy, J. (2017). A parts 
list for fungal cellulosomes revealed by comparative genomics. Nature microbiology, 2(8), 17087. 
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For most therapeutic glycoproteins, glycosylation can greatly influence clinical performance of the drug product, 
particularly its in vivo safety and efficacy profile.¹ In biological tissues, changes in glycosylation have been 
associated with the state of health and/or disease of the individual.² Given this, there is increasing interest in 
accurately characterising glycosylation, for example monitoring glycosylation patterns of biopharmaceutical 
therapeutics throughout the product life-cycle as well as in glycan biomarker discovery for medical diagnostics. 
 
Robust analytical strategies are required to meet the challenge of accurately and reliably characterising 
glycosylation. A key component in a well-designed analytical strategy is the inclusion of glycan standards. This can 
improve glycan characterisation, allow quantitation, and provide vital information on analytical performance. These 
standards include reference standards, quantitative standards, and process and system suitability standards, 
respectively. This poster focuses on the uses of well-characterised glycan, glycopeptide and glycoprotein standards 
to support analysis of glycosylation patterns. We will demonstrate which standards can be used for best practice 
during the analysis of sialic acids, monosaccharides, N-glycans and O-glycans. 
 
Finally, we will highlight the use of specific glycan and glycoprotein standards throughout a detailed glycan 
characterisation workflow. As a case study, we will describe the strategy and criteria for using system suitability 
standards, process standards and reference standards together to ensure reliable analytical data is obtained during 
endoglycosidase (PNGaseF) release, fluorophore labelling, exoglycosidase sequencing, sample clean-up and UPLC 
analysis. 
 
[1] P. Zhang, S. Woen, T. Wang, B. Liau, S. Zhao, C. Chen, Y. Yang, Z. Song, M.R. Wormald, C. Yu, P.M. Rudd. Drug 
Discov Today, 2016,21,740-765. 
 
[2] a) G. Lauc, M. Pezer, I. Rudan, H. Campbell. Biochim Biophys Acta - Gen Subj, 2016,1860,1574-1582. b) B. 
Adamczyk, T. Tharmalingam, P.M. Rudd. Biochim Biophys Acta - Gen Subj, 2012,1820,1347-1353. c) A. Varki. 
Glycobiology, 2017,27,3-49. 
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In order to study protein-carbohydrate interactions at the atomic scale, a standard approach consists in predicting in 
silico the binding of the carbohydrate to its protein receptor, using classical molecular docking methods. 
 
The intrinsic flexibility of carbohydrates is generally taken into account, through free rotations existing mainly at the 
level of hydroxyl groups. However, in some cases such as glycosidases, glycosyltransferases, base excision repair 
enzymes, the puckering of the carbohydrate ring must also be taken into account. However, most molecular docking 
programs are not designed to modify the ring conformation of carbohydrates. 
 
To overcome this lack of functionality, the ring can be pre-deformed before performing molecular docking tests. We 
use the Hill and Reilly method to describe and build the conformation of carbohydrate ring [1]. This method offers 

the same descriptive power as previous methods such as Cremer-Pople one [2]. However, it has the advantage of 

being able to construct the cartesian coordinates of the ring from the reduced parameters characterizing the 
puckering. The method uses the triangular decomposition of a ring into a reference plane and triangular flaps. The 
carbohydrate to be generated is patterned on the puckered cyclohexane model. No minimization is performed in 
order to preserve the initial ring conformations, so that carbohydrate relaxation can occur inside the protein 
receptor, once the complex is preformed. 
 
Five and six-members carbohydrate ring can be described as covering 20 and 38 canonical states respectively. Only 
a part can exist in transition states that may occur in acid-catalyzed processes. 
 
Proteocarb, a web application offering 3D carbohydrate models with an acceptable puckering for molecular docking 
tests has been implemented. The application has a regularly updated library of 193 monosaccharides. In addition, 
the user can upload his own monosaccharide structure. A first version of the application is available* on the UFIP lab 
website : ufip.univ-nantes.fr/tools/. 
 
* Since June 30th, 2019. 
  
[1]  Hill, A. D.; Reilly, P. J. Puckering Coordinates of Monocyclic Rings by Triangular Decomposition. J. Chem. Inf. 
Model. 2007, 47 (3), 1031–1035. 
[2]  Cremer, D. T.; Pople, J. A. A General Definition of Ring Puckering Coordinates. J. Am. Chem. Soc. 1975, 97 (6), 
1354–1358.
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Over the past decade, particular attention was given to matricial polysaccharides from marine Pheophyceae and 
Rhodophyceae due to their biological and rheological properties. Among them, those extracted from algae belonging 
to Cystoseira genus have been poorly explored despite its abundance along the eastern Atlantic and Mediterranean 
coasts. So, the main goals of this study were the structural characterization and the evaluation of rheological and 
antioxidant properties of a fucoidan (CCF) and an alginate (CCSA) extracted from the Tunisian (Kerkennah, Sfax) 
brown seaweed Cystoseira compressa. 
CCF was a sulfated (14.7%) heterogalactofucan (62.5% fucose, 24.3% galactose) composed of highly-branched α-
(1,3) and α-(1,4)-linked L-Fucp as main backbone. 31.8% of O-3 and O-4 positions were ramified by monosaccharides 
and side chains such as terminal α-L-Fucp, terminal β-D-Galp, β-D-Galp-(1→3)-α-L-Fucp and β-D-Galp-(1→4)-α-L-
Fucp. The Mw, Mn, PDI and [η] of CCF were respectively 105 KDa, 23 KDa, 4.6 and 42 mL/g. CCF solutions in water 
exhibited a fluid-like viscoelastic behavior with a low viscoelasticity character as influenced by temperature and 
monovalent salts. 
CCSA, characterized by several chromatographic analyses, was composed of mannuronic (44%) and guluronic (56%) 
acids revealing its polyelectrolyte nature. The M/G ratio determined by 1H-NMR was close to 0.77. This alginate was 
constituted by 93% of homoblocks (FGG = 53% and FMM = 40%) and 6% of heteroblocks (FMG = 3% and FGM = 3%) 
with a high distribution of homopolymeric blocks (η = 0.13 < 1). CCSA solutions in water displayed a shear-thinning 
behavior, a fluid-like viscoelastic behavior with a great viscoelasticity character as influenced by temperature and 
adding monovalent and divalent salts.  
Finally, CCF and CCSA revealed effective antioxidant activities by ferrous ion chelation, ferric ion reduction and DPPH 
radical scavenging, outlining their potentials as natural additives. 
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Heparin has been employed in the medical practice since the late 1930’s as a blood-anticoagulant. Besides the 
anticoagulant effect, heparin and its analogues have many other biological effects such as growth factor inhibition, 
anti-inflammatory and cell growth inhibitory activity.[1] 
Our research group has been examining the development of new synthetic anticoagulant pentasaccharides for 
several years. We have focussed on the synthesis of isosteric sulfonic acid analogues of the synthetic anticoagulant 
pentasaccharides fondaparinux (1) and idraparinux (2). Many heparin-analogue oligosaccharides (di-, tri- and 
pentasaccharides) have been synthesized within this research for biological and structural analyses.[2-4] 
 
Although smaller oligosaccharides do not have anticoagulant activity, but may have other beneficial biological 
effects similar to heparin. Here, we present the synthesis of six heparin-analogue trisaccharides (3-8) and the study 
of their cell growth inhibitory effects. 
 
The authors gratefully acknowledge financial support for this research from the Premium Postdoctoral Program of 
HAS (PPD 461038) and from the EU and co-financed by the European Regional Development Fund under the project 
GINOP-2.3.2-15-2016-00008. 
 
[1] Garg, H. G. et al., Chemistry and Biology of Heparin and Heparan Sulfate, Elsevier, 2005, ISBN-10: 0-08-044859-3. 
[2] Herczeg, M. et al., Org. Lett., 2009, 11, 2619-2622. 
[3] Herczeg, M. et al., Chem. Eur. J., 2012, 18, (34), 10643-10652. 
[4] Herczeg, M. et al., Tetrahedron, 2014, 70, (18), 2919–2927. 
[5] Lázár, L. et al., Tetrahedron, 2012, 68, 7386-7399. 
 
 

 
 
Structure of fondaparinux (1), idraparinux (2) and the synthesized idraparinux analogue trisaccharides (3-8)
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Carbohydrates are involved in many important pathological processes, such as bacterial and viral infections. Most of 
these activities depend on carbohydrate-protein interactions. Biomolecules exhibit multiple carbohydrates, which 
stablish multivalent interactions increasing the binding strengths to proteins [1]. In this work, we present the 
preparation of novel glucuronic and muramic acid glycodendrimers as potential active compounds in the treatment 
of Dengue virus [2]. In a first step we prepared three aromatic scaffolds functionalized with a terminal dialkyne, 
trialkyne and tetraalkyne, as well as muramic and glucuronic acid derivatives, functionalized with an azide group 
through optimized synthetic strategies. Those carbohydrate derivatives were coupled to scaffold etinyl groups by 
click chemistry, affording the desired glycodendrimers with high yields and under sustainable conditions.  
In addition, enzymatic approaches have been explored in order to achieve new disaccharides based on those 
structures. In this way, different commercial glycosidases were screened, employing N-acetylglucosamine as 
acceptor and the muramic and glucuronic acids derivatives as donors in the presence of green solvents. 
Finally Surface Plasmon Resonance (SPR) studies have demonstrated that the new glycodendrimers obtained bind 
efficiently to the Dengue virus envelope protein. These interactions have been also simulated and explained by 
molecular modelling studies. These studies confirm that efficient chemical synthesis of glycodendrimers can be 
brought easily offering a versatile strategy to find new active compounds again Dengue virus.  
 
 

 
Preparation of muramic acid and glucuronic acid glycodendrimers
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The complement system is a complex pathway which plays an important role in innate immunity and as a first line of 
defense against invading organisms, damaged tissues, and maintenance of healthy cell populations. Despite its 
association with host defense, complement can turn against host cells when dysregulated or excessively triggered. 
Complement is considered a major contributor to various inflammatory diseases, and its lectin pathway has been 
implicated in transplantation- and ischemia-triggered clinical conditions. Specific inhibition of this initiation pathway 
may therefore pave the way for novel therapeutic approaches.  
 
Among the potential targets are collectins, a family of C-type lectins which bind pathogen- or damage-associated 
molecular patterns (PAMPs/DAMPs), thereupon enhancing phagocytosis and/or inducing surface opsonization. 
Collectin-11 (CL-11, CL-K1) is broadly expressed in multiple tissue types and has been described as an activator of 
complement via the lectin pathway. It has been previously demonstrated that locally-produced CL-11 plays an 
important role in both acute kidney injury and late-stage/chronic renal inflammation, and that preventing CL-11 
binding to the renal cell surface can reduce neutrophil filtration, C3d deposition, and tubular injury [1,2]. 
 
Given the inherently weak affinities of native carbohydrates for lectins, we have been focused on developing 
glycomimetic inhibitors of CL-11 with enhanced affinities and improved pharmacokinetic properties. Based on 
insights from in silico molecular dynamics simulations, we have constructed several glycomimetic libraries and 
evaluated them using biochemical and biophysical methods in efforts to eventually develop a therapeutic entity, as 
well as to further evaluate the biological role of CL-11. 
 
 
[1] Farrar, C.A.; et al. J. Clin. Invest. 2016, 126, 1911-1925. 
[2] Wu, W.; et al. J. Am. Soc. Nephrol. 2018, 29, 168-181.
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Archaea forms one domain in a phylogenetic tree of biological evolution along with eukaryotes and eubacteria. N-
Glycosylations are one of the most abundant posttranslational modifications in archaea as well as eukaryotes. 
Dolichol is used as a carrier lipid of N-glycans in their biosynthesis. To investigate the transglycosylation process in 
hyperthermophilic archaea, Thermococcus kodakarensis, we herein synthesized dolichol 8.  
The first important point is that the scalable synthesis of key intermediate 3, since dolichol 8 consists of repeating 
structure of Z-isoprene unit. Thus, we investigated Z-selective Wittig reaction using ketone 2 and unstable ylide 
generated from 1 under kinetically controlled conditions. When the solution of ketone 2 was dropwisely added to the 
ylide solution at -78 ˚C, 3 was obtained in high yield (table 1, entry 1). However, Z-selectivity was decreased in larger 
scale owing to the insufficient removal of the reaction heat. We then applied microflow system to achieve the precise 
reaction temperature control (table 1, entry 2). After mixing the solution of ylide and the solution of 2 in CometX-01 
micromixer at -78 ˚C, the resultant solution was stirred for additional 30 mins to give 3 with high Z selectivity (E/Z = 
22/1). Scalable synthesis of 3 was then achieved under the continuous flow conditions. The coupling between 4 and 
5, both of which were synthesized from 3, was next investigated. When 5 was added to the solution of lithiated 4 
with n-BuLi, reproducibility was low owing to the instability of the lithiated 4 (table 2, entry 1). We then applied the 
Barbier-like protocol to trap generated anion immediately (table 2, entry 2). t-BuOK was added to a mixture of 4 and 
5 in DMF at -50 ˚C to afford 6 in high yield (87%) with good reproducibility. After coupling of 6 with 7, containing a 
saturated moiety, cleavage of the protective group followed by removal of the PhSO2 groups to give dolichol 8.  
 
 

 
Synthesis of dolichol 8 
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Calreticulin (CRT) is a lectin-like molecular chaperon localized in the endoplasmic reticulum. Recently, it is reported 
that CRT highly expressed on surface of cancer cells and it involved in promoting immunogenic cell death.[1] We 
focused on possibility of cell surface CRT as a cancer marker towards immunogenic cell death, whereas there is no 
specific labeling compound for cell surface CRT. In this study, we report synthetic study of fluorescent labeling 
compound for cell surface CRT, constructing with tetrasaccharide (Glc1Man3) and cell membrane impermeable 
fluorescent tag. 
We first synthesized trisaccharide (Glc1Man2) conjugated with hydrophobic Fmoc-group as a 1st generation 
compound for CRT labeling (Figure 1). The compound was designed to bind both lectin- and chaperon-domains of 
CRT by constructing with Glc1Man2 and the Fmoc group, respectively. The binding constant of the compound to CRT 
was found to show 1,000 times higher than that of the Glc1Man2 alone. This affinity is comparable to that of the 
natural type G1M9 glycan. However, the compact trisaccharide structure and the hydrophobic Fmoc-group might 
allow cell penetration. Thus, we changed the trisaccharide to tetrasaccharide (Glc1Man3) having more steric 
bulkiness, hydrophilicity and stronger affinity to CRT. And we also changed Fmoc group to Alexa 488 having stronger 
fluorescence intensity and cell impermeable feature. For 2nd generation compound synthesis, we successfully 
achieved preparation of the tetrasaccharide. We also examined introduction of the fluorescent tag into the 
tetrasaccharide. 
 
[1] Y.C. Lu et al., Biomed. Res. Int., 2015, 526524. 
 

 
 
Structure of target compounds
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Actinobacteria have a protein O-mannosylation system that is conserved across the prokaryotic and eukaryotic 
kingdoms [1]. The membrane bound protein-O-mannosyl transferase (Pmt), transfers mannose from polyprenol 
phosphate mannose to a target protein. Whilst many Pmt targets in actinobacteria remain undiscovered, pmt null 
mutants in Mycobacterium tuberculosis exhibit attenuated pathogenicity in mice and a growth retarded phenotype 
[2]. Streptomyces coelicolor pmt null mutants also show impaired growth and furthermore, are resistant to ϕC31 
phage infection and have increased susceptibility to vancomycin and multiple β-lactams [3,4]. Pmt is therefore a 
possible new target for the isolation of novel antimicrobials to be used against M. tuberculosis. To further 
understand the structure and function of Pmt, we performed sequence alignments and secondary structure 
homology modelling to identify targets for site-directed mutagenesis of the S. coelicolor pmt gene. The pmt mutant 
alleles were introduced into a pmt - (DT2008) S. coelicolor strain using conjugative integrative plasmids and scored 
for their ability to complement the phage sensitivity and antibiotic hyper-susceptible phenotypes. Twenty-three 
highly conserved residues were each changed to alanine and six mutants (R82A, D113A, H159A, D233A, K332A, 
R510A) failed to complement DT2008, indicating essentiality. Western blotting showed an absence of all six mutants 
in purified membrane fractions and whole cell lysates. Modelling these six critical residues showed that five are 
close to the predicted catalytic ‘DE’ motif, a hallmark of the GT-C fold glycosyl transferases [5]. Crucially, four of 
these residues have not previously been proposed to have functional significance in the Pmt family, and therefore 
could be important for the M. tuberculosis homologue.  
 
[1] Lommel, M.; Strahl, S. Protein O-mannosylation: conserved from bacteria to humans. Glycobiology. 2009, 19, 816-
828. 
[2] Liu, C. F.; Tonini, L.; Malaga, W.; Beau, M.; Stella, A.; Bouyssié, D.; Jackson, M. C.; Nigou, J.; Puzo, G.; Guilhot, C.; 
Burlet-Schiltz, O.; Rivière, M. Bacterial protein-O-mannosylating enzyme is crucial for virulence of Mycobacterium 
tuberculosis. Proc. Natl. Acad. Sci. 2013, 110, 6560–6565. 
[3] Howlett, R.; Read, N.; Varghese, A.; Kershaw, C.; Hancock, Y.; Smith, M. C. M. Streptomyces coelicolor strains 
lacking polyprenol phosphate mannose synthase and protein O-mannosyl transferase are hyper-susceptible to 
multiple antibiotics. Microbiology. 2018, 164, 369-382.  
[4] Cowlishaw, D. A.; Smith, M. C. M. Glycosylation of a Streptomyces coelicolor A3(2) cell envelope protein is 
required for infection by bacteriophage ϕC31. Mol. Microbiol. 2001, 41, 601-610. 
[5] Lairson, L. L.; Henrissat, B.; Davies, G. J.; Withers, S. G. Glycosyltransferases: structures, functions, and 
mechanisms. Annu. Rev. Biochem. 2008, 77, 521-555. 
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Type II diabetes mellitus characterized by hyperglycemia and peripheral insulin resistance is one of the major 
concerns of our society [1]. Since the disease is not curable, without the control of blood glucose levels serious 
complications may appear, therefore, the most important task in the treatment of diabetes mellitus is to normalize 
blood glucose levels. Glycogen phosphorylase (GP) is the rate determining enzyme of glycogen metabolism, 
therefore its inhibitors are potential antidiabetic agents. 
Several compounds, with potential GP inhibitor activity were synthesized earlier, such as N-(β-D-glucopyranosyl)-
aryl-oxadiazolecarboxamides (aryl: phenyl, 1-naphthyl, 2-naphthyl) and N-(β-D-glucopyranosyl)-5-aryl-1,2,4-triazole-
3-carboxamides (aryl: phenyl, 2-naphthyl) [2, 3]. In continuation of this research, based on the computational 
prediction of GP inhibitor activities of new molecules, the synthesis of N-(β-D-glucopyranosyl)-5-(1-naphthyl)-1,2,4-
triazole-3-carboxamide (2c), N-(β-D-glucopyranosyl)-2-arylimidazole-4(5)-carboxamide (3a-c) and N-(β-D-
glucopyranosyl)-4(5)-arylimidazole-2-carboxamide (4a-c) (aryl: phenyl, 1-naphthyl, 2-naphthyl) were planned and 
performed. Details of the syntheses and enzyme kinetic results will be presented on the poster. 
 
1. Karuranga, S.; Fernandes, J. R.; Huang, Y.; Malanda, B.; IDF Diabetes Atlas – 8th edition, International Diabetes 
Federation, 2017. 
2. Polyák, M.; Varga, G.; Szilágyi, B.; Juhász, L.; Docsa, T.; Gergely, P.; Begum, J.; Hayes, J. M.; Somsák, L.; Bioorganic 
& Medicinal Chemistry, 2013, 21, 5738. 
3. Begum, J.; Varga, G.; Docsa, T.; Gergely, P.; Hayes, J. M.; Juhász, L.; Somsák. L.; MedChemComm, 2015, 6, 80. 
 
 

 
 
Figure 1.: Structure of N-(β-D-glucopyranosyl)-azolecarboxamides
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Glycals (1) and exo-glycals (2) are widely used substrates in the synthesis of carbohydrate derivatives and natural 
products [1-4]. The reactivity of these compounds is characterized by electrophilic ionic and radical additions to the 
electron rich double bond. The goal of our research was to study the haloamination of exo- and endo-glycals, as the 
products of these reactions - the vicinal haloamine derivatives (3 - 5) - can be transformed into synthetically 
valuable intermediates by nucleophilic substitution or spirocyclization [5]. 
The haloamination reaction of alkenes has been described several times before [6], but in case of endo-glycals only 
a few examples are known, and the reactions of exo-glycals have not been studied yet. Using exo- and endo-glycals 
as starting materials, the effects of the configuration of carbohydrate skeleton, protecting groups and substituents 
on the yield and selectivity have been examined. 
 
1. Fürstner, A.; Weidmann, H. J. Carbohydr. Chem. 1988, 7(4), 773-783. 
2. Danishefsky, S. J.; Bilodeau, M. T. Angew. Chem. Int. Ed. Engl. 1996, 35, 1380-1419. 
3. Chen H.; Xian, T.; Zhang, W.; Si, W.; Luo, X.; Zhang, B.; Zhang, M.; Wang, Z.; Zhang, J. Carbohydr. Res. 2016, 431, 42-
46. 
4. Priebe, W.; Fokt, I.; Grynkiewicz, G., Glycal Derivatives. In Glycoscience: Chemistry and Chemical Biology, Fraser-
Reid, B.; Tatsuta, K.; Thiem, J., Eds. Springer: Berlin, Heidelberg, 2008, pp 699 - 735 
5. Gandhi, S.; Bisai, A.; Prasad, B. A. B.; Singh, V. K.; J. Org. Chem. 2007, 72, 2133-2142 
6. Dauban, P.; Darses, B.; Jarvis, A.; Addition Reactions with Formation of Carbon-Nitrogen Bonds In Comprehensive 
Organic Synthesis II. (Second Edition), P. Knochel, G. A. Molander Ed., Elsevier; Ltd. 2014; p 586-592. 
 
The research was supported by the EU and co-financed by the European Regional Development Fund under the 
project GINOP-2.3.2-15-2016-00008, and by the National Research, Development and Innovation Office under the 
project FK128766. 
 

 
 
Figure 1.: Haloamination of glycal derivatives
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β-Galactosidases (EC 3.2.1.23), which in vivo catalyze hydrolysis of glycosidic bonds, can efficiently act in 
transglycosylation mode with suitable acceptors. A commercially produced enzyme, Biolacta® (Daiwa Kasei, Shiga, 
Japan) contains four isoforms of β-galactosidase from Bacillus circulans ATCC 31382 (BgaD, glycoside hydrolase 
family 2), which originate by endogenous C-terminal cleavage of the enzyme precursor [1]. BgaD has a higher 
transglycosylation activity and higher thermostability than other known β-galactosidases. Its isoforms can be 
distinguished by molecular weight as well as by different pH optimum. They also exhibit varying transglycosylation 
abilities and regioselectivity. 
In this work, the longest β-galactosidase isoform A (BgaD-A; 189 kDa) was recombinantly produced in E. coli BL21-
Gold(DE3) and kinetically characterized. This enzyme was used for the synthesis of functionalized LacNAc 
(Galβ4GlcNAc) epitope in a one step reaction. LacNAc disaccharide is a typical epitope for galectins [2]. The 
recombinant enzyme also enabled galactosylation of more complex acceptors, such as functionalized 
chitooligomers. Thus, we obtained LacNAc epitope on nature-like carbohydrate linkers (Fig. 1), suitable for 
multivalent presentation. The carbohydrate linkers were prepared by mutant Tyr470Asn β-N-acetylhexosaminidase 
from Talaromyces flavus with suppressed hydrolytic activity. The present recombinant β-galactosidase is unique due 
to its exclusive β4-selectivity and high synthetic yield and can well replace the more expensive glycosyltransferases. 
The azide at C-1 will be used for multivalent conjugation. 
 
 
Acknowledgement: Support by grant projects LTC18038 and LTC18041 is gratefully acknowledged. 
 
[1] Song, J.; Abe, K.; Imanaka, H.; Imamura, K.; Minoda, M.; Yamaguchi, S.; Nakanishi, K. Biosci. Biotechnol. Biochem. 
2011, 75, 268−278. 
[2] Laaf, D.; Steffens, H.; Pelantová, H.; Bojarová, P.; Křen, V.; Elling, L. Adv. Synth. Catal., 2017, 359, 4015-4024. 
 
 

 
 
Fig. 1 Cascade enzymatic synthesis of LacNAc epitope – ligand of galectins - on a chitooligomer linker. 
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Many structurally complex glycoconjugates take part in numerous biological processes, such as cell–cell 
interactions, cell–matrix interactions, etc. Some glycoconjugates may exhibit a complicated conformational 
equilibrium in solutions due to their structural arrangements.  
The present analysis deals with the glycoconjugate constituted by two glucopyranoses (Glc) linked with 
quinazolinone structure. The structure of the investigated compound has been analysed by high-resolution NMR and 
DFT calculations in two solvents, dimethylsulfoxide (DMSO) and water. NMR data indicated that two stable forms are 
present in solution at room temperature in both solvents and that the difference in the conformational equilibrium is 
not considerably affected by the solvent. These two forms differ one another in geometry at the glycosidic linkages 
connecting the aromatic rings and the glucose residues. DFT calculations, at the ωB97XD/6-311++G(2d, 2p) level of 
theory and applying two solvent models (explicit and the smd), enabled detailed description of both forms present in 
solution. Theoretical data indicated that strong-hydrogen bond network stabilize these two distinct solution forms 
and that DFT-computed spin-spin coupling constants and NOEs agree well with the experimental data.  
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The therapeutic potential of natural antioxidants is a source of inspiration for design of new biologically active 
structures. Polyphenolic compounds have gained a lot of importance because of their therapeutic and prophylactic 
potential [1]. Among various naturally occurring polyphenols, hydrolysable tannins represent a large group of strong 
antiradical and anticancer agents. The molecular structures of gallotannins are basically composed of a central 
carbohydrate core and gallic acid [2]. Due to their structural diversity and broad array of biological activities have 
great potential for the development of new pharmaceutically active compounds. Among various naturally occurring 
gallotannins, penta-1,2,3,4,6-O-galloyl-D-glucose (PGG) was the most widely studied [3].  
Presented research has been directed towards the synthesis and biological activity evaluation of new, unnatural 
PGG-analogues. The aim of this study was to investigate the physico-chemical and biological properties of three 
structurally different gallotannins derived from D-glucose, D-mannose and L-rhamnose. Evaluation of the free radical 
scavenging activity (DPPH assay, reducing power assay) and their ability to prevent DNA damage (DNA topology 
assay) will be discussed in our contribution. 
  
[1] Manach, C., Scalbert, A., Morand, C., Remesy, C., Jimenez, L., Am. J. Clin. Nutr. 2004, 79, 727–747. 
[2] Khanbabaee, K., van Ree, T. Nat. Prod. Rep. 2001, 18, 641–649.  
[3] Cao, Y., Himmeldirk, K. B., Qian, Y., Ren, Y., Malki, A., Chen, X., J. Nat. Med., 2014, 68, 465–472. 
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Human milk oligosaccharides (HMOs) are a family of structurally diverse unconjugated glycans unique to mother’s 
milk and are strongly correlated to the health benefits of breastfeeding in infants. The fucosylated portion of HMOs 
resemble Lewis antigen glycan structures, which not only play an important role in antiadhesive antimicrobial 
functions, inflammation, and tumor metastasis, but also serve as prebiotics for beneficial bacteria. Herein, we 
develop a sulfo-fluorous affinity (SOFA) tag-assisted enzymatic synthesis that facilitates the purification of HMOs 
using fluorous solid-phase extraction (FSPE).[1] Surprisingly, comparing to the azidohexyl glycosides that we 
reported previously, the catalytic efficiency of SOFA tagged glycoside by bacterial glycosyltransferases were higher. 
By the combination of SOFA strategy and limited number of bacterial glycosyltransferases (HP1105, HP0826, WbgO, 
FutC, and Bf13FT),[2] the facile preparation of seven HMOs and nine fucosylated HMOs were achieved. The anomeric 
linker[3] of the SOFA tag enabling the easy release of HMOs with a free-reducing end under mild acidic hydrolysis;[4] 
the SOFA tag recovered by FSPE could be recycled for glycosylation of next round. 
 
References  
[1] K.-L. Hou, P.-Y. Chiang, C.-H. Lin, B.-Y. Li, W.-T. Chien, Y.-T. Huang, C.-C. Yu, C.-C. Lin, Adv. Synth. Catal. 2018, 360, 
2313–2323. 
[2] J.-L. Fang, T.-W. Tsai, C.-Y. Liang, J.-Y. Li, C.-C. Yu, Adv. Synth. Catal. 2018, 360, 3213–3219. 
[3] F. Peri, P. Dumy, M. Mutter, Tetrahedron 1998, 54, 12269–12278. 
[4] A. R. Prudden, Z. S. Chinoy, M. A. Wolfert, G.-J. Boons, Chem. Commun., 2014, 50, 7132–7135. 
 

 
Sixteen human milk oligosaccharides synthesized in this study 
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In this work, amphiphilic hyaluronic acid (HA) was synthesized by the chemical bonding of terpenes. The first step 
concerns the synthesis of functional terpene molecules by thiol−ene addition chemistry initiated by DMPA, which 
involve carboxylic acid thiols and dihydromyrcenol terpene (Fig. 1a). The terpene was pre-activated by benzoyl 
chloride to form the reaction intermediate 1 (Fig. 1b) towards the esterification reaction of HA in water/THF (Fig. 1c) 
The degree of substitution can be controlled by varying the feed ratio of mixed anhydride to HA and up to 36% 
(mol/mol) can be obtained. The esterification of the polysaccharide occurred under mild reaction conditions, thus no 
degradation of the polysaccharide was observed. The prepared amphiphilic polymers were characterized by NMR, 
infrared spectroscopy (FT-IR) and SEC/MALLS. The developed system is proposed for the delivery of hydrophobic 
molecules for this purpose, curcumin, tocopherol and coenzyme Q10 were used as models; these molecules were 
loaded into the conjugates. The loading capacity was a clear function of degree of substitution. Furthermore, the 
derivatives were found to be non-cytotoxic, thus the potential of the prepared delivery systems was demonstrated. 
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Novel ruthenium complexes based on triphenylphosphine ligands¹ were conjugated with different carbohydrate units, 
in order to increase the selectivity towards tumor cells. Indeed, these new glycoconjugates could exploit the glucose 
membrane transporters (GLUTs) to drastically increase the uptake of the antitumor complexes in the cancer cells. 
The synthesis of these glycoconjugated ruthenium complexes followed three different approaches for the 
construction of the glycophosphine moieties: the first is an appealing methodology for the synthesis of 2,3-
unsaturated glycosides, starting from glycal derived vinyl epoxides as new and powerful glycosyl donors.² A second 
approach consisted in a more classic synthetic pathway, starting from trichloroacetimidate as the glycosyl donor. 
The last one consisted in a Sonogashira coupling between the glycosyl donor (acetylated D-mannose) bearing a 
terminal triple bond and a bromo-substituted triphenylphosphine.³ Interestingly, from the first approach it is possible 
to obtain new glycoconjugates in which the glycoside portion is directly connected to triphenylphosphine ligand 
(type A complexes); from the second and third ones, the glycoside moiety is connected to the triphenylphosphine 
ligand through a linker (type B complexes) Fig.1. All these systems are currently under investigation to evaluate their 
antitumor activity. 
  
[1] Biancalana, L.; Pratesi, A.; Chiellini, F.; Zacchini, S.; Funaioli, T.; Gabbiani, C.; Marchetti, F. “Ruthenium arene 
complexes with triphenylphosphane ligands: cytotoxicity towards pancreatic cancer cells, interaction with model 
proteins, and effect of ethacrynic acid substitution” New Journal of Chemistry 2017, pp. 1-45. [2] Di Bussolo, V.; 
Caselli, M.; Pineschi, M.; Crotti, P. “New Stereoselective β-Glycosylation via a Vinyl Oxirane Derived from D-Glucal”, 
Org. Lett. 2002, 4, 3695-3698. [3] Smith, J.N; Hook, J. M.; Lucas, N. T. “Superphenylphosphines: Nanographene-
Based Ligands That Control Coordination Geometry and Drive Supramolecular Assembly” J. of Am. Chem. Soc. 2018, 
140, 1131-1141.      
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Figure 1. Synthesis of new glycoconjugated ruthenium(II)-arene complexes.
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Glycals are carbohydrate derivatives possessing double bond on the C-1 carbon. While in endo-glycals the π-bond is 
a part of the ring, in exo-glycals (1) a methylene or substituted methylene group is attached to the C-1 centre [1-3]. 
While there are several literature examples for cycloaddition reactions of endo-glycals with isocyanates (2) and 
dichloroketene (3) to give β- and γ-lactams as well as cyclobutanone derivatives [4, 5], only a few examples of 
cycloadditions of exo-glycals are published [6-8], and especially the above-mentioned transformations are unknown. 
The goal of our research was to study the [2+2] cycloaddition reactions of exo-glycal (1) derivatives with 
chlorosulfonyl-isocyanate (2) and dichloroketene (3) to obtain new spiro β- and γ-lactames (4, 5) and spiro 
cyclobutanones (6) (See. Figure 1.). 
 
1. Tolstikov, A. G.; Tolstikov, G. A. Usp. Khim. 1993, 62, 621. 
2. Priebe, W.; Grynkiewicz, G. In Glycoscience: Chemistry and Chemical Biology. Fraser-Reid, B., Tatsuta, K., 
Thiem, J., Eds.; Springer: Berlin, Heidelberg, 2001; Vol. I, pp. 749. 
3. Ferrier, R. J.; Hoberg, J. O. Adv. Carbohydr. Chem. Bi. 2003, 58, 55. 
4. Chmielewski, M.; Kaluza, Z.; Furman, B.; Chem. Commun. 1996, 2689.  
5. Linker, T.; Umbreen, S.; Chem. Eur. J., 2015, 21, 1. 
6. Li, X.; Takahashi, H.; Ohtake, H.; Ikegami, S. Tetrahedron Lett. 2004, 45, 4123. 
7. Li, X.; Takahashi, H.; Ohtake, H.; Ikegami, S. Heterocycles, 2003, 59, 547. 
8. Massen, Z. S. Sarli, V. C.; Coutouli-Argyropoulou, E.; Gallos, J. K.; Carbohydr. Res. 2011, 346, 230. 
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It is known that the composition and distribution of glycolipids depend on the type and state of cells, and they are 
involved in various biological phenomena by control of cell function. In general, glycolipid metabolism is carried out 
in the Golgi apparatus, but the detailed mechanism is unknown. In the present study, I investigated the glycolipid 
metabolism by using live-cell imaging with BODIPY-labeled lactosylceramide (LacCer-BODIPY), which is known to 
undergo glycan modofications. 
Previously, several reports indicated localization analysis of glycolipids using LacCer-BODIPY. However, there is no 
unified view regarding the transport of glycolipid probes, because the conditions vary from each 
experiment.Therefore, I tried to improve the condition of adding LacCer-BODIPY. As a result of various studies, I 
succeeded in improving the spatial temporal resolution by using a short time pulse tracking experiment. In this 
condition, it was demonstrated that recycling pathway between cell membrane and organella was observed (Fig. 1). 
Furthermore, I also confirmed this recycling process with a single cell tracking imaging system. As a result of 
colocalization analysis with the organella, I confirmed that LacCer-BODIPY returns to the cell membrane via early 
endosome and trans Golgi network. 
 
Next, I also considered using LacCer-BODIPY as a probe to monitor membrane fluidity. In cells differentiated by 
nerve growth factor, I analyzed membrane fluidity in the FRAP system. Membrane fluidity increased immediately 
after stimulation. On the other hand, neurite outgrowth started 30 minutes after stimulation. These results suggest 
that increased membrane fluidity due to the stimulation initiates neurite outgrowth. Then I examined the relationship 
between F-actin and membrane fluidity. It was confirmed that the dynamics of F-actin was activated in response to 
stimulation. Therefore, It was confirmed that the change in fluidity of LacCer-BODIPY is due to the state change of 
actin. From the results of this study, it was shown that LacCer-BODIPY is a synthetic molecule useful for intracellular 
glycan conversion and membrane fluidity analysis. 
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Fig. 1 Recycling pathway of glycolipids visualized by LacCer-BODIPY
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The oligosaccharides and glycoconjugates have become leads of drug discovery in the last decades due to their 
versatile biological functions. Because of the low hydrolytic and/or enzymatic stability of the O-glycosidic bond 
between aglycon and sugar moiety in the natural glycosides, their S-, N- or C-glycosyl analogues are frequently used 
as glycomimetics [1, 2].  
The thio-click addition reactions [3] are widely used for the synthesis of sulfur containing glycomimetics [4]. The 
hydrothiolation of exo-glycals allows the synthesis of novel types of glycosylmethyl-sulfide (Gly-CH2-SR) mimetics 
[5-8]. The synthesis of mimetics with β-mannosidic bond is rather challenging, but due to the peculiarities of the 
thio-click reaction, formation of β-D-mannosylmethyl-sulfide type glycomimetics from exo-mannals can be expected 
with high regio- and stereoselectivity.  
The goal of our research was the synthesis of per-O-acylated exo-mannals (2) starting from mannose via 
anhydroaldose-tosylhydrazones according to procedures elaborated in our laboratory [9]. The synthesis of 
analogous per-O-alkylated derivatives (2, 3) was carried out from pyranoid and furanoid mannonolactones using 
methylene transfer reagents. In this presentation the synthesis and the photoinduced thiol addition reactions of the 
above exo-mannals towards 4 and 5 will be reported (See Figure 1.) 
 
1. Asano, N.; Kobayashi, Y.; Steiner, A.; Stütz, A.; Wrodnigg, T.; Vauzeilles, B.; Urban, D.; Doisneau, G.; Beau, J.-M.; 
Wessel, H.P.; Lucas, S.D Glycomometics in Glycoscience: Chemistry and Chemical Biology, (second edition) Fraser-
Read B. O.; Tatsuta K.; Thiem J. Eds: Springer 2008, pp. 1885.  
2. Ernst B.; Magnani J. L. Nat. Rev. Drug Discov. 2009, 8, 661. 
3. Denes F.; Pichowicz M.; Povie G.; Renaud P. Chem. Rev. 2014,114, 2587. 
4. Dondoni A.; Marra A. Chem. Soc. Rev., 2012, 41, 573. 
5. Gervay J.; Flaherty T. M.; Holmes D. Tetrahedron, 1997, 53, 16355. 
6. Lázár L.; Csávás M.; Hadházi Á.; Herczeg M.; Tóth M.; Somsák L.; Barna T.; Herczegh P.; Borbás A. Org. & 
Biomol. Chem. 2013, 11, 5339. 
7. József J.; Juhász L.; Illyés T. Z.; Csávás M.; Borbás A.; Somsák L. Carbohydr. Res. 2015, 413, 63. 
8. József, J.; Juhász, L.; Somsák, L. New. J. Chem. 2019, 43, 5670 
9. Tóth M.; Somsák L. J. Chem. Soc. Perkin Trans. I. 2001, 942. 
 
The research was supported by the EU and co-financed by the European Regional Development Fund under the 
project GINOP-2.3.2-15-2016-00008. 
 
 

 
Figure 1.
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Pectinolytic bacteria Pectobacterium spp. and Dickeya spp. that cause blackleg and soft rot are responsible for high 
economic losses in potato production under different climate conditions worldwide.  
 
Currently, there are 8 species in the genus Dickeya: D. aquatica, D. chrysanthemi, D. dadantii, D. dianthicola, D. 
fangzhongdai, D. paradisiaca, D. solani and D. zeae, and 9 species in the genus Pectobacterium: P. aroidearum, P. 
atrosepticum, P. betavasculorum, P. cacticidum, P. carotovorum, P. parmentieri, P. peruviense, P. polaris and P. 
wasabiae. 
 
 
Development of disease symptoms, caused by bacteria on potato and other plant is the result of plant–microbe 
interaction and depends on cultivar susceptibility, strain virulence and the presence of favorable environmental 
conditions. The main virulence factors of pectinolytic bacteria are plant cell wall degrading enzymes (pectinases, 
cellulases and proteases).  
 
Due to the activities of enzymes bacteria can degrade plant cell wall components and cause maceration of the plant 
tissue. The other factors that play an important role in the disease symptoms development are lipopolysaccharides 
(LPS), which are important for bacterial adhesion and attachment to plant cells, and what affects the later interaction.  
 
The lipopolysaccharides are glycoconjugates, which are components of the outer membrane of Gram-negative 
bacteria. The LPS possess three chemically, biologically, biosynthetically and genetically distinct domains: the lipid A, 
core oligosaccharide and O-polysaccharide. The lipid A is covalently linked to the core oligosaccharide, which is 
substituted by hetero-polysaccharide called O-polysaccharide. The O-polysaccharide (O-antigen, OPS) is the 
outermost domain of lipopolysaccharides. The OPS is characterized by high structural diversity, which may occur not 
only between species, but also between bacterial strains. It consists of number of repeating oligosaccharide units 
containing 2-8 monosaccharide residues. The presence of non-carbohydrate substituents like phosphate, amino 
acids, acetyl or formamide groups is also possible [1,2].  
 
In our study the structures of O-polysaccharides of LPS produced by several Dickeya and Pectobacterium strains 
have been assigned usisng chemical methods (sugar and methylation analyses), gas chromatography (GC), liquid 
chromatography (HPLC), nuclear magnetic resonance spectroscopy (NMR), mass spectrometry (MS), and gas or 
liquid chromatography coupled to mass spectrometry (GC-MS or LC-MS). 
 
1. Knirel, Y.A. Structure of O-Antigens. In Bacterial Lipopolysaccharides (Eds. Knirel Y. A., Valvano M. A.). Springer-
Verlag, Vienna, 2011; pp 41-116. 
2. Raetz, C.R.; Whitfield, C. Lipopolysaccharide endotoxins. Annu. Rev. Biochem. 2002, 71, 635–700. 
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Within our research we aim to translate the ever-expanding repertoire of aldehyde-methodology chemistry to 
Nature’s most prominent, yet, in most studies scorned, representatives: aldoses. In most sugars, the cyclic lactol 
form dominates with only minute amounts being present as open-chain (aldehyde) species. Consequently, reactions 
of sugars acting as aldehydes occur significantly slower than usual and side-reactions can become favored, thus in 
the case of unstable reagents incomplete or complete lack of conversion can be observed. 
So far, an efficient tool for the quantification of aldoses’ open chain-contents (OCC) was missing, with previously 
established methods relying on NMR-analysis of [1-13C] enriched sugars [1] or long-time (up to years) kinetic 
measurements [2]. 
Herein, we now demonstrate a photometric kinetic assay for the quantification of OCCs, exploiting the fast and 
irreversible adduct-formation of aldehydes and 2-aminobenzoamidoxime [3]. The kinetic curves of the adduct 
formation of all parent C4-C6 aldoses were determined, which suggested two separate families depending on the 
relative 2,3-configuration (erythro and threo). The derived OCCs proved to be in consistence with literature data with 
our approach significantly outperforming aforementioned methods in respect to reduced measurement times (hours) 
and ease of operation. Furthermore, a first real case example will be presented; that of 2,3-isopropylidene protected 
L-erythrose which did by no means undergo indium mediated acyloxyallylation in vast contrast to its unprotected 
very reactive counterpart. Utilizing our assay, relative OCC and respective aldehyde reactivity could be deduced for 
the unreactive species in a few straight-forward measurements [4]. 
The developed assay will prove a valuable tool in future projects, where the availability and reactivity of the aldehyde 
moiety in sugar molecules has to be addressed.  
 
 
1. Zhu, Y.; Zajicek, J.; Serianni, A. S., Acyclic Forms of [1-13C]Aldohexoses in Aqueous Solution:  Quantitation by 
13C NMR and Deuterium Isotope Effects on Tautomeric Equilibria. J. Org. Chem. 2001, 66 (19), 6244-6251. 
2. Dworkin, J. P.; Miller, S. L., A kinetic estimate of the free aldehyde content of aldoses. Carbohydr. Res. 2000, 
329 (2), 359-365. 
3. Kitov, P. I.; Vinals, D. F.; Ng, S.; Tjhung, K. F.; Derda, R., Rapid, Hydrolytically Stable Modification of 
Aldehyde-Terminated Proteins and Phage Libraries. J. Am. Chem. Soc. 2014, 136 (23), 8149-8152. 
4. Draskovits, M.; Stanetty, C.; Baxendale, I. R.; Mihovilovic, M. D., Indium- and Zinc-Mediated Acyloxyallylation 
of Protected and Unprotected Aldotetroses—Revealing a Pronounced Diastereodivergence and a Fundamental 
Difference in the Performance of the Mediating Metal. J. Org. Chem. 2018, 83 (5), 2647-2659. 
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Aryl C-glycoside is one of the distinct motifs found in various bio-active molecules and natural products [1]. In this 
context, synthesis of 2-deoxy aryl-C-glycosides has attracted tremendous interest in carbohydrate Synthesis [2]. 
Most of the previous reports suffer from different disadvantages including use of harsh and dry reaction conditions, 
poor yield, longer reaction time, etc. In this context, here we disclose the synthesis of 2-deoxy aryl-C-glycosides 
from different glycals and aryldiazonium salts in the presence of palladium acetate at room temperature (Figure 1). A 
wide range of glycals including D-glucal, D-galactal, L-rhamanal, D-xylal and D-ribal underwent coupling with 
aryldiazonium salts and gave synthetically useful 2,3-deoxy 3-keto α (or) β-aryl-C-glycosides selectively in good to 
excellent yields [3]. This method does not require any external oxidant, base or ligand.  
 
[1] a) Yang, Y.; Yu, B. Chem. Rev. 2017, 117, 12281−12356. b) Kitamura, K.; Ando, Y.; Matsumoto, T.; Suzuki, K.; Chem. 
Rev. 2018, 118, 1495−1598.  
[2] a) Liu, C. F.; Xiong, D. C.; Ye, X. S. J. Org. Chem., 2014, 79 , 4676-4686; b) Steinhuebel, D. P.; Fleming, J. J.; Du 
Bois, J. Org. Lett., 2002, 4, 293-295. c) Li, H. H.; X. S. Ye, Org. Biomol. Chem., 2009, 7, 3855-3861. 
 [3] A .K. Singh, J. Kandasamy, Org. Biomol. Chem., 2018,16, 5107-5112. 
 
 

 
Figure 1. Synthesis of aryl glycosides from glycals and aryldiazonium salts
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Successful introduction of cytotoxic cisplatin and related platinum complexes in clinical practice initiated research 
into antitumor properties of organometallic and coordination complexes. Ruthenium complexes belong to the most 
promising antitumor drug candidates. For example, half-sandwich Ru(II) arene complexes such as RAPTA-T ([Ru(η⁶-
C₆H₅Me)Cl₂(pta)]) and RAPTA-C ([Ru(η⁶-p-cymene)Cl₂(pta)] (where pta = 1,3,5-triaza-7-phosphaadamantane) have 
been developed and thoroughly investigated. RAPTA-T exhibits remarkable selectivity against metastatic tumors in 
vivo [1], whereas RAPTA-C also shows promising angiostatic activity [2]. In contrast to widely studied half-sandwich 
ruthenium η⁶-arene complexes, stabile 18-electron cationic full-sandwich ruthenium complexes of the general 
formula ([Ru(η⁶-arene)(η⁵-Cp*)]+A- (where Cp* is pentamethylcyclopentadienyl and A- represents an uncoordinated 
anion) received less attention. An interesting cytotoxic activity has been reported for some of them [3-5], but 
antimetastatic activity of these cationic complexes has not been investigated.  
 
We have prepared a series of Ru(II) complexes of the general formula [Ru(η⁶-arene)(η⁵-Cp*)]+ Cl−, where the arene 
ligand is the phenyl moiety of benzyl hexopyranosides or benzyl ether-protected hexopyranoses. These complexes 
had negligible cytotoxicity, but some of them, in particular complex (1), showed anti-migratory and anti-invasive 
effects in vitro comparable to those of the reference compounds RAPTA-C and RAPTA-T.  
 
Furthermore, we have also prepared Ru(II) complexes with carbohydrate-substituted chelate tetrazene ligand. These 
tetrazene complexes had variable cytotoxicity. The most active was complex (2), which exhibited cytotoxicity in low 
micromolar range. 
 
[1] Ang, W. H.; Casini, A.; Sava, G.; Dyson, P. J. Organometallic ruthenium-based antitumor compounds with novel 
modes of action. J. Organomet. Chem. 2011, 696, 989-998. 
[2] Berndsen, R. H.; Weiss, A.; Abdul, U. K.; Wong, T. J.; Meraldi, P.; Griffioen, A. W.; Dyson, P. J.; Nowak-Sliwinska, P. 
Combination of ruthenium(II)-arene complex [Ru(η⁶-p-cymene)Cl₂(pta)] (RAPTA-C) and the epidermal growth factor 
receptor inhibitor erlotinib results in efficient angiostatic and antitumor activity. Scientific Reports 2017, 7, 43005. 
[3] Loughrey, B. T.; Healy, P. C.; Parsons, P. G.; Williams, M. L. Selective Cytotoxic Ru(II) Arene Cp* Complex Salts [R-
PhRuCp*]+X− for X = BF₄−, PF₆−, and BPh₄−. Inorg. Chem. 2008, 47, 8589-  8591. 
[4] Loughrey, B. T.; Cunning, B. V.; Healy, P. C.; Brown, C. L.; Parsons, P. G.; Williams, M. L. Selective, Cytotoxic 
Organoruthenium(II) Full-Sandwich Complexes: A Structural, Computational and In Vitro Biological Study. Chemistry –  
An Asian Journal 2012, 7, 112-121. 
[5] Loughrey, B. T.; Williams, M. L.; Parsons, P. G.; Healy, P. C. Nucleophilic substitution reactions of [(η⁵-Cp*)Ru(η⁶-
C₆H₅CO₂H)]+: Synthesis, characterization and cytotoxicity of organoruthenium ester and amide complexes. J. 
Organomet. Chem. 2016, 819, 1-10. 
 
Financial Support of the Czech Science Foundation is gratefully acknowledged (Project GA 17-05838S) 
 
 

 
Examples of antitumor carbohydrate-substituted Ru(II) complexes
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Starting from levoglucosan and mannosan, we prepared a series of O-benzylated phenyl 2-azido-2,3-dideoxy-3-
fluoro- and phenyl 2-azido-2,4-dideoxy-4-fluoro-1-thio-D-hexopyranosides of gluco and galacto configuration 1–4 
[1]. The key intermediates were C-3 and C-4 deoxofluorinated 1,6-anhydro-2-azido-2-deoxyhexopyranoses [2]. 
Reaction with PhSTMS/ZnI₂ effected cleavage of 1,6-anhydro bridge [3], and subsequent O-benzylation gave the 
target glycosyl donors 1–4 [1]. Low-temperature NMR revealed that treatment of 1 with Tf₂O/Ph₂SO in DCM at –78 °C 
led to the formation of anomeric α-triflate 5 and both anomers of the oxosulfonium triflate α-6 and β-6 [1].  
The anomeric stereoselectivity in glycosylation with 1–4 was investigated using the preactivation-based 
glycosylation protocol with the Tf₂O/Ph₂SO promoter system [4], and a series of model carbohydrate acceptors of 
varying reactivity. Glycosylation of reactive acceptors (primary alcohols, unhindered secondary equatorial alcohols) 
favored formation of β-glycosides. β-Selectivity gradually eroded with decreasing acceptor reactivity, and 
glycosylation of the least reactive acceptors was almost unselective for gluco-configured donors (1) and (2). On the 
other hand, galacto-configured donors (3) and (4) showed reversal to moderate to good α-selectivity with unreactive 
acceptors [1]. 
 
[1] Kurfiřt, M.; Červenková Šťastná, L.; Dračínský, M.; Müllerová, M.; Hamala, V.; Cuřínová, P.; Karban, J. 
Stereoselectivity in Glycosylation with Deoxofluorinated Glucosazide and Galactosazide Thiodonors. J. Org. Chem. 
2019, DOI: 10.1021/acs.joc.9b00705. 
[2] Horník, Š.; Červenková Šťastná, L.; Cuřínová, P.; Sýkora, J.; Káňová, K.; Hrstka, R.; Císařová, I.; Dračínský, M.; 
Karban, J. Synthesis and in vitro cytotoxicity of acetylated 3-fluoro, 4-fluoro and 3,4-difluoro analogs of D-
glucosamine and D-galactosamine. Beilstein J. Org. Chem. 2016, 12, 750-759. 
[3] Wang, L.-X.; Sakairi, N.; Kuzuhara, H. 1,6-Anhydro-β-D-glucopyranose derivatives as glycosyl donors for 
thioglycosidation reactions. J. Chem. Soc., Perkin Trans. 1 1990, 1677-1682. 
[4] Codée, J. D. C.; Litjens, R. E. J. N.; den Heeten, R.; Overkleeft, H. S.; van Boom, J. H.; van der Marel, G. A. 
Ph₂SO/Tf₂O:  a Powerful Promotor System in Chemoselective Glycosylations Using Thioglycosides. Org. Lett. 2003, 5, 
1519-1522. 
 
Financial Support of the Czech Science Foundation is gratefully acknowledged (Project GA 17-18203S) 

 
Dexofluorinated thiodonors and formation of reactive intermediates under preactivation condition
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The group of 17 opportunistic pathogens linked to severe infections in cystic fibrosis and other immunocompromised 
conditions has been known as the Burkholderia cepacia complex.[1] The inner Kdo residue of Burkholderia 
lipopolysaccharide (LPS), which is highly conserved across the genus, is flanked by 4-amino-4-deoxy-L-arabinose 
units (Ara4N).[2] Furthermore, the binding of Ara4N to the phosphate groups of lipid A has been purported as one of 
the reasons for hindered interaction with cationic agents and consequently, to induce antibiotic resistance.[3] We set 
out to synthesize a series of tenable Ara4N transferase (ArnT) inhibitors with the prospect of impeding the 
biosynthetic pathway towards activated Ara4N species.[4] By the same token, we intend to inhibit the transfer of 
Ara4N residues both to Burkholderia LPS core and lipid A in vitro. Our synthetic endeavours en route to C-glycosidic 
derivatives mimicking either the transition state of glycosyl transfer or ArnT natural substrate will be presented. 
During the course of the synthesis, selective monodemethylation of dimethyl phosphonate 1 was accomplished in a 
high yield, followed by alkylation of the arising intermediate 2. Interestingly, the latter base-promoted reaction 
resulted in the formation of isomeric endo- and exo-derivatives 3 and 4, respectively. Successful cleavage of the 
remaining methyl group allowed us to aim our efforts at the global deprotection of these advanced intermediates. 
 
Financial support from the Austrian Science Fund FWF (grant P 28826) is greatly acknowledged. 
 
[1] A. R. Hauser, M. Jain, M. Bar-Meir, S. A. McColley, Clin. Microbiol. Rev. 2011, 24, 29-70. 
[2] A. DeSoyza, A. Silipo, R. Lanzetta, J. R. Govan, A. Molinaro, Innate Immun. 2008, 14, 127-144. 
[3] S. A. Loutet, M. Valvano, Front. Microbiol. 2011, 2, 159. 
[4] B. D. Needham, S. M. Trent, Nat. Rev. Microbiol. 2013, 11, 467-481. 
 

 
 
Synthetic route overview
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Glucuronyl esterases (GE) constitute a recently discovered class of enzymes, first reported in 2006. These enzymes 
are involved in delignification, hydrolysing the ester linkages between lignin polyphenol structures and the 
glucuronoxylan present in the hemicellulose fraction of lignocellulosic biomass. Given that these linkages are 
believed to contribute to the recalcitrant nature of lignocellulose, the discovery of new and improved glucuronyl es-
terases is an important target for the biofuel industry. A number of synthetic substrates to measure GE activity have 
previously been described in the literature. Building on these seminal studies, we prepared a range of substrates 
which, when combined with two ancillary enzymes, namely a GH67 α-glucuronidase from Geobacillus 
stearothermophilus and a GH43 β-xylosidase from Selenomonas ruminantium, form the basis of a colourimetric 
assay kit (K-GEUX3) for glucuronyl esterases. 
 



EUROCARB XX LEIDEN 2019 

P112 

Development of Tuberculosis Imaging Probes Based on Fluoro 
Sugars 

Raja Muhammad Naseer Khan1, YongMo Ahn2, Wendy Marriner2, Seung S Lee1, Laura E Via2, Clifton E. Barry2, Benjamin 
G. Davis1 

1University Of Oxford, Oxford, United Kingdom, 2National Institute of Health, Bethesda, USA 

 Tuberculosis (TB) is one of the oldest known human diseases and is still a major cause of mortality worldwide. The 
disease is caused by Mycobacterium tuberculosis (MTB) which is typically transferred from human to human through 
inhalation of aerosolized respiratory droplets. The techniques currently employed for diagnosis are generally 
insensitive and non-specific. Positron emission tomography (PET) combined with computed tomography (CT) is used 
extensively in clinics and is among the advanced molecular imaging modalities for disease diagnosis and for 
monitoring the response to treatment. However, the PET radio tracer 2-Deoxy-2-[18F] fluoro-D-glucose ([18F]FDG) 
images areas of high metabolism and thus is also non-specific. 
Herein, we describe development of new PET probes based on sugars. 2-Fluoro-2-deoxy-trehalose (FDT), previously 
developed in our group has shown great promise as a specific PET imaging agent for the diagnosis of TB. We have 
used biocatalytic approaches for the synthesis of FDT, testing various enzymes. We found that the combination of 
hexokinase, trehalose-6-phosphate synthase (TPS) and trehalose-6-phosphate phosphatase (TPP) for biosynthesis 
was faster and higher yielding than alternative approaches using enzyme fusions of TPS-TPP used with hexokinase 
or the use of alpha, alpha trehalose synthase (TreT) enzymes alone. We then sought to develop an LC-MS based 
method for the detection of FDT in vitro and in vivo. The enzyme kinetic parameters were also determined for 
various enzymes used in the FDT synthesis.  
FDT administered to naïve marmosets labels very little tissue in the lung, but when the animals are infected MTB, the 
tubercular lesions take up the radiolabelled FDT and [18F] Trehalose monomycolate has been isolated from 
tubercular lesions indicating that the probe reaches the site of bacterial incorporation. The uptake of the probe into 
lesions can be blocked by administration of the unlabelled or “cold” FDT. In addition, FDT labelling of tubercular 
lesions is reduced with 4-drug standard TB treatment in marmosets. We have optimized and scaled up syntheses 
and developed GMP-standard methods suitable for producing the probe for clinical use. Toxicity of the synthesised 
sugar compound was assessed in two different animal models to support an IND application. Once toxicity studies 
are completed, we aim to file an IND application for testing in humans to determine if allows for specific and early 
diagnosis of TB. Through planned future work, we aim to optimise the conditions of the radio-synthesis of FDT for 
use in clinical trials of anti-tuberculosis agents.  
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The tool of metabolic oligosaccharide engineering (MOE) allows the introduction of chemical reporter groups into 
glycan structures of various organisms, by taking advantage of the cellular machinery. The incorporated reactive 
groups can be further targeted through bio-orthogonal labelling reactions and allow the identification and 
characterization of specific carbohydrate structures.[1],[2] 
We developed galactose derivatives with terminal alkene groups in C2 or C6 position, which can be targeted through 
inverse electron demand Diels Alder reactions by using 6 Methyl-tetrazine derivatives. These new monosaccharides 
were used to study different aspects of changes in galactosylated glycan structures related with Malaria infection. 
With about 500000 deaths each year, Malaria is still one of the major global health problems and due to increasing 
numbers of resistances to present treatments, the development of new strategies, such as vaccinations, is 
crucial.[3] Our approach uses MOE to incorporate artificial galactose derivatives in galactosylated glycan structures 
in different stages of a Malaria infection. First we were able to show the incorporation of these galactose derivatives 
into cell membrane structures of hepatic cells with and without an infection through Plasmodium berghei 
sporozoites. It was shown that infected cells seem to display a slightly higher uptake of the artificial galactose 
derivatives, due to an involvement of the up regulated GLUT1 transporter in these cells.  
Having addressed the incorporation of artificial galactose derivatives in the liver stage of Malaria infection, we 
decided to investigate also the interplay between the mosquito host and the Plasmodium parasite with regard to 
galactose containing glycans. After administering the presented galactose derivative to infected mosquitoes during 
the feeding process, we were able to successfully label the transmitted sugar on the parasite surface. This results 
suggests a transmission of galactose monosaccharides from the mosquito host to the parasite and can help to 
answer questions about the formation of specific carbohydrate structures in this organism. 
Overall, we present an approach to use MOE as a tool for investigations on important glycan structures during 
Malaria infection, with the final goal to identify possible carbohydrate antigens for the development of anti-malarial 
vaccine candidates. 
 
[1] Sminia, T.J., Zuilhof, H. & Wennekes, T. Getting a grip on glycans: A current overview of the metabolic 
oligosaccharide engineering toolbox. Carbohyd Res 435, 121-141 (2016). 
[2] Gilormini, P.-A., Batt, A.R., Pratt, M.R. & Biot, C. Asking more from metabolic oligosaccharide engineering. 
Chem Sci 9, 7585-7595 (2018). 
[3] World Malaria Report 2018. 210 (World Health Organization, Geneve, 2018). 
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Carbohydrates exist as glycol-conjugates and interact with various biomolecules in cells. However, the exact 
functions of carbohydrates remain poorly understood, because they are known to readily undergo hydrolytic 
cleavage by metabolic enzymes. C-glycoside analogues have been of particular interest as carbohydrate mimics, 
because the replacement of the oxygen atom by a methylene group renders them stable against metabolic enzymes 
[1]. C-glycoside analogues have been shown to adopt similar conformations to native O-glycosides and also to 
exhibit similar or even more potent biological activities [2]. However, it is generally complicated to synthesize these 
analogues because of the highly oxidized structure and the dense sp³ carbon centers. To supply a variety of 
biologically useful C-glycosides, efficient synthetic method was required.  
In this study, we aimed to synthesize the typical (1,6)-CH₂-glycoside analogues. We thought that “direct coupling” 
between a C1-sp³-donor and an acceptor with additional carbon atom at C6 would be the one of the powerful 
method [3,4]. This time, we focused on the atom-transfer radical coupling reaction [5] between the xanthate donor 1 
and the acceptor 2 with a terminal olefin (Scheme 1). The glycosyl radical species 3 generated from stable donor 1 by 
treatment with a peroxide reagent added to alkene 2. Following xanthates transfer from donor 1 to transient 
secondary radical on the 6-position of the acceptor resulted in C-glycoside 4. The xanthate group of 4 was easily 
removed by means of a simple reduction process to give CH₂-linked (1,6)-disaccharide 5. The radical coupling 
reaction proceeded to form the α-isomer exclusively, when we employed the glycosyl donor 1 with appropriate 
protecting group in order to restrict it ⁴C₁ conformation. This methodology was successfully applicable to synthesize 
the CH₂-linked isomaltose analogue 6 by employing the appropriate glucose acceptor. Details of the synthesis of 
both donor 1 and acceptor 2, and their radical coupling reaction will be disclosed in this presentation [6]. 
 
[1] Yang, Y.; Yu, B. Chem. Rev. 2017, 117, 12281. 
[2] (a) Franck, R. W. et al. Angew. Chemie - Int. Ed. 2004, 43, 3818. (b) Hirai, G. Sodeoka, M. et al. J. Am. Chem. Soc. 
2007, 129, 15420. 
[3] (a) Beau, J. et al. Angew. Chemie - Int. Ed. 2000, 39, 4111. (b) Walczak, M. A. et al. ACS Cent. Sci. 2018, 4, 1652. 
[4] Representative synthesis of a variety of CH₂-linked disaccharides with C1-sp² hybridized donor; Werz, D. B. et al. 
Angew. Chemie - Int. Ed. 2013, 52, 2985. 
[5] Zard, S. Z. Angew. Chemie - Int. Ed. 1997, 36, 672. 
[6] Kiya, N.; Hidaka, Y.; Usui, K.; Hirai, G. Org. Lett. 2019, 21, 1588. 
 
 

 
Scheme 1. Radical coupling with xanthate donor 1 and acceptor 2
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Infection of a bacterium by a bacteriophage begins with binding of the phage particle to the bacterial cell surface, 
and most known bacteriophages utilize surface polysaccharides as receptors. The host range of a bacteriophage is 
determined by the spectrum of ligands to which its tail fiber or tailspike proteins can bind. Some bacteriophages 
have multiple tailspikes/tail fibers but the function of these proteins during infection remains poorly understood. The 
receptor-binding apparatus of phage CBA120 contains four tailspike proteins TSP1 through TSP4 that contain 
evolutionary related domains as well as at least one additional unrelated tailspike and a tail fiber. CBA120 was shown 
to infect Escherichia coli O157:H7 (a Shiga toxin–producing pathogenic serotype that can cause hemorrhagic colitis 
and hemolytic uremic syndrome in humans) and E. coli O78, but the function of its receptor-binding proteins in host 
specificity has not been understood.  
 
In this work, the structure, the substrate specificity and the enzymatic activity of TSP1, TSP2, TSP3 and TSP4 were 
studied. Tailspike TSP2 was found to bind the O-specific polysaccharide (O-antigen) of the E. coli O157:H7 
lipopolysaccharide, and to cleave its α-L-fucopyranosyl linkages to yield a tetrasaccharide monomer of the repeating 
unit. This puts forward a mechanistic model in which the phage uses its TSPs to clear its way through the 
polysaccharide layer in order to reach the cell surface. Treatment of E. coli O157:H7 cells with TSP2 makes them 
immune to phage CBA120 demonstrating that TSP2 must be a component of the phage particle for the infection to 
take place. Tailspikes TSP3 and TSP4 are also hydrolases that bind to and digest the O-antigens of E. coli O77 and 
O78, respectively. TSP1 likely expands the host range of CBA120 to Salmonella enterica. The X-ray crystal structures 
of TSP2, TSP3 and TSP4, and that of a complex of TSP2 with the E. coli O157-antigen repeating unit were determined 
and their active sites identified. A series of complex formation experiments was used to establish the architecture 
and assembly pathway of the hand-shaped TSP1-TSP2-TSP3-TSP4 complex, and it was found to have a similar 
organization to other multivalent tailspike complexes. The data obtained represent the biochemical basis for possible 
therapeutic application of TSP proteins from CBA120 and for production of conjugate vaccines against infections 
caused by enteric bacteria. 
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Many naturally occurring biologically important glycoconjugates contain 1,2-cis-linked glucose. Stereoselective 1,2-
cis-glucosylation with benzyl protected glycosyl donors is usually achieved by fixation of the conformation of the 
glycosyl cation by a cyclic protective group at O-4 and O-6 [1], remote participation of acyl groups [2] and with the 
use of other methods.  
 
It is important to note that synthetic routes circumventing hydrogenolysis step, often used for removal of benzyl 
protecting groups, are especially attractive for preparation of glycoconjugates containing 1,2-cis-linked glucose and 
unsaturated moieties in the aglycon. At the same time, examples of investigations of 1,2-cis-glucosylation with the 
use of benzyl-free glucosyl donors are limited. In contrast to the known methods for controlling glycosylation 
stereochemistry, we assumed that a similar fixation of the conformation of the glycosyl cation could be achieved by 
introducing the bulky TIPS group at O-2. This hypothesis is indirectly supported by our previously published results 
on the use of TIPS group at O-2 of a glycosyl donor for stereoselective 1,2-cis-glycosylation in the synthesis of D-
arabinofuranosides [3], D-galactopyranosides [4] and L-fucopyranosides [5, 6].  
 
Herein we report comparison of the results of α-D-glucosylation using 2-O-TIPS, 2,3-di-O-TIPS substituted 
thioglucosides with remote O-acyl groups and 2-O-TIPS substituted thioglucosides containing the rigid 4,6-O-
benzylidene cycle. We found that the use of more reactive 2,3-di-O-TIPS derivative, which adopts 1C4 chair 
conformation, led to the anomeric mixture, while the use of corresponding 2-O-TIPS substituted derivatives, which 
exist in normal 4C1 chair conformation, is 1,2-cis-stereoselective. We observed that stereochemical outcome of 
glycosylation with 2-O-TIPS substituted thioglucosides depends on acceptor nucleophility, as well as on the nature 
and anomeric configuration of aglycon.  
 
This work was supported by the Russian Science Foundation (Project No. 16-13-10244-P). 
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Cell–cell communication is crucial for ensuring the health of organisms and cells. This communication occurs at the 
cell surface and is facilitated by the glycans observed on proteins and lipids. N-glycan processing is typical process 
for the construction of such glycans. During this process, Golgi mannosidase (GM) plays an important role in 
exposing a core glycan structure to aid N-glycan maturation. When GM is inhibited, the transportation of immature 
N-glycans to the cell surface may damage the cell–cell communication. The known GM inhibitor interferes with the 
cell–cell communication by inhibiting N-glycan maturation. Hence, the anticancer activity can be observed. However, 
attempts to use the inhibitor for anticancer drug applications were unsuccessful. We considered two issues that may 
have caused this failure based on the inhibitor properties, including low hydrophilicity and the number of 
asymmetric centers. To address these issues, we screened GM inhibitors from natural compound libraries and 
modified the obtained inhibitors. Consequently, four compounds, including three approved drugs, were observed to 
be GM inhibitors. Two among these, tamoxifen and raloxifene, were estrogen receptor antagonists, whereas the 
remaining drug, sulindac, was a non-steroidal anti-inflammatory drug. Diphenylpropylamine derivatives, called the 
AR500 series compounds, were also observed to be GM inhibitors possessing low hydrophilicity and one asymmetric 
center (R. Koyama, et al., Chem. Pharm. Bull. (Tokyo). 66, 678, 2018).  
To develop suitable GM inhibitors for inhibiting cell–cell communication, the structure–activity relation should be 
analyzed. However, the bioactivity and synthesis methods for the AR500 series are not reported. Thus, a method 
suitable for synthesizing the structurally diverse derivatives of the AR500 series compounds was established and 
used to clarify the structure–activity relationship. Based on this method, 27 structurally diverse derivatives were 
synthesized. These were subsequently evaluated in the monolayer HeLa cell-based assays that determined the GM 
inhibitory activity, high-mannose glycan accumulation, and morphological changes based on the inhibition of cell 
adsorption with respect to the plastic flasks. All the compounds were observed to cause accumulation of high-
mannose glycans based on the GM inhibition at sub- to 10-µM levels. Similarly, morphological changes were 
observed in the cells based on high-mannose glycan accumulation. Finally, we evaluated the inhibition activity of the 
spheroid formation of HeLa cells to achieve cell–cell communication inhibition based on GM inhibition. A spheroid is 
commonly considered to be a cancer tumor model. Consequently, some compounds exhibited objective activity at 
the sub- to 10-µM level; however, the amide derivatives exhibited significantly reduced activity. These biological 
results indicated that some AR500 series compounds exhibited cell–cell communication inhibition based on high-
mannose glycan accumulation by GM inhibition without cytotoxicity. Also, the analysis of the structure–activity 
relations indicated that almost all the AR500 series derivatives exhibited targeted activity except for the amide 
derivatives.  
In the future, continuing the aforementioned evaluation of the AR500 series derivatives and analyzing the detailed 
mechanism of bioactivity expression are necessary to apply these compounds as anticancer drugs. Particularly, the 
relation between the cell–cell communication inhibition and the maturation rate of N-glycans on the cell surface 
should be clarified by analyzing the cells separated from a GM-inhibitor-treated spheroid using flow cytometry. 
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Heparin is one of the most widely used polysaccharide drugs in the world. It has gained great attention from 
researchers focusing on its structure, activity, and more recently, purity. Through pharmacopeia regulated analysis, 
the polydispersity, disaccharide sequence and statistical sulfation pattern of heparin have been well defined. 
However, the impact of processing conditions on physico-chemical properties of heparin have for the most part 
been neglected. 
 
The aim of this research is to refocus attention on the chemical stability of heparin. The analysis is directed toward 
the understanding of mechanisms and kinetics of the structural changes in heparin under acidic conditions (pH 1 - 
6).  
 
Herein, the changes in the molecular structure as a function of time, pH and temperature are discussed. With the use 
of mono- and two-dimensional NMR spectroscopy the degradation processes were followed in real time. Using High 
Performance Anion Exchange Chromatography (HPAEC) the sugar composition of heparin was profiled at various 
stages of degradation whilst desulfation was also followed. Finally, changes in molecular weight were determined 
and the kinetics of these processes were analysed.  
 
After connecting all the pieces from this complex analytical puzzle, we have elucidated a more complete 
understanding of the mechanism of heparin degradation in acidic environments. 
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Several bioactive natural and synthetic compounds bear spirocyclic units. Synthesis of this motif is still a great 
challenge, especially on a carbohydrate framework. Natural anomeric spirocyclic compounds such as the herbicide 
hydantocidin [1] and the papulacandins [2] with antifungal activity are well known, other synthetic compounds show 
glycosidase [3], glycogen phosphorylase [4] and SGLT2 inhibition [5]. A representative from the latter group has 
been marketed recently for the treatment of type 2 diabetes mellitus. 
C-Glycosyl derivatives of ulosonic acids are scarcely known in the literature, such type of structures are limited only 
to the 3-deoxy type sialic acid derivatives. Herein we report a systematic study on the synthesis of bis-C,C-
glycopyranosyl compounds from fully substituted heptulosonic acids followed by cyclization to novel spirocycles. 
From per-O-acylated (ulopyranosyl bromide)onic acid derivatives (1) further glycosyl donors (2) were prepared with 
various leaving groups and anomeric configurations and the ionic and radical reactions of 1 and 2 were investigated 
towards bis-C,C-glycosyl derivatives 3. Transformations of the anomeric C-substituents and cyclization steps led to 
spirocycles 4 with five and six membered heterorings. 
 
1. Soengas, R. G.; Da Silva, G.; Estévez, J. C. Synthesis of Spironucleosides: Past and Future Perspectives. Molecules 
2017, 22, 2028. 
2. Kobayashi, T.; Regens, C. S.; Denmark, S. E. In Strategies and Tactics in Organic Synthesis, Harmata, M., Ed. 
Academic Press: 2012, 8, 79-126. 
3. Tite, T.; Tomas, L.; Docsa, T.; Gergely, P.; Kovensky, J.; Gueyrard, D.; Wadouachi, A. Synthesis of N-aryl spiro-
sulfamides as potential glycogen phosphorylase inhibitors. Tetrahedron Lett. 2012, 53, 959-961. 
4. Somsák, L. Glucose derived inhibitors of glycogen phosphorylase. Compt. Rend. Chimie 2011, 14, 211-223. 
5. Aguillón, A. R.; Mascarello, A.; Segretti, N. D.; de Azevedo, H. F. Z.; Guimaraes, C. R. W.; Miranda, L. S. M.; de Souza, 
R. O. M. A. Synthetic Strategies toward SGLT2 Inhibitors. Organic Process Research & Development 2018, 22, 467-
488. 
 

 
 
Figure 1. Synthesis and spirocyclization of bis-C,C-glycosyl derivatives
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It is known that hydroxyl groups in equatorial positions are more reactive than axially oriented ones. In our synthesis 
of lupane-type saponins bearing OSW-1 disaccharide unit we observed that glycosylation had preferentially taken 
place at 4-OH group of arabinopyranoside ring. Such reversed reactivity of some L-arabinopyranoside derivatives 
was reported and explained by an influence of bulky substituent at the O-2 position and/or inversion of the 
pyranoside ring which adopts unusual 1C4 conformation [1]. 
Here we propose that the formation of the hydrogen bond between anomeric oxygen atom and the 3-OH group is 
responsible for observed ring inversion. The presence of hydrogen bond was confirmed by the NMR studies. In this 
communication we will present the influence of hydrogen bond on the regioselectivity of glycosylation reaction. 
Plausible mechanism explaining such unusual regioselectivity will also be presented [2]. 
 
The support from the National Science Centre (NCN), Poland (grant No: 2016/21/B/ST5/02141) is acknowledged. 
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Scheme 1
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O-GlcNAcylation is a dynamic post-translational modification by adding and removing a single β-N-
acetylglucosamine (GlcNAc) moiety to and from serine/threonine residues of nucleocytosolic and mitochondrial 
proteins. The dynamic cycling of O-GlcNAc modification on numerous, functionally diverse set of proteins is 
catalyzed by two enzymes: O-linked β-N-acetylglucosamine transferase (OGT) and β-N-acetylglucosaminidase (OGA) 
in response to cellular signals or cellular stages, similarly to phosphorylation. In many cases, phosphorylation and O-
GlcNAcylation target the same serine/threonine residues in a reciprocal manner.[1,2] Human OGA is a promising 
therapeutic target in diseases where aberrant low level of O-GlcNAc is experienced. 
 
PUGNAC (1) is one of the first inhibitors of OGA, NAG-thiazoline (2) is a transition-state mimicry inhibitor. Longer 
chains in the C-2 position can improve the inhibition and also the selectivity. Thus, Thiamet-G (3) has a dramatic 37 
000-fold selectivity over the lysosomal β-hexosaminidase.[3] Also, the triazole compounds 4 have shown acceptable 
inhibition in case of aromatic substituents. Here we present the synthesis of some PUGNAC analog compounds (5), 
as well as C-(glucosaminyl)-heterocycles (6) among which tight-binding nanomolar inhibitors of human OGA were 
found. 
 
1. Hart GW. Nutrient regulation of signaling and transcription. Journal of Biological Chemistry. 2019;294(7):2211-31. 
2. Yuzwa SA, Vocadlo DJ. O-GlcNAc and neurodegeneration: biochemical mechanisms and potential roles in 
Alzheimer's disease and beyond. Chem Soc Rev. 2014;43(19):6839-58. 
3. Macauley MS, Vocadlo DJ. Increasing O-GlcNAc levels: An overview of small-molecule inhibitors of O-GlcNAcase. 
Biochim Biophys Acta, Gen Subj. 2010;1800(2):107-21. 
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In the endoplasmic reticulum (ER), nascent glycoproteins are folded by calnexin/calreticulin (CNX/CRT) cycle related 
lectins and enzymes. The folding cycle is mainly regulated by CNX, CRT, glucosidase II (GII) and UDP-glucose: 
glycoprotein glucosyltransferase (UGGT). Misfolding of glycoproteins have been known to induce ER stress. Since 
excessive ER stress causes folding diseases represented by diabetes mellitus, operating status of the cycle is very 
significant. In this study, we examined relevance between metabolic syndrome rat model livers and the operating 
status focused on transcription, expression and activity of the cycle related lectins and enzymes. In obesity rat 
model livers, all cycle related proteins were decreased in transcription, expression and activity than healthy rat 
model livers. The results indicate function of CNX/CRT cycle has declined in obesity rat model. Also these 
observations indicate mRNA/protein expression levels and activity were correlated in obesity rat liver. In severe 
diabetes, transcription levels of CNX and GII were increased than obesity rat model. On the other hand, the levels of 
CRT and UGGT were not changed. In expression level, similar tendency was observed. In contrast, activity of cycle 
related proteins were varied. Namely, activities of CNX and CRT were increased than obesity rat liver. Activity of GII 
was not changed compare to obesity rat liver. Activity of UGGT was decreased rather than obesity rat liver. These 
results indicate mRNA/protein expression levels and activity were not correlated in diabetes rat liver. In view of 
misfolded protein level of metabolic syndrome rat model livers, misfolded proteins were gradually increased by 
severity of symptom. This might indicate folding ability of the cycle was declined and might be affected folding of 
UGGT.
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Many lysosomal glycosidases are retaining enzymes, employing a double-displacement mechanism involving 
covalent binding of sugar to the catalytic nucleophile of the enzyme [1]. Cyclophellitol is natural gluco-mimetic that 
irreversibly binds to the catalytic nucleophile of glucocerebrosidase (lysosomal β-glucosidase; GBA). Based on this 
scaffold a fluorescent activity-based probe (ABP) was designed allowing labeling of active GBA in vitro and in vivo 
(MDW933) [2]. Subsequently appropriate ABPs were designed for many lysosomal glycosidases, including acid α-
glucosidase (GAA) and α-galactosidase (GLA) [3-7].  
The available ABPs can be used in diagnosis of corresponding lysosomal storage disorders. Cells, or cell extracts, 
can be incubated with ABPs, and following SDS-PAGE and fluorescence scanning active enzyme molecules can be 
visualized and quantified. In this manner a deficiency of active lysosomal glycosidases such as, GBA, GAA and GLA 
can be demonstrated in cells from individuals suffering from Gaucher disease, Pompe disease and Fabry disease, 
respectively [2-6]. We also extended the procedure to urine and developed a sensitive method to visualize active 
GBA, GAA, GLA and other lysosomal enzymes in urine samples. The method is remarkably sensitive, requiring only a 
few ml of urine. The practical application of this procedure for diagnostic screening is discussed.  
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Surface functionalized nanoparticles (NPs) are gaining great importance in the biomedical field due to the emerging 
role of nanomedicine. Nanotechnology is orienteering towards the development of nano-medical devices as drug 
delivery and diagnostic systems with improved properties and reduced side effects if compared to traditional 
medicine. This is particularly true for highly cytotoxic drugs such as those used in chemotherapy treatments that, if 
inserted in a NP, can reduce their toxicity towards healthy tissues. Moreover, the presence of a specific molecular 
entity (ligand) on the NPs’ surface, can target the nanodevice to specific tissue; this can be used for direct tumor 
targeting, exploiting its overexpression of specific receptor recognized by specific ligands, or can allow to reach 
biological districts, for which drugs usually show a very low tropism.  
We generated sugar decorated polymeric NPs loaded with cytotoxic drugs, designed to be engulf by immune cells 
and used them as Live-Cell Drug Delivery systems.[1,2] As polymer we selected poly(lactic-co-glycolic acid) (PLGA) 
as it is one of the most used polymers to prepare biodegradable-biocompatible nanoparticles. In addition, PLGA has 
been approved by US FDA and European Medicine Agency (EMA) in various drug delivery systems for the human use. 
For the surface decoration we used different sugars and sugar-dendrimers, that exploit specific receptors on cell 
surface. In this context we adopted a chemoselective method applied on a free sugar, that can be extended to the 
conjugation of any sugar/oligosaccharide moiety bearing a reducing end.[3] Biological studies demonstrated the 
ability of the realised nanovectors to act as drug-carries within a solid tumor targeting system.[2] 
 
 
[1] A. Maeda, R. Avigni, B. La Ferla, F. Torres Andon, P. Allavena “The live-cell drug delivery using monocytes 
loaded chemotherapeutic nanoparticles” 2018 Keystone Symposia Conference: Cancer Immunotherapy March 23 - 
March 27, 2018, Montreal, Canada.;  
[2] Manuscript in preparation 
[3] A Palmioli, B. La Ferla. Organic Letters, 2018, 20(12), 3509-3512. 
 
 

 
 
Derivatization and characterization of PLGA-sugar derivatives 
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We focus on site-specifically-modified biotin ligands through N-glycan on Fc domain of anti-EpCAM in improving 
binding ability for circulating tumor cells (CTCs) through microfluidics. Eight types of biotinylated anti-EpCAMs were 
synthesized and evaluated for their antigen binding ability by ELISA and QCM assay. One site-specifically-modified 
anti-EpCAM Ab-2G was further applied in clinical samples in which was shown 1.6 and 2.8 times higher CTCs and 
CTMs capture abiliby than random modified one. Besides, an immunomagnetic “nano-net” was designed and 
synthesized for specifically capturing rare cells of interest from mixtures. The nano-net, Ab@Lipo-MNP-GO, consists 
of conjugated antibody Ab-2G molecules on a lipid coated magnetic nanoparticle-graphene oxide sheet complex. 
The magnetism, chemical composition, and morphology of the construct and its precursors were characterized by 
SQUID, FTIR, TGA, DLS and SEM, respectively, to confirm the feasibility of the synthetic steps and the resulting 
properties suitable for solution phase immuno-recognition for cell capture. When applied to capturing CTCs in clinical 
patients’ blood samples, the nano-net construct exhibits far superior ability whereas conventional immunomagnetic 
beads in some cases were unable to capture any CTCs, even by increasing the beads concentration. Confocal images 
showed that the nano-net wrapped around CTCs while immunomagnetic beads attached them with point contacts. A 
stable, patch-like multivalent matrix nano-net was demonstrated to tackle the shortcomings of single point contact 
of immunomagnetic beads to the target cell. This strategy is universal for any cell separation in complex fluids.  
 
 
Ref: [1] Chem. Commun., 2017, 53, 4152--4155 
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Glycopolymers are an exciting class of synthetic macromolecules which can display increased affinity towards 
carbohydrate binding proteins (especially lectins). This is due to the cluster glycoside effect, which results in a non-
linear increase in affinity as the valency increases. These multivalent glycan interactions are involved in a range of 
biological processes such as cell-cell and cell-pathogens communications, and hence their application as decoys in 
anti-adhesive therapy or to modulate signalling is of huge interest.  
Most previous studies on glycopolymers involve relatively simple monosaccharides, which do not enable 
reproductions of the complex 3-D presentation found in native glycans and hence do not have high selectivity. 
Furthermore most binding studies are against model plant lectins, and use simple aggregation assays. 
To address the above, we will present a practical method to obtain water soluble amino-oxy functional polymers 
which can be directly reacted with reducing glycans enabling aqueous post-polymerization modification and 
assembly of the glycans into polymers or nanoparticles. This strategy is useful as it allows the use of both larger 
glycans and those bearing sulphated and other residues which are crucial for affinity in some cases. The route 
involves a two-step modification of poly (N-hydroxyethyl acrylamide) (PHEA) obtained from RAFT polymerization 
then subsequent glycan capture. We will present both the synthesis and the utility of this to study their interactions 
to human and pathogenic carbohydrate binding proteins using colourmetric assays and biolayer interferometry.  
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The aim of this study is to design high-affinity ligands for BC2L-C super lectin with fucose and mannose-specific N- 
and C-terminal domains expressed in the opportunistic pathogen Burkholderia cenocepacia. The X-ray crystal 
structure of the fucose-specific N-terminal domain of the lectin was used for the virtual screening of small fragment 
libraries in the vicinity of the Fuc-binding site. This procedure identified two regions, ‘X’ and ‘Y’ (Figure 1) that were 
most likely to host potential hits. The results were analysed with the main objective to detect suitable fragments 
which could be connected to the fucose core to obtain high-affinity ligands. The identified hits will be validated 
using a series of biophysical techniques. Finally, structure-based approaches will be used for the elaboration of 
selected fragments into high-affinity ligands. 
 
1. Šulák, O.; Cioci, G.; Lameignere, E.; Balloy, V.; Round, A.; Gutsche, I.; Malinovska, L.; Chignard, M.; Kosma, P.; 
Aubert, D. F.; Marolda, C. L.; Valvano, M. A.; Wimmerova, M.; Imberty, A. PLoS Pathog. 2011, 7(9): e1002238. 
 
2. Šulák, O.; Cioci, G.; Delia, M.; Lahmann, M.; Varrot, A.; Imberty, A.; Wimmerova, M. Structure 2010, 18, 59-72. 
 

 
 
Figure1. X and Y regions near fucose binding site were identified as suitable for binding small-molecule fragments in 
the virtual screening of the Maybridge library. 
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INNOGLY is the acronym of the CA18103: “INNOvation with GLYcans: new frontiers from synthesis to new biological 
targets”, a COST Action which has been recently approved (November 2018). To date, the CA18103 consists of a 
consortium of 26 COST Member Countries, including 12 Inclusiveness Target Countries (ITC) and Israel as 
Cooperating Member, and, in addition, one International Organization (USA). The main aim of INNOGLY is to build up 
a multidisciplinary group of researchers to move forward new concepts, ideas and approaches to address glycan-
related scientific challenges from new and wider perspectives. 
 
It consists of four Working Groups, which are focused on: 
 

• WG1: Glycan-based correlations in developmental and cancer biology. 
• WG2: Glycan dependent modulation of autophagy: cancer, lysosomal disorders and neurodegenerative 

diseases. 
• WG3: Glycan dependent fine tuning of immunity. 
• WG4: Exploring the multifaceted roles of glycosaminoglycans (GAGs) 

 
The goal of the next four years is to forge and foster collaborations among researchers, within an intriguing 
“platform” capable of hosting a multidisciplinary team of scientists with diverse background in related but well 
distinct fields, such as biology, chemistry and physics, in order to achieve a wider, overall perspective. In addition, 
INNOGLY COST Action would be a great opportunity for young and smart researchers to get trained in the 
innovations of glycoscience and to find new career opportunities. 
Now, take a look at our Memorandum of Understanding 
(https://www.cost.eu/actions/CA18103/#tabs|Name:overview) and join us in this exciting four years adventure! 
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Inhibitions of α-amylase and α-glucosidases have been approached to attenuate the glucose-spike after food 
ingestion by regulating the glucose absorption. In this study, whole enzyme mixture (WEM) was applied to optimize 
the α-glucosidase inhibitory model by pharmaceutical inhibitors instead of crude enzyme solutions (CES) from rat 
intestinal acetone powder (RIAP) which is currently used in in vitro assay. WEM was reacted with various types of 
glycemic carbohydrates at 37°C with different concentrations of α-glucosidase inhibitors (acarbose, voglibose, and 
miglitol) in 100 mM phosphate buffer (pH 6.0). Based on the glucose generation rate, reaction times with α-
glucosidase inhibitors were 1 and 6 h for maltose/maltodextrin and sucrose/isomaltulose, respectively. Also, the 
inhibition property during the hydrolysis of various types of substrates by WEM were clearly different compared to 
CES. The results support that there were different amounts and ratios of individual α-glucosidases between WEM and 
CES, and the use of entire α-glucosidases were required to determine the α-glucosidase inhibitory effects as well as 
the glycemic-carbohydrate digestion property more accurately. Thus, this designed-inhibition model with entire 
small intestinal α-glucosidases shows promise to determine the inhibitory effects more precisely compared to 
current assay with CES, and it can be applied to screen the natural/synthesized α-glucosidase inhibitors for 
controlling starch digestion rates with glucose delivery into the body in vitro level.
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Amylosucrase (AS), a glycosyltransferring enzyme, produces linear α-1,4 glucans from sucrose as a donor molecule. 
In this study, the α-glucan-coated starch (α-GCS) was produced by AS (20 U/Lreactant) from Neisseria polysaccharea 
to improve the physicochemical properties of raw normal corn starch (NCS) under various reaction conditions 
(substrate concentration, pH, and temperature). The field-emission scanning electron microscopy and X-ray 
diffraction showed that the raw NCS was successfully coated by α-glucan without breaking the starch granule. 
Differential scanning calorimetry and rapid viscosity analyses of the α-GCS confirmed that the α-glucan coating 
decreased the degree of retrogradation in the initial stage, and the starch retrogradation was significantly decreased 
to 23.1% after 5 weeks compared to the control. The results clearly suggested that physicochemical properties of 
raw NCS were improved by the α-glucan coating by the AS treatment on the surface. Thus, the newly synthesized α-
GCS can be utilized as a functional material in the starch-based food industry for shelf-life extension via controlled 
retrogradation.
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N-linked glycosylation is a protein post-trasductional modification that results in the covalent attachment of an 
oligosaccharide onto a given asparagine residue at the polypeptide chains [1]. It is involved in protein folding, 
trafficking, and stability, and regulates many cellular activities, especially of extracellular nature [2]. The α subunit of 
the IgE high affinity receptor (FcɛRIα) is a transmembrane protein with 7 N-glycosylation sites on the extracellular 
domain. The glycosylation is key for secretion and stability of the protein [3].  
Herein we have analysed the glycoprofile of the FcɛRIα expressed in human HEK 293T cells, identifying the presence 
and the relative abundance of specific glycan epitopes, using Nuclear Magnetic Resonance Spectroscopy. 
The anomeric region of the 1H,13C-HSQC spectrum shows a high degree of heterogeneity in terms of glycosylation. 
The deduced structures include the presence of high-mannose (23%), hybrid (35%), and bi- tri- and tetra-antennary 
complex type (32%) N-glycans with different degrees of fucosylation and sialylation (Fig 1). 
The estimation of the solvent accessible surface area (SASA) of FcɛRIα revealed that Asn132 is the most protected 
residue. For that reason, we guessed that the high mannose glycan chain is attached to this site. Molecular 
modelling protocols permitted to guess that the glycan is packed within the two immunoglobulin domains, thus 
contributing to the stability and structure of the glycoprotein. This hypothesis has been evaluated by expressing the 
Asn132Ala mutant. The analysis of the secondary structure of the mutant protein using circular dichroism along with 
the quantification of the 1H,13C-HSQC spectrum has permitted to describe the existing differences in glycan 
composition between the WT and mutant poroteins. 
 
References 
[1] Schwarz, F.; Aebi, M. Curr. Opin. Struct. Biol. 2011; 21, 576–582. 
[2] Xiao, H.; Sun, F.; Suttapitugsakul, S.; Wu, R. Mass Spectrom. Rev. 2019. 
[3] Letourneur, O.;Sechi, S.; Willette-Brown, J.; Robertson, MW.; Kinet, JP. J. Biol. Chem. 1995; 270, 8249-56. 
 
 
 
 

 
 
Figure 1: NMR-based quantitative glycoprofile 
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Gut On A Bead - Deciphering the Gut Microbiome 
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A new widely applicable method for investigating the activity of our microbiome in the gut is shown. By coupling 
known O-glycan epitopes to a cleavable linker attached to magnetic beads, we hope to decipher the activity of 
microbes in our gut in different contexts. Through use of isotopes and advanced mass spectrometry methods, 
quantitative analysis of degraded O-glycan epitopes can be achieved.  
 
Using this data, we aim to investigate issues that arise from a disturbed microbiome (for instance inflammatory 
bowel disease (IBD)) and study the dependency of commensal and pathogenic bacteria to our gut and other 
microbiota. This information could prove useful when analyzing a patient experiencing symptoms in the gut. 

 
Schematic overview of the process to obtaining information into bacterial activity in the gut.
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The Staphylococcus aureus is a kind of Gram-positive bacterium that cause a wide range of diseases. Methicilin-
resistant S. aureus (MRSA) has been being a huge challenge for anti-infection in therapeutics and clinic. Considering 
the lower efficacy of traditional antibiotic, the emergency requirements of novel anti-biotics is on the way. Thus, 
based on the mechanism that capsular polysccharides (CPS) in S. aureus might be employed as antigen in a protein 
conjugated vaccine, and most currently used antigens which are isolated from bacteria are carbohydrate compounds 
with specific structures, the design and synthesis of functionalized, well-defined carbohydrate-based vaccine has 
been drawing great interests in life science. 
 
Most isolates of S. aureus contains two CPS, the type 5 and type 8 (figure). Both contains three rare 
monosaccharides; N-acetyl mannosaminuronic acid (ManNAcA), a 2-N-acetyl L-fucosamine (L-FucNAc) and a 2-N-
acetyl D-fucosamine (D-FucNAc). The ManNAcA is linked to the position 4 of L-FucNAc by an β-glycosidic linkage, 
whereas the position 3 of D-FucNAc unit is connected to the L-FucNAc by an α manner. Until now, there are limits of 
paper about the synthesis of CPS type 5 and type 8 [1-4]. In this work, based on the previous results on CPS in our 
team [1], we reported a total synthesis of modified structure of CPS type 5 including tricsaccharides, hexa-, nona- 
and dode- saccharides, in which the NHAc of D-FucNAc are replaced by NH3 for antibody evaluation. For the 
glycosylations of each building blocks, we employed a neighbouring participation NHTCA or NHTFA for construction 
of β-glycosidic linkage with spacer, and using TBS directing α-fucosylation to synthesis disaccharides, most 
importantly, the β-mannosylation has been being optimized by using two different ManNAcA systems. The project is 
still in progress, hereby we only present the preliminary results. 
 
[1] B. Hagen, J. H. M. Van Dijk, Q. Zhang, H. S. Overkleeft, G. A. Van Der Marel, J. D. C. Codée, Org. Lett. 2017, 19, 
2514–2517. 
[2] J. P. Yasomanee, S. Visansirikul, P. Pornsuriyasak, M. Thompson, S. A. Kolodziej, A. V. Demchenko, J. Org. Chem. 
2016, 81, 5981–5987. 
[3] S. Visansirikul, S. A. Kolodziej, A. V. Demchenko, J. Org. Chem. 2019, 84, 216–227. 
[4] I. A. Gagarinov, T. Fang, L. Liu, A. D. Srivastava, G. J. Boons, Synthesis of Staphylococcus Aureus Type 5 
Trisaccharide Repeating Unit: Solving the Problem of Lactamization, 2015. 
[4] B. Hagen, J. H. M. Van Dijk, Q. Zhang, H. S. Overkleeft, G. A. Van Der Marel, J. D. C. Codée, Org. Lett. 2017, 19, 
2514–2517. 
 

 
Strategy for synthesis of CPS types 
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N-Glycans are asparagine attaching oligosaccharides that are important in many biological functions such as protein 
conformation, antigenicity and recognition. Among the abundant types of N-glycans, poly-N-actyllactosamine (poly-
LacNAc) containing complex type N-glycans are found on the surfaces of immune cells and cancer cells that can 
regulate immune checkpoint and are associated with tumor progression and metastasis. However, acquiring these 
pure and well-defined N-glycans from nature sources are often tedious and laborious. Hence, we are developing a 
chemoenzymatic synthesis that combines chemical and enzymatic approaches to obtain poly-LacNAc bearing N-
glycans. This approach would allow selective installations of LacNAc repeat units at distinct glycan arms and enable 
further biological studies. In this work, we present the strategy for the synthesis of asymmetric N-glycans with 
LacNAc repeat units at the different arms.
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Heparan sulfates (HS) are linear polysulfated polysaccharides composed of alternate 1,4-linked uronic acid (either β-
D-glucuronic acid (GlcUA) or α-L-iduronic acid (IdoA)) and α-D-glucosamine (GlcN). HS are widespread on the cell 
surfaces and in the extracellular matrix, capable of mediating and/or modulating various physiological processes, 
including blood coagulation, tissue repair and remodeling, development, angiogenesis, and bacterial and viral 
infections.[1] 
Interferon-γ (IFN-γ) is a cytokine that plays a vital role in the immune response and inflammatory processes.[2] IFN-
γ is composed of a C2-symmetric homodimer that binds to HS by virtue of its basic residues located at the C 
terminus of the two subunits.[3] We have shown that symmetric “head to head” HS mimetics, exhibiting also a C2-
symmetry (Figure 1a) are nanomolar inhibitors of IFNγ pro-inflammatory activity by preventing cytokine bonding both 
on HS and its receptor.[4] After validating the feasibility of reducing-end (RE) and non-reducing end (NRE) 
modifications by click chemistry on a disaccharide model, we will present the strategy allowing preparation of HS 
long fragments mimetics with “tail to tail” and “head to tail” topologies (Figure 1b and 1c). 
 
References:  
[1] (a) I. Capila, R. J. Linhardt, Angew. Chem. Int. Ed. 2002, 41, 390-412; (b) H. Lortat Jacob, A. Grosdidier, A. Imberty, 
Proc. Natl. Acad.Sci. USA 2002, 99, 1229-1234; (c) Xu, D.; Esko, J. Annu. Rev. Biochem. 2014, 83, 129-157; (d) Bishop, 
J. R.; Schuksz, M.; Esko, J. D. Nature 2007, 446, 1030-1037. 
[2] (a) H. Lortat-Jacob, H. K. Kleinman, J. A. Grimaud, J. Clin. Invest.1991, 87, 878-883; (b) H. Lortat-Jacob, C. Brisson, 
S. Guerret, G. Morel, Cytokine 1996, 8, 557-566; (c) H. Lortat-Jacob, F. Baltzer, J.A. Grimaud, J. Biol. Chem. 1996, 271, 
16139-16143; (d) A. Lubineau, H. Lortat-Jacob, O. Gavard, S. Sarrazin, D. Bonnaffé, Chem. Eur. J. 2004, 10, 4265-4282; 
(e) D. Bonnaffé. C. R. Chimie 2011, 14, 29-73. 
[3] H. Lortat-Jacob, J. A. Grimaud, FEBS Lett. 1991, 280, 152-154. 
[4] S. Sarrazin, D. Bonnaffé, A. Lubineau, H. Lortat-Jacob, J. Biol. Chem. 2005, 280, 37558-37564. 
 

 
Figure 1. Representations of three kinds of HS mimetics geometries for the study of HS/proteins interactions.
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Bifidobacteria are colonizers of human gut microbiota, providing better health and nutrition to this ecosystem. 
Although the beneficial effects of bifidobacteria in human organism are well explored, the molecular interface of this 
mutualistic relationship remains poor understood. To succeed in colonization and persistence in human gut, 
bifidobacteria have evolved enzymes to degrade and use complex carbohydrates non-digestible by their hosts. 
Herein, we report a novel β-mannosidase produced by Bifidobacterium strains for the depolymerization of the 
ubiquitous 2-acetamido-2-deoxy-4-O-(β-d-mannopyranosyl)-d-glucopyranose (Man-β-1,4-GlcNAc), a disaccharide 
that composes the universal core of eukaryotic N-glycans. This specialist β-mannosidase contains three distinctive 
structural elements conferring high selectivity for Man-β-1,4-GlcNAc: a lid that undergoes conformational changes 
upon substrate binding, a tryptophan residue swapped between the two dimeric subunits to accommodate the 
GlcNAc moiety, and a Rossmann fold subdomain strategically located near to the active site pocket. These key 
structural elements for Man-β-1,4-GlcNAc specificity are highly conserved in Bifidobacterium species adapted to the 
gut of a wide range of social animals, from honey bees to humans. Together, our findings uncover an unprecedented 
molecular strategy employed by Bifidobacteria to selectively uptake carbohydrates from N-glycans in social hosts. 
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A unique feature of chloroplast membrane of higher plants is the high content of MonoGalactosylDiacylGlycerol 
(MGDG) and DiGalactosylDiacylGlycerol (DGDG) which represents up to 80% of their lipid contents.The concerted 
action of two galactosyl transferases, ‘MGDG’ synthases and ‘DGDG’ synthases, is key in the synthesis of these 
galactolipids. One of these enzymes (MGD1) synthesizes the bulk of MGDG needed for the rapid and massive 
expansion of thylakoid membranes in response to light. The protein transfers the galactosyl residue from uridine 5’-
diphosphate-α-D-galactose (UDP-Gal) to the sn-3 position of diacylglycerol (DAG) forming MGDG. 
Despite the major importance of this process in plant growth and bioenergy conversion, as well as its large potential 
for industrial applications, there still remain many aspects of the protein action to be unraveled. Efficient functioning 
of MGD1 is associated with a complex molecular interplay between the protein, UDP-Gal donor molecule, DAG 
acceptor molecule and allosteric regulator lipids, on the surface of the outer leaflet of inner envelope membrane of 
chloroplast.  
The resolution of the crystal structure of MGD1 provides an opportunity for an atomistic insight into the interactions 
and dynamics occurring between the protein and the constituents of the galactolipid membrane in the course of 
active complex formation. In the present study we employ the Coarse-Grained and All-Atom molecular dynamics 
simulations of the MGD1 - lipid membrane system which mimics the inner envelope membrane. It was revealed that 
protein assists the creation of lipid domains with an increased local concentration of DAG. In turn, the membrane 
surface influences the dynamics of the residues and modifies the correlated motions in the protein. A possible 
mechanism of allosteric signal transduction over the protein molecule is discussed.  
 
The calculations were carried out using the equipment of the shared research facilities of HPC computing resources 
at Lomonosov Moscow State University (Moscow, Russia) and High-Performance Computing center of University 
Grenoble Alpes (Grenoble, France). This work was partly supported by the Russian Foundation for Basic Research 
and the Government of Tatarstan Republic, project № 18-44-160026. The authors acknowledge support by the ANR 
PIA Glyco@Alps (ANR-15-IDEX-02). 
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With the aim to address questions related to glycoreceptor- mediated phagocytosis, a number of synthetic lectin-
binding ligands have been developed in the form of multivalent dendrimers or oligomers, some of them being 
fluorescent for targeted imaging of cell receptors. However, the development of synthetic ligands targeting 
glycoreceptors with high affinity is very demanding and time-consuming, hence pushing for alternative design 
routes.  
As compared to solid particles (e.g. silica or polystyrene beads) used for uptake studies, liquid particles such as 
liposomes or oil-in-water emulsion droplets have the distinct advantage to exhibit a fluid interface similar to that of 
cellular lipid bilayers. They can reproduce the mobility and clustering of interfacial ligands during the initial steps of 
a phagocytic event. Instead of focusing on the synthesis of complex multimeric glycosylated molecules, we herein 
propose a change of perspective by fabricating micrometric fluid particles coated with a monovalent sugar  
We report here on the development of mannose-coated fluorescent lipid microparticles to study the role of C-type 
lectin membrane receptor in phagocytosis.  
The micrometric droplets of soybean oil in water emulsion were functionalized with a tailor-made fluorescent 
mannolipid. The amphiphilic ligand was built from a mannose unit, a lipid C11 spacer and a naphthalimide 
fluorophore. The droplets functionalization was followed by fluorescence microscopy as well as the interaction with 
concanavalin A which was used as a model lectin in vitro.  
In cellulo, the coated droplets were shown to be specifically internalized by macrophages in a receptor-dependent 
phagocytic pathway. The naked droplets on the other hand display very little internalization due to their low 
immunogenicity.  
This work thus brings new evidence that C-type lectin membrane receptors may act as phagocytic receptors. The 
droplets functionalization with the tailored amphiphilic fluorescent ligand and the droplets functionalization also 
provides new insights into the development of organic fluorescent particles that may prove useful for developing 
new targeted imaging tools. 
 
 

 
 
Phagocytosis of fluorescent mannolipid coated oil microdroplets
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Objectives and study:  
The healthy development of neonates is supported by human milk (HM). Among many bioactive compounds, HM 
comprises more than 1000 individual oligosaccharide structures also including Galactosyllactoses (GLs). GLs may 
appear in form of several structurally distinct isomers like for example 3’-galactosyllactose (3’-GL) and 6’-
Galactosyllactose (6’-GL) which only differ in the gycosidic linkage of the terminal galactose.  
3’-GL and other GLs have been reported to modulate major immunologic pathways of immature human intestinal 
cells [1] and to attenuate inflammation [2]. Anti-inflammatory effects of e.g. 3’-GL may also be mediated via 
inhibition of toll like receptor 3 (TLR3) signalling [3].  
To learn more about abundances of Galactosyllactoses in HM and their impact on the healthy development of 
infants, improved analytical approaches are needed. Currently, new insights are hampered by sensitivity limitations 
and difficulties in the analytical distinction of low abundant GL-isomers in HM. 
To overcome these drawbacks at least in part, we developed an LC-MS approach with enhanced structural selectivity 
which can distinguish many low abundant GL-isomers. This progress in analytical methodology may help to assign 
new early life health benefits to known or yet unknown GL-isomers present in HM or infant milk formula.  
Methods: 
Fresh human milk volunteer samples from different stages of lactation were spiked with internal standards including 
e.g. α-Arabinopentaose. Then, anonymized spiked milk specimens were diluted 1:10 with H2O and subjected to 
ultrafiltration (UF) with 3kDa cut off. UF permeates were analysed by liquid chromatography electrospray ionisation 
tandem mass spectrometry (LC-ESI-MS2). LC-separation of GLs and other human milk compounds was facilitated by 
2.1 x 30mm + 2.1 x 10mm porous graphitized carbon HPLC columns connected in line with a linear ion trap mass 
spectrometer. Gradient elution of GLs started with 0.3% NH4OH in in 2.5% methanol H2O at 0min and ended with 
0.3% NH4OH in 95% methanol at 27 min. Constant flow rate was at 0,4 ml/min and columns were kept at 45 degrees 
Celsius. Eluting GLs were characterized by negative ion multiple reaction monitoring (MRM) LC-ESI-MS2. Employed 
MRM transitions had been determined before by MS/MS experiments with commercially available pure GL-standards 
using collision induced dissociation (CID) fragmentation. Standard addition methodology was applied to calculate GL-
abundances in HM.  
Results:  
We successfully developed a label-free negative ion mode LC-ESI-MS2 approach allowing for targeted analysis and 
distinction of native Galactaosyllactose-isomers directly in HM. By exploiting diagnostic CID-fragments in a multiple 
reaction monitoring (MRM) LC-ESI-MS2 setup, enhanced label free characterization of GL-isomers could be 
accomplished. The new targeted MRM LC-ESI-MS2 approach was applied to several human milk samples and 
required only minimal sample pre-treatment.  
Conclusions: 
With our novel approach, we were able to detect 3’-GL and other GL-isomers directly in human milk samples from 
various stages of lactation. The abundance of 3’-GL appeared to be relatively stable between colostral and mature 
milks whereas other GLs behaved differently.  
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Glycans display incredible structural diversity (the Glycome) and are involved in fundamental molecular and 
biological processes, including protein folding, cell-adhesion, molecular trafficking, signal transduction, modulation 
of receptor activity, as well as many critical functions in immunoregulation and pathological processes 
(autoimmunity, cancer). The ability of glycans to regulate various aspects of the immune response is mediated by 
their recognition by various host receptor proteins, including lectins, such as galectins, C-type lectins and Siglecs 
(Figure 1). Among them, Siglecs are transmembrane receptors that function to recognize ubiquitous sialic acid 
epitopes on cell surface glycoconjugates, predominantly expressed by innate immune cells. [1] Siglecs are 
increasingly recognized for their role in helping immune cells to distinguish between “self” and “non-self”, 
dampening autoimmune responses and controlling inflammation in response to various pathogens. Conversely, 
many feared pathogens, including membrane-enveloped viruses and bacteria, have the ability to cloak themselves 
with sialylated glycans that mimic “self’’ allowing them to elude or subvert the host immune responses.[2]  
Given that Sialic acid - Siglec interactions have been associated with a broad spectrum of diseases, ranging from 
autoimmunity to neurodegeneration and cancer, strategies to tune these interactions could have great therapeutic 
potential.  
 
Within this frame, a multidisciplinary approach, which combines cutting-edge methodologies including advanced 
ligand-based NMR techniques and computational studies, [3] was applied with the aim to improve our knowledge on 
the molecular basis of the interaction between functional glycan epitopes and their protein receptors. Our results 
provide crucial information on different binding mechanisms and represent a key step in the rational design of 
glycomimetics able to modulate the function of host immune receptor proteins. 
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Figure 1. Host receptor proteins and the regulation of immune system.
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Complex assembly rules renders carbohydrates challenging target for chemical synthesis and multiple strategies 
have been designed to control regio- and stereoselectivity of the reaction. The most common approach to couple 
two carbohydrates either trans- or cis- selectively with respect to substituents at C1 and C2 employs protecting 
group participation. First, leading to formation of trans-glycosidic bond involves participating group at C2 carbon, 
whereas the second - cis mechanism involves remote group participation at C4 or C6. Yet, understanding the role of 
protecting groups in the glycosylation reaction remains limited because traditional condensed phased techniques, 
such as NMR, cannot resolve the short-lived and reactive glycosyl ion intermediate what in effect hinders rational 
design and non-empirical reaction optimizations.  
 
Here, we characterize the intermediates of the glycosylation reaction, the glycosyl cation, by combination of gas-
phase IR spectroscopy in helium droplets and first principle methods. The investigated structures, encoded in the 
mid-IR fingerprint region, include a series of 2-acetylated glycosides as well as galactose with acetyl participating 
group at C4, C6 or both C4 and C6. We show that the intermediate involved in the trans-glycosylation adopts 
dioxolenium type of structure with a covalent bond formed between anomeric carbon and acetyl oxygen. In effect, 
this 1,2-cis-fused bicyclic motif distorts the low-energy chair conformation of each glycosyl cation in unique fashion 
which impacts the reaction energy profile. The remote group participation at C4 as well as both C4 and C6 shows 
similar behavior, with a formation of the bicyclic dioxolenium type of ion. However, in case of C6 participation, we 
observe significant oxocarbenium ion population in which the anomeric carbon weakly interacts with other groups 
groups which explains reduced stereoselectivity of this protecting group.  
 
The structural characterization of the ion provides fundamental understanding of the reaction required to further 
improve the reaction conditions and building blocks in the future. Future in-depth ab initio molecular dynamics 
investigations of the glycosylation reaction in solution are discussed. 
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Functional group transformations in carbohydrates currently often rely on the use of protecting groups and the 
direct modification of unprotected carbohydrates remains a formidable challenge. [1] In our group an protocol has 
been developed that regioselectively oxidizes the C-3 hydroxyl group in a broad range of saccharides, including 
oligosaccharides, to a ketone by a palladium catalyst. [2] This ketone functionality is a versatile handle for further 
modification, although modification of keto-saccharides, without protecting groups is still under-investigated. 
In this project, methyl 3-keto-D-glucose was taken as a model substrate and a plethora of reactions was studied for 
their compatibility with hydroxyl groups and polar solvents, such as water. The successful transformations resulted 
for example in synthesis of branched-chain sugars, which are rare motifs found in bacterial sugars. Furthermore, 
labels and reactive groups could be introduced into the keto-saccharide in one step, that are useful in the field of 
chemical biology. 
 
[1] Jäger, M.; Minnaard, A. J. Chem. Commun. 2016, 52, 656–664. 
[2] (a) Jäger, M.; Hartmann, M.; Vries, J. G. De; Minnaard, A. J. Angew. Chem. Int. Ed. 2013, 52, 7809–7812. (b) Chung, 
K.; Waymouth, R. M. ACS Catal. 2016, 6, 4653–4659. (c) Eisink, N. N. H. M.; Witte, M. D.; Minnaard, A. J. ACS Catal. 
2017, 7, 1438–1445. 
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Mycobacterium tuberculosis (Mtb), the etiological agent of tuberculosis (TB), is one of the most successful 
pathogens on earth with an estimate of 10 million newly infected people and 1.6 million deaths worldwide only in 
2018.[1] The molecular players responsible for the high virulence and resistance of Mtb are still to be fully 
uncovered. Trehalose glycolipids, the most abundant glycolipids on the surface of the mycobacterial cell wall, were 
first discovered in the early 1950s and have since then been the subject of study due to their interesting 
immunomodulatory properties.[2]  
 
In 2009 Ishikawa et al. identified trehalose dimycolate and its analogue trehalose dibehenate as ligands for Mincle 
(macrophage induced Ca2+-dependent lectin).[3] This receptor and its ligands seems to be involved in TB-derived 
granulomatosis. Several recent studies have investigated the phenotype of Mincle-deficient mice in mycobacterial 
infection, yielding divergent results in terms of a role for Mincle in host resistance. [4] 
 
It has been shown that varying the fatty acid chain length on the trehaloses can strongly influence the biological 
activity.[3] Further research helped to identify other glycolipids as ligands for Mincle and suggested higher binding 
affinities to the receptor. [5] 
 
In this study we report the synthesis of trehalose dimycolate and glucose monomycolate analogues, equipped with a 
ligation handle for further conjugation to Mtb derived peptidic epitopes. The synthetic strategy for the generation of 
these glycolipids is based on a TMS-protecting group strategy and Steglich esterification approach. The enantiomeric 
fatty acids contained in compounds D and E (Fig 1) are synthesized starting from the same pseudoephedrine 
derivative via two stereo-divergent approaches: a Meyers alkylation and an O-allylation followed by Claisen 
rearrangement. The conjugation of the glycolipids to synthetic long peptides (p31-60 and p75-105 Rv2034, p57-84 
Rv1733c) was performed via thiol-maleimide addition. These constructs are being tested using a model HEK293-
hMincle system and human monocyte-derived dendritic cells to verify binding to Mincle and study IL-10 and IL-12 
production. 
 
 
[1] Global tuberculosis report 2018. Geneva: World Health Organization; 2018. Licence: CC BY-NC-SA 3.0 IGO. 
[2] A.A. Khan, B.L. Stocker, M.S.M. Timmer, Carbohydrate Research,Volume 356, 2012, Pages 25-36. [3]E. Ishikawa, T. 
Ishikawa, Y.S. Morita, K. Toyonaga, H. Yamada, O.Takeuchi, T. Kinoshita, S. Akira, Y. Yoshikai, S. Yamasaki, Journal of 
Experimental Medicine, 2009, 206 (13) 2879-2888. 
[4] R. Lang, Frontiers in Immunology, 2013, 4:5. 
[5] A. Decout, S. Silva-Gomez, D. Drocourt, S. Barbe, I André, F. J. Cueto, T. Lioux, D. Sancho, E. Pérouzel, A. 
Vercellone, J. Prandi, M. Giilleron, G. Tiraby, J. Nigou, Proceedings of the National Academy of Sciences, 2017, 
201612421. 
 

 
Figure 1. Synthetic glycolipids generated for this study: trehalose dimycolate analogues (A, B, C) and glucose 
monomycolate analogues (D, E).
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To date, glycosyltransferases (GTs) are an essential family of enzymes poorly characterize both structurally and 
mechanistically which is being a major bottleneck in Glycoscience. They play a crucial role in living organisms 
catalysing the stereo- and regiospecific transfer of an activate donor sugar to an acceptor moiety to build up 
complex oligosaccharides onto the cell surface [1]. It requires the development of new methodologies able to 
elucidate and characterize the interactions between the glycosyl moiety and the enzyme. Surface plasmon resonance 
imaging (SPRi) has spread as a powerful analytical tool for deciphering many biomolecular processes exploring the 
kinetics and monitoring multiple interactions of biological and chemical substrates at real time and without any 
labels [2]. We aim at the development of a biosensor enable to rationalize the characterization of 
glycosyltransferases activities involved in the plant cell wall biosynthesis. To this aim, a fucosyltransferase from the 
plant Arabidosis thaliana (AtFUT1) (CAZY family GT37), was selected as model glycosyltransferase. This enzyme 
participates in the last step in the biosynthesis of xyloglucan (XG) transferring L-Fucose molecule from GDP-Fucose 
(donor) to a galactose sugar (acceptor) [3]. To that end, multiple chemical strategies to functionalize large moieties 
of xyloglucan to graft it on the gold surface have been developed [4] [5]. Depicting and monitoring the interactions 
between the AtFUT1 and the xyloglucan in terms of both specificity and activity represent a strong challenge. 
Complementary techniques such as isothermal titration calorimetry (iTC) may guide to streamline the comprehension 
and support the rationalization of the glycosylation process [6]. 
 
[1] Albesa-Jové, D; Guerin, M. Current Opinion in Structural Biology. 2016, 40, 23-32. 
[2] Bosch, M; Sánchez, A.J; Rojas, F; Ojeda, C. Sensors. 2007, 7, 797-859. 
[3] Cicéron, F; Rocha, J; Kousar, S; Hansen, S; Chazalet, V; Gillon, E; Breton, C; Lerouxel, O. Biochimie. 2016, 128-129, 
183-192. 
[4] Mallevre, F; Roget, A; Minon, T; Kervella, Y; Ropartz, D; Ralet, M.C; Canut, H; Livache, T. Bioconjugate Chem. 2013, 
24, 1264-1269. 
[5]Thakar, D; Migliorini, E; Coche-Guerente, L; Sadir, R; Lortat-Jacob, H; Boturyn, D; Renaudet, O; Labbe, P and 
Richter, R. Chem Commun. 2014, 50, 15148. 
[6] Mazzei, L; Ciurli, S; Zambelli, B. Journal of Visualized Experiments. 2014, 86, 1-8.
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N-Azidoacetyl-D-glucosamine (GlcNAz) is a particularly useful tool in chemical biology as the azide is a metabolically 
stable yet accessible handle within biological systems. In this work [1], we recently reported a practical synthesis of 
FmocAsn(N-Ac3GlcNAz)OH, a building block for solid phase peptide synthesis (SPPS). Protecting group 
manipulations were minimised by taking advantage of the inherent chemoselectivity of phosphine-mediated azide 
reduction, and the resulting glycosyl amine was employed directly in the opening of Fmoc protected aspartic 
anhydride. We demonstrated one potential application of the building block by establishing it as a substrate for 
enzymatic glycan extension using sugar oxazolines of varying size and biological significance with several endo-β-N-
acetylglucosaminidases (ENGases). The added steric bulk resulting from incorporation of the azide was shown to 
have no or a minor impact on the yield of enzymatic glycan extension. 
 
[1] Marqvorsen, M. H. S.; Paramasivam, S.; Doelman, W.; Fairbanks, A. J.; van Kasteren, S. I. Efficient synthesis and 
enzymatic extension of an N -GlcNAz asparagine building block. Chem. Commun. 2019, 55, 5287–5290. 

 
Assembly of complex, bioorthogonally labelled N-glycosylated asparagine for SPPS was achieved by selective 
Staudinger-type azide reduction, direct glycosyl amine coupling to aspartic anhydride, and finally enzymatic glycan 
extension.
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Complex-type N-glycans are one of the most relevant carbohydrates involved in key biological processes such as 
cell growth, migration or tumor invasion [1]. In fact, aberrant glycosylation is characteristic of cancer cells or cancer 
tissues which play an important role in the disease progression and its metastasis [2]. Despite of their biological 
importance, the molecular recognition of these biomolecules is still a challenge. The flexibility of N-glycans and their 
structural similarities makes difficult its structural characterization both by NMR and X-ray methodologies. Herein we 
describe a new NMR approach to study these complex structures by using carbohydrate conjugates bearing 
lanthanide binding tags. In this context, we have already studied a tetraantennary N-glycan using this methodology 
[3]. In this work, a family of N-glycans will be characterized (see Figure 1). Thanks to the paramagnetic effect we 
could define both the conformation and the recognition features of these complex carbohydrates. 
 
[1] Zhao, Y. Y.; Sato, Y.; Isaji, T.; Fukuda, T.; Matsumoto, A.; Miyoshi, E.; Gu, J.; Taniguchi, N. FEBS J, 2008, 275, 
1939−1948 
[2] Taniguchi N., Kizuka Y., Systems Glycobiology Research Group, Adv. in Cancer Research, 2015, 126, 12-39 
[3] Angeles Canales, Alvaro Mallagaray, Javier Pérez-Castells, Irene Boos, Carlo Unverzagt, Sadine André, Hans-
Joachim Gabius, Francisco Javier Cañada, and Jesús Jiménez-Barbero, Angew. Chem. Int. Ed. 2013, 52, 13789-13793 
 

 
 
Figure 1. Carbohydrate conjugates characterized in this work
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Carbohydrates play a pivotal role in numerous functions in all organisms. However, contrary to other biomolecules, 
such as DNA or proteins, where techniques for their structural determination are abundant, saccharides are usually 
harder to study, because of their high conformational flexibility in solution. As a result, the adaptation of established 
structural biology methods to sugars is rarely straightforward. Raman and ROA (its chiral sensitive counterpart) 
spectroscopies are highly sensitive to any structural changes and hydration. Therefore, they are promising tools to 
study subtle conformational changes of saccharides in solution. Moreover, the structural-sensitive spectral region of 
sugars, 200-1800 cm-1, is not cluttered by the water signal. 
 
A critical drawback of Raman and ROA techniques is that the interpretation of their spectra is challenging. Contrary 
to other spectroscopic methods, it is impossible to extract precise structural information by direct analysis of the 
obtained peaks and bands. Computer modeling techniques can help to interpret the experimentally recorded Raman 
and ROA spectra, providing a natural complementarity to these techniques. These modeling techniques usually aim 
to calculate the same spectra. When the calculated spectra successfully compare to the experimental ones, we can 
assume that the sugar structures used for the calculations are the relevant ones present in solution. Previous 
attempts to calculate Raman and ROA spectra for monosaccharides resulted in reduced or, at best, qualitative 
agreement between the spectra. Furthermore, the computational techniques used are demanding, which restricts 
the general adoption of the used protocols, for example, to study larger saccharides. In this work, we have designed 
a new protocol that calculates Raman and ROA spectra resulting in a nearly quantitative agreement with 
experiments. Our new protocol also reduces the computational demands drastically, making it suitable for small 
oligosaccharides. This protocol combines classical molecular mechanics simulations (MM) to obtain an ensemble of 
saccharide structures with the usage of the QM/MM onion method on each structure to calculate the Raman and ROA 
spectra. In the QM/MM calculations, the sugar is treated in a quantum mechanics level using density functional 
theory. Instead, waters in contact with the sugar are treated as MM charges, while the rest are modeled using a 
continuum approach (cosmos). The result is an efficient protocol which ends in a quantitative agreement between 
the computed and experimental spectra. The developed method allows us to study the conformations of 
monosaccharides in solution and their anomeric ratio. It can also provide the presence of aggregates in solution or 
even when considering disaccharides the populations around the glycosidic bonds. As a result, we have direct 
information about the structure of sugars in solution which is of great interest in biology. 

 
 
Comparison of simulated and experimental spectra of GluA for different puckering coordinates.
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This work[1] presents our continued efforts in the field of thioglycoside chemistry by finding new activation 
conditions and applying this procedure into a strategy for one-pot oligosaccharide synthesis. We describe our 
investigation into the application of N-trifluoromethylthiosaccharin,[2] a new electrophilic trifluoromethythiolating 
reagent, as a promoter for the activation of thioglycosides. The activation proceeds by the in situ activation of N-
trifluoromethylthiosaccharin with TMSOTf, which then serves to activate thioglycosides for glycoside bond formation 
giving glycosidation products in high to excellent yields. The results show that the activated thioglycosides undergo 
glycosidation reactions with various glycosyl acceptors to give the corresponding glycosides in moderate to 
excellent yields.[1] In addition, orthogonal activation of ethyl thioglycoside in the presence of phenyl thioglycoside 
was achieved under the above conditions, as shown below. This chemoselectivity could potentially serve as an 
extension to our one-pot oligosaccharide strategy[3] with the hope of producing larger oligosaccharides in a more 
efficient way. The mildness of our promoter system will allow us to exploit the observed reactivity differences of α- 
and β- thioglycosides for the design of one-pot oligosaccharide synthetic strategies. 
 
[1] Mc Carthy, C.; Tacke, M.; Zhu, X. Eur. J. Org. Chem. 2019, 16, 2729-2734 
[2] Shao, X.; Xu, C.; Lu, L.; Shen, Q. Acc. Chem. Res. 2015, 48, 1227−1236 

 
Figure 1. Glycosidation reaction promoted by N-trifluoromethylthiosaccharin/TMSOTf
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Bacterial toxins have efficiently evolved to effectively gain entry into host organisms. Infection often leads to 
diarrhoeal disease, dehydration and potential death.1 The AB5 family of toxins, contain a pentameric B-subunit 
binding lectin which binds cell surface glycolipids.2 Binding multiple copies of the glycolipid gives rise to very high 
affinity interactions, which aids the cellular uptake of the toxin.3 Inhibiting these interactions would lead to 
prevention of toxin entry and disease. Site specific modification of the cholera toxin B-subunit has shown to present 
carbohydrates with optimal geometry and valency for toxin binding, and an attractive method of creating complex 
multivalent inhibitors.4 Here, we present the use of novel bi-functional, bio-orthogonal linkers for the 
functionalisation of oligosaccharides for the glycosylation of mutant bacterial B subunits. The novel linker can be 
used neoglycoproteins bearing different oligosaccharides on different faces of the proteins, for the generation of 
bacterial toxin inhibitors against various toxins.  
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2 C. L. Schengrund and N. J. Ringler, J. Biol. Chem., 1989, 264, 13233–13237. 
3 W. B. Turnbull, B. L. Precious and S. W. Homans, J. Am. Chem. Soc., 2004, 126, 1047–1054. 
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Zuilhof and S. L. Warriner, Angew. Chemie Int. Ed., 2014, 53, 8323–8327. 
 

 
 
Multiple site functionalisation of a protein scaffold, with chemically reactive globotrioside (Gb3) and GM1 
pentasaccharide using a single Bicyclononyne (BCN) linker. 
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Synthesis of 3-Deoxy-Β-Mannosides with 3-Deoxy-3-Thio Donors 
and Subsequent Desulfurization 

Tim McMillan1, David Crich1 

1Wayne State University, Detroit, United States 

The recent development of stereoselective glycosylations has helped pave the way towards the synthesis of both 
glycoconjugates and oligosaccharides alike. A notable linkage of such a species is the elusive 1,2-cis linkage, 
specifically the 1,2-cis linkage in the β-mannose series. These reactions are sensitive to the functionality at the 3-
position. In particular, it has been found that the 3-deoxy series gives little to no selectivity. In this presentation we 
address the limitation through the synthesis of a variety of 3-deoxy-3-thio-substituted mannosyl donors followed by 
desulfurization. The effects of the different substituents at sulfur on stereoselectivity will be disucssed, as will 
applications towards biologically relavant oligosaccharides.  
 

 
 
General Glycosylation and Subsequent Desulfuriztion of Substrates
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Efforts to Effect Regio- and Stereoselective Glycosylations 

Eoghan McGarrigle1, Roisin McCarthy1, Dionissia Pepe1, Avene Colgan1, Ande Chennaiah1 

1University College Dublin, Dublin, Ireland 

Previously[1-4], we have reported on organocatalysed glycosylations using glycal donors and acceptors containing 
single unprotected hydroxy groups. This presentation will detail our efforts to effect regioselective and 
stereoselective glycosylations using organocatalysts and the differences observed when using diols as substrates 
compared to mono-ols. Galactose acceptors were chosen in order to systematically probe the regioselectivity of 
reactions with glycals. 
 
Secondly, we will describe our efforts to use and combine Demchenko's concept of H-Bond-mediated Aglycone 
Delivery for stereoselective glycosylation[5], with Taylor's system for boron-mediated regioselective 
glycosylations[6] to effect stereo- and regioselective glycosylations. Some of these ideas have also been used in our 
efforts to design switchable 'bi-modal' donors[7,8], the results of which will be presented. 
 
 
[1] E. I. Balmond, D. M. Coe, M. C. Galan, E. M. McGarrigle, Angew. Chem. Int. Ed. 2012, 51, 9152. 
[2] A. C. Colgan, H. Müller-Bunz, E. M. McGarrigle, J. Org. Chem. 2016, 81, 11394. 
[3] G. A. Bradshaw, A. C. Colgan, N. P. Allen, I. Pongener, M. B. Boland, Y. Ortin, E. M. McGarrigle, Chem. Sci. 2019, 10, 
508. 
[4] S. Medina, M. Harper, E. I. Balmond, S. Miranda, G. Crisenza, D. M. Coe, E. M. McGarrigle, M. C. Galan, Org. Lett. 
2016, 18, 4222. 
[5] J. P. Yasomanee, A. V. Demchenko, J. Am. Chem. Soc. 2012, 134, 20097. 
[6] C. Gouliaras, D. Lee, L. Chan, M. S. Taylor, J. Am. Chem. Soc. 2011, 133, 13926. 
[7] A. K. Kayastha, X. G. Jia, J. P. Yasomanee, A. V. Demchenko, Org. Lett. 2015, 17, 4448. 
[8] F. Ding, A. Ishiwata, Y. Ito, Org. Lett. 2018, 20, 4384.
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Synthesis of a Disaccharide Building Block for the Preparation of 
Multivalent Shiga Toxin Inhibitors 

Rebecca Meinusch1, Valentin Wittmann1 

1Department of Chemistry and Konstanz Research School Chemical Biology, University of Konstanz, 78457 Konstanz, 
Germany 

Carbohydrate-lectin interactions are involved in a multitude of recognition processes on cellular level. One of these 
interactions is the binding of bacterial toxins, such as Shiga toxin or Shiga-like toxins, to cells. Inhibition of these 
toxins is of high medicinal interest. An approach to target these lectins is the application of high-affinity 
carbohydrate-based molecules. Up to now, a variety of inhibitors (e.g. divalent, star-shaped, polymeric compounds, 
and glycan-coated nanoparticles) has been reported in literature [1].  
Here, we present a synthetic pathway for disaccharide 7, bearing a handle for multivalent presentation. Compound 7 
can be used as a building block for the preparation of different inhibitors. The design is based on a crystal structure 
of the Shiga toxin B₅ subunit in complex with its natural receptor Gb₃ [2]. Key steps of the synthesis are the α-
selective glycosylation of thioglycoside 1 and the use of n-pentenyl orthoester 6 to stereoselectively introduce a 
linker at the anomeric center and providing an opportunity for further modification at the adjacent 2-position. 
 
[1] Garland, M.; Loscher, S.; Bogyo, M. Chem. Rev. 2017, 117, 4422. [2] Ling, H.; Boodhoo, A.; Hazes, B.; Cummings, M. 
D.; Armstrong, G. D.; Brunton, J. L.; Read, R. J. Biochemistry 1998, 37, 1777.  
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N-Glycosylation Profiling of Type II Diabetes Mellitus from 
Baseline to Follow Up: An Observational Study in a Ghanaian 
Population 

Elham Memarian1,2, Eric Adua3, Alyce Russell3, Irena Trbojević-Akmačić2, Ivan Gudelj2, Julija Jurić2, Peter Roberts3, 
Gordan Lauc2,4, Wei Wang3,5,6 

1Leiden University Medical Center, Leiden, The Netherlands, 2Genos Glycoscience Research Laboratory, Zagreb, 
Croatia, 3School of Medical and Health Sciences, Edith Cowan University, , Australia , 4University of Zagreb, Faculty of 
Pharmacy and Biochemistry, Zagreb, Croatia, 5School of Public Health, Taishan Medical University, Shandong, China, 
6Beijing Key Laboratory of Clinical Epidemiology, School of Public Health, Capital Medical University, , China 

Type II diabetes mellitus (T2DM) is a well-recognised cause of death worldwide[1]. In fact, over one million deaths in 
2015 were attributed to T2DM while the disease prevalence is still rising[2]. This is because, despite considerable 
efforts, we still do not have reliable diagnostic and prognostic biomarkers to anticipate effective treatments, support 
better clinical outcomes, and move towards personalised medicine. Recently, N-glycosylation profiles have emerged 
as robust and field tested candidates for improving patient stratification and revolutionising T2DM therapeutics[3]. 
Glycans bind to protein backbone in a process termed glycosylation and thus far, it is regarded as the most complex 
and abundant co- and post-translational process in the cell. N-glycans which are a subclass of glycan types bind to 
asparagine side chains of proteins in the consensus sequence Asn-X-Thr/Ser (where X is any amino acid except 
proline). 
Although these structures are fairly stable within an individual they change under influence of an external 
perturbation[4], with different physiological parameters such as age[5], and pathophysiological conditions such as 
metabolic syndrome[6] and T2DM[7]. 
In this study, we undertook an observational study to determine plasma N-glycosylation patterns longitudinally 
among 253 T2DM patients and the correlations between environmental factors and derived plasma N-glycan traits 
over a 6-month period. 
From January to April 2016, 253 Ghanaian T2DM individuals were recruited (in Ghana, Western Africa) and depending 
on the date of first visit, each participant was called back after 6 months. 
Demographic and anthropometric information were obtained while fasting blood samples were collected for clinical 
assessments. After which plasma N-glycans were freed, fluorescently labelled and analyzed by ultra-performance 
liquid chromatography (UPLC). 
Followed by Wisconsin’s Ranked Sum (paired) tests and Spearman correlations for data analyses. Two tailed q-value 
<0.05 after adjusting for false discovery rate was considered significant. 
There were statistical differences between males and females at baseline: body mass index (BMI) (χ2=13.26, 
q=0.0080), education (χ2=20.3, q=0.0003), occupation (χ2=23.08, q=0.0003), waist to height ratio (U=4733.5, 
q=0.0001), triglycerides (U=5919, q=0.0458) and high density lipoproteins (HDL-c) (U=4485, q=0.0001). Significant 
differences were observed between baseline and follow up: HDL-c (W=526, q=0.000), low density lipoprotein 
cholesterol (LDL-c) (W=6488, q=0.002) and TG (W=2513, q=0.000). However, fasting plasma glucose (FPG) and total 
cholesterol (TC) were not statistically different at baseline and follow up. Similarly, plasma N-glycosylation profiles 
were unchanged when comparing paired data at baseline and follow up.  
Our results showed moderate differences in biochemical measures at baseline compared to follow up. However, 
these did not cause a significant change in plasma N-glycosylation profiles. The study makes a significant 
contribution to our understanding of the stability or constancy of plasma N-glycosylation profiles in the absence of 
co-morbidities.  
 
[1] Tao Z, Shi A, Zhao J. Epidemiological Perspectives of Diabetes. Cell Biochem Biophys. 2015:1-5. 
[2] International Diabetes Federation. IDF Diabetes Atlas. http://www.diabetesatlas.org/resources/2015-atlas.html, 
accessed, 04/10/2016. 2015 
[3] Russell A, Adua E, Ugrina I, Laws S, Wang W. Unravelling Immunoglobulin G Fc N-Glycosylation: A Dynamic Marker 
Potentiating Predictive, Preventive and Personalised Medicine. International Journal of Molecular Sciences. 
2018;19(2):390 
[4]Gornik O, Wagner J, Pučić M, Knežević A, Redžić I, Lauc G. Stability of N-glycan profiles in human plasma. 
Glycobiology. 2009;19(12):1547-53 
[5]Yu X, Wang Y, Kristic J, Dong J, Chu X, Ge S, et al. Profiling IgG N-glycans as potential biomarker of chronological 
and biological ages: A community-based study in a Han Chinese population. Medicine. 2016;95(28):e4112 
[6] Lu JP, Knezevic A, Wang YX, Rudan I, Campbell H, Zou ZK, et al. Screening novel biomarkers for metabolic 
syndrome by profiling human plasma N-glycans in Chinese Han and Croatian populations. J Proteome Res. 
2011;10(11):4959-69 
[7] Lauc G. Precision medicine that transcends genomics: Glycans as integrators of genes and environment. Biochim 
Biophys Acta. 2016;1860(8):1571-3 
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Marco Mende1, Alexandra Tsouka1, Felix Löffler1 

1Max Planck Institute Of Colloids And Interfaces, Potsdam, Germany 

The investigation of molecular interactions between essential biomolecules, such as proteins, nucleic acids, or 
carbohydrates using microarrays, is of great interest regarding the discovery of new drug candidates, diagnostics 
and vaccines. In contrast to the first two compound classes, currently, there is no efficient, parallelized synthesis for 
glycans available, which affects the production of high-throughput glycan arrays and slows down the progress in the 
field of carbohydrate binding studies. With our two novel synthesis strategies, we overcome the limitations that are 
currently given by the leading technologies (e.g. automated glycan assembly [1], chemoenzymatic synthesis [2]) in 
glycan synthesis, to make a larger quantity of various glycans accessible in a faster, combinatorial, and cost-efficient 
manner. 
On the one hand, we apply the cLIFT [3] technology to perform an on-chip synthesis of a large glycan library. 
Thereby, we deposit tiny amounts of different carbohydrate donor building blocks embedded in an inert polymer 
matrix from donor surfaces to a functionalized glass slide by using a laser system. Then, the actual glycosylation 
reaction is carried out in our home-built glycosylation chamber, where the reaction is initiated by condensing solvent 
and activator reagent on the carbohydrate-patterned glass slide. This method retains the resolution of the 
transferred spot pattern and we named it chilled vapour annealing synthesis (CVAS). [4] On the other hand, we 
applied the conventional peptide SPOT-synthesis [5] to glycochemistry by spotting various carbohydrate donor 
building blocks dissolved in a solvent on a functionalized cellulose or polypropylene membrane. Similarly, the 
coupling reaction also takes place in our self-made chamber using the CVAS process. After cleavage, deprotection, 
and purification, the obtained glycan library can be attached to a glass slide to prepare a microarray. In both 
methods, the key step for the success of the glycosylation is the separation of the spotting and the actual coupling 
step. This allows us to synthesize glycans in parallel for the very first time. 
 
[1] Pardo-Vargas, A.; Delbianco, M.; Seeberger, P. H., Automated glycan assembly as an enabling technology. Curr. 
Opin. Chem. Biol. 2018, 46, 48-55. 
 
[2] Wang, Z.; Chinoy, Z. S.; Ambre, S. G.; Peng, W.; McBride, R.; de Vries, R. P.; Glushka, J.; Paulson, J. C.; Boons, G.-J., 
A General Strategy for the Chemoenzymatic Synthesis of Asymmetrically Branched N-Glycans. Science 2013, 341 
(6144), 379-383. 
 
[3] Loeffler, F. F.; Foertsch, T. C.; Popov, R.; Mattes, D. S.; Schlageter, M.; Sedlmayr, M.; Ridder, B.; Dang, F.-X.; von 
Bojničić-Kninski, C.; Weber, L. K.; Fischer, A.; Greifenstein, J.; Bykovskaya, V.; Buliev, I.; Bischoff, F. R.; Hahn, L.; Meier, 
M. A. R.; Bräse, S.; Powell, A. K.; Balaban, T. S.; Breitling, F.; Nesterov-Mueller, A., High-flexibility combinatorial 
peptide synthesis with laser-based transfer of monomers in solid matrix material. Nat. Commun. 2016, 7, 11844. 
 
[4] Loeffler, F. F.; Mende, M.; Eickelmann, S.; Heidepriem, J.; Tsouka, A.; Seeberger, P. H., Chilled vapour annealing 
synthesis for parallelized high-throughput glycan synthesis. EP18213784.4, December, 2018. 
 
[5] Frank, R., The SPOT-synthesis technique: Synthetic peptide arrays on membrane supports—principles and 
applications. J. Immunol. Methods 2002, 267 (1), 13-26. 
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Molecular Strategies from the Plant Pathogen Xanthomonas Citri 
Subsp. Citri to Depolymerize Xyloglucan 

Isabela Mendes Bonfim1,2, Plínio Salmazo Vieira1, Priscila Oliveira de Giuseppe1, Douglas Antonio Alvaredo Paixão1, 
Gabriela Felix Persinoti1, Mário Tyago Murakami1 

1Bioethanol Science and Technology Laboratory (CTBE), National Center for Research in Energy and Materials 
(CNPEM), Campinas, Brazil, 2Graduate Program in Functional and Molecular Biology, Institute of Biology (IB), 
University of Campinas (Unicamp), Campinas, Brazil 

Xyloglucans (XyGs) are the most abundant hemicellulose in the primary walls of land plants and is composed by 
highly decorated β (1→4) glucans. This polysaccharide constitutes a source of nutrients for many microorganisms, 
but its utilization by phytophatogenic bacteria of Xanthomonas genus is still poorly understood. In this study, we 
show that Xanthomonas citri subsp. citri uses xylogluco-oligosaccharides (XyGOs) as carbon source and we identify 
the molecular machinery employed by X. citri to depolymerize XyGs. The genes encoding XyGs-active enzymes were 
predicted from the X. citri genome, cloned in pET28a vector, expressed, purified and characterized, revealing specific 
roles in XyG deconstruction. To understand the X. citri response to this complex polysaccharide, we analyzed the 
transcriptome of X. citri grown in XyGOS compared to X. citri grown in glucose, revealing the differential expression 
of genes related to cell motility, inorganic ions transport and signal transduction mechanisms. Thus, besides to 
uncover novel enzymes with potential applications in biomass saccharification technologies, this work also shed 
light on a new role for XyGOs in modulating the metabolism of phytopathogens.



EUROCARB XX LEIDEN 2019 

P156 

New Approaches to Analogs of Alpha-Linked Galactosylceramides 
Using Serinol 

Ulrike Jost1, Polina I. Abronina2, Alexander I. Zinin2, Udo Kragl1,3, Nikolay N. Kondakov2, Alexander O. Chizov2, Vladimir 
I. Torgov2, Leonid O. Kononov2, Dirk Michalik1,3 

1University of Rostock, Institute of Chemistry, Rostock, Germany, 2N. D. Zelinsky Institute of Organic Chemistry, 
Moscow, Russian Federation, 3Leibniz-Institut für Katalyse (LIKAT), Rostock, Germany 

Serinol (2-amino-1,3-propanediol) (1), a glycerol derivative, can be generated by fermentation of glycerol, which is 
produced as byproduct from the biodiesel industry [1]. 
New derivatives of serinol, 3-[4-(2-chloroethoxy)benzyloxy]-2-phthalimidopropan-1-ol (2) and 3-[4-(2-
azidoethoxy)phenoxy]-2-phthalimidopropan-1-ol, were synthesized and tested as glycosyl acceptors in 
stereoselective 1,2-cis-galactosylation in the benzyl-free synthesis of analogs of α-linked galactosylceramides [2, 3]. 
It was found that NIS/AgOTf-promoted glycosylation of 3-[4-(2-chloroethoxy)benzyloxy]-2-phthalimidopropan-1-ol 
(2) with ethyl 4,6-O-(di-tert-butylsilylene)-1-thio-β-D-galactoside (3) resulted in both the expected α-linked 
diastereomeric glycosides 4a,b and the product of iodination of the benzyl group of the aglycon 5a,b. This process 
was avoided by using the corresponding galactosyl imidate under Et₃SiOTf promotion to give exclusively α-linked 
diastereomeric serinol glycosides [2]. 
 
This work was financially supported by “Fachagentur Nachwachsende Rohstoffe e.V. (FNR e.V.)” (grant no. 22005011) 
and the Russian Science Foundation (Project No. 16-13-10244-P). 
 
[1] Jost U.; Andreessen B.; Michalik D.; Steinbüchel A.; Kragl U.; Downstream processing of serinol from a glycerol-
based fermentation broth and transfer to other amine containing molecules. Eng. Life Sci. 2017, 17, 479-488. 
[2] Jost U.; Abronina P. I.; Zinin A. I.; Michalik D.; Kragl U.; Kondakov N. N.; Chizov A. O.; Torgov V. I.; Kononov L. O.; 
New approaches to analogs of α-linked galactosylceramides based on functionalized serinol. Russ. Chem. Bull. 2018, 
67, 2297-2306. 
[3] Zinin A. I.; Stepanova E. V.; Jost U.; Kondakov N. N.; Shpirt A. M.; Chizhov A. O.; Torgov V. I.; Kononov L. O.; An 
efficient multigram-scale synthesis of 4-(ω-chloroalkoxy)phenols. Russ. Chem. Bull. 2017, 66, 304-312. 
 
 

 
Synthesis of galactosylceramide analogs starting from serinol (1).
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Change from C-O to C-C Glycosidic Bond Formation in the 
Glycosyltransferase Langt2 
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Many biologically active compounds are glycosylated metabolites. The functional contribution of sugars to 
biologically active compounds has been reviewed throughout different exciting compilations, in which have been 
highlighted that the sugar can determine biological activity, drug targeting and pharmacokinetics.[1,2] This fact 
offers interesting biological applications, since the modification of the sugar, or the type of glycosidic linkage, could 
allow the improvement of desired stability properties. Regarding this, the C-C glycosidic linkage is metabolically 
more stable than the C-O, due to its resistance against glycosidase degradation or hydrolysis. [3] Thus, pioneering 
studies of the enzymes that are able to catalyze the formation of C-C and C-O glycosidic bonds gain special 
importance in the development of more effective antibiotics. Glycosylation reactions are catalyzed by 
Glycosyltransferases (GTs), which use an activated sugar donor substrate for transferring a wide array of glycosyl 
moieties onto the nucleophilic group of sugars and other kind of organic molecules (acceptor substrate). GTs can 
invert or retain the anomeric configuration of the sugar that is being transferred and therefore, they are classified as 
inverting- or retaining-GTs, respectively. [4] So far, the lack of C-GTs crystal structures, which are enzymes that 
catalyze the formation of C-C glycosidic bonds, had hindered detailed studies of this type of sugar transfer reaction. 
The recent elucidation of both the O-GT LanGT2 (O-LanGT2) and its variant with C-glycosylation activity (C-LanGT2), 
[5] represents an encouraging opportunity to computational investigate the structural features that could cause the 
formation of the O- and the C-glycosylated product through the reaction catalyzed by O- and C-LanGT2, respectively. 
(Figure 1) 
 
In the present study, ternary complex models were built and equilibrated for O- and C-LanGT2 by combining a 
Docking methodology with Molecular Dynamics (MD) simulations. To carry out the Docking and the MD simulations, 
AutoDock and NAMD programs were used, respectively. All results indicate that the structural features that could 
modulate the orientation of the acceptor substrate (TET) at its binding pocket are associated with loops 8-13, 51-62 
and 219-228. Within these loops, residues as S8/A8, A62/I62 and R220 in O-LanGT2/C-LanGT2, are key to orient TET 
in a suitable disposition with regard to the sugar and therefore, for the O- and the C-glycosylation reaction.  
Finally, we propose for first time a molecular interpretation of the specificity change from O- to C-glycosidic bond, 
and thus we hope that these results could provide valuable clues to guide the transformation of any O-GT into a C-
GT.  
 
References 
[1] Vladimir, K.; Ludmila, M., Glycosides in Medicine: The Role of Glycosidic Residue in Biological Activity. Curr. Med. 
Chem. 2001, 8, 1303-1328. 
[2] Křen, V.; Řezanka, T., Sweet Antibiotics – The Role of Glycosidic Residues in Antibiotic and Antitumor Activity and 
Their Randomization. FEMS Microbiol. Rev. 2008, 32, 858-889. 
[3] Härle, J.; Günther, S.; Lauinger, B.; Weber, M.; Kammerer, B.; Zechel, David L.; Luzhetskyy, A.; Bechthold, A., 
Rational Design of an Aryl-C-Glycoside Catalyst from a Natural Product O-Glycosyltransferase. Chem. Biol., 2011, 18, 
520-530. 
[4] Lairson, L. L.; Henrissat, B.; Davies, G. J.; Withers, S. G., Glycosyltransferases: Structures, Functions, and 
Mechanisms. Annu. Rev. Biochem. 2008, 77, 521-555. 
[5] Tam, H. K.; Harle, J.; Gerhardt, S.; Rohr, J.; Wang, G.; Thorson, J. S.; Bigot, A.; Lutterbeck, M.; Seiche, W.; Breit, B.; 
Bechthold, A.; Einsle, O., Structural Characterization of O- and C-Glycosylating Variants of the 
Landomycin Glycosyltransferase LanGT2. Angew. Chem. Int. Ed., 2015, 54, 2811-2815. 
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Glycosylated products that are formed through the transfer reaction catalyzed by: A. O-LanGT2 and B. C-LanGT2. 
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Spina Bifida - literally meaning “split spine” in Latin - is the most common birth defect with 0.2 % occurrence 
worldwide [1]. It is due to foetus’ spine failing to close during the first month of pregnancy, resulting in the exposure 
of nerves to the amniotic fluid, with permanent consequences affecting both cognitive and psychometric capacities 
[2]. To date no treatment exists and the damage to the nerves is irreversible. However, a possible solution could lie 
in the so-called “double hit hypothesis”, which conjectures that covering the opening in the spinal cord with a 
material non-permeable to then amniotic-fluid would protect the nerves and therefore prevent the induced life-long 
complications [3].  
 
This project aims to design, synthesize, and characterise biocompatible hydrogels and microgels which would 
adhere to the spina bifida opening to form tough and highly flexible protective wound dressing that seals the nerves 
from the amniotic fluid. Hydrogels appear as a material of choice in tissue engineering because of their elasticity and 
tensile strength very close to human tissues [4, 5]. Recent research in wound healing has highlighted the potential 
of polysaccharides as adhesive, biocompatible materials [6].  
 
To this end, chitosan was derivatised with carbic anhydride to provide a range of functionalised polymers that could 
be crosslinked via thiol-ene photoclick chemistry. The mechanical properties of the resulting hydrogels could be 
varied by controlled and preliminary cell studied highlighted their potential applications in tissue engineering. 
Alternatively, microgels with a diameter varying between 150 and 300 nm could be successfully prepared by using 
water-in-oil nanoemulsions as templates, with gelation facilitated by in situ photo-initiated cross-linking. The 
microgel particles were then isolated and characterised by dynamic light scattering (DLS), Zeta potential 
measurements and electron microscopy. The outer shell of the microgels was successfully functionalised by click 
chemistry to allow further generation of complex wound healing materials [7].   
 
[1] Parker, SE et al. Birth Defects Res A Clin Mol Teratol. 2010, 88, 1008. 
[2] Adzick, NS. Seminars in Fetal & Neonatal Medicine, 2010, 15, 9. 
[3] Watanabe, M et al. Fetal Diagn Ther 2015, 37, 197. 
[4] Geckil, H et al. Nanomedicine (Lond). 2010, 5, 469. 
[5] Briscoe, W.H. et al Materials 2016, 9, 443. 
[6] Agrawal, P et al. The International Journal of Lower Extremity Wounds 2014, 13, 180. 
[7] Michel, SES et al. ACS Applied Bio Materials. Submitted. 

 
 
Figure 1. Synthesis of chitosan-functionalised microgels.
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Glycoside hydrolases from family 43 (GH43) act on the degradation of key polysaccharides that constitute the 
hemicellulose such as xylan and arabinans and have a huge functional and structural diversity. Despite its strong 
correlation with plant cell wall deconstruction, being ubiquitous in plant biomass maceration specialized organisms, 
the catalytic mechanisms of family 43 GHs are still poorly understood. In this work, we characterized a xylose-
releasing exo-oligoxylanase from Xanthomonas axonopodis pv. citri (Xac), the causative agent of citrus canker, by a 
multidisciplinary approach based on experimental and computational methods, including mass spectrometry for 
kinetics determination, X-ray crystallography and molecular dynamics simulations. The enzyme efficiently hydrolyzes 
xylooligosaccharides with preference for longer substrates and shows minor activity on polymeric xylan. As 
observed in other GH43 with different functions, the Xac exo-oligoxylanase activity is boosted by the presence of 
calcium, which decreases the Michaelis constant. To reveal the molecular basis of the enzyme’s activity, its crystal 
structure was solved, in the presence of calcium, without sugar ligand and with its product (xylose, X1) and substrate 
(xylotriose, X3). The Michaelis complex structure shows that the sugar at the -1 subsite exhibits a distorted 
conformation. Molecular dynamics simulations results reveal putative catalytic itineraries that are consistent with the 
conformational free energy landscape of β-xylose computed by ab initio metadynamics [1]. Altogether, our results 
expand our knowledge about this enigmatic GH family, revealing mechanistic details by a crosstalk between different 
methodologies.  
 
[1] Iglesias-Fernández, J.; Raich, L.; Ardèvol, A.; Rovira, C. The complete conformational free energy landscape of β-
xylose reveals a two-fold catalytic itinerary for β-xylanases. Chem. Sci. 6, 1167-1177. 
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RgNanH is an intramolecular trans-sialidase (IT-sialidase) from Ruminococcus gnavus (R. gnavus), a prominent 
member of the gut microbiota of the healthy human gut and one of the few commensal species of bacteria which 
have been studied for their ability to utilise intestinal mucin glycans1. Beside, R. gnavus has been found to be highly 
over-represented in individuals affected by Inflammatory Bowel Disease2, an evidence that contributed to put this 
organism under the spot light of gut microbiota research groups in recent years. 
As an IT-sialidase, RgNanH has high specificity for cleaving α2/3 sialic acid capping the mucin oligosaccharides. The 
hydrolysis of the terminal sialic acid is followed by intramolecular transglycosylation at the C2 position of Neu5Ac, 
attacked by its O7-hydroxy group at the glycerol moiety. The product of the reaction is 2,7-anhydro-Neu5Ac. 
Whereas the structure of the RgNanH/2,7-anhydro-Neu5Ac complex has already been solved by X-Ray diffraction3, 
the complexes of RgNanH and the sialoglycans Neu5Acα3Lac (3’SL)  and Neu5Acα6Lac (6’SL) remain elusive.  
Here we have used Saturation Transfer Difference NMR (STD NMR) and DiffErential EPitope Mapping STD NMR (DEEP-
STD NMR), a novel powerful application of STD NMR developed by us4, as well as computational tools, to obtain the 
first 3D model representing a Michaelis complex of an IT-sialidase to date5. Besides providing an NMR validated 3D 
structure of the enzyme/substrate complex in solution, we also show that DEEP-STD NMR allows to gain fine 
structural details at the atomic level, demonstrating to be a powerful tool for the elucidation of protein-glycan 
complexes. 
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Cartoon representing the catalytic uncapping of 3’sialoglycans to produce 2,7-anhydro-Neu5Ac (top). 
Superimposition of the lowest energy convergent docking solutions for RgNanH in complex with 3’SL, 10 poses, as 
validated by CORCEMA-ST against the STD NMR data (bottom).
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The role of sialic acids in the development of cognitive functions has drawn the attention of neuroscientists in recent 
years [1]. The distribution of sialic acids in brain tissue and its relation to certain pathologies has been extensively 
studied [1]. Sialic acids are an important component of gangliosides present in brain tissue and in the nervous 
system. In order to quantify the level of total sialic acids in brain, these have to be released from their parent 
glycolipid or glycoprotein to be measured. 
 
The objective of this work was to adapt an existing method [2-3] for the quantification of the two most common 
sialic acids, N-acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc), to the analysis of those 
components in brain tissue. Sialic acids were released from their parent ganglioside by acid hydrolysis, and 
subsequentially derivatized by quinoxaline formation. The resulting quinoxaline derivatives were quantified by 
UHPLC-FLD (Figure 1). The method was validated on a brain tissue homogenate containing around 130 mg 100g-1 of 
sialic acids. The recovery was estimated to be 90%. We successfully optimized the homogenization and hydrolysis of 
brain tissues for the release of sialic acids. Furthermore, we optimized the derivatization of released sialic acids by 
using a more stable quinoxaline [2], minimizing the use of toxic stabilizers in the reaction. 
 
References 
[1] R.L. Schnaar, R. Gerardy-Schahn, H. Hildebrandt. Physiol Rev. 2014, 94(2), 461-518. 
[2] L. Wang, D. Wang, X. Zhou, L. Wu, X. Sun. RSC Adv. 2014, 4, 45797. 
[3] V. Spichtig, J. Michaud, S. Austin. Anal Biochem. 2010, 405, 28-40. 
 

 
Figure 1. Schematic representation of the acid release of N-acetylneuraminic acid from a ganglioside (A) and the 
subsequent quinoxaline dervatization and analysis by UHPLC-FLD (B).
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Glycosylphosphatidylinositol (GPI) is a glycoconjugate that connects to the C-terminus of a protein and anchors the 
protein to the plasma membrane via its lipid moiety. The various structures of the glycan and lipid moieties have 
been found depending on the organisms or the biosynthetic stages, and the lipid moieties attached to inositol 
include glycero, lyso-glycero and ceramide types. In the case of yeast such as Saccharomyces cerevisiae, the yeast 
has the biosynthetic pathway that the lipid moiety of GPI is transformed from the glycero-type to lyso-glycero, 
glycero-type and then the ceramide-type. We have developed a method to synthesize various GPI fragment 
structures containing characteristic lipid moieties; eg. mammalian phosphatidylinositols with unsaturated lipids, and 
the protozoan lyso-glycero type inositol phospholipids (EhPIa and EhPIb isolated from Entamoeba histolytica) [1] that 
have immunomodulatory activities and activate NKT cells in a CD1d-dependent manner [1,2]. However, as 
immunomodulators, the details of the structure-activity relationships of other glycero- or ceramide-type GPI are not 
known. In effort to analyze the biological activities, we synthesized inositol phospholipids containing ceramide from 
Ascaris suum. 
The inositol phospholipids containing ceramide from a parasitic nematode, A. suum, are isolated and structurally 
determined by Sugita et al. [3]. As shown in Fig. 1, they have D-galactose connected to the myo-inositol containing 
phospho-ceramide. In this study, we established new synthetic methods for the compounds, and synthesized the 
compounds 1a–c based on our previously reported synthesis [1,2a]. We postulated that the structure of inositol 
phospholipids can be constructed using the key intermediates inositol phosphate moiety and N-acyl aziridines, 
which are precursors of ceramide moiety. The inositol phosphate moiety was prepared from protected myo-inositol 
using regioselective phosphorylation reaction, which was developed previously [1]. The N-acyl aziridines were 
synthesized starting from Garner’s aldehyde. The ring-opening reaction of N-acyl aziridines using inositol phosphate 
moiety as a nucleophile provided the protected inositol phospholipids containing ceramide. Followed by the removal 
of protecting groups, we achieved the first chemical synthesis of the compounds 1a–c. The immunomodulatory 
activities, especially cytokine induction of the compounds will be also reported. 
 
[1] a) Aiba, T.; Suehara, S.; Choy, S. L.; Maekawa, Y.; Lotter, H.; Murai, T.; Inuki, S.; Fukase, K.; Fujimoto, Y. Chem. Eur. 
J. 2017, 23, 8304; b) Aiba, T., Sato, M., Umegaki, D., Fukase, K., Fujimoto, Y. Org. Biomol. Chem., 2016, 14, 6672. 
[2] a) Choy, S. L., Bernin, H., Aiba, T., Fukase, K., Clos, J., Tannich, E., Fujimoto, Y., Lotter, H. et al. Sci. Rep. 2017, 7, 
9472. b) Lotter, H.; Holst, O.; Tannich, E. et al. PLoS Pathog. 2009, 5, e1000434.  
[3] Sugita, M.; Mizunoma, T.; Aoki, K.; Kurimoto, A. Biochim. Biophys. Acta. 1996, 1302, 185. 
 

 
Fig. 1 Inositol phospholipids containing ceramide from Ascaris suum
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Klebsiella pneumoniae (KP) naturally colonizes the mucosal surfaces of healthy people and cause severe infections 
in immunosuppressed patients resulting in high mortality. The lipopolysaccharide (LPS) O-antigens of KP is the 
major cause of antibiotic resistant nosocomial infections. They exhibit limited serotype diversity depending on the 
glycan composition and structure of the O-antigen repeating units. The most prevalent KP O-antigen serotypes differ 
in the type of monosaccharide galactose (O1 and O2) or mannose (O3, O3a, O3b and O5) as well as the number, 
linkage and stereochemistry within the O-antigen repeating units. The antibodies generated against LPS O-antigen of 
KP against human showed distinct patterns of in vivo cross-reactivity, specificity and protection against different 
clinically relevant KP serotypes.  
 
The first efficient synthetic access to the oligosaccharides of O3 and O5 antigens using solution and automated 
syntheses has been achieved. The obtained oligosaccharides were conjugated to CRM197 and immunological 
evaluated towards the development of a KP LPS O-antigen based semi-synthetic glycoconjugate vaccine. 
 
 

 
 
Linear structures of mannan-based O3, O3a, O3b and O5 KP O-antigens; methyl (Me); phosphate (P); mannose (Man);  
α -anomers (α ; blue) and β -anomers (β ; red); C1–C2 (green) and C1–C3 (orange) glycosidic linkages; the common 
part and lipid A (CP) 
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The Mitsunobu-reaction – which is capable of exchanging a hydroxyl-group to a protonated nucleophile – was first 
published in 1967 [1]. This discovery proved to be of enormous significance over the years, as a great number of 
articles have been published since then for the synthetic applications of the reaction [2,5,6]. The method is well-
known among carbohydrate chemists as well, its first application in this field was the exchange of free hydroxyl-
groups of variuos mono- and oligosaccharides to form leaving or protecting groups at different positions of the 
substrate [2]. However, carbohydrates that contain a tertiary hydroxyl-group are known to react slowly, if at all, due 
to the steric hindrance of the host carbon atom [2]. Examples for the exchange of such hydroxyl-groups are 
extremely scarse in the literature [3]. In order to study the spirocyclisation possibilities, we needed the substitution 
products of heptulopyranosonic esters, and to this end, we have studied Mitsunobu-reactions of these substrates. 
 
Success of the Mitsunobu-reaction largely depends on the pKa value of the nucleophilic reagent [4], therefore in the 
first phase of our research, we attempted to react several types of N- and O-nucleophiles that have a pKa lower than 
ten, with the glucose derivative containing the tertiary hydroxyle-group at its anomeric centre. As a result, we have 
successfully managed to synthesize a few O- and N-aryl glycosides, as well as some N-glycosyl-heterocycles. 
Curiously, alternative ways leading to the same products (which involved the exchange of a bromine atom under 
regular SN conditions) have failed to provide the corresponding glycosides. Next, we examined the possibility of 
further transformations of these glycosides into glycosylidene-spiro-heterocycles, which may have a potential 
antidiabetic effect. These efforts resulted in two new spiro-compounds, but unfortunately, they showed no effect in 
the inhibition of glycogen-phosphorylase enzyme [7]. Finally, we attempted to use some carbohydrate derivatives, 
that already have an NH-acidic centre, as nucleophiles in the Mitsunobu-reaction. The detailed results of these 
studies will be presented on the poster. 
 
1. O. Mitsunobu, Y. Yamada; B. Chem. Soc. Jpn., 1967, 10, 2380-2382. 
2. D. Hughes; Organic Reactions (Hoboken, NJ, United States), 1992, 42, 337-636. 
3. G. Gao, O. Schwardt, B. Ernst; Carbohydr. Res., 2004, 339, 2835-2840.  
4. J. Hain, P. Rollin, W.Klaffke, T. K. Lindhorst; Beilstein J. Org. Chem., 2018, 14, 1619-1636. 
5. K. C. K. Swamy, N. N. B. Kumar, E. Balaraman, K. V. P. P. Kumar; Chem. Rev., 2009, 109, 2551-2651. 
6. S. Fletcher; Org. Chem. Front., 2015, 2, 739-752. 
7. Kun, S.; Kánya, N.; Galó, N.; Páhi, A.; Mándi, A.; Kurtán, T.; Makleit, P.; Veres, S.; Sipos, Á.; Docsa, T.; Somsák, L., J. 
Agric. Food Chem. 2019, under revision. 
 
 

 
Mitsunobu-reactions performed on heptulopyranosonic esters.
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Escherichia albertii is an enteric bacterial species within the genus Escherichia. It is a newly emerging intestinal 
pathogen that has been associated with sporadic infections and human gastroenteritis outbreaks in different 
countries. Recently, a number of strains earlier identified as enteropathogenic and enterohemorrhagic E. coli have 
been shown to be E. albertii. In this work, we established O specific polysaccharide (OPS) structures and 
characterized O antigen gene clusters of representatives of all nine known E. albertii molecular types (potential O 
serotypes).  
The OPSs of E. albertii O1-O9 were studied by sugar analysis, O-deacetylation, partial acid hydrolysis (for O5 and O8), 
selective solvolysis with CF₃SO₃H (O1) or CF₃CO₂H (O4 and O5), Smith degradation (O2 and O9), dephosphorylation 
with HF (O9), and 1D and 2D 1H and 13C NMR spectroscopy. As a result, the following new OPS structures of were 
elucidated: 
 
The OPS structure of E. albertii O7 (erroneously named that time H. alvei) has been established earlier (R. Eserstam 
et al., Eur. J. Biochem. 269 (2002) 3289-3295). The OPSs of E. albertii O3 and O6 are identical to those of E. coli O181 
and O3, respectively, except for the lack of O-acetylation in E. albertii O3. The OPS structures of both E. albertii O5 
and O7 are related to those of E. coli O124 and O164, and that of E. albertii O8 is similar to the OPS of E. coli O128. 
Functions of genes in the O-antigen gene clusters of the strains studied were tentatively assigned by comparison 
with sequences in available databases and found to be consistent with the OPS structures.  
This work was supported by the Russian Science Foundation (project № 14-14-01042), the National Natural Science 
Foundation of China (81371762), and the Health and Family Planning Commission of Sichuan Province (150259). 
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Neisseria meningitidis bacteria are gram-negative diplococci that colonize mainly mucosal surfaces of the upper 
human respiratory tract. This pathogenic organism is responsible for meningitis and septicemia, which even today 
raise mortality in children as well as in young adults worldwide. Serotype Y ranks amongst the clinically most 
relevant strains, due to its highly invasive pathogenesis and widespread abundancy. [1] [2] [3] Vaccines based on 
carbohydrate antigens often lack a satisfying intrinsic immunogenicity and are prone to in vivo metabolic 
degradation. However, fluorination provides an attractive strategy to overcome these drawbacks as fluorinated 
carbohydrates are presumed to provide enhanced stability regarding enzymatic glycosidic bond cleavage, while 
maintaining the properties of the natural congener. Furthermore fluorinated mimics usually seem more foreign to 
the immune system since fluorine atoms are absent from most organisms. [4] [5] [6]  
Herein, the synthesis of a disaccharide antigen fragment of Neisseria meningitidis serogroup Y and its fluorinated 
analogue is introduced. Both fragments comprise an aminopentyl handle to allow for construction of fully synthetic 
vaccine candidates. 
 
(1) Rouphael, N. G.; Stephens, D. S. Neisseria meningitidis: biology, microbiology, and epidemiology. Meth. Mol. 
Biol. 2012, 799, 1–20. 
(2) McCarthy, P. C.; Sharyan, A.; Sheikhi Moghaddam, L. Meningococcal Vaccines: Current Status and Emerging 
Strategies. Vaccines 2018, 6, 1–12. 
(3) Stephens, D. S. Conquering the meningococcus. FEMS Microbiol. Rev. 2007, 31, 3–14. 
(4) Reindl, M.; Hoffmann-Röder, A. Antibody Recognition of Fluorinated Haptens and Antigens. Curr. Top. Med. 
Chem. 2014, 14, 840–854. 
(5) Johannes, M.; Reindl, M.; Gerlitzki, B.; Schmitt, E.; Hoffmann-Röder, A. Synthesis and biological evaluation of 
a novel MUC1 glycopeptide conjugate vaccine candidate comprising a 4´-deoxy-4´-fluoro-Thomsen-Friedenreich 
epitope. J. Org. Chem. 2015, 11, 155–161. 
(6) Morelli, L.; Poletti, L.; Lay, L. Carbohydrates and Immunology: Synthetic Oligosaccharide Antigens for 
Vaccine Formulation. Eur. J. Org. Chem. 2011, 2011, 5723–5777. 
 

 
Capsular polysaccharide repeating unit, natural and fluorinated Neisseria meningitidis antigen fragments.
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β-N-Acetylhexosaminidases (EC 3.2.1.52, GH 20) are enzymes are typical retaining exo-glycosidases that in vivo 
cleavage both β-N-acetylglucosamine (GlcNAc) or β-N-acetylgalactosamine (GalNAc) residues fom glycostructures 
[1]. Under suitable reaction conditions, these enzymes are able to synthesize the glycosidic bond in good yields. 
Substitution of selected amino acid(s) in the active site by site-direct mutagenesis may change the enzyme's 
substrate specificity or suppress the hydrolytic activity of the enzyme in favor of synthesis [2]. 
We present here three new mutant variants the of β-N-acetylhexosaminidase from Talaromyces flavus (TfHex) with 
altered substrate specificity. Genetic engineering afforded selective enzymes carrying either GlacNAcase or 
GalNAcase activity. The respective point mutations were identified by molecular modeling. Site-directed mutants 
were prepared, expressed in Pichia pastoris and purified to homogeneity. The pH and temperature optimum and the 
kinetic parameters of enzymes were determined. The synthetic capabilities of the prepared mutants were 
demonstrated in transglycosylation reactions. 
 
[1] K. Slámová, P. Bojarová, L. Petrásková a V. Křen, Biotechnol. Adv. 2010, 28, 682-693. 
[2] P. Bojarová, N. Kulik, M. Hovorková, K. Slámová, H. Pelantová a V. Křen, Molecules 2019, 24, 599-613. 
[3] K. Slámová, J. Krejzová, P. Marhol, L. Kalachová, N. Kulik, H. Pelantová, J. Cvačka a V. Křen, Adv. Syn Cat. 2015, 
357, 1941-1950 
 

 
Figure 1. A TfHex active site with docked thiazoline, an β-N-acetylhexosaminidase inhibitor [3]; B synthetic reaction 
yielding β-N-acetylhexosamines.
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Non-functional β-galactocerebrosidase (GALC), a family 59 glycoside hydrolase (GH), is responsible for Krabbe 
disease, a neurodegenerative disease that is still incurable. The first crystallographic structure of the Michaelis 
complex (MC) of GALC that was obtained [1] shows that the galactoside saccharide at the -1 subsite adopts an 
unusual chair conformation, whereas other β-GHs often feature distorted substrate conformations that are 
preactivated for catalysis [2]. However, the GALC structure was determined under non-reactive conditions (non-
optimal pH), which could affect the conformation of the substrate. In this work, we address this issue by means of 
quantum mechanics/molecular mechanics (QM/MM) metadynamics methods [2,3], uncovering the substrate 
conformation along the reaction coordinate on GALC. 
 
[1] Hill CH.; Graham SC.; Read RJ.; Deane JE. Structural snapshots illustrate the catalytic cycle of β-
galactocerebrosidase, the defective enzyme in Krabbe disease. PNAS 2013, 110(51), 20479-84. 
[2] Ardèvol A.; Rovira C. Reaction mechanisms in carbohydrate-active enzymes: glycoside hydrolases and 
glycosyltransferases. Insights from ab initio quantum mechanics/molecular mechanics dynamic simulations. JACS. 
2015, 137(24), 7528-47. 
[3] Laio A.; Parrinello M. Escaping free-energy minima. PNAS 2002, 99.20, 12562-12566 
 

 
 
Reaction coordinate along the glycosylation step catalyzed by β-GALC departing from the ⁴C₁ and ¹S₃ MC 
conformations.



EUROCARB XX LEIDEN 2019 

P169 

Activity-Based Protein Profiling of Glycosidases In Extremophilic 
Archaea 

Sabrina Ninck1, Thomas Klaus1, Farnusch Kaschani1, Herman Overkleeft2, Bettina Siebers1, Markus Kaiser1 

1University of Duisburg-Essen, Essen, Germany, 2Leiden University, Leiden, The Netherlands 

Archaea build up one of the domains of life, alongside Eukarya and Bacteria[1]. They are characterised by a unique 
life style in often environmental extremes regarding temperature, pH, salinity or combinations thereof. To be able to 
colonise these habitats, Archaea have adapted their protein repertoire in a long evolutionary process. Enzymes from 
thermophilic Archaea are therefore for example very stable and active even under extreme temperatures. These 
unique properties turn archaeal ”extremozymes” into an exclusive branch of biocatalytic biodiversity, harbouring 
great potential for (white) biotechnology[2-3], metabolic engineering as well as synthetic biology[4]. 
 
Though their extreme lifestyle turns Archaea into an interesting field of research, they are currently underexplored 
and further investigations to overcome this limitation are required. The characterisation of novel archaeal 
glycosidases is of great interest, as these enzymes are valuable for diverse biotechnological applications such as 
lignocellulosic biomass degradation[5]. To promote the functional identification of potential archaeal biocatalysts 
involved in the degradation of carbohydrates, especially of complex polysaccharides like xylan, chemical proteomics 
can be used by combining activity-based protein profiling (ABPP) with mass spectrometry. The use of bioactive 
chemical probes allows for the labelling and purification of target enzymes. Afterwards, these target enzymes can be 
identified using mass spectrometry-based proteomics[6].  
 
[1] Woese, C. R.; Fox, G. E., Phylogenetic structure of the prokaryotic domain: the primary kingdoms. Proc Natl 
Acad Sci U S A 1977, 74 (11), 5088-90. 
[2] Unsworth, L. D.; van der Oost, J.; Koutsopoulos, S., Hyperthermophilic enzymes - stability,   activity and 
implementation strategies for high temperature applications. Febs J 2007, 274 (16), 4044-4056. 
[3] Sarmiento, F.; Peralta, R.; Blamey, J. M., Cold and Hot Extremozymes: Industrial Relevance and Current 
Trends. Front Bioeng Biotechnol 2015, 3, 148. 
[4] Bräsen, C.; Esser, D.; Rauch, B.; Siebers, B., Carbohydrate Metabolism in Archaea: Current Insights into 
Unusual Enzymes and Pathways and Their Regulation. Microbiol Mol Biol R 2014, 78 (1), 89-175. 
[5] Sweeney, M. D.; Xu, F., Biomass Converting Enzymes as Industrial Biocatalysts for Fuels and Chemicals: 
Recent Developments. Catalysts 2012, 2 (2), 244-263. 
[6] Zweerink, S.; Kallnik, V.; Ninck, S.; Nickel, S.; Verheyen, J.; Blum, M.; Wagner, A.; Feldmann, I.; Sickmann, A.; 
Albers, S. V.; Brasen, C.; Kaschani, F.; Siebers, B.; Kaiser, M., Activity-based protein profiling as a robust method for 
enzyme identification and screening in extremophilic Archaea. Nat Commun 2017, 8. 
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The marine environment is highly interesting as it can both increase the global production of biomass and supply an 
innovative resource, rich in bioactive compounds. Biomass from seaweeds (brown algae) can be used in both food 
and non-food applications.  
Pretreatment of the biomass is an essential step to improve accessibility and solubility of the biomass components. 
We have used brown algae from the species Laminaria digitata and Saccharina latissima and fractionated 
carbohydrate components for further utilization. 
Areas of interest include both enzymatic and microbial conversions of the polysaccharides. Oligosaccharides from 
macroalgae have for example shown interesting prebiotic effects, and examples on enzymatic conversion will be 
given. 
In addition, brown algae can serve as carbon source for growth of bacteria. We have cultivated the marine 
thermophile Rhodothermus marinus on extracts from L. digitata. R. marinus is a thermophilic aerobe that produces 
exopolysaccharides (EPS) and glycosylated carotenoids. The composition of the EPS and structure of the carotenoids 
will be shown. 
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Deacetylation of chitin and chitooligosaccharides (COS) renders chitosans (with variable degrees of acetylation (DA)) 
and partially deacetylated oligosaccharides (paCOS) with considerable industrial interest as biocompatible, 
biodegradable, and non-toxic functional materials with a wide variety of biotechnological and biomedical 
applications. The degree of acetylation (DA) strongly influences the physicochemical and biological properties of 
chitosans and paCOS, but the role of the pattern of acetylation (PA), which defines the distribution of charged D-
glucosamine (GlcNH₂) residues along the N-acetyl-D-glucosamine (GlcNAc) polymeric/ oligomeric chain, on the 
specific interactions with biological receptors and target structures remains largely unknown.  
Chitin de-N-acetylases (CDAs) catalyze the hydrolysis of the acetamido group in GlcNAc residues of chitin, chitosan, 
and COS. The deacetylation pattern exhibited by CDAs and related carbohydrate esterase (CE4) enzymes active on 
COS is diverse, some being specific for a single position, others showing multiple attack mechanisms. After solving 
the first 3D structure of a Vibrio cholera CDA CE4 deacetylase in complex with substrates [1], we are addressing 
structural and biochemical studies with the goal of understanding the determinants of substrate specificity of CDAs 
and related CE4 enzymes active on COS [1-5]. The search of new enzymes and the engineering of substrate 
specificity, either by structure-guided and directed evolution approaches will extend the toolbox of selective 
enzymes for the biotechnological production of tailored and sequence-defined COS to evaluate their biological 
functions and develop novel biotech and biomedical applications. 
Here, we report the design and development of a HTS assay in microplates format using a medium scale robotic 
platform for the screening of directed evolution libraries of CDA and other CE4 enzymes active on COS and its proof-
of-concept application to the engineering of substrate specificity of VcCDA. The assay is based on fusion of the 
target CE4 catalytic domain to be evolved to a chitin binding module (CBM), capture of the expressed proteins from 
cell-free extracts with chitin-coated magnetic beads, and evaluation of the deacetylase activity of the immobilized 
enzyme variants on COS substrates by monitoring product formation with a coupled assay leading to a fluorescence 
readout [6]. Results on the identification and characterization of novel enzyme variants from random libraries with 
engineered specificity will be reported. 
 
Acknowledgements. Work supported by EU-FP7 project Contract Number 613931 (NANO3BIO project), and BFU2016-
77427-C2-1-R, MINECO, Spain. S. Pascual acknowledges a predoctoral contract from Nano3Bio. 
 
[1] Andrés E. et al. Structural basis of chitin oligosaccharide deacetylation. Angew. Chem. Int. Ed.. 2014, 53, 6882-7.  
[2] Hamer SN. et al. Enzymatic production of defined chitosan oligomers with a specific pattern of acetylation using a 
combination of chitin oligosaccharide deacetylases. Sci. Rep. 2015, 5, article 8716.  
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The development of synthetic methods to prepare seven membered-ring, septanoses carbohydrates is a major focus 
of our research program. Septanoses hold promise as glycomimetics of natural sugars, where binding to target 
proteins, such as lectins, by mimetics is accompanied by resistance to native glycosyl hydrolases. Here we report on 
three different methods for the conversion of protected pyranoses to septanoses and their subsequent 
functionalization to glycosides via reactions from the pyranose literature: the synthesis of septanosyl halides and 
their use in Koenigs-Knorr glycosylations for the preparation of aryl septanosides; the preparation of oxepines – ring 
expanded analogs of glycals – and their reactivity in Ferrier reactions; and the synthesis of 3-amino septanosides 
from protected aldopentoses. The new amino-septanosides are then further derivativized via chemoseletive 
reactions to make a small library of glycosylated compounds. The underlying theme in all these strategies is that 
they leverage the stereochemistry and functionality of natural pyranose and furanose sugars as starting materials for 
synthesis.
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Anomeric sets of glycosyl trichloroacetimidates have been used as glycosyl donors together with carbamate 
protected sulfonamides for the synthesis of protected N-glycosides. The reaction is self-promoted and hence no 
additives or catalysts are added. 1,2-Trans axial trichloroacetimidates are stereo-specifically substituted, whereas 
the selectivity drops when having equatorial trichloroacetimidates. NMR studies suggest that the decrease in stereo-
specificity is partly due to an anomerisation of the trichloroacetimidiate. Mechanistic studies based on NMR 
furthermore suggest a SN1 type reaction. The N-carbamate and the N-sulfonyl groups are furthermore shown to be 
orthogonally cleaved allowing further functionalization of the N-glycosides. 
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C-Silylated Glycosyl Donors 
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In glycosylation chemistry the influence of protective groups has received a considerable amount of interest in 
recent decades. It was recognized by Paulsen that acetyl ester groups deactivated the glycosyl donors compared to 
benzyl ethers.[1] This was later used by Fraser-Reid to develop the concept of armed-disarmed glycosyl donors.[2] 
Bulky silyl ethers on trans-vicinal hydroxyl groups have been found to induce a conformational change on the 
pyranoside ring, which greatly increases the anomeric reactivity.[3] Such donors are referred to as conformational 
super-armed donors. However, all functional groups found on sugars in the biosphere are inherently electron-
withdrawing, in comparison to carbon. With the exception of deoxy-glycosides that are considered the upper limit of 
reactivity for glycosyl donors. 2-Deoxy glycosyl donors, with a methylene group adjacent to the anomeric center, 
often lead to uncontrollable and unselective reactions, as deoxy positions do not bear any conformational influence. 
Therefore, it is interesting to study how electron-donating groups with steric bulk can influence the reactivity of a 
glycosyl donor.  
Relatively few functional groups are electron-donating relative to carbon, and even fewer would be compatible with 
glycosylation conditions. To fulfil these requirements only silicon stands out, since it is comparably less electron-
withdrawing than both H and C, and forms stable bonds with both elements. The introduction of Si directly onto the 
sugar scaffold would allow for investigation of two interesting effects. The stereo electronics, as it would be reversed 
compared to oxygen-bearing analogues, and the bulk of having a tetravalent atom directly bound to the pyranoside-
scaffold. Despite these interesting perspectives no such compounds have been synthesized nor investigated and no 
well-proven methods for the installation of such groups onto highly functionalized polyols are existent to our 
knowledge.  
In this study we investigated how to introduce a C-Si bond on to the 4-position of a glycopyranosyl donor, 
resembling 3 deoxy glucosyl and mannosyl derivatives. We showed how these donors could be synthesized on gram 
scale and investigated their glycosylation properties in detail (see Figure 1).  
 
[1]  Paulsen, H. Angew. Chemie Int. Ed. English 1982, 21 (3), 155–173. 
[2]  Mootoo, D. R.; Konradsson, P.; Udodong, U.; Fraser-Reid, B. J. Am. Chem. Soc. 1988, 110 (16), 5583–5584. 
[3]  Pedersen, C. M.; Nordstrøm, L. U.; Bols, M. J. Am. Chem. Soc. 2007, 129 (29), 9222–9235. 
 

 
 
Figure 1. We developed a synthesis route to 4-C-silylated glycosyl donors, starting from cellulose and investigated 
their glycoslylation properties in detail. 
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Previously it has been reported from our group that thiouracil catalyses stereoselective glycosylations with galactals 
in loadings as low as 0.1 mol%. However, glycosylations with glucal and rhamnal gave an inseparable mixture of 
Ferrier products and desired disaccharide (Scheme 1).[1] 
 
This project focuses on the Ferrier rearrangement which occurs in the reaction of the glycals with the thiouracil 
catalyst. The reaction has been optimised and benzyl protected glycals, such as glucal, gulal, allal and rhamnal gave 
the Ferrier product with satisfactory α selectivity. Furthermore, making use of the bulkier tert-butyldimethylsilyl 
protecting group, the reaction gave two easily separable glycosides, the Ferrier rearrangement product as minor and 
the desired disaccharide as major. To our delight, introducing the tert-butyloxycarbonyl protecting group, the 
glycosylation reaction with sugar, non-sugar and amino-acid acceptors led to the desired products after an 
intermolecular Ferrier rearrangement (Scheme 2).  
 
References: 
[1] G. A. Bradshaw, A. C. Colgan, N. P. Allen, I. Pongener, M. B. Boland, Y. Ortin, E. M. McGarrigle, Chem. Sci., 
2019,10, 508-514 
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Elucidation of the Chemical Structure of Lipopolysaccharides 
Isolated from the Gut Bacterium Veillonella 
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The human gut microbiome harbours a complex community of microorganisms which influences human physiology, 
metabolism, nutrition and immune function [1]. To remain immunologically tolerant to these commensal bacteria and 
preserve the symbiotic relationship there are many elaborate biochemical mechanisms involved. A well-known 
mechanism by which bacteria interact with the host is through the lipopolysaccharides (LPS), a key component of 
the Gram-negative cell wall. LPS is a potent ligand for the host receptor Toll-like receptor 4/myeloid differentiation 
factor 2 (TLR4/MD-2) complex [2]. These interactions are vital for the initiation of immune response to pathogens 
but how LPS from commensal bacteria is recognised is still unclear. 
In this communication I will show some results regarding the extraction, purification and structural elucidation, 
through Mass Spectrometry and NMR techniques, of LPS isolated from the commensal gut bacterial species 
Veillonella parvula.  
Veillonella have been found to play a vital role in poly-microbial infections, specifically in respiratory and oral 
infections [3,4]. Conversely, alternative research has shown that the LPS isolated from Veillonella shows an inhibitor 
activity towards pathogenic LPS and can influence the susceptibility of children to allergies and autoimmunity [5]. 
Since LPS are involved in the interaction between bacteria and the host, an in-depth investigation of the full 
structure of the LPS from Veillonella is a first but essential step to understand the basis of virulence and symbiotic 
behaviour of these bacterial species.  
 
[1] Di Lorenzo, F.; De Castro, C.; Silipo, A.; Molinaro, A. Lipopolysaccharide structures of Gram-negative populations in 
the gut microbiota and effects on host interactions, FEMS Microbiology Reviews, 2019, fuz002  
[2] Molinaro, A.; Holst, O.; Di Lorenzo, F.; Callaghan, M.; Nurisso, A.; D'Errico, G.; Zamyatina, A.; Peri, F.; Berisio, R.; 
Jerala, R.; Jiménez-Barbero, J.; Silipo, A. and Martín-Santamaría, S. Chemistry of Lipid A: At the Heart of Innate 
Immunity, Chem. Eur. J., 2015, 21, 500-519. 
[3] Mashima, I. and Nakazawa, F. Interaction between Streptococcus spp. and Veillonella tobetsuensis in the Early 
Stages of Oral Biofilm Formation, Journal of Bacteriology, 2015, 197 (13), 2104–2111. 
[4] Pustelny, C., Komor, U., Pawar, V., Lorenz, A., Bielecka, A., Moter, A., Gocht, B., et al., Contribution of Veillonella 
parvula to Pseudomonas aeruginosa-Mediated Pathogenicity in a Murine Tumor Model System, Infection and 
Immunity, 2015, 83 (1), 417–429 
[5] Brook, I. Veillonella infections in children, Journal of Clinical Microbiology, 1996, 34 (5), 1283–1285. 
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Shigella flexneri is a Gram-negative bacterium, causing shigellosis (or bacillary dysentery), an invasive intestinal 
infection that remains a major health concern in children living in developing countries [1]. Shigella flexneri 6 (SF6) is 
one of the most common circulating serotypes, and one to be included in a Shigella vaccine [2]. As an alternative to 
Shigella subunit vaccines involving polysaccharides from biological origin [3] , our group has been investigating the 
use of synthetic oligosaccharides as surrogates of the O-antigen (O-Ag), the polysaccharide component of the 
Shigella lipopolysaccharide. Such a vaccine candidate targeting S. flexneri 2a [4] was recently evaluated in human 
[5]. The repeating unit of the SF6 O-Ag is the linear tetrasaccharide ABCD [6]. Following early work on the 
identification of this O-Ag O-acetylation pattern and synthesis of short segments thereof [7], here we report a robust 
and scalable chemical synthesis of fully 3A/4A-O-acetylated or not tetra- and octasaccharides, featuring one and 
two SF6 O-Ag repeating units, respectively. These oligosaccharides were synthesized in a form compatible with their 
conjugation to a carrier and use for in vivo studies. 
A robust [4+4] synthesis involving the imidate glycosylation chemistry was developed. In particular, tetrasaccharide 
building blocks enabling site-selective O-acetylation at rhamnose A and providing good stereocontrol at all 
glycosidic linkages were identified. Strategic choices and improvements compatible with scale up will be discussed. 
 
[1] Kotloff K., Stine O. C. et al, Am. J. Trop. Med. Hyg., 2015, 93(5), 918-924  
[2] Baker S. and The H. C., Curr. Opin. Infect. Dis., 2018, 31(5), 449-454 
[3] L. A. Barel & L. A. Mulard, Human Vaccines and Immunotherapeutics (2019)  
doi: 10.1080/21645515.2019.1606972 
[4] van der Put R. et al, Bioconjugate Chem., 2016, 27(4), 883-892  
[5] https://clinicaltrials.gov/ct2/show/NCT02797236 
[6] Knirel Y.A. et al, Biochemistry, 2015, 80(7), 901-914 
[7] Chassagne P. et al, Eur. J. Org. Chem., 2013, 19, 4085-4106 
 
 

 
→2)-[Ac→3/4]-45%-α-L-Rhap-(1→2)-α-L-Rhap-(1→4)-β-D-GalpA-(1→3)-β-D-GalpNAc-(1→ repeating unit (ABCD) of the 
SF6 O-Ag.
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The bacterial cell wall peptidoglycan (PG) is an elaborate polymeric mesh composed of a glycan chain of alternating 
β1,4-linked N-acetylglucosamine (GlcNAc) and N-acetylmuramic acid (MurNAc) units cross-linked via peptidyl bridges 
attached to the 3-O-lactoyl group of MurNAc residues. Pathogenic bacteria utilize acetylation (6-O-acetylation of 
MurNAc) and deacetylation (2-N-deacetylation of GlcNAc and/or MurNAc residues) of their cell wall PG to evade 
detection by the innate immune system. Deacetylation of MurNAc residues of PG is also involved in endospore 
formation and germination.  
Peptidogycan deacetylases are members of family 4 carbohydrate esterases (CE4 enzymes), which also includes 
chitin deacetylases, poly-β1,6-N-acetylglucosamine deacetylases and some acetylxylan esterases. CE4 enzymes 
operate by a metal-assisted general acid/base catalytic mechanism [1]. A number of PG GlcNAc deacetylases have 
been characterized and their 3D structures determined by X-ray crystallography. They are specific for GlcNAc 
residues in the PG chain but they have also shown to deacetylate chitooligosaccharides, homo-oligomers of GlcNAc 
residues. In contrast, few PG MurNAc deaceylases have been biochemically and structurally characterized. The B. 
subtilis PdaA deacetylates MurNAc residues of peptidoglycan devoid of the peptide linked to the muramic acid 3-O-
lactoyl group of MurNAc residues, and it is involved in sporulation to form muramic acid δ-lactam residues in the 
spore cortex peptidoglycan. It is specific for MurNAc residues and it is not active on chitooligosaccharides. Recently, 
a novel MurNAc deacetylase, BsPdaC, was identified [2], which deacetylates MurNAc residues of peptidoglycan, it is 
inactive on the glycan backbone devoid of peptidyl substitutions and, more strikingly, it also deacetylates 
chitooligosaccharides, an activity that was thought to be restricted to GlcNAc deacetylases.  
To understand the molecular bases of such dual activity, we here report the biochemical characterization of BsPdaC, 
its mode of action on chitooligosaccharide substrates, the X-ray 3D structure of the CE4 catalytic domain, and 
structural comparison with canonical MurNAc and GlcNAc deacetylases [3]. We propose that PdaC is the first member 
of a new subclass of peptidoglycan MurNAc deacetylases, with yet unknown biological functions, based on these 
differential functional and structural characteristics. Additionally, and based on the novel specificity on 
chitooligosaccharides (COS), these PG deacetylases are potential biocatalysts in combination with chitin 
deacetylases for the synthesis of COS with defined patterns of acetylation, current targets for a number of biotech 
applications [4,5]. 
 
[1] H.Aragunde, et al. (2018) Substrate recognition and specificity of chitin deacetylases and related family 4 
carbohydrate esterases. Int. J. Mol. Sci. 19, 412 
[2] Kobayashi, K., et al.. (2012) Identification and characterization of a novel polysaccharide deacetylase C (PdaC) 
from Bacillus subtilis. J. Biol. Chem. 287, 9765–9776 
[3] L.Grifoll-Romero, et al. Structure-function relationships underlying the dual N-acetylmuramic and N-
acetylglucosamine specificities of the peptidoglycan deacetylase PdaC from Bacillus subtilis. Submitted 
[4] Andrés, et al. Structural basis of chitin oligosaccharide deacetylation. Angew. Chem. Int. Ed. Engl. 53, 6882-6887 
(2014) 
[5] L. Grifoll-Romero, et al., Chitin deacetylases: structures, specificities, and biotech applications. Polymers 10, 352 
(2018). 
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The understanding of the mechanisms governing the carbohydrate structural and conformational properties is still 
far behind those concerning other biologically-relevant polymers (e.g. proteins or nucleic acids). The problem 
partially lies in the lack of the appropriate tools, including validated computational techniques tailored to study 
carbohydrate-containing systems. This presentation describes our systematic study oriented at development of 
carbohydrate-dedicated molecular mechanics force fields that can be apply in order to investigate the 
conformational properties of wide class of carbohydrate mono-, di-, oligo- and polymers in the presence of aqueous 
solvent as well as of other species of interest (e.g. metal ions). In particular, we are going to present the capabilities 
of the newly developed extensions of the GROMOS force field in the context of molecular dynamics simulation-based 
studies on oligo/polymer chains: (i) composed of building blocks of unfunctionalized pyranoses; (ii) composed of 
building blocks of uronates (protonated, anionic or esterified); (iii) composed of building blocks of unfunctionalized 
furanoses (fructans); (iv) composed of heterogeneous building blocks belonging to any of the above groups; (v) of 
uronates (e.g. alginate or pectin) interacting with bivalent metal ions. The results of our study provide an insight into 
the structural features of carbohydrate-based polymers and carbohydrates-bivalent ions complexes. This includes 
the description of the refined, dynamic structure of the pectin-Ca2+ and alginate-Ca2+ complexes. Furthermore, we 
show how the ‘local’ degrees of freedom considered at the level of monomers (e.g. ring shape) can influence the 
‘global’ structural features exhibited at the level of polymer chain. Our research show how these ‘local’ properties 
can be rationally altered (e.g. by the change of environment or chemical modification of the monomer substituents) 
in order to obtain the desired structure of longer chains. This finding creates new directions in rational design of 
solution-characteristic properties of carbohydrate-based polymers.
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The conformational, tautomeric, anomeric and epimeric equilibria of carbohydrates play an important role in their 
biological functioning and chemical reactivity. In most of the cases the associated processes occur in aqueous 
solution, therefore computing the properties of hydrated systems is important to predict real behavior of molecules.  
 
Accounting for the presence of explicit solvent is usually out of the question in the case of the high-level, quantum-
mechanical (QM) calculations. However, there are a large number of evidences that implicit solvation models are 
often insufficient to obtain accurate results related to the carbohydrate conformational properties. Here we describe 
the ‘hybrid’ computational approach that combines the advantages of classical molecular dynamics simulations (i.e. 
the presence of explicit solvent) and QM calculations (accuracy of the associated potentials of interactions within the 
system) [1].  
 
The proposed approach is a two-step procedure. In the first step, the structural information is obtained from 
molecular dynamics simulations performed within the classical, carbohydrate-dedicated force field and in the 
presence of explicit solvent. Then, this information and associated statistics are used in the subsequent, QM 
calculations. Such protocol eliminates the contribution of the low-energy conformers which are not very abundant in 
physical systems due to the influence of the solvent (i.e. mainly the conformers with intramolecular hydrogen 
bonds). At the same time, the number of representative structures remains relatively low which allows for efficient 
QM calculations. 
 
We have applied this computational protocol to study the conformational, tautomeric, anomeric and epimeric 
equilibria features of selected D-aldo- and D-ketohexoses in aqueous solution [1,2]. The comparison with the 
experimental data revealed satisfactory agreement of the theoretical calculations with the available data. The related 
calculations provided also several insights into the properties of carbohydrates that have not been previously 
reported (e.g. quantitative determination of the ring-inversion energies in oligomeric chains or the correlation of the 
tautomeric preferences of monosaccharides with the conformational energies of the favorable pyranose ring 
conformer). 
 
 
Acknowledgments: The authors acknowledge the financial support of the Polish National Science Centre (contract 
financed in 2016–2020 under Project No. 2015/18/E/ST4/00234 SONATA BIS). 
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We present a versatile carbohydrate ligation technique based on the reaction of cyclic carbamates with primary 
amines. Cyclic-carbamate-derivatized carbohydrates can be added to primary amine-containing molecules in 
aqueous or non-aqueous solutions to yield corresponding urea derivatives. This technique was used to attach sugar 
residues to a wide range of building blocks and biomolecules. 
Our group is studying the biochemical and physiological roles of human milk oligosaccharides (HMO) and 
neoglycoconjugates thereof. Cyclic carbamates of HMOs including lactose, 3’- and 6’-sialyl lactose, 2’- and 3-fucosyl 
lactose were synthesized from corresponding free oligosaccharides. Glycocodendrimers with 4 or 8 sugar residues 
were obtained by the reaction of the cyclic carbamates with PAMAM generation 0 and 1 in aqueous media. Glycolipid 
mimetics containing aliphatic chain in the aglycon were obtained by reaction with corresponding aliphatic amines in 
pyridine. Glycolipid mimetics containing cholesterol residue were synthesized from a corresponding cholesteryl 
derivative carrying an amino group in a terminal position of a short linker. Derivatives with diazirine-containing 
photoactivable aglycons were synthesized by the reaction with ‘photo-benzylamine’ building block containing 
diazirine group. Cyclic carbamates of sugars can also be used for attachment of sugar residues to proteins in 
aqueous media, and for the modification of living cells. 
 

 
 
Whitehead et al., Cell Chem. Biol. 2017, 24, 1–11
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Glycosyl chlorides are useful donors and precursors in oligosaccharide synthesis. Commonly used methods for 
synthesis of glycosyl chlorides from hemiacetals require stoichiometric amounts of reagents, additional additives or 
heating.[1,2] Herein, we report a new method to synthesise glycosyl chlorides using catalytic Appel conditions.[3,4] 
Triphenylphosphine oxide, which is generally a stoichiometric waste product in conventional Appel reactions, is used 
as a catalyst in our method (Scheme 1). 
We will also describe our efforts to develop a one-pot glycosylation via the interception of the alkoxyphosphonium 
intermediate. 
 
References: 
[1] C.W. Chang, S.S. Chang, C.S. Chao, K.K.T. Mong, Tetrahedron Lett. 2009, 50, 4536. 
[2] S. Traboni, F. Liccardo, E. Bendini, M. Giordano, A. Iadonisi, Tetrahedron Lett. 2017, 58, 1762. 
[3] R.M. Denton, J. An, B. Adeniran, A.J. Blake, W. Lewis, A.M. Poulton, J. Org. Chem. 2011, 76, 6749. 
[4] I. Pongener, K.Nikitin, E.M. McGarrigle, submitted for publication.  
 
 

 
 
Scheme 1.Catalytic Synthesis of Glycosyl Chloride. Inset- Catalytic Appel Cycle 
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Aryl-C-glycosides are compounds resistant to acidic and enzymatic hydrolysis. These compounds find application in 
biochemistry and pharmacochemistry as synthetic lectin ligands. Thanks to affinity to these receptors, they are used 
and tested in anti-adhesion therapy.[1]  
 
In this work, we describe the synthesis of new non-hydrolyzable aryl-C-glycosides by Pd-catalysed cross-coupling 
reaction[2] of L-fuco pinacol boronate with electron rich arylhalogenides. The advantage of this approach is a highly 
stereoselective oxidative-reductive transformation of aryl-C-glycosides with L-fuco configuration. Several β-aryl-C-
glycosides were prepared by this transformation in good yields. The target molecules will be tested for their 
interaction with bacterial lectines.[1]  
 
[1]  Ofek, I.; Hasty, D. L.; Sharon, N., Anti-adhesion therapy of bacterial diseases: prospects and problems. FEMS 
Immunol. Med. Microbiol. 2003, 38 (3), 181-191. 
[2] Parkan, K.; Pohl, R.; Kotora, M., Cross-Coupling Reaction of Saccharide-Based Alkenyl Boronic Acids with 
Aryl Halides: The Synthesis of Bergenin. Chem. - Eur. J. 2014, 20 (15), 4414-4419. 
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It is now well established that carbohydrates and glycoconjugates mediate important biological processes, such as 
cell–cell communication and pathogen infection, through recognition events with a wide range of carbohydrate-
binding biomolecules (proteins, carbohydrates and nucleic acids). As a result, considerable progress has been made 
in method development of carbohydrate-based diagnostic and/or therapeutic agents. For instance, the design of 
glycomimetics of higher affinity was developed as synthetic ligands to compete with carbohydrate-binding receptors 
present on pathogenic micro-organisms (bacteria, viruses). The shortest access to glycomimetics or 
(neo)glycoconjugates requires chemoselective ligations to the anomeric position of carbohydrates which display an 
aldehyde function under its opening form. In carbohydrate chemistry, the aldehyde-condensation reaction is 
traditionally performed by amination with primary amines or with more reactive α-nucleophiles such as oxyamine or 
hydrazine derivatives. The latter condensation reactions were preferred because of the efficiency, chemo- and 
stereo-selectivity and tolerance to various solvent including water. Interestingly, the Knoevenagel condensation 
using β-diketones is another very convenient method that leads to β-C-glycosides in one step directly from 
unprotected sugar. However, it has been less developed in spite of its chemical and enzymatic stability and ring 
integrity of the terminal reducing sugar.  
 
The approach developed here offers a straightforward and efficient access to β-C-glycosyl barbiturate ligands, 
spanning from glycomimetics to multivalent C-neoglycoconjugates, with the aim  of deciphering structural 
parameters impacting the binding to pathogenic lectins. We reinvestigated the Knoevenagel condensation of 
barbituratic acid on protecting-group free carbohydrates and successfully designed sodium and 5,5 disubstituted 
N,N-dimethyl barbiturate forms of D-galactose, L-fucose, melibiose, 2’-fucosyllactose, maltose and evaluated their 
binding affinity by isothermal titration calorimetry with LecA (galactose-binding lectin) and LecB (fucose-binding 
lectin) from Pseudomonas aeruginosa and RSL (fucose-binding lectin) from Ralstonia solanacearum. The barbiturate 
ring was shown detrimental for binding to LecA (Kd in mM range) and even more to LecB (non-interaction) while RSL 
is much more tolerant especially in presence of an aromatic group (Kd in μM range). However, distancing the 
barbiturate ring from the recognition carbohydrate residue by using oligosaccharides increased affinity up to low 
micromolar range. Extension of our convenient synthetic approach led in two-steps to melibiose-based C-glycosyl 
barbiturate cluster and C-glycosyl barbiturate glycopolymers exhibiting a dramatic enhancement of binding avidity 
for LecA. 
 

 
 
From the thermodynamic study of lectin/glycobarbiturate interactions to the synthesis of original multivalent 
glycoligands.
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Glucose-2-phosphate (G2P) is extremely rare compared to G1P or G6P, which has been shown to be able to promote 
antibiotic import and Quorum-Sensing regulation in Agrobacterium fabrum.  
 
In keeping with this work, we have synthesized the first non-natural derivative of the rare D-glucose-2-phosphate 
(G2P), namely glucose-2-(O-lactic acid phosphate) (G2LP), has been synthesized. When used as sole carbon source, 
G2LP enables bacterial growth of the plant pathogenic strain Agrobacterium fabrum C58 (formerly referred to as 
Agrobacterium tumefaciens). X-ray crystallography and affinity measurements investigations reveal that G2LP binds 
the periplasmic binding protein (PBP) AccA similarly to the natural compounds and with the same affinity. Moreover, 
enzymatic assays show that it is able to serve as substrate of the phosphodiesterase AccF. The synthesis of G2LP 
relies on the formation of the intermediate phosphite which can be obtained alternatively by reacting a partially 
protected glucose on a lactic acid phosphoramidate, or with a bisaminated phosphoramidite followed by substitution 
with benzyl alcohol. Alternative routes towards the partially protected glucose-2-OH building block are possible. The 
final hydrogenolysis deprotection step towards G2PL exhibited strong dependence on solvent due to a subtle 
balance between reaction rate and product stability.  
 
The properties found for G2LP, enabling Agrobacterium fabrum C58 growth, binding AccA and serving as substrate 
of AccF, demonstrates that the very unusual glucose-2-phosphoryl residue, present in G2LP, can be used as 
structural feature for designing non-natural systems fully compatible with the Acc cascade of A. fabrum. Mimicking 
Agrobacterium radiobacter which uses Agrocin 84 for competing with Agrobacterium fabrum, other derivatives 
possessing the glucose-2-phosphate moiety could mystify the PBP AccA, based on the unusual glucose-2-
phosphoryl key for entering Agrobacterium fabrum. 
 
Li S.Z. et al, Org Biomol Chem, 2019, 17, 1090. 
 

 
 
G2LP is able to dupe Agrobacterium fabrum Acc system
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Galectins are a family of β-galactoside-binding proteins that mediate in a broad variety of physiological functions as 
result of their interaction with carbohydrates, participating in cell-cell interactions, immune response, and 
intracellular signaling, among others[1].  
 
Human galectin-4 (hGal-4) is a tandem-repeat protein with two carbohydrate recognition domains (CRD) united 
through a linker-peptide. This lectin is mainly expressed in healthy epithelial cells of the intestinal tract, playing a 
crucial role on the stabilization of lipid rafts and participating in apical trafficking[2]. Both up- and down-regulation of 
hGal-4 expression levels have been found in cancerous tissues, marking this lectin an interesting drug target[3]. 
 
The relevance of the molecular recognition of human blood group antigens by hGal-4 in biological processes has 
been already reported[4]. However, the essential features of the interaction event, including the knowledge of the 
dynamic properties of both the receptor and the ligand are yet to be ascertained. 
 
To gain insight into the key elements of the recognition process, the interaction between hGal4 CRD1 and the blood 
group A- and B-antigens have been studied by NMR from the ligand and receptor’s perspectives. In particular, the 
analysis of STD-NMR, tr-NOESY and HSQC experiments have permitted shedding light into the fine details of the 
glycan-lectin interaction. 
 
Finally, the combination of the NMR experimental data with those deduced from computational protocols have 
allowed explaining the selectivity of the lectin towards the distinct ligands. 
 
1. Johannes, L.; Jacob, R.; Leffler, H. Journal of Cell Science, 2018, 131. 
2. Cao, Z.-Q.; Guo, X.-L. Protein & Cell, 2016, 7 , 314-324. 
3. Rustiguel, J. K.; Soares, R. O. S.; Meisburger, S. P.; Davis, K. M.; Malzbender, K. L.; Ando, N.; Dias-Baruffi, M.; 
Nonato, M. C. Scientific Reports, 2016, 6. 
4. Stowell, S. R.; Arthur, C. M.; Dias-Baruffi, M.; Rodrigues, L. C.; Gourdine, J.-P.; Heimburg-Molinaro, J.; Ju, T.; 
Molinaro, R. J.; Rivera-Marrero, C.; Xia, B.; Smith, D. F.; Cummings, R. D. Nature Medicine, 2010, 16, 295-U90. 
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Metabolic glycoengineering has been established as a highly valuable tool to non-destructively investigate 
glycosylation.[1-3] In previous studies we found that Ac₄ManNAcryl (1) reacts well in the nitrile imine photoclick 
reaction and not in the DAinv reaction, and that Ac₄ManNCyoc (2) as well as Ac₄ManNCp (3) react very well in the 
DAinv reaction, thus a orthogonality of these bioorthogonal ligation reactions is possible.[4, 5] To gain better insight 
into the photoclick reaction and to simplify analytics, two cyclopropene model compounds (CHexNCyoc (4) and 
CHexNCp (5)) were synthesized. 4 and 5 were reacted with Tet-1 (6) and Tet-2 (7). For 5 both corresponding 
pyrazolines were obtained in 83 % yields, for 4 TLC monitoring showed no or only marginal reaction occurs. To 
quantify these findings, a time resolved ¹HNMR spectroscopy study was performed. It was found that 4 reacts to a 
certain extent with the 6 and 7, but 5 reacts much more readily. DFT calculations underpinned these findings, 
showing that 5 reacts up to 6 million times faster than 4. The photo-click and the DAinv reaction were applied in 
MGE using Ac₄ManNCp (8), Ac₄ManNCyoc (9) and Ac₄ManNAcryl (10). For the photoclick reaction nice membrane 
staining was obtained for 8 and 10, whereas 9 was not labelled, for the DAinv reaction membrane staining was 
obtained for 8 and 9, but not for 10. The orthogonality between Ac₄ManNCyoc (9) and Ac₄ManNAcryl (10) is therefore 
proven. 
 
1. Dube, D. H.; Bertozzi, C. R., Metabolic oligosaccharide engineering as a tool for glycobiology. Curr Opin 
Chem Biol 2003, 7 (5), 616-625. 
2. Keppler, O. T.; Horstkorte, R.; Pawlita, M.; Schmidts, C.; Reutter, W., Biochemical engineering of the N-acyl 
side chain of sialic acid: biological implications. Glycobiology 2001, 11 (2), 11r-18r. 
3. Prescher, J. A.; Bertozzi, C. R., Chemical technologies for probing glycans. Cell 2006, 126 (5), 851-854. 
4. Späte, A.-K.; Busskamp, H.; Niederwieser, A.; Schart, V. F.; Marx, A.; Wittmann, V., Rapid Labeling of 
Metabolically Engineered Cell-Surface Glycoconjugates with a Carbamate-Linked Cyclopropene Reporter. 
Bioconjugate Chem. 2014, 25 (1), 147-154. 
5. Schart, V. F.; Hassenrück, J.; Späte, A.-K.; Dold, J. E. G. A.; Fahrner, R.; Wittmann, V., Triple Orthogonal 
Labeling of Glycans by Applying Photoclick Chemistry. ChemBioChem 2019, 20 (2), 166-171. 
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Shigella infections are one of the top causes of moderate and severe diarrhea throughout the world and no vaccine 
is widely available[1]. The serotype-specific O-antigen (OAg) moiety of Shigella lipopolysaccharide has been 
recognized as a key target for protective immunity and different OAg-based vaccines are under development[2]. 
Here we present our glycoconjugate approach for the development of an OAg-based candidate vaccine against S. 
flexneri 6[3]. In particular, we focused on the impact of the OAg length on the induced immune response. 
The OAg biosynthesis involves a first step of sugar polymerization during which the OAg chain length is regulated to 
achieve specific modal lengths[4]. Indeed, analysis of different S. flexneri 6 strains have confirmed the display of a 
low molecular mass (LMM) OAg, a medium molecular mass (MMM) OAg and a high molecular mass OAg capsule 
(CPS), with average size of 1, 23 and 175 kDa respectively. The single OAg populations were isolated and separately 
conjugated to CRM197. All polysaccharide populations shared the expected structure, consisting of a tetrasaccharide 
repeat containing one N-acetylgalactosamine (GalNAc), one galacturonic acid (GalA) and two rhamnose residues 
(RhaII-RhaIII), with RhaIII being variably O-acetylated on C3 or C4 position[5].  
CPS was conjugated to CRM197 through a random chemistry targeting multiple points along the saccharide chain. On 
the contrary, a selective approach was used for terminal linkage of LMM OAg to CRM197, not to alter OAg epitopes. 
Both chemistries were used to conjugate MMM OAg to CRM197 in order to verify no impact of conjugation chemistry 
on the immune response induced. The CPS was also de-Oacetylated before conjugation, to verify the role that the O-
acetyl groups can have on the immune response induced by S. flexneri 6 OAg. A panel of analytical tools was 
optimized to fully characterize all the resulting conjugates. 
Independently from chain length, O-acetylation and conjugation chemistry, all the conjugates were able to induce 
high levels of anti-OAg specific IgG titers with bactericidal activity against the homologous strain in mice. However, 
compared to the other candidate vaccines, four weeks after the first dose, LMM OAg conjugate induced significantly 
lower IgG titers, which were significantly boosted two weeks after the second injection, reaching levels similar to 
those induced by the other conjugates. Furthermore, MMM and LMM OAg, but not CPS OAg, induced a pure T-
dependent response, as verified in T-cell knockout mice, with possible positive impact on memory and persistency 
of the antibody response. 
 
This work contributes to identify optimal design of a glycoconjugate vaccine against S. flexneri 6 and confirms the 
critical role that sugar length can have on the immune response induced by glycoconjugate vaccines. 
 
References 
1. Global Burden of Disease Study 2016, Lancet, 2017, 390: 1211–59 
2. Mani S. et al., Vaccine, 2016, 34: 2887 
3. Costantino, P., et al., Expert.Opin. Drug. Disc., 2011, 6(10): 1045-1066 
4. Salim T. Islam and Joseph S. Lam, Can. J. Microbiol., 2014, 60: 697–716 
5. Perepelov, A.V., et al., FEMS Immunol Med Microbiol., 2012, 66: 201-210 
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Osteoarthritis (OA) is a common joint disease characterized by a gradual loss of cartilage and functional 
modifications of the extracellular matrix components such as glycosaminoglycans (GAGs) and proteoglycans (PGs). 
Chondrocytes that are present in the joint tissue try to thwart this loss by producing high level of GAGs but the latter 
are under altered forms. This leads to a local inflammation which causes swelling and pain in the joint[1]. 
Actual treatments for this disease are only symptomatic, and there is a real need of curative ones with the 
increasing occurrence of this disease due to the aging of the population. 
 
The strategy of the project is to propose a favorable environment for mesenchymal stem cells to reconstruct the 
joint matrix by preparing structurally simplified GAG and PG mimetics. The latter could permit to develop a well-
defined synthetic extracellular matrix enabling their industrial development in the context of OA. 
The glycomimetics are based on the sulfation of size-defined malto-oligosaccharides according to a two-step 
procedure. 
The poster is focused on the first procedure which consists in randomly sulfating malto-oligosaccharides in order to 
evaluate the degree of sulfation required for observing biological effects. Next, the most active GAG mimetics are 
reducing-end-functionalized by a protected thiol function to further graft them, by thiol-ene click chemistry, to a 
bacterial polyester backbone modified with pendant alkene groups thus potentially mimicking PGs. The preliminaries 
biological assays on randomly sulfated maltooligosaccharides (FGF and VEGF binding, cell proliferation) will be 
shown. 
 
The second part of the project will consist in selectively introduce sulfate groups on maltoheptaose chains thanks to 
the chemistry of β-cyclodextrins. The aim of this step would be to determine the effect of the sulfation pattern on 
biological properties.  
 
The authors acknowledge funding support from Agence Nationale de la Recherche (ANR17-CE07-0005 / GAG-LIKE) 
and Glyco@Alps project (ANR-15-IDEX-02). 
 
[1] : Alexander et al. Exp Biol Med 239 (2014) 1080-1095 
 

 
Figure 1. Synthetic strategy for obtaining GAG and PG mimetics from malto-oligosaccharides
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Infections by Neisseria meningitidis (Nm) cause life-threatening illnesses such as meningitis, bacteraemia and 
pneumonia and vaccination is the most cost-effective way to control meningococcal disease. The capsular 
polysaccharide (CPS) is the main virulence factor and immunity to infection is conferred by antibodies to the CPS. 
There are twelve meningococcal serogroups, five of which (A, B, C, Y and W) are responsible for the vast majority of 
disease in children and adults. Tetravalent conjugate vaccines against serogroups A, C, Y and W are available, 
however, outbreaks of a new serogroup X has led to the current development of a pentavalent conjugate vaccine 
(NmCV-5) that includes serogroup X.  
We have applied our established systematic approach [1] to modelling these six dominant Nm polysaccharide 
antigens and will present a comparison of their conformations and relative flexibilities. Structurally, the CPS can be 
grouped into three pairs: NmA and NmX are phosphodiester-containing homopolymers of amino sugars, NmB and 
NmC are homopolymers of sialic acid, whereas NmY and NmW are almost identical polymers of hexose-sialic acid. 
Our simulations reveal considerable differs within the pairs. For example, NmA CPS behaves as a flexible random coil 
which becomes less conformationally defined as the length increases, whereas serogroup X forms a more stable 
regular helical structure [2]; thus providing a rationale for why the MenAfriVac vaccine (containing serogroup A) 
would not be able to protect against serogroup X disease. Further, NmY CPS has a single dominant conformation, 
whereas W exhibits a family of conformations including the Y conformation; this in turn accounts for the different 
levels of cross-protection measured for the Y and W monovalent vaccines and the high serogroup W responses 
observed in HibMenCY-TT vaccinees [3]. Our latest conformational study also reveals significant differences in the 
conformations of the structurally similar NmB and NmC. Information on polysaccharide conformation and dynamics 
can provide valuable mechanistic insights into clinical observations on cross-protection between carbohydrate 
antigens and understanding of measurable polysaccharide solution properties/behaviour such as shape, viscosity, 
reactivity and processing characteristics important for vaccine development. 
 
[1] Kuttel M.M.; Ravenscroft N. The Role of Molecular Modeling in Predicting Carbohydrate Antigen Conformation and 
Understanding Vaccine Immunogenicity, ACS Symposium Series , Volume 1290, pp 139-173, Carbohydrate-Based 
Vaccines: From Concept to Clinic, American Chemical Society, 2018.  
[2] Hlozek J.; Kuttel M.M.; Ravenscroft N. Conformations of Neisseria meningitidis serogroup A and X 
polysaccharides: The effects of chain length and O-acetylation. Carbohydr. Res. 2018, 465, 44-51. 
[3] Kuttel M.M.; Timol Z.; Ravenscroft N. Cross-protection in Neisseria meningitidis serogroups Y and W 
polysaccharides: A comparative conformational analysis. Carbohydr. Res. 2017, 446, 40-47. 
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Sphingosine kinases, SK1 and SK2, are enzymes localized respectively in the cytosol and in intracellular 
compartments, which catalyze the production of sphingosine-1-phosphate (S1P) in an ATP-dependent manner. Solid 
experimental evidences implicate the S1P axis in different pathological conditions (e.g. cancer, inflammatory disease, 
fibrosis), and aberrant S1P levels and/or SKs expression have been associated with diseases progression [1]. In this 
regards, the manipulation of S1P axis using chemical tools has been exploited either looking at the inhibition of SK 
activity and by the modulation of S1P receptors signaling. Specifically, a wide number of SK1 inhibitors have been 
developed to date. However, most of them are still limited by low potency and/or specificity among SK subtypes, 
indicating the need for new and more efficient SK1 inhibitors. 
In this framework, we report here on an original approach for the rational structure-based design of SK1 inhibitors. It 
relies on the integration of the information coming from the SK1-co-crystal structure of known validated inhibitors 
into pharmacophoric models. This approach aims at the development of better ‘molecular fitting’ inhibitors by using 
glycans as an anchoring polar head allowing to hold inhibitors at the J-shaped hydrophobic binding pocket of SK [2]. 
In particular, in this communication we report on the rational structure-based design and stereoselective synthesis 
of glycan-containing PF543 analogues (Figure 1), one of the most potent SK1 inhibitors reported so far. Moreover, a 
preliminary evaluation of the role of the new synthesized SK inhibitors in TGFβ-induced fibrosis of murine myoblasts 
to confirm the rationale of the proposed approach is described. 
 
References 
1. Pyne S, Adams DR, Pyne NJ. Sphingosine 1-phosphate and sphingosine kinases in health and disease: Recent 
advances. Prog Lipid Res. 2016, 62:93-106 
2. Wang J, Knapp S, Pyne NJ, Pyne S, Elkins JM Crystal Structure of Sphingosine Kinase 1 with PF-543. ACS Med. 
Chem. Letters 2014, 5, 1329-1333 
 

 
Figure 1
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Anti-neutrophil cytoplasmic antibodies (ANCA) are a group of autoantibodies predominantly targeting neutrophil 
antigens. ANCA can be found in many autoimmune diseases, including rheumatoid arthritis and inflammatory bowel 
disease, and they have as well diagnostic value in distinguishing ANCA-associated vasculidites. One of the most 
common antigens for ANCA is myeloperoxidase (MPO), a protein that is part of the antimicrobial defense system. 
MPO is typically present in the azurophilic granulocytes of neutrophils, but a large portion may also enter the 
extracellular space following neutrophil degranulation. It remains as of yet unclear why MPO is so frequently the 
target of an autoimmune response. 
 
MPO is a glycoprotein, meaning that the peptide is post-translationally modified to contain complex sugars at 
specific sites. This glycosylation is typically of major influence to a protein, affecting its folding, receptor interaction, 
backbone accessibility, and more. MPO is heavily modified by 5 N-glycosylation sites – 10 in the mature dimer. While 
important for the structure and function of MPO, the full scope and relative abundance of the glycans on each site 
still remains to be investigated, even for healthy individuals. 
 
As such, we describe here the most in-depth and thorough glycan characterization of neutrophil MPO to date, 
making use of recent advances in bottom-up glycoproteomics and native mass spectrometry. By this, we achieved, 
for the first time, the relative quantification of the glycans on each of the 5 sites, and reveal the considerable 
heterogeneity between them (Figure 1). In addition, we detected abundant glycosylation phenotypes that are 
uncommonly observed in the extracellular space, including phosphorylated high-mannose species and severely 
truncated glycans in both paucimannose size and smaller. We speculate that the atypical glycosylation found on MPO 
might be involved in its frequent development into self-antigen. 
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Figure 1. Overview of the major glycan compositions found on each N-glycosylation site of healthy human 
myeloperoxidase.
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Iminosugars are carbohydrate mimetics that constitute the main group of oligosaccharide processing enzyme 
inhibitors. They play an important role in cell-cell recognition processes, thereby presenting a wide range of 
potential therapeutic applications [1].  
In this work, we present the first examples of glycopolymers containing five-membered iminosugars. The 
preparation is carried out by constructing first a biocompatible water-soluble and pH-responsive 2 hydroxyethyl 
methacrylate (HEMA)-based copolymer by RAFT polymerization with an excellent control on the copolymer 
composition and low polydispersity (Mn = 19,800; Mw = 23,800; Mw/Mn = 1.2; experimental copolymer mole 
composition (by 1H NMR): pHEMA49%-co-pDMAEMA51%). One-pot azidation of its primary hydroxyl groups by 
Mitsunobu reaction led to a full functionalization of the HEMA residues. Subsequently, a selection of alkynyl 
pyrrolidine iminosugars showing glycosidase inhibition properties, were anchored to the functionalized azido-
polymer through CuAAC click reaction [2] furnishing successfully the aimed water-soluble glycopolymers, which were 
then subjected to biological evaluation as enzyme inhibitors. 
 
[1] Kiessling, L. L., & Grim, J. C. “Glycopolymer probes of signal transduction”. Chem. Soc. Reviews, 2013, 42(10), 
4476–4491. 
[2] Guo, S., Qiao, Y., Wang, W., He, H., Deng, L., Xing, J., Xu, J., Liang, X.-J. & Dong, A. “Poly(ε-caprolactone)-graft-
poly(2-(N, N-dimethylamino) ethyl methacrylate) nanoparticles: pH dependent thermo-sensitive multifunctional 
carriers for gene and drug delivery” J. Mater. Chem., 2010, 20, 6935–6941. 
 

 
General strategy for the preparation of iminoglycopolymers via CuAAC
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Lectins act as agonists or antagonists of glycoprotein receptors present in the membranes of blood cells, and on 
other targets as coagulation factors and essential proteins for hemostasis, due to their ability to recognize 
carbohydrates. Even though the lectins research is abundant in isolated vegetable and animal tissues, it is reduced 
compared to the research in venoms. 
 
In snake venom proteomes of Viperidae family, lectins occur in low amounts, however, their participation in 
hemorrhagic events during envenomation are of clinical importance. In fish venoms, there are some descriptions of 
karatoxin from H. rubripinnis, plumieribectin from S. plumieri, and nattectina from T. nattereri, which have cytolytic, 
reduction in cell migration and proinflammatory effects, respectively. Otherwise, in scorpion venoms, some lectins 
have been found in serum of Mastigoproctus giganteus, hemolymph of Heterometrus granulomanus and venom of 
Buthus occitanus by hemagglutination assays. 
The goal of this study was found detect activity lectin in venoms of two endemic Colombian species and one no 
endemic: the rattlesnake Crotalus durissus cumanensis (from Magdalena Medio, Atlantic and Orinoquía region), 
scorpion Tityus macrochirus (from Cundinamarca region) and the lionfish Pterois volitans (from Atlantic region). For 
that purpose, representative pool venoms were used. 
 
We used total venom extracts, equilibrated with physiological buffers and enriched with ions (Ca++ and/or Mn++) in 
some cases. The lectins were purified using affinity chromatography columns which are coupled with carbohydrates 
such as melibiose, fucose and mannose. Elution from components retained were carried out with different ionic 
force and/or the carbohydrate specific recognition. A previous step was performed by using ionic exchange in FPLC. 
Activity fractions were tested by hemagglutination assays over rabbit, horse and human (ABO) erythrocytes showing 
strong agglutination in a quantitative scale of +4. SDS-PAGE under non-reducing conditions showed bands around 
26 kDa related to lectin in vipers, 36 kDa related to the lectin in lionfish venom and the lectin in Tityus macrochirus 
scorpion venom around 100 kDa.  
 
This is the first report of lectin isolation in Colombian rattlesnake, lionfish and a scorpion venom and reinforces the 
studies on the protein and peptide composition of animal venoms that, as in the case of lectins, have therapeutic 
potential as aggregators and platelet antiaggregation therapy, antimicrobials, antifungals, cytotoxic and anti-
metastatic, among others. The Protein Research Group (GRIP) of the Universidad Nacional de Colombia continues 
working on the isolation and characterization of lectins, carrying out studies of primary to tertiary structure in order 
to study its biological and pharmacological activity. 
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Gram-positive bacteria have their cell wall composed by an intricated network of peptidoglycan layers to which 
different families of glycopolymers are covalently grafted, the most common of which are teichoic acid-based 
copolymers. These polyanionic structures confer the bacterial cell wall strong rigidity by attracting cations such as 
magnesium and sodium, but they are also involved in many other critical functions – inter alia, metal ion 
homeostasis, cell division, antibiotic resistance, phage-mediated horizontal gene transfer. [1] 
 
Certain species, such as Streptococcus Pyogenes and Streptococcus Mutans, have their teichoic acids substituted by 
L-rhamnose polysaccharide chains instead, arranged in different motifs characterized by the presence of different 
residues both in the main backbone and side-chain. [2] 
 
Specifically, Streptococcus pyogenesis bacteria (Group A Streptococcus, GAS) carry a glycopolymer of an alternating 
(1->3)- and (1->2)- linked α-L-rhamnoses to which N-Acetyl-β-D-glucosamine side-chains are attached in position 3 
of every other rhamnose residue (Group A Carbohydrates, GAC). GAC has proven to be a valuable vaccine antigen 
and take part in fundamental cellular processes. [3] 
 
The GAC biosynthesis is composed by a 12-gene encoded pathway, the first seven of which are assigned to the 
rhamnose backbone assembly and its transport. Four others are necessary to graft the GlcNAc side-chain residues. 
In the GAC biosynthesis an additional gene is present, denominated gacH. 
This gene confers the bacterium resistance to Zinc toxicity, a mechanism employed by the immune system to 
suppress GAS, [4] while conferring sensitivity of bacteria to human group IIA secreted phospholipase A2 (hGIIA). The 
function of GacH from a genetic, biochemical and structural level was unveiled. The structure of the extracellular 
domain of GacH was determined by X-ray crystallography and identified as a novel family of glycerol phosphate 
transferases. 
In the current presentation, we show the presence of GroP in GAC together with its overall structure obtained by 
multidimensional NMR spectroscopy and bioinformatic analysis. [5]  
 
 
1. Weidenmaier, C. & Peschel, A. Teichoic acids and related cell-wall glycopolymers in Gram-positive 
physiology and host interactions. Nat. Rev. Microbiol. 6, 276-287 (2008). 
2. Mistou, M.Y., Sutcliffe, I.C. & van Sorge, N.M. Bacterial glycobiology: rhamnose containing cell wall 
polysaccharides in Gram-positive bacteria. FEMS Microbiol. Rev. 40, 464-479 (2016). 
3. St Michael, F. et al. Investigating the candidacy of the serotype specific rhamnan polysaccharide based 
glycoconjugates to prevent disease caused by the dentalnpathogen Streptococcus mutans. Glycoconj. J. 35, 53-64 
(2018). 
4. Ong, C.L., Gillen, C.M., Barnett, T.C., Walker, M.J. & McEwan, A.G. An antimicrobial role for zinc in innate 
immune defense against group A streptococcus. J. Infect. Dis. 209, 1500-1508 (2014). 
5. Edgar , R., van Hensbergen, V., Ruda, A., Turner, A., Deng, P., Le Breton, Y, El Sayed, N., Belew, A., McIver, 
K., McEwan, A., Morris, A., Lambeau, G., Walker, M., Rush, J., Korotkov, K., Widmalm, G., van Sorge, N., Korotkova, N. 
Discovery of glycerol phosphate modification on streptococcal rhamnose polysaccharides. Nature Chemical Biology, 
15, 463–471 (2019). 
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The molecular recognition of sulfated glycosaminoglycans (GAGs) by a variety of proteins in the extracellular matrix 
(ECM) is crucial for physiological processes such as tissue hemostasis and repair, cell growth and cell-migration [1]. 
Therefore, chemically modified sulfated GAG derivatives constitute relevant molecules for the engineering of 
innovative biomaterials with application in tissue regenerative medicine. 
The molecular recognition properties of several defined sulfated oligohyaluronan (sHA) derivatives differing in 
length, sulfation pattern and anomeric functionalization toward a set of regulatory proteins (i.e. interleukin 8 (IL-8), 
interleukin 10 (IL-10), bone morphogenic protein 2 (BMP-2) and Sclerostin) has been investigated by molecular 
modeling and dynamics (MD) simulations in combination with experimental binding techniques (i.e. fluorescence 
polarization competition assay and isothermal titration calorimetry) [2]. Binding affinity of sHA to the investigated 
protein targets increased with the GAG sulfation degree. Furthermore, functionalization of the anomeric center of the 
sHA with a large amphiphilic fluorophore or by a polyethylene glycol spacer in a dimeric GAG led to the highest 
affinities. Molecular docking and MD studies predicted a diversity of GAG binding sites and modes to the studied 
ECM regulatory proteins. Such diversity in recognition showed a high correlation with the binding affinities 
experimentally assessed. The generated molecular models provide insights on how certain GAG functionalities may 
influence their protein recognition. Thus, the high binding affinities of defined sHA modified at the anomeric center 
with large fluorophores are found to be not only a consequence of enhancing interactions with the target protein, 
but such modification is also observed to strongly alter recognition by directing the molecule toward other regions 
of the protein in a target-dependent manner. The outcome of this work can be used for future engineering of new 
customized biomaterials.  
 
[1] J. D. Esko and R. J. Linhardt, in Essentials of Glycobiology, eds. A. Varki, R. D. Cummings, J. D. Esko, H. H. Freeze, 
P. Stanley, C. R. Bertozzi, G. W. Hart and M. E. Etzler, Cold Spring Harbor Laboratory Press The Consortium of 
Glycobiology Editors, La Jolla, California, Cold Spring Harbor (NY), 2009. 
[2] Köhling, S.; Blaszkiewicz, J.; Ruiz-Gómez, G.; Fernández-Bachiller, M. I.; Lemmnitzer, K.; Panitz, N.; Beck-Sickinger, 
A. G.; Schiller,J.; Pisabarro, M. T.; Rademann, J. “Syntheses of defined sulfated oligohyaluronans reveal structural 
effects, diversity and thermodynamics of GAG–protein binding.” Chem. Sci. 2019, 10, 866-878. 
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Many viruses recognize specific sugar residues, particularly sulfated, sialylated glycans or its modified forms as the 
infection receptors. [1] Influenza is an infectious disease caused by the influenza virus that mainly infects birds and 
mammals. The influenza virus has two important surface glycoproteins, hemagglutinin (HA) and neuraminidase (NA), 
which play important roles in cellular entry to cause first stage of infection by forming complexes with sialic acid 
residues and release of new virus particles to infect new cells respectively. [2,3] Avian influenza and human 
influenza viruses use different sugar residues as their receptors, resulting in different host range of infections. 
Although the mechanism of influenza virus infection and replication has thoroughly investigated but their molecular 
recognition towards many sialylated glycans is poorly understood. Sialic acids (SAs) are a group of α-keto acids with 
a nine-carbon backbone diversely found in nature at non-reducing end of glycans implicated in the pathogenies. It is 
known that sialic acid-α(2→6) galactose epitope is a receptor for human influenza virus, whereas avian influenza 
virus recognize α(2→3) galactose on cell surface glycoconjugates. This study investigates the synthesis of sialylated 
N-glycans with N-acetylneuraminic acid (Neu5Ac) α(2→6) and α(2→3)-linked to galactose (Gal) glycoconjuagets made 
use of N-phthaloyl-protected sialyl imidate as donor[4] and suitably protected lactosamine building block as an 
acceptor. In the synthesis of sialylated glycans, lactosamine building block was prepared and used as repeating unit 
for chain elongation and branching point to append sialic acid residue in its specified position for the viral 
recognition. The resulting Neu5Ac-capped glycans were purified, characterized by NMR, mass spectrometry and 
currently biological assays were underway.  
References: 
1. Song, X.; Yu, H.; Chen, X.; Lasanajak,Y.; Tappert, M. M.; Air, G. M.; Tiwari, V. K.; Cao, H.; Chokhawala, H. A.; 
Zheng, H.; Cummings, R. D.; Smith, D. F. A Sialylated Glycan Microarray Reveals Novel Interactions of Modified Sialic 
Acids with Proteins and Viruses. J. Biol. Chem. 2011, 286, 31610 –31622. 
2. Skehel, J. J.; Wiley, D. C. Receptor Binding and Membrane Fusion in Virus Entry: The Influenza 
Hemagglutinin. Annu. Rev. Biochem. 2000, 69, 531-569. 
3. Griffin, J. A.; Basak, S.; Compans, R. W. Effects of Hexose Starvation and The Role of Sialic Acid in Influenza 
Virus Release. Virology, 1983, 125, 324-334. 
4. Hsu, Y.; Ma, H.-W.; Lico, L. S.; Jan, J.-T.; Fukase, K.; Uchinashi, Y.; Zulueta, M. M. L.; Hung, S. C. One-Pot 
Synthesis of N-Acetyl- and N-Glycolylneuraminic Acid Capped Trisaccharides and Evaluation of Their Influenza 
A(H1N1) Inhibition. Angew. Chem. Int. Ed. 2014, 53, 2413-2416. 
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Chitosan is a linear biopolymer which has been extensively studied in recent years for its inherent properties like 
biocompatibility, non-toxicity, biodegradability and antimicrobial activity. Previous studies have reported the 
synthetic modification of chitosan either at the amino group or at the C-3 and C-6 hydroxyl groups to enhance their 
solubility and bioactivity. However, most studies reported the chemical modification on native chitosan in aqueous 
medium resulting in heterogeneous products. Therefore, in our study, we aim to utilize 3,6-di-O-TBDMS protected 
chitosan as a precursor for selective modification of the 2-amino group in organic medium.  
The aim of this study was to introduce specific functionalities at different degrees of substitution at the 2-amino 
position to obtain derivatives having improved solubility and antimicrobial activity. To introduce permanent positive 
charge on the polymer backbone, we quaternized the amino group using trimethylation[1] and introduced cationic 
moieties like guanidine[2], pyridiniumyl or trimethylammoniumyl groups. We inserted the hydrophobic group in two 
ways- either within the quaternary ammoniumyl (cationic) group itself or distributed randomly along the polymer 
chain[3]. We also varied the cationic/hydrophobic balance in the polymer by using different chain lengths and ratio 
of the hydrophobic functionality to optimize the antimicrobial activity. This gave us derivatives having tuneable 
antimicrobial properties. Additionally, we also investigated the effect of the polymer chain length on antimicrobial 
activity to obtain a critical molecular weight for optimum activity[4]. The structural modification of the chitosan 
derivatives was confirmed using FT-IR, 1H-NMR and 2D-NMR spectroscopy, and their average molecular weight (Mw) 
was measured by size exclusion chromatography.  
Most of the derivatives showed high activity against a panel of clinically important bacterial strains like Gram 
positive Staphylococcus aureus and Enterococcus faecalis and Gram negative Escherichia coli and Pseudomonas 
aeruginosa. We investigated the effect of four parameters on antimicrobial activity of the derivatives: the degree of 
substitution (ratio) of the functional group, the positioning of the functional group, presence of hydrophobicity and 
chain length or Mw. The results were combined to obtain a structure-activity relationship for these materials[5]. For 
further applications of these materials as antibacterial agents, we investigated their preliminary toxicity towards 
human red blood cells. Through this study, we identified compounds possessing high selectivity towards the 
bacterial cells. We then utilized the highly selective compounds to investigate the mechanism of antibacterial action.  
 
[1] Sahariah, P.; Benediktssdóttir, B. E.; Hjálmarsdóttir, M. Á.; Sigurjonsson, O. E.; Sørensen, K. K.; Thygesen, M.B.; 
Jensen, K. J.; Másson, M.; Biomacromolecules. 2015 16, 1449–1460. 
[2] Sahariah, P., Óskarsson, B. M., Hjálmarsdóttir, M. Á., Másson, M. Carbohydrate Polymers 127, 407–417, 2015. 
 [3] Sahariah, P.; Snorradottir, B.S.; Hjálmarsdóttir, M. Á.; Sigurjonsson, O. E.; Másson, M. J Mater Chem B, 2016, 4, 27, 
4762-4770. 
[4] Sahariah, P., Cibor, D., Zielinska, D. Hjálmarsdóttir, M. Á., Stawski, D., Másson, M. Int. J. Mol. Sci. 2019, 20, 1743. 
[5] Sahariah, P.; Másson, M. Biomacromolecules, 2017, 18, 3846-3868.  
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Chemically and configurationally stable sp²-iminosugar N-, S-, O- and C- pseudo-α-glycosides have shown 
interesting biological properties as anti-tumor, anti-parasitic and anti-inflammatory agents [1]. The high α-anomeric 
selectivity achieved in the corresponding glycosylation reactions, using glycosyl fluoride or peracetylated donors, in 
this family of glycomimetics, is attributed to the presence of the endocyclic sp²-hybridised nitrogen, which results in 
an unusually strong orbital contribution to the generalized anomeric effect [2]. This peculiar reactivity has further 
been exploited in the preparation of Tn antigen (GalNAc-α-O-Ser/Thr) mimics as precursors of anti-cancer vaccines 
[3]. In this case, the incorporation of the acetamido group involved the unsaturated derivative 3a (Figure 1), which 
can be considered a glycal-enecarbamate hybrid. Given that glycals and enecarbamates have a quite reach 
chemistry, the use of synthetic intermediates combining the structural features of both classes of compounds to 
access new families of glycomimetics is very appealing. As a showcase, here we present the efficient synthesis of 2-
deoxy-α-glycoside mimics, keeping in mind that this structural unit is present in a wide variety of biologically active 
natural products [4]. A range of alcohols/thiols have been used as glycosyl acceptors against the pseudoglycals 3a-
3c, using different promotors to trigger activation of the C=C bond (boron trifluoride-diethyl ether, ceric ammonium 
nitrate or thiourea-type organocatalysts). The scope and limitations of the methodology will be discussed. 
 
[1] a) E.M. Sánchez-Fernández et al., Chem. Commun. 2010, 46, 5328-5330; b) E.M. Sánchez-Fernández et al., RSC 
Adv. 2015, 5, 21812-21822; c) E. Schaeffer et al., Eur. J. Med. Chem. 2019, 169, 111-120. 
[2] V.M. Díaz Pérez et al., J. Org. Chem. 2000, 65,136-143. 
[3] E.M. Sánchez-Fernández et al, Org. Lett. 2016, 18, 3890-3893. 
[4] C.S. Bennett et al., Chem. Rev., 2018, 118, 7931-7985. 
 

 
 
Figure 1. Retrosynthetic scheme for the stereoselective synthesis of 2-deoxy-α-O-(S)-glycomimetics.
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α-Linked glycosphingolipids and their analogues, of which the synthetic glycolipid α-galactosylceramide (α-GalCer, 
KRN7000) is an archetypic example, exhibit intriguing immunostimulatory and immunomodulatory properties that 
have fueled the exploration of applicable treatments against tumors, microbial infections or autoimmune diseases 
[1]. The biological activities of α-GalCer have been mainly ascribed to its ability to activate invariant natural killer T 
(iNKT) cells, leading to the rapid discharge of cytokines [2]. Activation of other players of the innate and adaptive 
immune system, such as dendritic cells, macrophages and microglia has also been reported [3]. Unfortunately, pro-
inflammatory and anti-inflammatory cytokines that antagonize each’s other effects are simultaneously released, 
which is the main reason of the failures met in clinical trials. The discovery of metabolically stable glycolipid 
mimetics that favor either of the two biased cytokine profiles is, therefore, highly wanted. We previously found that 
some sp²-iminosugar glycolipids (sp²-IGLs) elicited an anti-inflammatory response in LPS-treated mouse microglia 
and human dendritic cells by interfering in the TLR-4 dependent mitogen activated protein kinase (MAPK) signaling 
route [4]. The fact that the same compounds exhibit anti-proliferative, anti-metastatic and anti-parasitic activities 
strongly suggests that they behave as context-dependent immunomodulators [5]. Computational docking supported 
that the mechanism of action involves binding of the sp²-IGLs to the hydrophobic pocket of p38α MAPK, which 
induces self-phosphorylation and triggers cell polarization. Given the well-recognized capacity of fluorine atoms to 
affect drug-binding interactions with proteins, we have now prepared a series of fluorinated sp²-IGLs related to 
nojirimycin and galactonojirimycin (Figure 1) and profiled their efficiency as anti-inflammatory, anti-proliferative and 
anti-leishmanial agents in vitro.  
 
[1] C. H. Marzabadi et al., Chem. Eur. J. 2017, 23, 1728-1742. 
[2] L. J. Carreño et al., Clin. Translat. Immunol. 2016, 5, e69. 
[3] a) Y.-H. Jeong et al., PLOS ONE 2014, 9, e87030; b) S.-L. Fu, Oncotarget, 2016, 7, 11677-11686. 
[4] a) E. Alcalde-Estévez et al., Food Chem. Toxicol. 2018, 111, 454-466; b) E. Schaeffer et al., Eur. J. Med. Chem. 
2019, 169, 111-120. 
[5] E. M. Sánchez-Fernández et al., Chem. Commun. 2010, 46, 5328-5330; b) E. M. Sánchez-Fernández et al., RSC 
Adv. 2015, 5, 21812-21822; c) N. Gueder et al., J. Cell Physiol. 2017, 232, 3631-3640. 
 

 
 
Figure 1. General chemical structure of the polyfluorinated sp²-IGLs prepared in this work and the predicted binding 
mode to p38α MAPK.
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Asparagine (N-) linked oligosaccharides play a critical role in numerous biological events including protein folding 
and quality control in the endoplasmic reticulum(1). Chemical synthetic access to N-glycans provides access to 
valuable tools to probe their biological functions. Unfortunately, the chemical synthesis of oligosaccharide is not only 
labor-intensive but also time-consuming. To overcome these limitations, we envisaged the following strategy; 1) 
convergent and regioselective construction of N-glycan skelton, 2) employment of a common precursor for the 
construction of oligosaccharide blocks, 3) stereoselective glycosylation assisted by neighboring group participation. 
To avoid direct construction of the more challenging β-mannoside bond, we opted to initially create β-galactosides 
followed by simultaneous double inversion reaction at the C-2 and C-4 hydroxy group. 
Following above outlined strategy, we successfully completed the synthesis of high mannose-type sugar chains 
(Man5GlcNAc2 and Man9GlcNAc2). 
 
(1) A. Helenius and M. Aebi, Roles of N-linked glycans in the endoplasmic reticulum, Annu. Rev. biochem. 2004, 73, 
1019-1049. 
(2) I. Matsuo, M. Isomura and K. Ajisaka, Synthesis of an asparagine-linked core pentasaccharide by means of 
simultaneous inversion reactions, J. Carbohydr. Chem. 1999, 18, 841-850. 
(3) N. Ishii, K. Sano and I. Matsuo, Fluorogenic probe for measuring high-mannose type glycan-specific endo-β-N-
acetylglucosaminidase H activity, Bioorg. Med. Chem. Lett. 2019, 29, 1643-1646. 
 

 
Synthetic strategy of high mannose-type sugar chains
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Neisseria meningitidis is one of the major causes of bacterial meningitis. 
In particular, N. Meningitidis serogroup A (MenA) caused significant severe epidemics of meningococcal meningitis in 
the sub-Saharan Africa. Thanks to the introduction of the MenAfriVac vaccine, the serogroup A disease has almost 
vanished in 2017[1][2]; however, it is important to persist with a strict control with a dedicated vaccination program.  
MenAfriVac, compared to the previous vaccines, can be stored at temperatures up to 40°C for a maximum of four 
days. A further advancement could be the production of a more thermally stable vaccine, using MenA capsular 
polysaccharide synthetic analogues as antigens. 
MenA capsular polysaccharide consists of (1->6)-linked-2-acetamido-2-deoxy-α-D-mannopyranosyl phosphate 
residues acetylated at C-3 to an extent of 70-90%. Since its stability issues are mostly due to the intrinsic lability of 
the anomeric phosphodiester linkages, our group synthesized isosteric, not acetylated phosphono analogues, where 
the anomeric oxygen of the phosphodiester is replaced by a methylene group. Their high stability to hydrolysis and 
ability to be recognised by anti-MenA serum were proved [3]. 
Considering that the 3-O-acetylation was revealed to be crucial for immunogenicity [4], we undertook the synthesis 
of 3-O-acetylated phosphono analogues of MenA polysaccharide.  
In this communication we describe the strategies we explored for an efficient synthesis of phosphonodisaccharide 1 
(Scheme 1).  
The target compound could be achieved by Mitsunobu coupling of phosphonate 2 with mannoside 3, which bears an 
amino-ending spacer suitable for protein conjugation.  
 
1.  Laforce FM, Djingarey M, Viviani S. Successful African introduction of a new Group A meningococcal 
conjugate vaccine : Future challenges and next steps. Hum Vaccin Immunother. 2018, 14,1098–1102.  
2.  Hollingshead S, Tang CM. An Overview of Neisseria meningitidis. In: Neisseria meningitidis. 2019, 1–16.  
3.  Torres-Sanchez MI, Zaccaria C, Buzzi B, Miglio G, Lombardi G, Polito L, Russo G, Lay L. Synthesis and 
biological evaluation of phosphono analogues of capsular polysaccharide fragments from Neisseria meningitidis A. 
Chem - A Eur J. 2007, 13, 6623–6635.  
4.  Berry DS, Lynn F, Lee C-H, Frasch CE, Bash MC. Effect of O acetylation of Neisseria meningitidis serogroup A 
capsular polysaccharide on development of functional immune responses. Infect Immun, 2002, 70, 3707-3713.  
 
 

 
Scheme 1: Retrosynthetic strategy
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Glucosinolates (GLs) are sulfur-containing secondary metabolites, specific biomarkers of the plants of the 
Brassicaceae family, involved in the mechanism of defense of these plants against aggressions. [1] The hydrolysis of 
the C-S anomeric bond by a specific β-thioglucohydrolase, myrosinase, lead to the formation of a transient 
thiohydroxamic species which in turn undergoes a Lossen rearrangement, thus liberating a sulfate ion and an 
isothiocyanate (ITC). Thanks to this unique biochemical transformation in Nature, glucosinolates are thus responsible 
for the multiple biological activities of these plants such as antifungal, antibacterial, antiviral or insecticidal 
properties. GLs and ITCs also have some beneficial impact on human health, with direct antitumor activity and 
chemopreventive effect. All known GLs (ca 140 molecules) all display a remarkable structural homogeneity based on 
a α-D-glucopyranosyl unit, a variable aglycon linked through an O-sulfated anomeric (Z)-thiohydroximate function. 
Thanks to their remarkable biological activities, glucosinolate extraction, analysis and synthesis have attracted 
numerous research efforts. 
In this communication, we would like to focus on our recent results about (1) the extraction of glucosinolates and 
more specifically sulfur-containing rare glucosinolates from Camelina Sativa plant and (2) the development of 
efficient synthetic routes towards the gram-scale preparation of natural GLs.  
Finally, we will also describe our recent results about the application of this enzymatic process to artificial synthetic 
glucosinolates in the light of its use as a potential new bioconjugational tool. [2] Indeed, as strong electrophiles, the 
ITCs are well known and useful in bioconjugation, but are toxic, not easy to prepare, to handle and to store. Using 
the natural MG reaction, we were able to prepare in-situ ITCs from the corresponding stable, non-toxic and water-
soluble GL precursors. [3] 
 
[1] a) Fahey, J. W.; Zalcmann, A. T.; Talalay, P. Phytochemistry 2001, 56, 5; b) Rollin, P.; Tatibouët, A. C. R. Chim. 2011, 
14, 194.  
[2] Sletten, E.M.; Bertozzi, C. R. Angew. Chem. Int. Ed. 2009, 48, 6974. 
[3] a) Cutolo, G.; Reise, F.; Schuler, M.; Nehmé, R. ; Despras, G.; Brekalo, J.; Morin, Ph.; Renard, P.-Y.; Lindhorst, T. K.; 
Tatibouët, A. Org. Biomol. Chem. 2018, 16, 4900; b) Fredy, J. W.; Cutolo, G.; Poret, B.; Nehmé, R.; Hubert-Roux, M.; 
Gandolfo, P.; Castel, H.; Schuler, M.; Tatibouët, A.; Sabot, C.; Renard, P. -Y. Bioconjugate Chem. 2019, ASAP. 
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All immersed materials are vulnerable to the bacterial colonization and their development in biofilm. The matrix of 
extracellular polymeric substances provides a strong resistance to environment, bactericidal agents and thermic 
treatments that leads to major health and environmental issues. One possible approach for producing surfaces 
preventing bacterial adhesion is the use of amphiphilic copolymers, especially PDMS-PEG ones [1,2]. However, PEG 
units are subject to oxidation phenomena. Therefore, the use of carbohydrates-coated surfaces appears as one of 
the best non-biocidal and non-toxic strategy (Figure 1). Indeed, sugars afford an extensively possibility of structural 
modulations with their numerous functional groups. Although pyranosides are largely described, the biological 
impacts of furanosides are still to be elucidated. Their absence in mammal species and their known bacteriostatic 
activities provide an interest as potential anti-bioadhesion agent [3]. 
 
In this work, we examined the anti-bioadhesion activities of glass surfaces presenting simple monosaccharides such 
as D-glucose, D-galactose and D-mannose in both pyranose and furanose configurations. The latter glycosyl 
residues were connected to surfaces through a small propargylic linker thanks to either standard O-glycosidic bonds 
or S-glycosidic linkages which are more resistant to chemical and enzymatic hydrolysis. To achieve this, it was 
needful to design a new synthetic pathway for accessing O/S-Propargyl D-Glycofuranoside. The click chemistry with 
alkyl azide-functionalized glass surfaces allowed covalent attachment of carbohydrate thanks to copper(I)-catalysed 
alkyne-azide cycloaddition. Hydrophobicity, surface free energy and atomistic composition were characterised with a 
combination of contact angle goniometry and X-ray photoelectron spectroscopy. The adhesion studies with 
Pseudomonas aeruginosa (MPAO1) showed promising anti-bioadhesion activities from glycosidic surfaces which 
appeared to depend of the configuration [4]. Then, an in-depth study of apolar and polar interactions between 
bacteria and surfaces were explored through a thermodynamic approach. And we finally investigated the molecular 
interactions and their potential roles for the bacterial adhesion. 
 
[1]  Faÿ, F.; Hawkins, M. L.; Réhel, K.; Grunlan, M. A.; Linossier, I. Non-Toxic, Anti-Fouling Silicones with Variable 
PEO-Silane Amphiphile Content. Green Mater. 2016, 4 (2), 53–62. 
[2]  Hawkins, M. L.; Faÿ, F.; Réhel, K.; Linossier, I.; Hawkins, M. L.; Faÿ, F.; Réhel, K.; Linossier, I. Bacteria and 
Diatom Resistance of Silicones Modified with PEO-Silane Amphiphiles. Biofouling. 2014, 7014. 
[3]  Legentil, L.; Belaz, S.; Gangneux, J. P.; Robert-Gangneux, F.; Ferrières, V. Synthesis and Biological Properties 
of Galactofuranosyl-Containing Fluorescent Dyes. Bioorganic Med. Chem. Lett. 2017, 27 (2), 152–155. 
[4]  Scalabrini M.; Hamon J.; Réhel K.; Ferrières V. Submitted. 
 

 
 
 
Figure 1. Anti-Bioadhesion Activity of Glycofuranoside-functionalized surface.
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Human Factor IX is a highly post-translationally modified protein that is an important clotting factor in the blood 
coagulation cascade. Functional deficiencies in Factor IX result in the bleeding disorder haemophilia B, which is 
treated with plasma-derived or recombinant Factor IX concentrates. Here, we investigated the post-translational 
modifications of human serum-derived Factor IX, and recombinant Factor IX during the course of a fed-batch 
bioreactor CHO cell culture. We describe Data Dependent Acquisition and Data Independent Acquisition (SWATH) 
Mass Spectrometry glycoproteomic workflows to efficiently capture details of the diverse post-translational 
modifications on Factor IX. We report two novel sites of glycosylation on human serum-derived Factor IX: an O-linked 
site at serine 141, and an N-linked site in the serine protease domain in a non-canonical consensus motif at 
asparagine 258. We observe diverse post-translational modifications on recombinant Factor IX, with a high level of 
heterogeneity that varies quantitatively over the time-course of fed-batch cell culture. Our detailed description of 
novel and diverse sites of glycosylation and other post-translational modifications provides a basis for future 
functional studies and contributes to structural characterisation of Factor IX in bioprocess control for the efficient 
production of effective therapeutic biosimilars and biobetters.  
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Starch was hydrolyzed to linear maltooligosaccharides (mainly maltose and maltotriose) and branched α-limit 
dextrins (αLDx) by α-amylase reaction. αLDx were slowly hydrolyzed to glucose by small intestinal α-glucosidases 
compared to linear α-glucans, thus those can be applied to a functional food material to attenuate the post-prandial 
blood glucose level. In this study, ten different types of botanical starches were hydrolyzed by individual α-amylases 
from porcine pancreas, Aspergillus oryzae, Bacillus amyloliquefaciens, and Bacillus licheniformis to produce different 
structures of branched αLDx. The result clearly showed that each α-amylase produced different ranges of molecular 
weights (ca. 614 - 8855 Da) and amounts (16.8 - 66.2%) of branched αLDx, and the α-amylolysis on waxy corn starch 
showed the highest production yield (24.6±0.5%) among different starches. While α-amylase from Bacillus species 
produced more than 50% of αLD from starch molecules, those were further hydrolyzed by human pancreatic α-
amylase (HPA). However, αLDx produced by α-amylase from Aspergillus oryzae were not much hydrolyzed by HPA, 
which implies those structure will not be more digested by salivary and pancreatic α-amylases in gastrointestinal 
tract. Furthermore, the chromatographically-purified branched αLDx had higher α-1,6 linkage ratios which will be 
slowly digested by mammalian α-glucosidases compared α-amylolyzed-starch molecules. Thus, this study clearly 
suggested that αLDx production by Aspergillus oryzae α-amylase has a potential to apply in food industry as a 
slowly-digestible ingredient to decrease the glucose spike with an extending energy delivery.
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Drug resistance is becoming a rising problem worldwide that led to more than 700 000 deaths last year. The 
opportunistic ESKAPE pathogen Pseudomonas aeruginosa is considered as particularly critical by the World Health 
Organization (WHO). Different approaches for treatment are currently being investigated and the inhibition of their 
adhesins to prevent bacterial biofilm formation is a promising approach to break antimicrobial resistance.[1,2] 
Biofilms protect the bacteria from external threats such as antibiotics and immune defense and are therefore a 
target for intervention.[3] P. aeruginosa expresses two lectins, D-galactose binding LecA and L-fucose/ D-mannose 
binding LecB, which are both virulence factors and responsible for bacterial adhesion and biofilm formation. It was 
shown that inhibition of these lectins with carbohydrate-derived molecules leads to a reduced biofilm formation. 
Here, we aimed at the development of non-carbohydrate glycomimetics targeting LecA. To this end, we identified 
catechols as potential LecA inhibitors, and carefully validated these well-known pan assay interference class of 
molecules in biophysical assays. Competitive binding was established for a distinct set of catechol containing 
molecules.
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2-Deoxy aryl-C-glycoside motifs were found in various bio-active molecules and natural products [1]. For instance, 
the natural products pluramycins, angucyclines and benzoisochromanequinones contain 2-deoxy aryl C-glycoside 
units. There are few different routes have been developed for the preparation of 2-deoxy aryl glycosides [1]. Among 
them, a direct coupling of aryl donors such as arylboronic acids, arylhydrazines and aryl halides with glycals has 
received great attention in carbohydrate synthesis [2]. However, all these methods require a high temperature, dry 
reaction conditions and longer reaction temperatures. Aryldiazonium salts are highly useful synthetic intermediates 
in organic chemistry [3]. Aryldiazonium salts have been explored as an efficient alternative to arylhalides and 
arylboronic acids in many cross-coupling reactions [3a]. In this context, here we report palladium catalyzed tert-
butyl nitrite mediated stereoselective synthesis of 2-deoxy aryl-C-glycosides from glycals and anilines under mild 
conditions (Scheme 1). A wide range of glycals including D-glucal, D-galactal, L-rhamanal, D-xylal and D-ribal reacted 
with various functionalized anilines and provided synthetically useful 2,3-deoxy 3-keto α- or β-aryl-C-glycosides in 
good to excellent yields in the absence of oxidant, base or ligand [4].  
  
[1] a) Yang, Y.; Yu, B. Chem. Rev. 2017, 117, 12281−12356. b) Kitamura, K.; Ando, Y.; Matsumoto, T.; Suzuki, K. Chem. 
Rev. 2018, 118, 1495−1598.  
[2] a) Liu, C. F.; Xiong, D. C.; Ye, X. S. J. Org. Chem., 2014, 79 , 4676-4686; b) Steinhuebel, D. P.; Fleming, J. J.; Du 
Bois, J. Org. Lett., 2002, 4, 293-295. c) Li, H. H.; X. S. Ye. Org. Biomol. Chem., 2009, 7, 3855-3861. 
[3] (a) Roglans,A.; Pla-Quintana, A.; Moreno-Manas, M. Chem. Rev., 2006, 106, 4622-4643; (b) Mo, F. Y.; Dong, G. B.; 
Zhang, Y.; Wang, J. B. Org. Biomol. Chem., 2013, 11, 1582-1593. 
 [4] Singh, A .K.; Kandasamy, J. Submitted, 2019 (a) Singh, A .K.; Kandasamy J. Org. Biomol. Chem., 2018,16, 5107-
5112.  

 
Figure 1. Synthesis of aryl glycosides from glycals and aryldiazonium salts
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Group B streptococcus (GBS) is a Gram positive bacterium, which causes neonatal invasive diseases as well as 
severe infections in the elderly and immune compromised patients. [1] On the basis of the capsular polysaccharide 
(CPS) structure, ten serotypes of GBS have been identified (Ia, Ib, II through IX). [2] Among these, type II GBS is one 
of the predominant GBS serotypes and responsible for 13% of early onset diseases. [3] Although the structure of GBS 
II was elucidated in 1983, [4] only one synthesis has been reported in literature. [5] The repeating unit of GBS type II 
is composed of α-Neu5Ac (2-3)-β-D-Gal-(1-4)-β-D-GlcNAc-(1-3)-[-β-D-Gal-(1-6)]-β-D Gal-(1-4)- β-D-Gal-(1-3)-β-D-
Glc (Figure1). 
In the present communication, we show our results of an novel approach to the synthesis of this heptasaccharide, 
based on the subcomponents highlighted in Figure 1. Suitably protected lactosamine C and lactose derivatives B are 
pivotal building blocks in our synthesis. [6] The synthetic GBS II fragments will be used for glycan array and 
structural studies and immunochemical characterization with specific monoclonal antibodies. 
 
[1] Nuccitelli A.; Rinaudo C. D.; Maione, D., Ther. Adv. Vaccines, 2015, 3(3), 76-90. 
[2] Cieslewicz, M. J.; Chaffin, D.; Glusman, G.; Kasper, D.; Madan, A.; Rodrigues, S.; Fahey, J.; Wessels, M. 
R.; and Rubens, C. E., Infection and Immunity, 2005, 73(5), 3096-3103. 
[3] Heath P. T., Vaccine, 2016, 34, 2876–2879. 
[4] Jennings, H. J.; Rosell, K. G.; Katzenellenbogen, E.; and Kasper, D. L., J. Biol. Chem., 1983, 258, 1793- 
1798. 
[5] Liming S., Han Z., Yaoyao L, Guofeng G, Feng C., Zhongwu G., and Jian G., J. Org. Chem.,2018, 83, 
5920−5930. 
[6] This project has received funding from the H2020-MSCA-ITN-2015 “Glycovax’’ under grant agreement 
No 675671. 
 

 
 
Figure 1. Structure and retrosynthetic fragmentation of GBS type II.
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Block polysaccharides may be prepared by terminal conjugation of oligosaccharides. When blocks are conjugated 
terminally, as opposed to laterally, the intrinsic physiochemical properties of the blocks will be retained. 
Consequently, properties such as sensitivity to pH, ionic strength and reactivity towards divalent cations can be used 
as switches to manipulate chain-chain interactions and assembly of the blocks.  
 
Block polysaccharides are conjugated using a small spacer molecule, selectively reactive towards the reducing end. 
The reducing end of a series of biopolymers (alginate, chitosan, chitin, dextran and amylose) has been modified with 
bifunctional oxyamines (NH₂-O-) and hydrazides (NH₂-NH-CO-). Reductive amination with α-picoline borane was used 
for all conjugation reactions. The amination and the reduction were studies by NMR in real time, revealing both the 
product distribution and the reaction kinetics.  
 
A range of alginate containing block polysaccharides have been prepared. The reactivity of the block 
polysaccharides towards calcium ions was studied by light scattering over time using a dialysis setup. The 
properties of the blocks are expected to depend both on the properties of the biopolymers and their chain length. 
Mono- and bifunctional PEGs have also been conjugated to alginate according to the same method. Conjugation to 
bifunctional PEGs represents an alternative application of the chemistry. Many systems rely on reducing end 
modifications of polysaccharides to form effective precursors, for example for applications in bioorthogonal 
chemistry.  
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors belong to a novel class of oral anti-hyperglycemic agents that 
reduce plasma glucose concentrations by the inhibition of glucose reabsorption in the kidney thereby inducing 
glucosuria.[1,2] 
Marketed SGLT2 inhibitors [1] also called gliflozins are C-glycosyl derivatives having diaryl methane type aglycone 
(1), in which the second aryl moiety can be a heteroaromatic ring (thiophene or benzothiophene), as well. Several 
promising inhibitors were found among glucose derivatives wherein the first aryl unit was replaced by a hetrarene 
ring such as thiophene, pyrrole, thiazole, pyridine, pyrazine and pyridazine.[2] In connection with this, synthesis of 
similar arylmethyl substituted C-β-D-glucopyranosyl heterocycles (i.e. pyrimidines (2a) and oxadiazoles (2b,c)) was 
envisaged in order to broaden the structure-activity relationship studies of such type of SGLT2 inhibitors.  
In the presentation the syntheses of 2a-c and preliminary results of SGLT2 inhibition will be reported. 
 
1. Aguillón, A. R.; Mascarello, A.; Segretti, N. D.; de Azevedo, H. F. Z. C.; Guimaraes, R. W.; Miranda, L. S. M.; de Souza. 
R. O. M. A. Synthetic strategies toward SGLT2 inhibitors. Org. Process Res. Dev. 2018, 22, 467-488. 
2. Bokor, É.; Kun, S.; Goyard, D.; Tóth, M.; Praly, J.-P.; Vidal, S.; Somsák, L. C-Glycopyranosyl arenes and hetarenes: 
synthetic methods and bioactivity focused on antidiabetic potential. Chem. Rev. 2017, 117, 1687-1764. 
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Cancer is among the most prevalent diseases worldwide. The patients suffering from tumors can be treated, among 
others, by platinum-based chemotherapeutic agents (cisplatin, oxaliplatin). Since these drugs have numerous side-
effects, new platinum metal complexes (Ru, Os, Rh, Ir) as potential anticancer agents have also been investigated. In 
this context, the half-sandwich type complexes of Ru(II) have emerged as a promising compound class. [1,2] 
Tumor cells are characterized by significantly increased glucose uptake compared to normal cells. Based on this fact, 
the application of carbohydrate derivatives incorporated into metal complexes is considered, which ‒ by means of 
their sugar moiety ‒ may have influence on the carbohydrate metabolism of the cancer cells e.g. as ligands of 
glucose transporters [2] or as inhibitors of the glycogen phosphorylase [3] enzyme. 
Recently, some cyclopentadienyl-ruthenium(II) complexes with C-glycosylated N-heterocylic ligands (heterocycles: 
1,3,4-oxadiazole, tetrazole) have been shown to display remarkable cytotoxic activity. [4,5] 
Based on these pleriminaries, preparation of new five-membered glycopyranosyl heterocycles and their 
complexation with [(p-cym)Ru(II)Cl2]2 were planned. C- and N-Glycopyranosyl and C-glucosaminyl azoles (1,3,4-
oxadiazoles, 1,2,3-triazoles, thiazoles, imidazoles) have been synthesized, which can coordinate as bidentate ligands 
to Ru(II), on the other hand they have the potential to inhibit the glycogen phosphorylase enzyme. 
 
In the presentation synthetic details of the new glycosyl heterocycles, their enzyme kinetic evaluation and the 
results of their complexation reactions will be summarized. 
 
1. Melchart, M.; Sadler, P. J. Ruthenium Arene Anticancer Complexes In Bioorganometallics, G. Jaouen, Ed. Wiley-VCH 
Verlag GmbH & Co. KGaA, 2006 39-64. 
2. Kenny, R. G.; Marmion, C. J. Chem. Rev., 2019, 119, 1058-1137. 
3. Zois, C. E.; Harris, A. L. J. Mol. Med., 2016, 94, 137-154. 
4. Florindo, P.; Marques, I. J.; Nunes, C. D.; Fernandes, A. C. J. Organomet. Chem., 2014, 760, 240−247. 
5. Fernandes, A. C.;, Florindo, P.; Pereira, D. M.; Borralho, P. M.; Rodrigues, C. M. P.; Piedade, M. F. M. J. Med. Chem., 
2015, 58, 4339−4347. 
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The glmS-riboswitch is a new target to fight multi-resistant bacterial strains. This RNA segment is encoding for the 
glucosamine-6-phosphate synthase (GlmS) that is essential for the formation of glucosamine-6-phosphate (GlcN6P), 
an important building block in the early steps of the bacterial cell wall biosynthesis [1]. At elevated concentrations, 
GlcN6P can bind to the aptamer region of the glmS-riboswitch and induce a self-cleavage reaction. Eventually, the 
RNA segment is degraded and the formation of GlmS is stopped.  
Previously, we could show that carba-sugar derivatives of GlcN6P are able to bind to the glmS-riboswitch and induce 
the self-cleavage reaction [2]. Here, we present the synthesis of novel carba-sugar derivatives 7 of GlcN6P that are 
substituted at the carba position (Scheme 1). The key steps of this synthesis route are a ring-closing metathesis 
(RCM) reaction (3 → 4) and a hydroboration (4 → 5) that results in key intermediate 5. Further derivatization by 
alkylation and phosphorylation yields 7. The activity of the synthesized compounds in the self-cleavage reaction of 
the glmS-riboswitch, as evaluated by biological in-vitro self-cleavage assays, is presented. 
 
[1] Breaker, Ronald R., Prospects for Riboswitch Discovery and Analysis. Mol. Cell 2011, 43 (6), 867-879. 
[2] a) Lünse, C. E.; Schmidt, M. S.; Wittmann, V.; Mayer, G., Carba-sugars Activate the glmS-Riboswitch of 
Staphylococcus aureus. ACS Chem. Biol. 2011, 6 (7), 675-678.; b) Schüller, A.; Matzner, D.; Lünse, C. E.; Wittmann, V.; 
Schumacher, C.; Unsleber, S.; Brötz-Oesterhelt, H.; Mayer, C.; Bierbaum, G.; Mayer, G., Activation of the glmS 
Ribozyme Confers Bacterial Growth Inhibition. ChemBioChem 2017, 18 (5), 435-440.; c) Matzner, D.; Schüller, A.; Seitz, 
T.; Wittmann, V.; Mayer, G., Fluoro-Carba-Sugars are Glycomimetic Activators of the glmS Ribozyme. Chem. Eur. J. 
2017, 23 (51), 12604-12612. 
 
 

 
 
Scheme 1: Synthesis of derivatives 7 of (5aS)-carba-glucosamine-6-phosphate. Commercially available GlcNAc 1 was 
converted into diol 2 and further into diene 3. 3 was applied to an RCM reaction to give cyclic olefine 4. Subsequent 
benzylation and hydroboration led to the key intermediate 5 which was derivatized to produce derivatives 6 of (5aS)-
carba-glucosamine. Finally, a regioselective phosphorylation at the C-6 hydroxy group yielded 7. 
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Low-molecular arylglycosides are common plant metabolites. The first reported arylglycoside salicin – glucoside of 
salicylic alcohol – was isolated from white willow (Salix alba) bark in 1828. Salicin and have become the prototype for 
such widely used and studied drug as “Aspirin” [1]. Further, Salicin was found in many species of various medicinal 
plants and now considered as one of the most abandoned secondary metabolites of plants. A number of salicin 
derivatives were isolated along with the parent compound, mainly esterified with different benzoic or cinnamic acids. 
Many glycosides bearing different phenolic aglycns were found in nature [2]. Though, low-molecular arylglycosides 
are now known for many decades, only few syntheses of such compounds were described [3]. In the preset 
research, we seek for the way of synthesis of salicin-like low-molecular arylglycosides aiming to find an easy way for 
producing these compounds. The study of low-molecular arylglycosides is funded by RFBR according to the research 
project № 18-33-00365. 
 
References: 
[1] Shara M, Stohs SJ. Efficacy and safety of white willow bark (Salix alba) extracts. Phytother Res. 2015, 29(8):1112-6. 
[2] Boeckler GA, Gershenzon J, Unsicker SB. Phenolic glycosides of the Salicaceae and their role as anti-herbivore 
defenses. Phytochem. 2011, 72(13):1497-509 
[3] Belyanin ML, Stepanova EV, Ogorodnikov VD. First total chemical synthesis of natural acyl derivatives of some 
phenolglycosides of the family Salicaceae. Carbohydr Res. 2012, 363:66-72. 
 
 

 
Figure 1 – Salicin and its derivatives in plants as synthetic challenges
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Carbohydrates are important biomolecules which play a significant role in cell-cell recognition and other key 
biological processes. Thanks to high-performance structure determination methods, we have nowadays available a 
huge amount of biomolecular structures (including saccharides). The glycoinformatics databases are essential for 
storing specific knowledge about glycans because general-purpose databases do not have enough capacity and 
resources for preservation all the interesting information. These structures are archived in databases such as 
Unicarb-DB [1] and Glyconnect [2], where their structures are stored in GlycoCT format [3], which was developed for 
description of saccharide molecules. The GlycoCT format is useful mainly in machine processing and can be easily 
generated from the SNFG symbolic representation by SugarSketcher [4], but it is not easy to read by humans. Other 
structural formats are more appropriate for human processing, e.g. the modified IUPAC condensed in linear form; 
however, the representation of a molecule in this format may not be unique. 
An important challenge of current glycobioinformatics is to combine the advantages of the human-readable and 
machine-readable format. In this work we address this challenge by implementing a tool for translation between 
these two formats. Additionally, we want to allow translation into general-purpose structural molecular formats such 
as InChI, InChIKey, SMILES. This will enable simple searches in common databases that can contain interesting and 
useful glycan information, e.g. CFG, PubChem [5], ChEBI [6]. 
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Certain cancer cells are able to evade immune detection by decorating their cell surface with sialylated glycans [1]. 
The disialylated ganglioside disialosyl globopentaosylceramide (DSGb5, Fig 1) has been found on renal cancer cells 
and is correlated with a higher migration potential. A proposed mechanism of the immune evasion of DSGb5 is by 
binding sialic acid-binding immunoglobulin-type lectin (Siglec)-7 on NK-cells. Siglec-7 is a surface receptor which, 
upon ligand binding, inhibits an immune response through its intracellular tyrosine-based inhibition motif (ITIM) 
domain. So far, DSGb5 binding to Siglec-7 has only been studied in cell systems [2,3]. Knowing how pure DSGb5 
binds Siglec-7 will give us insight on important structural features and can help us to design an possible inhibitor.  
To obtain enough pure of the ganglioside an chemical synthetic approach is proposed for the core pentasaccharide 
Gb5. Neuraminic acids, however, are known to be difficult to handle in chemical synthesis due to the deactivating C-1 
carboxylic acid on the anomeric position and absence of participating groups at C-3. Therefore an enzymatic 
approach will be used to install these monosaccharides in a site- and stereoselective way. A linker was installed at 
the reducing end to immobilize the glycan on a NHS-activated microarray slides and binding with Siglec-7 will be 
studied.  
 
1. Büll, C.; Stoel, M. A.; den Brok, M. H.; Adema, G.J. Cancer Res. 2014, 15, 3199-3204  
2. Ito, A.; Handa, K.; Withers, D. A.; Satoh, M.; Hakomori, S. FEBS Letters. 2001, 498, 116-120 
3. Kawasaki, Y.; Ito, A.; Withers, D. A.; Taima, T.; Kakoi, N.; Saito, S.; Arai, Y. Glycobiology. 2010, 20, 1373-1379  
 

 
 
Figure 1. Chemical structure of the DSGb5 saccharide.
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Introduction 
  Pectin is used as a gelling agent in food industry and is reported to have many biological activities. We isolated 
pectin from fruits of Citrus depressa [1,2] and C. tankan [3] grown in Okinawa, Japan. We report here the chemical 
structure of unusually branched pectin isolated from leaves of Artemisia indica which is used as herbal medicine and 
traditional food in Okinawa, Japan. 
 
Methods 
  Leaves of Artemisia indica were purchased from the Public Market in Naha City, Okinawa, Japan. Polysaccharide 
was extracted at 80°C in distilled water for 2h and purified as the same methods described in published papers [1-3]. 
The polysaccharide was fractionated on DEAE Sepharose chromatography resulted in neutral and acidic fractions. ¹H- 
and ¹³C-NMR spectra were recorded on a FT-NMR Spectrometer (α500, JEOL, Co. Ltd., Japan) at 70°C. Methylation 
was carried out as described by Ciucanu and Kereck. 
 
Results 
  D-Galacturonic acid (molar ratio, 50), L-arabinose (6), D-galactose (4), L-rhamnose (3), D-xylose (1) D-glucuronic 
acid (1), acetic acid, methyl ester, and methyl ether were identified by chemical, HPLC-PAD, ¹H- and ¹³C-NMR and 
methylation analyses. The results indicated that the polysaccharide was identified as a pectin. The molecular mass 
of the pectin was estimated to be 1.3×10⁴. Each carbon atom from C1 (anomeric) to C6 of 1,4-linked α-D-galacturonic 
acid on ¹³C-NMR spectrum was assigned as pairing (double) signals suggesting that long 1,4-linked α-D-galacturonic 
acid side-chains were involved in the pectin molecule. Furthermore, single, but a little broad signal was assigned 
from H1 (anomeric) to H6 of D-galacturonic acid residue on proton NMR spectrum supporting that 1,4-linked α-D-
galacturonan side-chains were involved. Seventeen of partially methylated alditol acetates were identified from 
native, neutral, and acidic fractions by methylation analysis. L-Rhamnose residues were branching sugar on the main 
chain of the pectin where substituted at C-2 or C-4. Three different side-chains (D-galacturonan, L-arabinan, and D-
galactan) were involved in the pectin molecule. The chemical structure of the acidic fraction of the pectin was 
proposed. This study is the first to report on the long side chains of 1,4-linked α-D-galacturonan are involved in the 
pectin isolated from Artemisia indica.  
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Nod1 is known as an intracellular innate immune receptor (NLR family member) that recognizes bacterial cell wall 
component peptidoglycan (PGN), particularly the muropeptides containing γ-D-glutamyldiaminopimelic acid (γ-D-
Glu-DAP; iE-DAP), from Gram-negative bacteria and some Gram-positive bacteria [1]. Nod1, then, regulates innate 
and adaptive immune responses by activating transcription factors including NF-κB. It has also been reported that 
the genetic variations in Nod1 are associated with susceptibility to allergic diseases such as athema. We have thus 
synthesized various fragment structures of PGN and analyzed the structure-activity relationships of their 
immunomodulation, including Nod1 activation. However, the detailed ligand’s recognition by Nod1 and the behavior 
in cells are not fully understood. In order to observe and understand the dynamics and the localization of the Nod1 
ligand, we have synthesized fluorescence-labeled Nod1 ligands, based on our previously reported methods [2]. 
Because of the difficulties of introducing a linker to the ligands, we have tried several positions for the introduction 
site of the linker. The ligand structures for the labeling include iE-DAP, monosaccharide-tripeptide (MurNAc-L-Ala-D-
Glu-meso-DAP), and disaccharide (MurNAc-GlcNAc) tripeptide (L-Ala-D-Glu-meso-DAP) structure. The synthesis of 
the labeled Nod1 ligands, evaluation of their Nod1 activity, and the cellular imaging will be discussed. 
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Figure 1 Synthesized labeled Nod1 ligands
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In recent years, there has been much interest in harnessing the potential of bacterial glycolipids as vaccine 
adjuvants due to their ability to induce a strong Th-1 immune response. These molecules can be recognized by 
pattern recognition receptors (PRR) that are expressed by many cells of the immune system. Macrophage inducible 
C-type lectin (Mincle) is one such PRR that can recognize a wide range of molecules including both damage-
associated and pathogen-associated molecular patterns.[1] Many studies have focussed on determining the scope of 
ligands that bind Mincle and how structural modifications to these ligands influence their immune response. In 
particular, trehalose glycolipids represent a potent class of promising Mincle agonists.[2] To this end, we sought to 
investigate how changes to the trehalose glycolipid structure influences Mincle agonistic activity, with a view that 
the findings could lead to the development of improved vaccine adjuvants.  
 
1) X. Lu, M. Nagata, S. Yamasaki. Mincle: 20 years of a versatile sensor of insults. Int. Immunol. 30, 6, 2018, 233–239. 
2) C. D. Braganza, T. Teunissen, M.S.M. Timmer, B.L. Stocker. Identification and Biological Activity of Synthetic 
Macrophage Inducible C-Type Lectin Ligands. Front. Immunol. 2018, 8, 1940. 
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The diversity of enzymatic reactions involved in plant biological processes are largely underexplored to generate 
highly reactive chemical species under mild, aqueous conditions compatible with proteins. The release of 
isothiocyanate derivatives from glucosinolate precursors is a well-established defense mechanism against any 
aggression, which takes place specifically in plant families of the Brassicales order. [1-3] This biochemical process is 
promoted by myrosinases, a class of enzymes only present in plants, and which specifically hydrolyzes the anomeric 
carbon-sulfur bond of glucosinolates to generate isothiocyanates through a Lossen-type rearrangement. 
  
In our poster, we describe whether this unique mode of action which occurs in complex biological environments, 
could be diverted to the in situ preparation of tailor-made isothiocyanate conjugates from chemically inert and water 
soluble precursors. It is noteworthy that rare examples of enzymatically-driven formation of bioconjugable chemical 
functions have been reported, most of them using horseradish peroxidase (HRP). Based on structural analysis of 
natural glucosinolates composed of about 130 members, and artificial glucosinolate-like structures, it seems that 
modifications on the side chain R should not significantly affect the recognition process, and more importantly the 
hydrolytic ability of myrosinase. [4-6] Accordingly, the introduction of (bio)conjugable handles or probes on the 
aglycon moiety should not interfere with the chemoenzymatic release of isothiocyanate, which could be used as a 
bioconjugation tool. [7] 
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In the context of oligosaccharide synthesis, 1,2-cis-α-glycoside linkages represent a major subject of interest. We 
observed that a strongly electron-donating tert-butyldimethylsilyl (TBS) protecting group at the C-2 hydroxy group of 
a glycosyl donor induces 1,2-cis-α-glucosylation reactions, mediated by TBS-assisted stabilization of the cationic 
intermediate, which favours α-attacks of the glycosyl acceptor (Scheme 1A).[1] To demonstrate the efficiency and 
utility of the silyl-assisted α-glucosylation, we conducted reaction of the same donor with several acceptors having 
different OH-position, resulted in good to excellent α-selectivities for all the examples.  
To elucidate the stereo-direction factor of the silyl-assisted α-glucosylation, we then compared stereoselectivites of 
glycosylations using a series of glucosyl donors having a TBS-group introduced at different OH-positions (Scheme 
1B). The resulting stereoselectivities clearly showed that the α-selectivity of the glucosylation decreases as the 
introduction position of the TBS group moves away from the anomeric position of glycosyl donors. According to 
these systematic experimental results, contribution of the silyl-group toward α-selectivity appears to be dependent 
on electronic factors. 
 
[1]. K. Totani et al. RSC Advances 2015, 5, 75918. 
 

 
 
Scheme 1. Silyl-assisted α-glucosylation reactions. (A) Generality of the reaction. (B) Stereoselectivites depend on 
the position of TBS group in glycosyl donors.
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Our research is focused on the development of a next generation method for cost-efficient in situ chemical synthesis 
of complex biomolecules in the microarray format, such as peptides and glycans.[1] This method allows for a flexible 
and automated synthesis of biomolecules with a high spot density.[2]  
Main characteristic of this method is the direct transfer of compounds via laser irradiation from a donor slide, 
containing minute amounts of compound within a polymer matrix, to a modified acceptor surface. Next, coupling is 
achieved between the transferred material and the acceptor via covalent bond formation, by melting the polymer 
matrix. Finally, repetition of this process with varying donor slides generates a combinatorial pattern, containing e.g. 
amino acids or glycans. 
Our current objective is to combine this laser method with the principle of automated glycan assembly [3-5], to 
establish high-throughput synthesis of glycans and glycopeptides in the microarray format. This should allow the 
creation of thousands of different glycan variants in parallel. Subsequently, screening of the synthesized molecules 
on the microarrays can either be achieved by their selective binding of fluorescently labeled antibodies or glycan 
binding proteins. The discovery of novel specific molecular interactions via detailed binding studies will lead to novel 
insights in diagnostics, vaccine development, and disease research. [5-7] 
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ABO blood type is categorized by the oligosaccharide structures on the surface of the red blood cells (Figure a). ABO 
blood type antigens cause a strong immune response in blood transfusions. We synthesized ABO blood type 
antigens using diacetyl strategy. Immune response of the synthesized glycans was investigated to develop the novel 
immune cancer therapy. 
ABO blood type antigens contain N-acetyl glucosamine (GlcNAc). Existence of NHAc groups in glycosylation 
substrates greatly reduces the reactivity due to the formation of intermolecular hydrogen bond. Thus, we proposed 
"diacetyl strategy", in which NHAc group was protected as NAc2 group during glycosylation. Because NAc2 group 
cannot form hydrogen bond, the reactivity of glycosylation can be improved by using diacetyl strategy. We have 
employed diacetyl strategy for the syntheses of Neu5Ac containing glycans. Here, we applied this strategy to 
synthesis of ABO blood type antigens including GlcNAc. 
Aggregation of N-acetylated 4 via hydrogen bond through NHAc was first confirmed by 1HNMR and DOSY spectrum. 
Chemical shift of amide proton of 4 was shifted to downfield depending on concentration and temperature. The 
estimated effective volume (V) of N-acetylated 4 (V4 = 1.49×10^-26 m^3) was 1.2 times bigger than that of N-
diacetylated 5 (V5 = 1.24×10^-26 m^3), indicating that 4 formed supramolecular structure through intermolecular 
hydrogen bond and NAc2 derivatives did not aggregate to show enhanced reactivity. 
 The reactivity of N-acetylated fragment was then compared in the synthesis of O antigen. As expected, diacetyl 
protection improved the reactivity in both [1+1] and [2+1] glycosylations (Figure B). The enhancement of the 
reactivity by NAc2 protection was observed in both glycosylations at proximal and distal positions to GlcNAc. We also 
synthesized A and B type antigens using Troc protected fragments. 
We investigated the conjugation of ABO blood type antigens with antibody drugs to enhance the cytotoxicity against 
tumor cells. These conjugates are expected to induce strong immune response against targeted cells by the action 
of ABO blood type antigens. After the conjugation with B blood type antigen, we measured CDC activity in the 
presence of the serum from O blood type person (Figure c). The conjugate can induce CDC activity and its potency 
was increased as dose-dependent manner. 

 
a) Structure of ABO blood type antigens, b) Glycosylation results, c) Concept of CDC assay
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Various high-mannose type glycoprotein oligosaccharides play important roles in glycoprotein quality control. To 
analysis their biological functions, there is problematic in rapid access to obtain sufficient amount of various high-
mannose glycans by chemical synthesis or isolation from organic sources. Thus, the facile methodology to obtain a 
series of high-mannose glycans is still required. 
To overcome this subject, we designed the one-pot strategy called dendritic glycosylation contributing synthesis of 
various branched high-mannose glycans. In this methodology, the following issues should be improved: (a) 
achievement of complete stereoselectivity in each glycosylation steps, and (b) facile purification and isolation 
technique for the resulting glycosylation product mixture. In this study, we prove the feasibility of the dendritic 
glycosylation through model experiments towards synthesis of the B- and C-branch structures of high-mannose 
glycans (Figure 1).  
In the first step of the glycosylation, the Pre-M7 trisaccharide was synthesized from 3,6-di-OH mannosyl accepter 
and fluorinated mannosyl donor with perfect α-selectivity in the glycosylation. We intentionally suspended the 
subsequent second dendritic glycosylation to obtain not only the Pre-M9, but also the intermediate product of Pre-
M8B and Pre-M8C in a one-pot. The glycosylation was performed by decreasing the equivalent of the donor to 
suspend dendritic glycosylation in inadequate progress. As a result, the dendritic glycosylation produced the four 
kinds of branched structures of pre-high-mannose glycans in the same reaction mixture. These compounds were 
also synthesized in complete α-selectivity. These glycosylation products were completely purified and isolated by 
only once refinement of Medium Pressure Liquid Chromatography (MPLC). Pre-M8B and Pre-M8C, the structural 
isomers, were identified with two-dimensional NMR (COSY, HMQC and HMBC). We believe this framework can be used 
to improve the future obtainment of high-mannose glycans. Application of the dendritic glycosylation to obtain the 
full-set of complete high-mannose glycans are also in progress.  
 

 
 
Figure 1. Elongation of the branched structures by dendritic glycosylation.
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 Lipooligosaccharide (LOS) is a cell surface component of certain gram-negative bacteria. It lacks O-antigen in 
lipopolysaccharide (LPS) and consists of active principle lipid A and the core oligosaccharide moiety, which connects 
to lipid A via the bacterial-specific Kdo and heptose (Hep) (Figure 1-a). 
 We previously revealed that core oligosaccharide, especially Kdo moiety, deeply affects the biological activity of 
lipid A. Escherichia coli lipid A with Kdo shows stronger immunostimulatory activity than lipid A itself [1]. On the 
other hand, it is still unclear how Hep moiety affects lipid A’s activity. 
 We found that LOS isolated from symbiotic bacteria Alcaligenes faecalis showed the higher immunostimulatory 
activity and the different concentration dependency in comparison to chemically synthesized A. faecalis lipid A. 
These results suggested that the core oligosaccharide moiety affects the biological activity of A. faecalis lipid A. 
Therefore, we started synthetic study of lipid A conjugated with Hep and Kdo to investigate the immunological 
function of the core oligosaccharide. According to the report by Davis et al. [2], we synthesized Hep disaccharide via 
mannose disaccharide 1. Simultaneous oxidation and homologation of two hydroxy groups of 1 gave 2. 
Dihydroxylation of 2 afforded Hep disaccharide 3 (Figure 1-b). The absolute configuration of the chiral center is now 
under investigation. 
 
[1] Yoshizaki, H.; Fukuda, N.; Sato, K.; Oikawa, M.; Fukase, K.; Suda, Y.; Kusumoto, S. First Total Synthesis of the Re-
Type Lipopolysaccharide. Angew. Chem. Int. Ed. 2001, 40, 1475. 
 
[2] Kong, L.; Vijayakrishna, B.; Kowarik, M.; Park, J.; Zakharova, A. N.; Neiwert, L.; Faridmoayer, A.; Davis, B. G. An 
antibacterial vaccination strategy based on a glycoconjugate containing the core lipopolysaccharide tetrasaccharide 
Hep2Kdo2. Nat. Chem. 2016, 8, 242. 
 
 

 
 
Figure 1-a. Chemical structure of A. faecalis LOS 
Figure 1-b. Synthetic scheme of Hep disaccharide
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In recent years, N-tosylhydrazones have been increasingly used in metal-free and transition metal-catalyzed 
coupling reactions instead of the unstable diazo compounds [1, 2]. Carbohydrate coupling reactions are poorly 
known, and couplings with sugar tosylhydrazones represent a completely new area of carbohydrate chemistry. 
Coupling reactions of N-tosylhydrazones can be applied for the formation of carbon-carbon and carbon-heteroatom 
bonds, as well. Examples of C-N couplings with amines and N-heterocycles can also be found in the literature [3, 4]. 
Under these preliminaries we started a systematic study about 4 years ago to investigate the applicability of 
anhydro-aldose-tosylhydrazones 1 [5] in coupling reactions. In this project C-O [6] and C-S [7] bonds were 
successfully formed under metal-free conditions and C-C bonds [8, 9] in Pd-catalyzed reactions. As a next step we 
started to investigate the possibility of C-N bond formation by coupling of 1 with amines and N-heterocycles. 
Reactions of 1 with amines were not successful, but the metal-free reactions with N-heterocycles provided the N-(β-
D-glycopyranosyl)methyl-heterocycles 2 (See Figure 1). In this presentation we disclose our results. 
 
1. Qiu, D.; Mo, F. Y.; Zhang, Y.; Wang, J. B. Recent advances in transition-metal-catalyzed cross-coupling reactions 
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2. Xia, Y.; Qiu, D.; Wang, J. B. Chem. Rev. 2017, 117, 13810-13889. 
3. Hamze, A.; Tréguier, B.; Brion, J.-D.; Alami, M. Org. Biomol. Chem. 2011, 9, 6200-6204. 
4. Zeng, X.; Cheng, G.; Shen, J.; Cui, X. Org. Lett. 2013, 15, 322-3025. 
5. Tóth, M.; Kövér, K. E.; Bényei, A.; Somsák, L. Org. Biomol. Chem. 2003, 1, 4039-4046. 
6. Kaszás, T.; Tóth, M.; Kun, S.; Somsák, L. RSC Adv. 2017, 7, 10454-10462. 
7. Kaszás, T.; Tóth, M.; Somsák, L. New J. Chem. 2017, 41, 13871-13880. 
8. Kaszás, T.; Ivanov, A.; Tóth, M.; Ehlers, P.; Langer, P.; Somsák, L. Carbohydr. Res. 2018, 466, 30-38. 
9. Kaszás, T.; Tóth, M.; Langer, P.; Somsák, L. Adv. Synth. Catal. 2019, 361, 105–117 
 
The research was supported by the EU and co-financed by the European Regional Development Fund under the 
project GINOP-2.3.2-15-2016-00008, and by the National Research, Development and Innovation Office under the 
project FK128766. 
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László Somsák1 

1University of Debrecen, Debrecen, Hungary 

In the past decade N-tosylhydrazones emerged as partners in metal-catalyzed and also in metal-free coupling 
reactions for the formation of carbon-carbon and carbon-heteroatom bonds. One reason for this is that aliphatic and 
aromatic tosylhydrazones are readily available and stable compounds, and diazo compounds and carbenes, key-
intermediates in coupling reactions, can be generated from N-tosylhydrazones in situ [1, 2]. On the contrary, 
anhydro-aldose tosylhydrazones 1 are not readily available, and their preparation needs special methods. We have 
elaborated a synthetic method to get such types of compounds by reduction of glycosyl cyanides followed by in situ 
trapping of the intermediate imine by tosylhydrazine [3, 4]. Based on these preliminaries we have started to examine 
systematically the coupling reactions of anhydro-aldose tosylhydrazones. It is known from the literature that 
coupling of N-tosylhydrazones with boronic acids results in C-C bond formation [5, 6]. Our goal was to study some 
new metal free and metal-catalyzed coupling reactions of ester and ether protected anhydro-aldose tosylhydrazones 
1. The metal-free couplings gave the ring-opened heptenitols 2 while metal-catalyzed reactions resulted in 
substituted exo-glycals 3 (See Figure 1).  
 
1. Qiu, D; Mo, F. Y.; Zhang, Y.; Wang, J. B. Recent advances in transition-metal-catalyzed cross-coupling reactions 
with N-tosylhydrazones. In Advances in Organometallic Chemistry; Perez, P. J., Ed.; Academic Press, 2017; Vol. 67; p 
151-219. 
2. Xia, Y.; Qiu, D.; Wang, J. B. Chem. Rev. 2017, 117, 13810-13889. 
3. Tóth, M.; Somsák, L. Tetrahedron Lett. 2001, 42, 2723-2725. 
4. Tóth, M.; Kövér, K. E.; Bényei, A.; Somsák, L. Org. Biomol. Chem. 2003, 1, 4039-4046. 
5. Barluenga, J.; Tomás-Gamasa, M.; Aznar, F.; Valdés, C. Nat. Chem. 2009, 1, 494-499. 
6. Zhao, X.; Jing, J., Lu, K.; Zhang, Y.; Wang, J. Chem. Commun. 2010, 46, 1724-1726. 
 
The research was supported by the EU and co-financed by the European Regional Development Fund under the 
project GINOP-2.3.2-15-2016-00008, and by the National Research, Development and Innovation Office under the 
project FK128766. 
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Synthesis of a Complex Glycolipid from Malassezia Pachydermitis 
Permits Identification of Ability to Signal through Human Mincle 

Phillip van der Peet1, Spencer Williams1, Christian Gunawan1, Miyuki Watanabe2, Sho Yamasaki2,3 

1School of Chemistry and Bio21 Institute, University of Melbourne, Parkville, Australia, 2Department of Molecular 
Immunology, Research Institute for Microbial Diseases, Osaka University, 3Department of Molecular Immunology, 
Immunology Frontier Research Center, Osaka University 

Malassezia pachydermitis is a commensal fungus that causes skin diseases and otitis in humans and carnivorous 
pets and can result in serious infections in susceptible humans. Yamasaki and co-workers isolated a unique 
glycolipid, 44-2, from M. pachydermitis composed of a mannitol core bearing three β-mannosylated hydroxystearate 
chains. Glycolipid 44-2 was shown to be a potent stimulator of murine macrophage-inducible C-type lectin (Mincle) 
receptor,[1] a pattern recognition receptor of the innate immune system that senses lipidic species and signals the 
presence of bacteria and fungi. Glycolipid 44-2 contains three β-mannosyl linkages to 10-hydroxystearic acid 
moieties, which are in turn esterified to L-mannitol. We report the concise synthesis of this complex lipid through a 
highly convergent approach utilising a single glucosyl trichloroacetimidate donor to generate all four β-glycosidic 
linkages. Inversion of glucose at C2 was used to access the synthetically challenging β-mannosyl configuration. The 
chiral 10-hydroxystearic acid chains were generated by cuprate coupling to an enantiopure epoxide obtained by 
Jacobsen’s hydrolytic kinetic resolution of the racemate. Synthetic 44-2 was shown to be a potent agonist of 
signalling through human Mincle, and represents the first such fungal metabolite to do so. 
 
[1] Ishikawa, T.; Itoh, F.; Yoshida, S.; Saijo, S.; Matsuzawa, T.; Gonoi, T.; Saito, T.; Okawa, Y.; Shibata, N.; Miyamoto, T.; 
Yamasaki, S. Cell Host Microbe. 2013, 13 (4), 477−488. 
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1University of Florence, Sesto Fiorentino (FI), Italy, 2Université de Strasbourg , Strasbourg, France 

Gold glyconanoparticles (Au-GNPs) are multivalent tools based on self-assembled monolayers (SAMs) of thiol-ending 
glycoconjugates grafted onto gold nanoparticles by means of Au–S bonds. These hybrid multivalent systems show 
significant water solubility together with a good cell permeability, which is essential for therapeutic applications.[1] 
Multivalent architectures bearing several bioactive units assembled onto a common scaffold showed to be more 
effective in improving the binding affinity to different kinds of carbohydrate-binding proteins, including enzymes, 
compared to their parent monovalent counterparts.[2] This is defined as the “Multivalent Effect (MVE)”, and was 
investigated and observed to be successful also in glycosidase inhibition. [3] Iminosugars are glycomimetics with a 
nitrogen atom replacing the ring oxygen of sugars and are widely known to inhibit glycosidases.[4] We recently 
prepared Au-GNPs decorated with pyrrolidine iminosugars, which were able to inhibit enzymes related to metabolic 
diseases. [5] By following a similar strategy, we now report the preparation and characterization of Au-GNPs 
decorated with ligands based on deoxynojirimycin (DNJ, Figure 1), a widely investigated iminosugar that has already 
shown excellent enhancement activities towards commercially available jack-bean α-mannosidase. Preliminary 
biological evaluation of these new multivalent architectures will be also presented. 
 

 
 
Figure 1: Representation of gold glyconanoparticles decorated with deoxynojirimycin (DNJ) derivatives.
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Unprotected Furanosyl Acceptor 
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Carbohydrates are well represented in nature, in particular in biological mechanisms. Unlike pyranoses, furanoses 
are absent from mammals (except in the DNA) but they can be found in cell wall bacteria, fungi and parasitic 
microorganisms.[1,2] This explains why they are an interesting target for the development of new bioactive agents. 
 
Enzymatically synthesized fluorinated on the C-6 position octyl di-Galf showed interesting biological properties, in 
particular on macrophages and dendritic cells.[3,4] Fluorine is more and more used in pharmaceuticals products 
because it can substitute H or OH group with minimal steric perturbation.[5–7] Nevertheless its electronegativity can 
change the reactivity of the molecule. 
 
In order to pursue the tests on these compounds, bigger amount of product was required and the enzymatic 
synthesis could not afford them. We expected that the presence of fluorine at primary position could induce 
discrimination of the hydroxyl reactivity. Therefore, direct glycosylation reactions were attempted on an acceptor 
with free 2, 3, 5-OH. Selectivity of the glycosylation reaction with two different donors (thiophenyl and brominated) 
was studied. It led to the production of three disaccharides on all the possible positions but also the synthesis of 
trisaccharide branched on O-2 and O-3. More surprisingly, ring expansion and the synthesis of a transglycosylation 
product were observed. The latest resulted on the striking transfer of the aglycon from the acceptor (octyl chain) on 
the donor. 
 
Experimental evidences will be presented to rationalize this side reaction observed for the first time from O- and S-
glycosides. 
 
 
1.  Peltier P, Euzen R, Daniellou R, Nugier-Chauvin C, Ferrières V. Recent knowledge and innovations related to 
hexofuranosides: structure, synthesis and applications. Carbohydr Res. 2008 Aug;343(12):1897–923.  
2.  Dureau R, Robert-Gangneux F, Gangneux J-P, Nugier-Chauvin C, Legentil L, Daniellou R, et al. Synthetic 
UDP-furanoses inhibit the growth of the parasite Leishmania. Carbohydr Res. 2010 Jul;345(10):1299–305.  
3.  Chlubnová I, Filipp D, Spiwok V, Dvořáková H, Daniellou R, Nugier-Chauvin C, et al. Enzymatic synthesis of 
oligo-d-galactofuranosides and l-arabinofuranosides: from molecular dynamics to immunological assays. Org Biomol 
Chem. 2010;8(9):2092.  
4.  Chlubnová I, Králová B, Dvořáková H, Spiwok V, Filipp D, Nugier-Chauvin C, et al. Biocatalyzed synthesis of 
difuranosides and their ability to trigger production of TNF-α. Bioorg Med Chem Lett. 2016 Mar;26(6):1550–3.  
5.  Berger AA, Völler J-S, Budisa N, Koksch B. Deciphering the Fluorine Code—The Many Hats Fluorine Wears in 
a Protein Environment. Acc Chem Res. 2017 Sep 19;50(9):2093–103.  
6.  Cavaliere A, Probst KC, Westwell AD, Slusarczyk M. Fluorinated nucleosides as an important class of 
anticancer and antiviral agents. Future Med Chem. 2017 Oct;9(15):1809–33.  
7.  Purser S, Moore PR, Swallow S, Gouverneur V. Fluorine in medicinal chemistry. Chem Soc Rev. 
2008;37(2):320–30.  
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Lipid A Analogues 
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Lipopolysaccharides (LPS) of gram-negative bacteria are recognized by the innate immune system, this is due to 
activation of Toll-like receptor 4 (TLR4). More specifically the Lipid A moiety of LPS activates TLR4, which occurs 
through dimerization with lymphocyte antigen 96 (MD-2) and leads to a release of various cytokines. Synthetic 
(derivatives of) Lipid A show promise as an immune-modulator for treatment of sepsis but also as adjuvant for 
vaccine-therapy. Elucidation of the crystal structure of the heterodimer of TLR4 with MD-2 with Escherichia coli (E. 
coli) Lipid A has shown that the acyl-group on the amine of the reducing end is important for dimerization [1,2]. 
Therefore, we were compelled to investigate modulation of this dimerization (and thereby the innate immune 
system) through this acyl chain.  
 
The presented work describes the synthesis of E. coli Lipid A derivatives with shorter acyl chains on the C-2 amine, 
as well as their monophosphoryl Lipid A (MPL) variants which are known to induce a tempered immune response 
(Figure 1). The devised synthesis is highly convergent with protecting groups chosen that are deprotected under 
similar conditions to limit the number of deprotection steps. The synthesis employed features preinstalled acyl 
chains on the C-3 and C-3’ as well as the preinstalled phosphate on C-4’ in the monosaccharide stage. Both amines 
were orthogonally protected, the C-2’ position was protected as a 2,2,2-trichloroethoxycarbamate (Troc) because the 
improved neighbouring group participation (NGP) properties in comparison with the acylated amine. The selective 
deprotection of the C-2 amine allows for derivatization to occur at one of the final stages and a single and therefore 
more robust synthesis route. The option to make monophosphoryl lipid A is also available by protection of the 
anomeric centre as a silyl ether which can be transformed into a phosphate.  
 
[1] Park, B. S.; Song, D. H.; Kim, H. M.; Choi, B.-S.; Lee, H.; Lee, J.-O. Nature 2009, 458, 1191-1195. 
[2] Artner, D.; Oblak, A.; Ittig, S.; Garate, J. A.; Horvat, S.; Arrieumerlou, C.; Hofinger, A.; Oostenbrink, C.; Jerala, R.; 
Kosma, P.; Zamyatina, A. ACS Chem. Biol. 2013, 8, 2423-2432. 
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Figure 1: Structure of the main E. coli Lipid A moiety. Lipid A bears six acyl chains of which four are linked to the 
carbohydrate (GlcN β1-6 GlcN) backbone, the remaining two lipids are biantennary. The numbers under the lipid 
chains are the lengths in carbons of their respective chains. In MPL the anomeric phosphate is an anomeric hydroxyl 
group. 
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Chondroitin sulfate (CS) and fucosylated chondroitin sulfate (fCS) are natural heteropolysaccharides belonging to the 
glycosaminoglycan (GAG) family. From a structural point of view, both of them are composed of a saccharide 
backbone consisting of a -4)-β-GlcA-(1-3)-β-GalNAc-(1- disaccharide repeating unit. CS is widely distributed in 
mammals and invertebrates as well as in some bacteria and, depending on the natural source, it displays different 
sulfation patterns, so several disaccharide subunits could be described. [1] Instead, fCS, found up to now exclusively 
in sea cucumbers, usually shows variously sulfated L-fucose (Fuc) monosaccharides or, much more rarely, 
oligosaccharide branches linked through an α-configured glycosidic bond at C-3 of GlcA units or, in very few cases, 
at C-6 of GalNAc. [2]  
Both of these polysaccharides have attracted much attention for their biological properties and biomedical 
applications. CS, commonly obtained by extraction from bovine, porcine or shark cartilage, is currently used in 
treatment of osteoarthritis, but further potential employments have been proposed depending on different sulfation 
patterns. [3] fCS presents several biological activities too; its anti-coagulant and anti-thrombotic properties are 
particularly remarkable since they make fCS a potential alternative to heparin as orally deliverable anti-coagulant 
drug. [4]  
However, the pharmacological applications of these natural-sourced polysaccharides are limited by several factors, 
including the low abundance of raw material and the laborious downstream purification, the ever-stricter regulations 
for animal-derived drugs and the natural high variability of the sulfation patterns. The last aspect requires a strict 
control of the sulfation level in these products, since some sulfation patterns can be even dangerous for human 
health. 
For these reasons, many efforts have been devoted to the development of synthetic or semi-synthetic approaches 
for the obtainment of CS and fCS oligo- or polysaccharide derivatives. [5] In particular, recent semi-synthetic 
methods have gained a library of (f)CS polysaccharides, in which, though, the sulfation or fucosylation patterns were 
only partially controlled. [6]   
These results have encouraged us to look for novel semi-synthetic strategies in order to increase the site-selectivity 
of sulfation and fucosylation. Starting from a microbial-sourced chondroitin polysaccharide, finely-tuned sequences 
of protection-deprotection steps have been designed based on the employment of bulky protecting groups, 
selective deprotection reactions and reaction conditions already tested on mono- or oligosaccharides. 
The obtainment of homogeneous semi-synthetic (f)CS polysaccharides will allow wider and more accurate structure-
activity relationship studies with respect to those reported in literature to date. 
 
[1] Chondroitin Sulfate: Structure, Use and Health Implications; Pomin, V. H., Ed.; Nova Science Publishers, Inc.: 
Hauppauge, NY, 2013.  
[2] Myron, P.; Siddiquee, S.; Al Azad, S. Carbohydr. Polym. 2014, 112, 173-178.  
[3] Yamada, S.; Sugahara, K. Curr. Drug Discovery Technol. 2008, 5, 289-301. 
[4] Pomin, V.H. Mar. Drugs 2014, 12, 232-254. 
[5] a) Vibert, A.; Lopin-Bon, C.; Jacquinet, J.C. Chem. Eur. J. 2009, 15, 9561-9578; b) Tamura, J.I.; Tanaka, H.; 
Nakamura, A.; Takeda, N. Tetrahedron Lett. 2013, 54 , 3940–3943; c) Zhang, X.; Liu, H.; Lin, L.; Yao, W.; Zhao, J.; Wu, 
M.; Li, Z. Angew. Chem. Int. Ed. 2018, 57, 12880-12885. 
[6] a) Bedini, E.; De Castro, C.; De Rosa, M.; Di Nola, A.; Iadonisi, A.; Restaino, O.F.; Schiraldi, C.; Parrilli, M. Ange. 
Chem. Int. Ed. 2011, 50, 6160 –6163; b) Bedini, E.; De Castro, C.; De Rosa, M.; Di Nola, A.; Restaino, O.F.; Schiraldi, C.; 
Parrilli, M. Chem. Eur. J. 2012, 18, 2123 – 2130; c) Laezza, A.; Iadonisi, A.; Pirozzi, A. V. A.; Diana, P.; De Rosa, M.; 
Schiraldi, C.; Parrilli, M.; Bedini, E. Chem. Eur. J. 2016, 22, 18215-18226. 
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Glucuronic acid (GA) is widely spread in a structure of biologically active glycosaminoglycans such as chondroitin 
sulfates, heparan sulfates, hyaluronic acid, fucosylated chondroitin sulfates. GA residues could appear in non-
sulfated, mono-sulfated and di-sulfated forms in these biopolymers. Since 90s a few works reported unusual NMR 
characteristics of the exhaustively sulfated glucuronic acid moiety, and the authors suggested complete inversion of 
the normal D-pyranoside chair conformation 4C1 to 1C4. 
In this work we performed synthesis and conformational analysis of mono-, di- and trisaccharides I-III (Fig. 1), 
bearing exhaustively sulfated glucuronic acid moiety. Experimental and theoretical conformational investigation of 
these compounds showed that the distortion in the pyranoside ring of the persulfated glucuronic acid cannot be 
described simply within 4C1↔1C4 inversion. Instead, the experimental NOE data clearly indicated that two skew-boat 
conformers (OS2 and 3S1) provide significant contribution to the conformational equilibrium, that was confirmed by 
the analysis of the relative energies for optimized structures of possible conformations (OS2, 3S1, 1S5, 4C1,1C4). As 
glucuronic acid is one of the key constituting blocks in glycosaminoglycans, this knowledge may be very important 
for correct modelling of interactions between these biopolymers and protein targets. 
 
This work was supported by the Russian Science Foundation (Grant 19-73-20240). 
 

 
Model compounds I-III, bearing exhaustively sulfated glucuronic acid moiety, and possible conformations of GA 
residue 0S2, 3S1, 4C1, 1C4. 
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Cold areas that comprise up to 90% of our biosphere are significantly colonized by cold-adapted organisms. To be 
able to successfully cope with low temperatures, all these organisms are acclimated on many different molecular 
levels. One of them concerns a production of cold-active enzymes displaying high catalytic efficiency at low 
temperatures which is connected with great flexibility and thermosensitivity. Due to their unique characteristics, 
these biocatalysts have found an enormous potential to participate in various biotechnological processes, such as 
part of detergents, during degradation of lactose in milk industry, in baking technology and fruit juicy industry, also 
in the fabric production and treatment, additionally in pharmaceutical and cosmetic industry together with the field 
of molecular biology and bioremediation. 
 
In this project, we were searching for genes coding for new cold-active enzymes with expected amylase and 
cellulase activities from various cold-adapted organisms. In the previous work, selected glycosidase activities were 
tested in different microbial samples adapted to low temperatures. According to the obtained temperature profiles, 
three strains – two yeast (Mrakiella aquatica and Cryptococcus victoriae) and one bacterial (Arthrobacter sp. C1-1) - 
were selected showing the biggest ratio of amylase or cellulase activities at low temperatures. To identify genes 
possibly responsible for the measured activities, we had to design gene-specific (GS) primers first and perform PCR 
to amplify the wanted coding parts of their genomes. For this purpose, sequences of predicted amylases or 
cellulases from organisms the most phylogenetically related to the chosen isolates were all downloaded from free 
available databases and compared. Based on the found similarities – the conserved parts of sequences, the GS 
primers were devised. The chosen microbial strains were cultivated at 15 °C and used for the isolation of bacterial 
genomic DNA (gDNA) or total yeast RNA. To amplify bacterial target genes, we performed PCR reactions using the GS 
primers and the isolated gDNA as a template. In the case of yeasts, cDNA obtained by reverse transcription from the 
isolated RNA was used as a template to amplify the whole gene sequences by RACE method variations using GS 
primers combined with special anchor primers. 
 
As for the amylases, we successfully amplified and also sequenced the whole amylase gene from Arthrobacter sp. 
C1-1 and from Mrakiella aquatica, then sequenced them and analysed by in silico methods. Subsequently, amylase 
from Arthrobacter sp. C1-1 was recombinantly produced as a fusion protein with polyhistidine-tag in E. coli BL21 
(DE3). Its basic temperature, pH and activity parameters were then briefly characterized. 
Since we were not able to amplify any cellulase gene from Arthrobacter sp. C1-1 using several designed GS primer 
pairs, we moved to search for a gene coding for chitinase that could potentially show a cellulase activity too. We 
succeeded and analysed the found sequence by in silico methods. However, we have not been able to amplify the 
searched cellulase gene from Cryptococcus victoriae and we are still dealing with it. 
  
In the future, we will complete the identification of yeast cellulase gene and afterwards recombinantly produce, 
purify and deeply characterize all remaining enzymes. 
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Carbohydrate-based surfactants are a green class of biodegradable, low toxic, nonionic surfactants. The widely used 
subclass of alkyl-glycosides is of special interest, since established models used to describe common surfactants 
(HLB-value, packing parameter) lack the capability to predict the differing behaviour of different carbohydrate-
isomers or anomers. Therefore, these sugar-based surfactants are ideal models for investigating how small 
structural changes in their structure affect their amphiphilic properties [1].  
Here, we present the preparation of a comprehensive library of well-defined alkyl-glycoside surfactants varying in 
choice of head-group, anomeric configuration and length of the alkyl chain, including a novel class of 
glycosurfactants bearing an internally unsaturated alkyl chain [2]. We systematically studied the effect of these 
parameters on the surfactant properties by applying a multitude of analytical methods, such as isothermal titration 
calorimetry (ITC), tensiometry, dynamic light scattering (DLS), small angle-X-ray scattering (SAXS) and transmission 
electron microscopy (TEM). In addition, we evaluated the emulsification properties of the glycosurfactants. Finally, 
we investigated the role of these surfactants as capping agents in the generation of zinc oxide (ZnO) nanoparticles 
and we show their marked effect on the shape of the formed, inorganic nanocrystals. 
 
[1] von Rybinski, W.; Hill, K., Angew. Chem. Int. Ed. 1998, 37 (10), 1328-1345. 
[2] Voggel, M.; Meinusch, R. M.; Siewert, V.; Kunkel, M.; Wittmann, V.; Polarz, S., Soft Matter 2018, 14 (35), 7214-7227. 
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Previous studies showed that suppression of N-glycan processing enzymes like β-N-acetylhexosaminidase could 
significantly enhance the fruit shelf life. It indicated that N-glycosylated proteins in the cell wall are also important 
targets involved in ripening and softening. Based on the techniques of qualitative and quantitative analysis of N-
glycan, we explored the changing of N-glycans during the process of ripening and softening of peach fruits. It was 
founded that the proportion of N-glycans bearing terminal N-acetylglucosamine was significant decreased during the 
ripening while the activity and expression level of β-N-acetylhexosaminidase were increased. And the changing was 
also proved to be associated with the ethylene evolution and respiratory intensity. The evidences indicated that 
protein conjugated N-glycans might be involved in fruit ripening and softening of peach and regulated by ethylene 
signal pathway.
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Introduction: 
Glycosylation is one of the most abundant and important protein modifications and it is associated with a multitude 
of diseases.1,2 Next to this, glycosylation plays an important role in the efficacy of biopharmaceuticals.3 However, 
the analysis of glycans is a major challenge due to its heterogeneous character and low abundance in complex 
mixtures. Recently, a 96-well based high-throughput polyvinylidene difluoride (PVDF) membrane-based approach 
was developed for the analysis of released N-glycans from cells.4 Here, we further developed the PVDF membrane 
approach to enhance its sensitivity and to allow the analysis of N-glycans in low abundant samples. In addition, to 
explore the efficiency of the release on the PVDF membrane as well as the sensitivity of this approach, 
immunoglobulin G (IgG) was used as a standard. 
 
Methods: 
To optimize the release of the N-glycans, several steps in the PVDF membrane approach were evaluated, such as 
protein immobilization, membrane blocking and N-glycan release conditions. Different concentrations of IgG (2- 20 
µg) were applied and immobilized to the PVDF-membrane in 96-well plate format. Protein denaturation was 
performed using 8M guanidine HCl and 100mM dithiothreitol (DTT). Nonidet P-40 (NP-40) and polyvinylpyrrolidone 
(PVP40) at different concentrations were studied to block the membrane prior to the N-glycans release by PNGase F. 
After hydrophilic interaction chromatography based solid phase extraction (HILIC-SPE) purification, the resulting N-
glycans were directly analyzed by matrix-assisted laser desorption-ionization – time of flight mass spectrometry 
(MALDI-TOF-MS) and by using an internal standard, N-glycans could be quantified.  
Results: 
The optimized membrane-based protocol showed the potential for high sensitivity analysis. Blocking with NP-40 
resulted in a more efficient release, as compared to PVP40. For instance, the relative intensity of N-glycans were 
enhanced, and more N-glycan compositions were detected using NP-40. To further evaluate and improve the 
sensitivity of this method, future research will focus on using starting amounts of protein in the ng range. 
Furthermore, the released N-glycans will be analyzed by capillary electrophoresis-electrospray ionization-mass 
spectrometry (CE-ESI-MS). The potential advantage of CE-ESI-MS is that the additional purification step (HILIC-SPE) 
can be avoided, and the overall higher sensitivity of the method. However, for the analysis with CE-ESI-MS a charge 
should be introduced, therefore, chemical labelling procedures at the reducing end of the N-glycans by different 
labels (e.g. the hydrazide Girard’s reagent P (GirP)) are currently under investigation. 
 
Reference 
[1] Rombouts, Y.; Ewing, E.; Van de Stadt, L. A.; Selman, M. H.; Trouw, L. A.; Deelder, A. M.; Huizinga, T. W.; Wuhrer, M.; 
van Schaardenburg, D.; Toes, R. E.; Scherer, H. U. Ann Rheum Dis 2015, 74, 234-241. 
[2] Varki, A.; .Glycobiology, 2017,27(1): 3 -49.  
[3] Walsh,G.; Nat.Biotechnol., 2014, pp. 992-1000. 
[4] Holst, S.; van Pelt, G.W.; Mesker, W.E.; Tollenaar R.A.; Belo A.I.; Van Die I.; Rombouts, Y.; Wuhrer, M.; Methods in 
Molecular Biology, volume 1503. 
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Glycosaminoglycans (GAGs) and proteoglycans are major components in the extracellular matrix and are involved in 
important processes such as cell-cell interactions, growth factor uptake and uptake of biomolecules. A key substrate 
in the biosynthesis of these macromolecules is the carbohydrate xylose, the substrate for the enzyme β4GalT7. It 
has been shown that a xylose with a naphthol aglycon can function either as a primer of GAGs or as an inhibitor 
depending on the modification of the carbohydrate. It is thus interesting to synthesize modified xylosides to 
investigate the biosynthesis of GAGs and how these affect cells. Since single modifications have previously been 
investigated, progression towards double modifications or other changes of the carbohydrate is natural. 
 
To probe the active site of β4GalT7, several doubly modified naphthoxylosides were synthesized.[1] The 
endo/exocyclic oxygen was also replaced with carbon or sulfur.[2] Superficially simple compounds were shown to 
require complex synthetic routes. Despite many existing methods for synthesizing carbohydrates, double 
modifications of pentoses presented several challenges due to conformational, steric and stereoelectronic effects. 
Only two compounds showed any inhibition, revealing that the active site is stringent. [2] A profound effect in 
priming ability when replacing the oxygens for sulfur was observed, increasing the ability of the substrate by 
approximately 15 times due to a conformational change.[1] These results may have a profound effect on the quest 
for better inhibitors. 
 
[1] Willén D, Bengtsson D, Clementson S, Tykesson E, Manner S, Ellervik U. Synthesis of Double-Modified Xyloside 
Analogues for Probing the β4GalT7 Active Site. Journal of Organic Chemistry. 2018 feb 2;83(3):1259-1277.  
 
[2] Thorsheim K, Willén D, Tykesson E, Ståhle J, Praly JP, Vidal S et al. Naphthyl Thio- and Carba-xylopyranosides for 
Exploration of the Active Site of β-1,4-Galactosyltransferase 7 (β4GalT7). Chemistry - A European Journal. 2017 dec 
19;23(71):18057-18065. 

 
 
Figure a) - Modifications of interest, b) Modeling of conformationally induced enhanced binding interaction
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Highly Expedient Ionic Catch-And-Release Oligosaccharide 
Synthesis through Continuous Flow Reaction 
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Carbohydrates and their preparation continue to be a central focus of research in chemistry and biology, however, 
despite their ubiquity in living systems their chemical synthesis is non-trivial. Glycosidic bond formation is a crucial 
step in oligosaccharide synthesis and factors including the choice of leaving group at the anomeric position of the 
donor, the selection of protecting groups in both donor and acceptor moieties, the solvent system and the choice of 
promoter must be considered when carrying out the synthesis of glycosides. Emerging strategies to tackle chemical 
glycosylation utilise innovative techniques that allow for excellent control of stereoselectivity and permit high yields 
in short reaction times. A good example of this is the advent of expeditious flow methodology as opposed to 
traditional batch reactions. 
The Galan Laboratory developed a novel “catch and release” oligosaccharide synthetic methodology (ICROS) based 
on ionic supports or “I-Tags”; ionic functional groups covalently linked to sugars [1,2]. I-Tags are advantageous for 
several reasons. Their highly polar nature in comparison with neutral carbohydrate starting materials and side 
products allows chromatography-free purification of reactions by simple trituration with appropriate combinations of 
solvents in a fraction of the time taken for traditional purification methods (Figure 1a). Furthermore, owing to the 
permanent full positive charge that I-Tags bear, even minute quantities can be easily analysed by mass 
spectrometry, making reaction monitoring straightforward. Finally, attaching the I-Tag to the sugar via a cleavable 
linker ensures the I-Tag can be efficiently removed to yield the free, unprotected carbohydrate product. These 
qualities make the ICROS technique a pragmatic aid for complex oligosaccharide synthesis from simple 
monosaccharide starting materials. However, the efficiency of this approach is limited by long reaction times for 
glycosylation reactions and orthogonal deprotections. We sought to tackle this obstacle by utilising continuous flow 
reactions. Progress in this area will constitute the body of work I would like to present at Eurocarb 2019. 
Using a microflow reactor, glycosylation reaction times can be reduced from 16 hours to just 15 seconds with little 
change in product yield. The system is amenable to a variety of glycosyl donors and acceptors for diverse 
oligosaccharide synthesis (Figure 1b). Moreover, glycosylation product solution exiting the flow reactor can be fed 
directly into a deprotection solution, allowing a two-step glycosylation-deprotection with no loss of yield and no 
need for intermediary purification steps. Rapid purification of I-Tagged products facilitates oligosaccharide assembly 
quickly and easily, representing a viable strategy for making complex, biologically relevant carbohydrates. 
 
[1] Tran, A. T.; Burden, R.; Racys, D. T.; Galan, M. C. Ionic Catch and Release Oligosaccharide Synthesis (ICROS). Chem. 
Commun. 2011, 47, 4526-4528. 
[2] Sittel, I.; Tran, A. T.; Benito-Alifonso, D.; Galan, M. C. Combinatorial ionic catch-and-release oligosaccharide 
synthesis (combi-ICROS). Chem. Commun. 2013, 49, 4217-4219. 
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Figure 1a: Ionic tag supported oligosaccharide synthesis strategy. 
Figure 1b: Glycosylation reaction using the I-Tag strategy in continuous flow, with chromatography-free purification.
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Introduction 
The function of human IgGs is modified by N-glycans attached to the conserved Asn297 residue of the crystallizable 
fragment (Fc). These N-glycans are mainly complex, biantennary structures that vary with respect to the degree of 
core fucosylation, sialylation and galactosylation [1]. The glycosylation pattern is stable within a healthy individual, 
but it can change remarkably with various autoimmune diseases, including anti-neutrophil cytoplasmic antibody 
(ANCA) – associated vasculitis (AAV) [2]. AAV is characterized by the presence of antigen-specific IgG against 
proteinase 3 (PR3-ANCA) or myeloperoxidase (MPO). In PR3-ANCA positive patients it was previously reported that 
low levels of Fc domain galactosylation and sialylation on total IgG predict AAV remission [3]. However, the previous 
study was limited to PR3-ANCA positive patients and only two different time points – an ANCA rise and 
relapse/remission. In order to examine the diagnostic value, the glycosylation changes at different time points after 
treatment and before relapse in both serological groups (MPO- and PR3-ANCA) were investigated in this longitudinal 
study. 
Methods 
Total serum IgG was affinity-purified from a longitudinal cohort of 107 patients with AAV, of which 82 patients 
relapsed and 25 patients stayed in remission. IgG was trypsin cleaved, separated and subjected to mass 
spectrometry analysis (LC-ESI-MS). The obtained spectra were automatically aligned, calibrated and quantified using 
the LaCyTools software. Subsequently, several glycosylation features were calculated from the quantified 
glycoforms, including: galactosylation, sialylation, fucosylation and bisection. 
Results 
In relapsing MPO-ANCA patients the level of galactosylation on total IgG1 significantly increased upon treatment in 
the first three months after diagnosis (from 37.0% to 44.5%; p = 0.024), while this glycosylation trait remains stable 
in non-relapsing patients. Moreover, the same significant galactosylation change was observed between relapse and 
three months after relapse in the MPO-ANCA patient group (from 41.8% to 47.1%; p = 0.034). IgG1 Fc galactosylation 
changes after treatment were associated with relapse in MPO-ANCA but not in PR3-ANCA patients. 
Conclusions 
In relapsing MPO-ANCA patients the implementation of treatment after both periods of symptom manifestation, 
namely diagnosis and relapse, resulted in the increase of galactosylation on IgG1. Therefore, it appears that these 
patients gain a more anti-inflammatory phenotype upon the treatment. This change in phenotype was not observed 
in non-relapsing MPO-ANCA patients. However, further analysis of the differences between the patient’s groups, 
especially with regard to treatment and disease severity is required.  
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[1] Pucić M, et al. High throughput isolation and glycosylation analysis of IgG-variability and heritability of the IgG 
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Carbohydrate processing enzymes (CPEs) are responsible for the metabolism of carbohydrates as well as 
glycoconjugates in living organisms. Malfunction of these proteins cause aberration of the structure and/or function 
of the corresponding carbohydrate metabolites resulting in diseases such as, for example, diabetes, bacterial as well 
as viral infections, immunological diseases, cancer or lysosomal storage diseases. [1] 
 
The contribution and the role of the carbohydrate part is still unknown or even unrealised in many carbohydrate 
related disorders. In this respect, activity based protein profiling (ABPP) has become a powerful strategy for studying 
and elucidating protein activity in their native environment. Paradigmatic examples of probes for activity based 
protein profiling of carbohydrate processing enzymes have been developed, for example, by Withers, Overkleeft and 
Stubbs. [2] 
 
We became interested in the design of probes for ABPP, taking into account our knowledge about structure activity 
relationship of iminosugar derivatives 1, 2, as well as 3 (Figure 1) based on parent structures such as 1-
deoxynojirimycin, 1,5-dideoxy-1,5-imino-D-xylitol as well as 2,5-dideoxy-2,5-imino-D-manitol, respectively. [3] 
 
Results and discussion of our work towards the design, synthesis as well as biological evaluation of iminosugar 
based building blocks for ABPP probes of CPEs will be presented.  
 
[1 ] Stütz, A. E. and Wrodnigg, T. M.; Adv. Carbohydr. Chem. Biochem. 2016, 73, 225-302. 
[2] a) Hekmat, O.; He, S.; Warren, R. A. and Withers, S. G.; J. Proteome Res. 2008, 7, 3282-3292. b) Jiang, J.; 
Beenakker, T. J. M.; Kallemeijn, W. W.; van der Marel, G. A.; van den Elst, H.; Codeé, J. D. C.; Aerts, J. M. F. G. and 
Overkleeft, H. S.; Chem. Eur. J. 2015, 21, 10861-10869. c) Gandy, M. N.; Debowski, A. W. and Stubbs, K. A.; Chem 
Commun. 2011, 47, 5037-5039. 
[3] a) Zoidl, M.; Santana, A. G.; Torvisco, A.; Tysoe, C.; Siriwardena, A.; Withers, S. G. and Wrodnigg, T. M.; Carbohydr. 
Res. 2016, 429, 62-70. b) Pototschnig, G.; Morales De Csáky, C.; Montenegro Burke, J. R.; Schitter, G.; Stütz, A. E.; 
Tarling, C. A.; Withers, S. G. and Wrodnigg, T. M.; Bioorg. Med. Chem. Lett. 2010, 20, 4077-4079. 
 
 

 
Figure 1: Examples of iminosugar based probes for ABPP.
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Stereoseletive glycosylation is of primary importance for glycochemistry and glycobiology. Many factors can 
influence the stereo outcome of a glycosylation event like the leaving group at the glycosyl donor, the activating 
system, the reaction conditions, the nature of the protecting group/template, etc. Many innovative methods have 
been recently developed. However, stereoselective synthesis of 1,2-cis glycosidic linkages is still challenging.[1] 
Light has been employed to induce the glycosylation reaction.[2] However, to the best of our knowledge, light-
controlled tool to influence the glycosylation efficiency and stereoselectivity has never been developed.  
Photochromic molecules are bistable molecules featuring different structural and/or electronic properties which can 
be reversibly isomerized by light. They offer numerous opportunities for reversibly photomodulating chemical, 
biological or pharmacological activities or properties. There is increasing use of the photoisomerization to control 
the conformation as well as the activities of biomolecules. We envisioned using photochromic molecule as linker or 
template to study the influence of the photoisomerization of photochromic linker on the stereoselectivity of the 
glycosylation, through intramolecular aglycone delivery (IAD) strategy (Figure).[3] As photochromic molecules, 
azobenzenes are simple and readily accessible. Besides their remarkable photostability, azobenzenes undergo 
reversible E to Z photoisomerization upon UV or visible light illumination, resulting in important changes in molecular 
size, conformation, and dipole moment between the thermodynamically favored planar E isomer and the 
energetically higher, bent Z isomer. Since protecting group induced conformational change of glycosyl donors can 
influence dramatically the reactivity and the stereoselectivity of the glycosylation,[4] it’s expected that 
photoisomerization of azobenzene linker will change the disposition between the glycosyl donor and acceptor and 
consequently influence the glycosylation reaction. We will present the intramolecular glycosylation results with E- 
and Z-azobenzene as linker, as well as the photochromic properties of generated photoswitchable glycomacrocycles. 
 
[1] (a) S. S. Nigudkar, A. V. Demchenko, Chem. Sci. 2015, 6, 2687; (b) R. A. Mensink, T. J. Boltje, Chem. Eur. J. 2017, 
23, 17637. 
[2] (a) R.-Z. Mao, D.-C. Xiong, F. Guo, Q. Li, J. Duan, X.-S. Ye, Org. Chem. Front. 2016, 3, 737; (b) M. L. Spell, K. 
Deveaux, C. G. Bresnahan, B. L. Bernard, W. Sheffield, R. Kumar, J. R. Ragains, Angew. Chem. Int. Ed. 2016, 55, 6515; 
(c) P. Wang, D. Crich, Org. Lett. 2016, 18, 2402; (d) T. Kimura, T. Eto, D. Takahashi, K. Toshima, Org. Lett. 2016, 18, 
3190. 
[3] (a) K. H. Jung, M. Müller, R. R. Schmidt, Chem. Rev. 2000, 100, 4423; (b) A. Ishiwata, Y. J. Lee, Y. Ito, Org. Biomol. 
Chem. 2010, 8, 3596; (c) I. Cumpstey, Carbohydr. Res. 2008, 343, 1553; (d) X. G. Jia, A. V. Demchenko, Beilstein J. 
Org. Chem. 2017, 13, 2028. 
[4] M. Heuckendorff, A. Ø. Madsen, H. D. Premathilake, C. M. Pedersen, P. Pornsuriyasak, M. Bols, A. V. Demchenko, 
Org. Lett. 2013, 15, 4904.  
 

 
 
Light-modulated intramolecular glycosylation with photoswitchable tethers
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Halogen bonding (XB) has recently emerged as a promising noncovalent activation mode that can be employed in 
catalysis. However, methodologies utilizing XB remain rare, and the hydrogen-bonding (HB) catalysis congeners are 
more widespread in comparison. Herein, we demonstrate a remarkable case whereby employment of XB catalysis in 
strain-release glycosylation generates O,N-glycosides in excellent anomeric selectivity exceeding HB activation. 
Deeper investigation unraveled XB catalyst dependencies on multiple stages of the mechanism and a hitherto 
unknown XB-glycosyl acceptor activation. We present a proof of concept to interrogate sp3-rich glycosidic chemical 
space for novel biological activity, by integrating XB-catalyzed construction of a glycosidic compound collection, and 
evaluating these analogues via cell-based phenotypic screens. We show that XB-catalyzed strain-release 
glycosylation defines a new class of glycosides that inhibit the hedgehog signaling pathway through a 
nonsmoothened mode of action, opening new opportunities to combat acquired cancer resistance. 
 

 
 
A multi-stage XB catalyzed strain-release glycosylation and the representative Hh inbibitors
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Protein glycosylation is a ubiquitous post-translational modification present in all three kingdoms of life. In 
prokaryotes, glycans are frequently present on extracellular proteins to engage in host-microbe interactions. Glycans 
are also found inside the cell, where they help modulate bacterial homeostasis by tuning protein function. Notably, 
bacteria utilize a large variety of carbohydrate moieties and linkages, many of which are not found in eukaryotic 
systems. One such example is the recently reported arginine-rhamnose motif detected in a protein from 
Pseudomonas aeruginosa [1], a previously unprecedented modification in both bacteria and eukaryotes. Rhamnose is 
transferred from TDP-L-Rha to a specific arginine by the action of the glycosyltransferase EarP (Fig.1). The 
rhamnosylated arginine motif is essential for bacterial protein biosynthesis and is predicted to be conserved in a 
number of bacterial pathogens. 
 
In this talk I will describe our efforts towards understanding the key recognition elements of the bacterial protein 
glycosyltransferase EarP. By employing enzyme activity assays, substrate mimics, and NMR techniques we aim to 
expand the knowledge of bacterial glycosyltransferases as a first step to targeted inhibitor design against clinically 
relevant gram-negative pathogens.  
 
[1] Lassak, J.; Keilhauer, E.C.; Fürst, M.; Wuichet, K.; Gödeke, J.; Starosta, A.L.; Chen, J-M.; Søgaard-Andersen, L.; Rohr, 
J.; Wilson, D.N.; Häussler, S.; Mann, M.; Jung, K. Arginine-rhamnosylation as new strategy to activate translation 
elongation factor P. Nat. Chem. Biol. 2015, 11, 266-270. 
 

 
Fig.1 Arginine rhamnosylation as a mechanism to activate elongation factor P in Pseudomonas aeruginosa.
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Human milk oligosaccharides (HMOs) are the third largest component of breastmilk and constitute a heterogeneous 
mixture of structures[1]. Most structures contain lactose extended in β1,3 manner to either Type 1 LacNAc or Type 2 
LacNAc disaccharide affording Lacto-N-tetraose (LNT) or Lacto-N-neotetraose (LNnT), respectively[2]. The resulting 
tetrasaccharides can be further modified by sialic acid and / or fucose to provide compounds with significant 
structural diversity bearing different glyco-epitopes. With growing interest in HMOs, we have examined which human 
fucosyl transferases (FUT3, FUT4, FUT5, FUT6, FUT9) can modify LNT, monosialyl LNT (MSLNT), and disialyl LNT 
(DSLNT). The results of this study pave the way for future large-scale synthesis of fucosylated HMOs for biological 
investigations. 
 
Key References: 
1. Bode L. Human milk oligosaccharides: every baby needs a sugar mama. Glycobiology. 2012;22(9):1147-62. 
2. Prudden AR, Liu L, Capicciotti CJ, Wolfert MA, Wang S, Gao Z, et al. Synthesis of asymmetrical 
multiantennary human milk oligosaccharides. Proceedings of the National Academy of Sciences. 2017;114(27):6954-
9. 
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Xenoantigens derived from mammalian cells and animal source materials may be present as contaminants in the 
final product. These compounds are often problematic and must be identified. Among them, xenoantigen 
carbohydrates contained in pharmaceuticals have non-preferred effects and are difficult to detect because they are 
bound to proteins. 
Recent studies showed that some therapeutic antibodies and cell processing materials used in reproductive 
medicine contain the αGal epitope (Galα1-3Gal) and N-glycolylneuraminic acid (Neu5Gc). Therefore, rapid and robust 
methods for detecting the αGal epitope and Neu5Gc are required. We are working on improving these detection 
methods in multifarious ways. 
 
Structure-defined N-glycans 
We chemically synthesized various structure-defined N-glycans including human-type glycans (G0, G2, and SG), 
uniform isomers (6-G1 and 3-G1), and heterogenic antigens including αGal or Neu5Gc. We also produced high-grade 
2-AB-labeled N-glycans. These compounds can be used as reliable and suitable standards for mass spectrometry, 
capillary electrophoresis, and high-performance liquid chromatography analyses. We introduce the use of these 
standard products with examples. 
 
Antibodies for versatile detection 
We simultaneously developed polyclonal antibodies that specifically bind to xenoantigen carbohydrates, αGal, and 
Neu5Gc using chickens as immunization hosts and the synthetic carbohydrate as an antigen. Some antibodies were 
modified with fluorescent probes or enzymes for versatile detection. The xenoantigen carbohydrate attached to Fc 
and/or Fab regions of the therapeutic antibody can be detected using our method. In this poster, we describe this 
method for detecting xenoantigen carbohydrates in cell culture supernatants or in therapeutic proteins using our 
antibodies. 
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Galactosaminogalactan (GAG) is an important cell wall component of Asperillus fumigatus, a common fungal 
pathogen responsible for invasive mold infection.[1] It is composed of 1,4-linked galactose (Gal), GalN and GalNAc 
residues that are interconnected through cis-glycosidic linkages and distributed in a random order. The GAG 
polysaccharide is thought to have potent anti-inflammatory effects. Synthetic fragments of the GAG polymer can 
serve as powerful tools in various directions. They may serve as synthetic antigens in the generation of potential 
aspergillosis vaccines and they can be evaluated for their immunomodulatory activity to provide molecules with 
defined antiinflammatory activity. 4,6-O-di-tert-butylsilylene (DTBS)-directed α-selective galactosylation method, 
developed by Kiso’s group, is a comprehensive and powerful method for the synthesis of α-galactosyl and 
galactosaminyl glycans.[2] Here it was applied to synthesize the fragments of GAG polysaccharides through a linear 
stepwise synthesis strategy. 
 
References: 
[1] T. Fontaine, A. Delangle, C. Simenel, B. Coddeville, S. J. van Vliet, Y. van Kooyk, S. Bozza, L. Romani, J.-P. Latgé, 
Plos Path. 2011, 7, e1002372.  
[2] A. Imamura, H. Ando, S. Korogi, G. Tanabe, O. Muraoka, H. Ishida, M. Kiso, Tetrahedron Lett. 2003, 44, 6725-6728.
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During the last decades the glycans of the most abundant immunoglobulin (Ig), IgG, got a lot of attention, since the 
biological activity of human IgG is directly influenced by its glycosylation status. The Fc N-glycosylation can 
modulate its function in an inflammatory or anti-inflammatory mode of action. The posttranslational addition or 
removal of distinct sugar residues may lead to an increased or decreased effect on cell-dependent cytotoxicity, or 
an antibody-dependent cellular phagocytosis to name a few. For example, sialylated IgGs are less inflammatory than 
asialylated IgGs. Interestingly, the glycosylation seems to change during aging and different diseases. Furthermore, 
inflammatory glycan patterns on IgGs are reduced during pregnancy, but are increased in individuals with 
autoimmune diseases or chronic infections as well as a tumor relapse in comparison to healthy individuals.  
We want to investigate the glycosylation status and its biological impact in cattle and other farm animals. These 
studies should expand the knowledge of the importance of glycosylation of antibodies in livestock animals to 
improve their animal welfare. To achieve this, we purify IgGs from biological samples like milk in addition to blood 
and released enzymatically the N-glycans. After fluorescence labelling glycans were separated via hydrophilic 
interaction chromatography (HILIC) and subsequently analyzed by ESI-MS. In addition, the sialic acids were 
separately analyzed by reverse phase HPLC. The first results indicate that bovine IgGs are sialylated with higher 
amounts of N-glycolylneuraminic acid (Neu5Gc) compared to N-acetylneuraminic acid (Neu5Ac). In contrast, swine 
IgGs are less sialylated and contain only minor amounts of Neu5Gc. Thus, a species specific sialylation of IgGs takes 
place.
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Exopolysaccharides (EPS) are present on the outside of bacteria, where they can be loosely attached to the cell wall 
or secreted in the environment. EPS of lactobacilli and bifidobacteria demonstrate several beneficial effects such as 
antitumor activity, and they serve as prebiotic or as immune modulators.[1] The EPS structure of Bifidobacterium 
adolescentis, a beneficial strain commonly observed in the gut microbiome, contains 6-deoxy-L-talose (6dTal) 
residues linked in a 1,2 cis fashion.[2] To understand the biological impact of the cis-linked 6dTal moieties, well-
defined structures are needed. Because little is known about the glycosylation properties and preferences of 6dTal, 
this is the main challenge of this project.  
To develop a robust method to attach multiple 6dTal residues through cis-linkages, an efficient protective group 
strategy, together with a study on the reactivity and selectivity of the resulting 6dTal donors, is essential. To 
orthogonally protect the C-3 position to allow subsequent elongation, various protective groups were introduced 
regioselectively. The resulting donors were glycosylated to a set of acceptors using different activation protocols. 
The best suitable donor was further applied in the oligosaccharide assembly.  
This communication will demonstrate the unexpected properties of unusual 6dTal monosaccharides as building 
blocks and their properties and limitations when used in oligosaccharide synthesis.  
 
[1]  Castro-Bravo, N.; Wells, J. M.; Margolles, A.; Ruas-Madiedo, P. Front. Microbiol. 2018, 9, 2426. 
[2]  Nagaoka, M.; Muto, M.; Yokokura, T.; Mutai, M. J. Biochem. 1988, 103, 618–621. 
 

 
 
EPS of B. adolescentis and potential donors 



EUROCARB XX LEIDEN 2019 

P253 

Doxorubicin and Aclarubicin: Shuffling Antracyclin Glycans for 
Improved Cytotoxic Agents 

Dennis Wander1 

1Leiden University, Leiden, The Netherlands 

Doxorubicin is one of the Topoisomerase II inhibitors that are used for the treatment of various types of cancer, 
including leukaemia and non-Hodgkin lymphoma. According to its typical mechanism of action, intercalation occurs 
into the DNA, their target topoisomerase is trapped, thereby generating DNA double-strand breaks and ultimately 
cell death. As effective and popular as this drug is, its usage is hugely limited by the cumulative cardiotoxicity it 
brings along. It was recently shown that these anthracyclines are able to induce histone eviction from chromatin [1]. 
Amongst the consequences are a marked delay in DNA repair and diverse epigenetic changes. This additional 
activity of the anthracyclines may explain the difference in potency and side-effects between these drugs and 
structurally different Topo II inhibitors. We have developed a flexible methodology that allows for the preparation of 
mono-, di- and trisaccharide analogues of doxorubicin and aclarubicin (a related anthracycline trisaccharide). 
Structural variation in the target compounds has been achieved by swapping and shuffling of the sugar sequence 
and varying the alkylation pattern on the amine functionality. The saccharides can be assembled by iterative 
stereoselective couplings using thiophenyl donors, which can then be coupled to the desired aglycon using Yu’s 
ortho-alkynyl benzoate donor methodology [2]. A combined cell-biology and bio-informatic pipeline allows us to gain 
more insight in the biological and cytotoxic properties of the designer antracyclines, in search of better 
chemotherapeutic agents with diminished side-effects. This has so far led to the discovery of a doxorubicin-
aclarubicin hybrid structure that lacks the classical DSB mechanism, yet maintains its histone evicting property and 
cytotoxicity. Moreover, its cardiotoxic property has shown to be abolished in vivo in mice. Efficacy studies on human 
AML xenografts in mice are currently ongoing with the hope of ultimately providing non-cardiotoxic anthracycline 
anti-cancer treatment for humans.  
 
[1] Pang, B.; Qiao, X.; Janssen, L.; Velds, A.; Groothuis, T.; Kerkhoven, R.; Nieuwland, M.; Ovaa, H.; Rottenberg, S.; van 
Tellingen, O.; Janssen, J.; Huijgens, P.; Zwart, W.; Neefjes, J. Nat. Commun. 2013, 4, 1908. [2] Li, Y.; Yang, X.; Liu, Y.; 
Zhu, C.; Yang, Y.; Yu, B. Chem. - A Eur. J. 2010, 16 (6), 1871. 
 



EUROCARB XX LEIDEN 2019 

P254 

Structure of the O-Repeating Unit and the Lipid A Isolated from 
Fusobacterium Nucleatum ATCC 51191 

Pilar Garcia-Vello1, Dimitra Lamprinaki2, Flaviana Di Lorenzo1, Antonio Molinaro1, Nathalie Juge2, Cristina De Castro3 

1Department of Chemical Sciences, Università Di Napoli Federico Ii, Napoli, Italy, 2Gut Microbes & Health Institute 
Strategic Programme, Quadram Institute Bioscience, Norwich, UK, 3Department of Agricultural Sciences, University of 
Naples Federico II, Portici, Italy 

INTRODUCTION: Fusobacterium nucleatum is a common member of the oral microbiota [1]. However, this symbiont 
has been found to cause opportunistic infections such as periodontal diseases and has been implicated in adverse 
pregnancy outcomes such as preeclampsia, gastrointestinal disorders such as colorectal cancer or appendicitis, as 
well as cardiovascular diseases, rheumatoid arthritis, respiratory tract infections, Lemierre’s syndrome and 
Alzheimer’s disease [2]. F. nucleatum has virulence mechanisms that lead to infections outside the mouth [3].  
As a Gram-negative bacterium, F. nucleatum has an outer membrane layer protecting the bacterium in different 
environments and its external face is composed mainly by lipopolysaccharides (LPS) [4]. LPS are microbe associated 
molecular pattern (MAMP) molecules that play a crucial role in the interaction of the host with pathogens but also 
commensal bacteria as they can be recognized by the innate immunity response activating the pattern recognition 
receptors (PRR) [5]. The dual commensal-pathogen behaviour of F. nucleatum makes the determination of the LPS 
structure of this bacterium especially interesting. 
METHODS: The structure of O-antigen and lipid A from F. nucleatum ssp. animalis (ATCC 51191) was characterized 
using a combination of Gas Chromatography - Mass Spectrum (GC-MS) derivatization, Matrix-Assisted Laser 
Desorption/Ionization (MALDI) and Nuclear Magnetic Resonance (NMR) analytical techniques. 
RESULTS: Analysis of the NMR disclosed the presence of a repeating unit composed by three monosaccharides, 
apparently in contrast with the presence in the proton spectrum of about six signals in the anomeric region with no 
stoichiometric proportions. Analysis of the connectivity by combining COSY, TOCSY and NOESY spectra established 
that three different sugars were present: β-GlcpNAcA, β-GlcpNAc3NAlaA and α-FucpNAc4NAc. Importantly, the amino 
function at position 4 of α-FucpNAc4NAc is acetylated in a not stoichiometric fashion: depending on the presence of 
the acetyl, the chemical shifts of all signals change, giving a spectrum with six anomeric signals. Also, the Lipid A 
was analysed by MALDI.  
CONCLUSIONS: The LPS structure of F. nucleatum ATCC 51191 displays great complexity due to the high level of 
amino functions, the partial acetylation of one of them and the presence of an amino acid, Ala. More research is 
necessary to understand the role that this structure plays in the interaction of this bacterium with host in the context 
of health and disease. 
 
References 
[1] Avila M, Ojcius DM, Yilmaz O. The oral microbiota: living with a permanent guest. DNA Cell Biol. 2009;28(8):405-11.  
[2] Han YW. Fusobacterium nucleatum: a commensal-turned pathogen. Curr Opin Microbiol. 2015;23:141-7. 
[3] Bachrach G, Ianculovici C, Naor R, Weiss EI. Fluorescence based measurements of Fusobacterium nucleatum 
coaggregation and of fusobacterial attachment to mammalian cells. FEMS Microbiol Lett. 2005;248(2):235-40. 
[4] Okahashi N, Koga T, Nishihara T, Fujiwara T, Hamada S. Immunobiological Properties of Lipopolysaccharides 
Isolated from Fusobacterium nucleatum and F. necrophorum. J Gen Microbiol. 1988;134(6):1707-15. 
[5] Molinaro A., Holst O., Di Lorenzo F., Callaghan M., Nurisso A., D'Errico G., et al. Chemistry of lipid A: at the heart of 
innate immunity. Chemistry. 2015;21(2):500-19. 
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Heparan Sulfate proteoglycans (HSPGs) interact with many proteins, especially growth factors or cytokines via 
specific sulfation patterns. They can be remodeled in the pericellular space by a novel class of extracellular 
enzymes, the Endosulfatases (HSulf 1 and 2), which selectively remove the 6-O-sulfate groups from glucosamine 
residues within the HSPGs chains [1-2]. HSulfs expression/production is deregulated in many human cancers 
including breast, lung, ovarian and hepatocarcinoma [3-4]. Thus, this family of enzymes represents an interesting 
therapeutic target. 
Most of sulfatases require a post-translational modification of a cysteine residue to a catalytically formylglycine 
residue to be active [5]. One of the most efficient classes of sulfatases inhibitors are sulfamate compounds. For 
Endosulfatases, very few molecules have been reported as inhibitors and no selectivity towards Endosulfatases was 
found with the most potent one [6]. 
 In order to increase the selectivity and to obtain an efficient inhibitor, we designed heparan sulfate fragments 
library bearing a 6-O-sulfamate at the non-reducing end (see figure 1). The synthesis and biological evaluation of 
these analogs will be presented.  
 
[1] A. Seffouh, et al, FASEB J. 2013, 23, 2431-2439, R. R. Vivès, et al, Front. Oncol. 2014, 3, 331, 1-11. 
[2]. M. Buono et al, Cell. Mol. Life Sci. 2010, 67, 769-780. 
[3] S. Rosen et al, Expert. Opin. Ther. Targets. 2010, 14, 935-949, X. Zheng et al, Genes Chromosom. Cancer 2013, 52, 
225–236. 
[4] X. Zheng et al, Genes Chromosom. Cancer 2013, 52, 225–236. 
[5] M. Schmid et al, Cell 1995, 82, 271-278. 
[6] M. Schelwies, et al, ChemBioChem 2010, 11, 2393–2397, T. Reuillon et al, Chem. Sci., 2016,7, 2821-2826. 
 

 
 
Figure 1 : Heparan sulfate fragments analogs
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The lytic polysaccharide monooxygenases (LPMOs) are copper-dependent enzymes for the degradation of 
recalcitrant polysaccharides such as chitin and cellulose. Unlike classical hydrolytic enzymes (cellulases), LPMOs 
catalyze the cleavage of the glycosidic bond via an oxidative mechanism using oxygen and a reductant. The full 
enzymatic molecular mechanisms, starting from the initial electron transfer from a reductant to oxygen activation 
and hydrogen peroxide formation, are not yet understood. Using QM/MM metadynamics simulations, we have 
uncovered the complete oxygen activation mechanisms by LPMO in the presence of ascorbic acid, one of the most 
used reductants in LPMOs assays. Our simulations capture the sequential formation of Cu(II)-O2- and Cu(II)-OOH- 
intermediates via facile H-atom abstraction from ascorbate. By investigating all the possible reaction pathways from 
the Cu(II)−OOH- intermediate, we ruled out Cu(II)-O•- formation via direct O-O cleavage of Cu(II)-OOH-. Meanwhile, we 
identified the exclusive pathway in which the proximal oxygen atom of Cu(II)−OOH- abstracts a hydrogen atom from 
ascorbate, leading to Cu(I) and H2O2. The “in situ” generated H2O2 either converts to LPMO-Cu(II)-O•- via a 
homolytic reaction, or diffuses into the bulk water in an uncoupled pathway. The competition of these two pathways 
is strongly dependent on the binding of the carbohydrate substrate, which plays a role in barricading the “in situ” 
generated H2O2 molecule, preventing its diffusion from the active site into the bulk water. Based on the present 
results, we propose a new catalytic cycle of LPMOs that is consistent with the experimental information available. In 
particular, it explains the enigmatic substrate-dependence of the reactivity of the LPMO with H2O2. 
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Poly-adenosine diphosphate ribose (poly-ADPr) is an important biopolymer which is synthesized by poly-ADPr 
polymerases (PARPs) and occurs as a post-translational modification of various proteins and enzymes. ADPr-chains 
can be either linear or branched. Although the involvement of ADPr in many cellular processes has become clear 
over the past decades, the mechanism of its action and in particular the role of branched ADPr structures in the 
signaling events remains elusive. Synthetic well-defined structures are essential to get a better understanding of the 
function of branched ADPr at the molecular level. In this project, we aim to develop a synthetic methodology towards 
branched ADPr chains.  
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18B7 a monoclonal antibody against the glucuronoxylomannan (GXM), a major component of the polysaccharide 
capsule that surrounds Cryptococcus neoformans, has been identified to have catalytic activity.1 18B7 is able to 
hydrolyse GXM oligosaccharides, providing the first example of a naturally occurring catalytic antibody for 
polysaccharides. To better understand the kinetic activity, synthesis of oligosaccharide Förster Resonance Energy 
Transfer (FRET) probes has been undertaken. Details of the synthesis and the problems encountered towards these 
oligosaccharide FRET will be presented. 
 
[1] Bowen, A. et al. Journal of Biological Chemistry. 2016, 292, 417-434. 

 
 
Figure 1. Schematic representation of oligosaccharide FRET probe. FRET uses a fluorophore and quencher pair. When 
in the same molecule the fluorophore is ‘quenched’ by the quencher. However when the probe is hydrolysed the 
fluorophore returns to its original fluorescence. This change in fluorescence allows for kinetic activity to be 
calculated. 
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The sites of intracellular ADP-ribosylation were generally believed to be either acidic Asp and Glu residues1 or, less 
frequently, Arg2. In case of arginine the ADPr moiety is connected to the peptide through an N-glycosidic linkage, 
while the acidic residues are O-ADP-ribosylated. With the recent discovery that serine is not only a possible but also 
abundant acceptor of ADPr3, transferred to it by the PARP1-HPF1 complex4, a renewed scientific interest arose in O-
linked ADPr-Ser and by extension ADPr-Tyr and ADPr-Thr. 
This work shows the synthesis of well-defined Ser-ADP-ribosylated peptides and the corresponding 5-phosphate-
ribose intermediates as well as the ability to obtain these peptides in quantities sufficient for biological 
experimentation. To demonstrate the utility of the ADPr-peptides prepared by organic synthesis we set out to 
confirm the stereochemistry of the glycosidic linkage in the native ADPr-Ser bond by means of preparation both α- 
and β-configured ADPr-Ser-peptides. To this end, Fmoc-Ser-OH building blocks decorated with orthogonally 
protected α- and β-5-phosphate-ribose were synthesized. Such building blocks are compatible with solid-phase 
peptide synthesis and enable access to a variety of Ser-ADP-ribosylated peptides. 
 
(1) Gibson, B. A.; Kraus, W. L. New Insights into the Molecular and Cellular Functions of poly(ADP-Ribose) and PARPs. 
Nat. Rev. Mol. Cell Biol. 2012, 13 (7), 411–424. 
(2) Lu, B.; Bu, M.; Eckei, L.; Krieg, S.; Verheugd, P.; Shilton, B. H. ADP-Ribosylation , a Multifaceted Posttranslational 
Modi Fi Cation Involved in the Control of Cell Physiology in Health and Disease. DOI: 10.1021/acs.chemrev.7b00122 
(3) Leidecker, O.; Bonfiglio, J. J.; Colby, T.; Zhang, Q.; Atanassov, I.; Zaja, R.; Palazzo, L.; Stockum, A.; Ahel, I.; Matic, I. 
Serine Is a New Target Residue for Endogenous ADP-Ribosylation on Histones. Nat. Chem. Biol. 2016, 12, 998–1000. 
(4) Bonfiglio, J. J.; Fontana, P.; Zhang, Q.; Colby, T.; Gibbs-Seymour, I.; Atanassov, I.; Bartlett, E.; Zaja, R.; Ahel, I.; 
Matic, I. Serine ADP-Ribosylation Depends on HPF1. Mol. Cell 2017, 65 (5), 932–940.
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Nicotinamide adenine dinucleotide (NAD+) is well-known for its function as a redox co-enzyme and as the source for 
the formation of adenosine diphosphate ribose (ADPr) polymers in a post-translational modification called ADP-
ribosylation. However, several decades ago, NAD+ was also found to be the substrate of transmembrane protein 
cluster of differentiation 38 (CD38) [1]. Located on the cellular membrane of immune cells, CD38 mainly hydrolyzes 
NAD+ resulting in ADPr but can also facilitate cyclization to produce cyclic ADPr. The former reaction is suggested to 
regulate the ADP-ribosylation of cell surface proteins, while the latter product acts as secondary messenger in a 
signaling pathway that affects the intracellular Ca2+ flux [2]. Crystallographic studies on human CD38 indicated that 
the intermediate of the enzymatic hydrolysis is substrate dependent and can be both covalent and non-covalent [3]. 
For the non-covalent intermediate, an oxocarbenium ion is formed and stabilized by hydrogen bonding interactions. 
On the contrary, a stable covalent intermediate can arise when the anomeric center of the ribose is targeted by 
glutamic acid residue 226 in the active site.  
 
This study is focused on the synthesis of an NAD+ analogue containing a cyclic sulfate warhead that can trap the 
nucleophilic amino acid residue, thus covalently and irreversibly inhibiting CD38 (Figure 1A). Further implementation 
of the warhead into an activity-based probe (ABP) would allow screening of compound libraries to find novel 
inhibitors for CD38 (Figure 1B).  
 
 
References: 
[1] F. Malavasi, Physiological reviews, 2008, 88(3), 841-886. 
[2] H.C. Lee, Annual review of pharmacology and toxicology, 2008, 41(1), 317-345. 
[3] Q. Liu, Chemistry & Biology, 2008, 15(10), 1068-1078. 
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Glycoside phosphorylases (EC 2.4.x.x) are enzymes able to carry out the reversible phosphorolysis of glucan 
polymers. Importantly, their ability to build up short-to-medium length sugar chains from donor and acceptor 
substrates makes them powerful biological tools for the synthesis of new sugars with functional groups introduced 
in a selective way. The synthesis of cellodextrin oligomers from GH94 cellodextrin phosphorylase (CDP, EC 2.4.1.49) 
involves the elongation of short β-(1→4)-glucans (acceptors) through the addition of glucose units donated from α-
D-glucose-1-phosphate (donor).[1] Recently, the first X ray crystal structure of CDP bound to cellotetraose has been 
published, allowing a better understanding of the enzyme molecular recognition.[2] Previous studies have covered 
acceptors permissiveness and donor specificity as well, probing the efficiency of CDP to carry out the synthesis of 
cellulose derivatives. In addition, a new family of β-1,3-phosphorylase was recently identified and named GH149, 
which is able to synthesise β-(1→3)-glucans oligomers.[3] To be able to exploit the interesting catalytic properties of 
these enzymes in the synthesis of novel glucan derivatives, a profound understanding of the molecular basis of 
substrate recognition in solution is still needed for a diverse sets of potential substrates. 
In this study, STD NMR experiments for the investigation of the molecular recognition of substrates by β-1,3- and β-
1,4-phosphorylases were performed, and binding epitope maps of the different ligands were obtained. In the case of 
CDP, several donors (α-D-glucose-1-phosphate, α-D-galactose-1-phosphate, α-D-mannose-1-phosphate, etc.) as well 
as acceptors (glucose, cellobiose, laminaribiose and cellotriose) have been investigated. Moreover, we focused on 
cellotriose to look into ligand orientation and solvent-accessibility in the binding pocket by average DEEP-STD NMR 
methodology[4] and LOGSY-titration experiments[5], respectively. Finally, we probed the impact of inorganic 
phosphate in the ligands binding affinity. The obtained experimental data were compared to molecular docking 
calculations run both with and without inorganic phosphate, in order to reveal its impact on ligands conformation 
and orientation. The same study was started for β-1,3- phosphorylase, focusing on the donors and acceptors binding 
epitope investigation. 
The collected data show differences in the protein contacts to the α and β-anomers at the reducing ring, as well as 
to β-(1→4) and β-(1→3)-glucans and highlights enzyme preferences for binding recognition. Cellobiose and cellotriose 
β-anomers showed a spread binding epitope all along the ligand, suggesting a more complex binding mode. The 
ligand orientation, with the non-reducing ring inside the binding pocket, was confirmed through DEEP-STD NMR and 
the analysis of water exposure. On the other hand, combined analysis with docking calculations unveiled the 
existence in solution of an unproductive binding mode, where the acceptors enter the binding pocket via the 
reducing ring. Interestingly, the presence of inorganic phosphate enhances ligand binding affinity and affects the 
conformation around the inter-glycosidic linkage. 
Overall, the combination of STD NMR experiments and molecular modelling calculations has allowed us: first, to 
obtain insights on enzyme-ligand interactions for small molecules reluctant to co-crystallize, and second, to detect 
and characterize an additional unproductive binding mode of the enzyme acceptors. 
 
[1] M. Hiraishi et al. / Carbohydrate Research 344 (2009) 2468–2473 
[2] O'Neill et al. / Carbohydrate Research 451 (2017) 118-132 
[3] Kuhaudomlarp et al./ J. Biol. Chem. (2018) 293(8) 2865–2876 
[4] Monaco et al. / Angew. Chem. Int.Ed. (2017), 56, 15289—15293 
[5] Geist, L. et al. / J. Med. Chem (2017)., 60, 8708-8715 
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