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Welcome to Sialoglyco 2018 at the Banff Park Lodge in Banff, Alberta 

The international Sialoglyco symposium series is a biennial gathering to promote the 
exchange of ideas and leading-edge scientific advances in the biology and chemistry of sialic 
acids. Initiated in 1985 as a meeting of the Japanese-German Sialic Acid Society, the 
international reach of the series is reflected by the venue history of past symposia, with 
meetings held in Japan, Taiwan, Germany, France, Russia, Scotland, Australia, the USA, and 
now with Sialoglyco 2018 – Canada. 

Sialoglyco 2018 is a three-day meeting of scientific sessions. Unique this year, Sialogyco 2018 
and the annual Canadian Glycomics Symposium have joined forces to foster exchange. 
Attendees from both meetings will converge at the Sialoglyco opening mixer, and our first 
scientific session is in concert with the Canadian Glycomics Symposium. By overlapping these 
complementary symposia, the international sialoglycoscience research community is afforded the 
opportunity to interact and network with members of the Canadian glycomics community. 

Sialoglyco 2018's scientific sessions will cover the biology and chemistry of sialic acids and 
will feature presentations from notable international experts in the chemistry, biochemistry and biology 
of sialic acid-containing molecules.  In addition, this meeting provides a forum for new investigators in 
the exciting area of carbohydrate science to highlight their research. 

It is with great pleasure that we host Sialoglyco 2018, and welcome over 100 attendees from around 
the world. 
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THURSDAY 10 MAY 

3:30–5:00pm Registration 

5:00–8:00pm Opening Mixer – Joint with Glycomics Poster Session 

FRIDAY 11 MAY 

7:00–8:30am BREAKFAST 

Session 1: Joint Glycomics and Sialoglyco 2018 

Chair: José Méndez Campos, University of Toronto 

8:30am KEYNOTE 1 

Herbert Hildebrandt, Hannover Medical School 

Novel insights into polysialic acid functions in brain development and disease 

9:10am ORAL PRESENTATION 

Corwin Nycholat, Scripps Research Institute 

Synthetic glycan analog libraries for the development of high affinity ligands of 
glycan binding proteins 

9:30am ORAL PRESENTATION 

June Ereño-Orbea, Hospital for Sick Children 

Molecular basis of CD22 function and therapeutic targeting 

9:50am ORAL PRESENTATION 

Natalie Bamford, University of Toronto 

Structural insights into biofilm polysaccharide deacetylation in the fungi 
Aspergillus fumigatus 

10:10am KEYNOTE 2 

Gesa Volkers, University of British Columbia 

Structure-based analysis of polysialyltransferases 

10:50am MORNING BREAK 
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11:20am ORAL PRESENTATION 

John Klassen, University of Alberta 

Competitive universal proxy receptor assay (CUPRA) for quantitative high-
throughput glycan library screening 

11:40am ORAL PRESENTATION 

Carmanah Hunter, University of Alberta 

Chemical tools for the study of natural and labile sialic acids 

12:00pm ORAL PRESENTATION 

Landon Edgar, Scripps Research Institute 

Programmable T cell responses through Siglec-1* macrophages 

12:20pm KEYNOTE 3 

Robert Yu, Augusta University 

Glycobiology of neural stem cells– Role of glycolipids in cell fate determination 

1:00pm LUNCH 

Session 2: Sialic Acids in Disease 

Chair: Warren Wakarchuk, Ryerson University (Canada) 

2:00pm Welcome Address 

Andrew Bennet, Conference Chair 

2:10pm PLENARY LECTURE 1 

Ajit Varki, University of California, San Diego 

Sialic Acids: A Nexus in the Pathobiology of Human Infectious Diseases 

2:50pm ORAL PRESENTATION 

Philippe Delannoy, University of Lille 

TNF differentially regulates ganglioside biosynthesis and expression in breast 
cancer cell lines. 
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3:10pm LIGHTNING POSTER TALKS 

 

3:30pm AFTERNOON BREAK 

3:50pm PLENARY 2 

James Paulson, Scripps Research Institute  

Siglec suppression of immune cell responses and home prices: Location, 
location, location 

4:30pm ORAL PRESENTATION 

Marjan Huizing, National Institutes of Health 

Concerted Action for Therapies of Free Sialic Acid-Related Disorders 

4:50pm ORAL PRESENTATION 

Ian Schoenhofen, National Research Council of Canada 

Neisseria gonorrhoeae therapeutics based on the CMP-sialic acid scaffold: 
Efficacy, stability and safety of lead candidates 

5:10pm KEYNOTE 4 

Jamey Marth, University of California, Santa Barbara 

Sialic Acids and Neuraminidase Activity in Inflammatory Diseases 

5:40pm END OF SESSION 
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SATURDAY 12 MAY 

7:00–8:30am BREAKFAST 

Session 3: SialoglycoChemistry and Chemical Biology Tools 

Chair: Mark von Itzstein, Griffith University (Australia) 

8:30am KEYNOTE 5 

Cristina De Meo, Southern Illinois University 

Effect of O-Protecting Groups in Sialylation Reactions 

9:00am ORAL PRESENTATION 

Dennis Whitfield, Sussex Research Laboratories 

Thermal route to bacterial nonulosonate-enes 

9:20am INVITED PRESENTATION 

Chris Cairo, University of Alberta 

Inhibitors of the human neuraminidase enzymes as probes of biological function 

9:40am YOUNG INVESTIGATOR 

Cinzia Colombo, Università degli Studi di Milano 

Design and synthesis of candidate inhibitors of influenza A neuraminidase based 
on constrained bicyclic molecules 

10:00am KEYNOTE 6 

Yasuhiro Kajihara, Osaka University 

Chemical Synthesis of Homogeneous Sialylglycoproteins 

10:30am MORNING BREAK 

11:00am KEYNOTE 7 

Thomas Boltje, Radboud University 

Chemical Tools to Modulate Sialic Acid Expression and Recognition 
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11:30am INVITED PRESENTATION  

Akihiro Imamura, Gifu University 

Chemical synthesis of structurally complex gangliosides via unique synthetic 
approaches 

11:50am ORAL PRESENTATION 

Shang-Cheng Hung, Academia Sinica 

One-Pot Synthesis and Binding Interaction of Sialylated Glycans with 
Hemagglutinins 

12:10pm INVITED PRESENTATION 

Jennifer Kohler, University of Texas Southwestern Medical Center 

Discovery of host cell receptors for bacterial toxins using photocrosslinking sialic 
acid 

12:30pm KEYNOTE 8 

Hiromune Ando, Gifu University 

Chemistry and Chemical Biology of Sialic acid 

1:00pm LUNCH 

2:00pm AFTERNOON FREE 

5:00pm POSTER SESSION 
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SUNDAY 13 MAY 

7:00–8:30am BREAKFAST  

Session 4: SialoglycoBiology 

Chair: Rita Gerardy-Schahn, Hannover Medical School (Germany) 

8:30am ORAL PRESENTATION 

Kay-Hooi Khoo, Academia Sinica 

Delineating terminal di- and oligosialylation carried on glycoproteins from mouse 
brain deficient in ST8Sia3 by mass spectrometry-based glycomics 

8:50am ORAL PRESENTATION 

Ken Kitajima for Di Wu, Nagoya University 

Different fates of three medaka mutants in the CMP-Sia synthetase (CSS) gene, 
I230N, L303Q, and null mutants 

9:10am ORAL PRESENTATION 

Takashi Angata, Academia Sinica 

Soluble Siglec-14 is generated by alternative splicing and suppresses myeloid 
inflammatory responses 

9:30am INVITED PRESENTATION 

Chihiro Sato, Nagoya University 

G x E views of polysialic acid expression 

9:50am ORAL PRESENTATION 

Barbara Bensing, University of California, San Francisco 

Streptococcal Siglec-like Adhesins Recognize Different Subsets of Human 
Plasma Glycoproteins: Implications for Infective Endocarditis 

10:10am ORAL PRESENTATION 

Robert Woods, University of Georgia 

Engineering High-Specificity Affinity Reagents for the Detection of Glycan 
Sialylation 
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10:30am BREAK 

11:00am ORAL PRESENTATION 

Nathalie Juge, Quadram Institute Bioscience 

Sialic acid metabolism by the gut symbiont Ruminoccocus gnavus 

11:20am INVITED PRESENTATION 

Alexey Pshezhetsky, University of Montreal 

Mammalian Neuraminidases in regulation of signaling and metabolism 

11:40pm ORAL PRESENTATION 

Yuuki Kurebayashi, University of Shizuoka 

Low-pH stability of neuraminidase isolated from H7N9 influenza virus 

12:00pm ORAL PRESENTATION 

Warren Wakarchuk, Ryerson University 

Directed evolution of bacterial polysialyltransferase for in vitro synthesis of 
polySia 

12:20pm ORAL PRESENTATION 

Nora Heisterkamp, Beckman Research Institute, City of Hope 

Sialic acids in precursor B acute lymphoblastic leukemia 

12:40pm ORAL PRESENTATION 

Ken Kitajima, Nagoya University 

Comparative studies of the insect and vertebrate sialate 9-phosphate synthase 
(SPS) 

1:00pm LUNCH 
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Session 5: SialoglycoScience 

Chair: Nathalie Juge, Quadram Institute Bioscience (United Kingdom) 

2:00pm KEYNOTE 9 

Yann Guerardel, University of Lille 

Sialomics of zebrafish - Diversity and metabolism of sialic acids in Danio rerio 

2:30pm ORAL PRESENTATION 

Malena Albers, Hannover Medical School 

Impact of the acetyl-CoA transporter AT-1/SLC33A1 on sialic acid O-acetylation 

2:50pm YOUNG INVESTIGATOR  

Wesley Zandberg, University of British Columbia – Okanagan 

The development and use of analytical techniques to quantify the sialic acids 
borne by gut mucins and milk glycoconjugates 

3:10pm YOUNG INVESTIGATOR  

Matthew Macauley, University of Alberta 

Changes in Sialic Acid during B-cell Differentiation Controls the Germinal Center 
through CD22 

3:30pm BREAK 

3:50pm YOUNG INVESTIGATOR  

Anja Münster-Kühnel, Hannover Medical School 

Interfering with sialoglycan biosynthesis in mice: From embryonic lethality to 
kidney failure 

4:10pm YOUNG INVESTIGATOR  

Wenjie Peng, Shanghai Jiaotong University 

Resolving the Interactions between Human Hemagglutinin and Sialoside 
Ligands by NMR Study 
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4:30pm YOUNG INVESTIGATOR  

Lisa Willis, University of Toronto 

Polysialic acid and cancer 

4:50pm YOUNG INVESTIGATOR 

Arun Everest-Dass, Griffith University 

Dissecting the interplay between glycosphingolipids and protein glycosylation to 
understand ovarian cancer metastasis 

5:10pm INVITED PRESENTATION 

Amanda Lewis, Washington University 

Sialidase activity drives glycan foraging and symbiosis between Fusobacterium 
nucleatum and the vaginal microbiota 

5:30pm CLOSING REMARKS 

7:00–9:30pm CONFERENCE BANQUET 

  

MONDAY 14 MAY 

7:00–8:30am BREAKFAST 

8:30am Departure 
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Friday, May 11, 2018 

Session 1: Joint Canadian Glycomics and Sialoglyco 

  

Title: Novel insights into polysialic acid functions in brain development and disease 

Authors: Herbert Hildebrandt, Sebastian Werneburg, Hauke Thiesler 

Institution(s):  Institute of Clinical Biochemistry, Hannover Medical School, 30625 Hannover, Germany 

Polysialic acid (polySia) emerges as a novel regulator of microglia and macrophage reactivity. By far the 

major carrier of polySia is the neural cell adhesion molecule NCAM. However, we recently identified a 

pool of polySia in the Golgi compartment of murine microglia and human THP-1 macrophages, residing 

on two unrelated proteins, neuropilin-2 (NRP2) and the E-selectin ligand-1 (ESL-1) [1]. The Golgi-

localized polySia appears during injury-induced microglia activation and is produced exclusively by the 

polysialyltransferase ST8SIA4. Inflammatory stimulation by lipopolysaccharide (LPS) causes cell surface 

translocation and ectodomain shedding of polySia-ESL-1 and polySia-NRP2. Moreover, soluble and 

protein-linked polySia is equally capable of inhibiting the LPS-induced increase of nitric oxide and 

proinflammatory cytokines [2]. Therefore, ectodomain shedding of polySia-ESL-1 and polySia-NRP2 

constitutes a cell-intrinsic mechanism for negative feedback regulation of microglia and macrophage 

activation. In my presentation, I will discuss first evidence for where and when this mechanism may come 

into play under neuropathological conditions in vivo, like traumatic brain injury or primary malignant brain 

tumors such as glioblastoma multiforme, and how it may interact with potentially similar activities of 

polySia-NCAM presented on the surface of cells that are in contact with microglia or infiltrating 

macrophages. 

References:  

1. Werneburg S et al. (2016) Glia 64: 1314-1330. 

2. Kallolimath S et al. (2016) Proc Natl Acad Sci USA 113: 9498-9503. 

This work is supported by the German Research Foundation DFG, grant Hi678/9-1 
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Title: Synthetic glycan analog libraries for the development of high affinity ligands of 
glycan binding proteins 

Authors: Corwin M. Nycholat1, Shiteng Duan1, Shelby Willis1, Eike Wamoff2, Connie Arthur3, 
Ryan McBride1, Christoph Rademacher2, Sean Stowell3, and, James C. Paulson1 

Institution(s):  1Department of Molecular Medicine, The Scripps Research Institute, La Jolla, CA 
92037; 2Department of Biomolecular Systems, Max Planck Institute of Colloids and 
Interfaces, Potsdam GE; 3Pathology Department, Emory University School of Medicine, 
Atlanta, GA 30322 

Glycan binding proteins, including the siglecs and galectins, mediate a diversity of physiological and 

pathological processes, including infectious diseases, cancer, autoimmune diseases, allergies, 

Alzheimer’s disease and numerous other diseases. High affinity and selective ligands or inhibitors of 

these GBPs are needed to investigate their normal function or as lead compounds for potential 

therapeutics. Natural glycan ligands typically bind to the carbohydrate recognition domain (CRD) with low 

selectivity and low monovalent affinity (0.1-3 mM range), gaining avidity through multivalent interactions. 

A productive strategy to develop high affinity and selective monovalent ligands has been to use natural 

ligands as privileged glycan scaffolds that are modified with non-carbohydrate substituents to increase 

affinity and selectivity. To identify ligands of galectins and siglecs, we have chemo-enzymatically 

synthesized a diverse library of glycan analogs using LacNAc and sialyl LacNAc scaffolds, respectively. 

Using a parallel synthetic approach, we modify these glycan scaffolds using sulfonamide, urea, thiourea, 

and CuAAC chemistry. Additionally, we report an in-silico screen of a commercial building block library 

guided by existing galectin co-crystal structures to identify favorable amide linked substituents. Here we 

will describe the synthesis and microarray screening of these glycan analog libraries against recombinant 

galectins and siglecs, and validation of lead hits (NIH Common Fund grant HL136272 and NHLBI grant 

HL107151). 
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Title: Molecular basis of CD22 function and therapeutic targeting 

Authors: June Ereño-Orbea1, Taylor Sicard1,2, Hong Cui1, Mohammad T. Mazhab-Jafari1, Samir 
Benlekbir 1, Alba Guarné3, John L. Rubinstein1,2, Jean-Philippe Julien1,2* 

Institution(s):  1The Hospital for Sick Children Research Institute, Toronto ON, M5G 0A4; 2University of 
Toronto, Toronto, ON, M5S 1A8; 3McMaster University, Hamilton, ON, L8S 4L8.  

CD22 is a B cell surface receptor that is a member of the sialic acid-binding immunoglobulin-like lectin 

family (Siglec). CD22 maintains a baseline level of B-cell inhibition by creating a threshold of antigen 

binding that must be achieved for B-cell activation to proceed. CD22 is an attractive and validated target 

for B-cell depletion in cases of autoimmune diseases and B-cell-derived malignancies. Numerous 

therapeutic approaches in development harness B-cell inhibition through CD22 to induce tolerance or 

anergy, or to deplete dysregulated B cells through CD22 targeting by either small molecules, or antibody–

drug conjugates. 

Here we present the crystal structure of the three most N-terminal domains of the extracellular portion of 

human CD22 in the absence and presence of α2-6 sialyllactose ligand at 2.1 and 2.2 Å resolutions, 

respectively. The sialic acid binding pocket is located within the first domain of CD22 and is constrained 

by a unique β-hairpin that confers specificity for α2-6 glycosylated ligands. Electron microscopy and 

small-angle X-ray scattering studies showed that the full length CD22 extracellular domain adopts a 

limited range of conformations, indicating low flexibility and an elongated, tilted rod structure. Our 

structural characterization provides insights into how CD22 might interact in cis to bind other CD22 

sialylated glycoproteins on the surface of B cells to create dynamic inhibitory nanoclusters, and in trans to 

self-ligands at the immune synapse, resulting in sustained B-cell inhibition as a mechanism to prevent 

autoimmunity. 

The localization of CD22 in nanoclusters and its extensive N-linked glycosylation likely impact how CD22 

can be targeted therapeutically. Consequently, we next characterized the antigenic surface of CD22 

recognized by two leading therapeutic antibodies in clinical trials: epratuzumab and pinatuzumab. Binding 

competition between epratuzumab and pinatuzumab revealed they recognize non-overlapping epitopes 

on CD22. Moreover, we found that epratuzumab binding to CD22 is glycan dependent. To delineate the 

epratuzumab epitope at high resolution, we solved the crystal structure of CD22 in complex with 

epratuzumab Fab at 3.1 Å resolution, and uncovered that CD22 glycan at position N231 is part of the 

antibody epitope. 

Our studies provide molecular insights into the mechanisms that govern B-cell inhibition and valuable 

clues for the design and improvement of CD22 modulators, either based on sialic acid-containing ligands 

or next-generation antibody therapeutics. 

  



 

———————————————————————————————————————————————————————————————— 

15 

  
  

Title: Structural insights into biofilm polysaccharide deacetylation in the fungi 
Aspergillus fumigatus  

Authors: Natalie Bamford1,2, Francois Le Mauff3,4, Hanna Ostapska3,4, Don Sheppard3,4, Lynne 
Howell1,2. 

Institution(s):  1Program in Molecular Medicine, The Hospital for Sick Children, Toronto, Ontario, 
Canada; 2Department of Biochemistry, University of Toronto, Toronto, Ontario, Canada; 
3Departments of Medicine and of Microbiology and Immunology, McGill University, 
Montréal, QC, Canada; 4Infectious Diseases and Immunity in Global Health Program, 
Research Institute of the McGill University Health Centre, Montréal, QC, Canada  

Aspergillus fumigatus is an opportunistic fungal pathogen that causes acute and chronic invasive 

infections. The exopolysaccharide galactosaminogalactan (GAG) is an important virulence factor involved 

in A. fumigatus biofilm formation. GAG aids in host immune evasion, adherence to tissue and surfaces, 

as well as antifungal resistance. After synthesis and export of GAG across the cell membrane, the 

secreted protein Agd3 partially deacetylates the N-acetylgalactosamine component of the polymer. We 

have previously shown that deacetylation by Agd3 is important for GAG dependent virulence and 

increases the adherent properties of the polymer. The structure of Agd3, recombinantly expressed in 

Pichia pastoris, was solved to 2.79 Å using zinc single-wavelength anomalous dispersion. The structure 

revealed a compact three domain architecture not seen before in carbohydrate deacetylases. Two 

smaller domains of unknown function help to form an elongated cleft that extends from the active site and 

wraps around the protein. Substrate specificity and location of deacetylation in N-acetylgalactosamine 

oligomers has been investigated using MALDI-TOF mass spectrometry. The data suggests that Agd3 

requires polymers over seven units for deacetylation to occur. The deacetylated sites are proximal to the 

non-reducing end leaving a minimum of seven residues at the reducing end untouched. These assays 

and the structure shed light on the mechanism of GAG maturation and may provide insights into the 

development of future antifungal strategies targeting this important virulence factor. 
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Title: Structure-based analysis of polysialyltransfer in bacteria and eukaryotes 

Authors: Volkers, G., Worrall, L.J., Lizak, C., Neisser, J., Strynadka, N.C. 

Institution(s):  Department of Biochemistry, 2350 Health Sciences Mall, University Of British Columbia, 
Vancouver, Canada V6T 1Z3 

Polysialic acid (polySia) is a homopolymeric saccharide that is associated with specific neuroinvasive 

pathogens and is found on selective cell types in their eukaryotic hosts. The presence of a polySia 

capsule on these bacterial pathogens helps with resistance to phagocytosis, cationic microbial peptides 

and bactericidal antibody production. The biosynthesis of bacterial polySia is catalysed by a single 

polysialyltransferase (PST) transferring sialic acid from a nucleotide-activated CMP-sialic acid donor to a 

lipid-linked acceptor oligosaccharide. The first X-ray crystallographic structure of a bacterial PST at 2.2-Å 

resolution defined the architecture of this class of CAZy GT38 family of enzymes and revealed a 

prominent electropositive groove between the two Rossmann-like domains forming the GT-B fold that is 

suitable for binding of polySia chain products. Additional structures of PST in complex with a sugar donor 

analogue and an acceptor mimetic combined with kinetic studies of PST active site mutants provide 

insight into the principles of substrate binding and catalysis. Our results are the basis for a molecular 

understanding of polySia biosynthesis in bacteria and may assist the production of polysialylated 

therapeutic reagents and the development of novel antibiotics. In eukaryotes, polysialyltransferases of 

the distinct mammalian ST8Sia family (CAZy GT29) catalyze oligo- and polysialylation of surface-

localized glycoproteins and glycolipids, also through transfer from CMP-sialic acid to the nonreducing 

ends of the cognate sialic acid acceptors. The crystal structure of human ST8SiaIII at 1.85-Å resolution, 

represents the first solved structure of a polysialyltransferase from any eukartyotic species, and revealed 

a cluster of polysialyltransferase-specific structural motifs that collectively provide an extended 

electropositive surface groove for binding of oligo-polysialic acid chain products. The ternary complex of 

ST8SiaIII with donor sugar analogs and a sulfated glycan acceptor identified with a sialyltransferase 

glycan array provides insight into the residues involved in substrate binding, specificity and sialyl transfer. 
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Title: Competitive universal proxy receptor assay (CUPRA) for quantitative high-
throughput glycan library screening  

Authors: Elena N. Kitova, Pavel Kitov, Zhixiong Li and John S. Klassen 

Institution(s):  Department of Chemistry and Alberta Glycomics Centre, University of Alberta, 
Edmonton, Alberta T6G 2G2  

The absence of quantitative high-throughput (Q-HT) glycan screening assays is a significant impediment 
in glycomics. Glycan microarrays, wherein oligosaccharides (OS) are immobilized on glass surfaces, are 
the dominant HT screening technology. However, they have many well-documented limitations and array 
data and OS affinities may exhibit poor correlation. Direct electrospray ionization mass spectrometry 
(ESI-MS) screening of OS libraries overcomes many of these deficiencies. The assay is quantitative, 
requires no labeling or immobilization of the glycan-binding protein (GBP) or OS, and can detect weak 
interactions commonly missed by arrays. However, ESI-MS screening is limited to small GBPs and is not 
readily applicable to libraries containing isomers. Here, we introduce the Competitive Universal Proxy 
Receptor Assay (CUPRA), a Q-HT assay for OS library screening. CUPRA is based on competitive 
protein binding and employs a universal proxy protein (UniPproxy), which binds all components of a library 
of modified OS (OSmod) through a high affinity tag introduced at the reducing end of the OS. Changes in 
the relative abundances of the (UniPproxy+OSmod) complexes in solution, as determined from direct ESI-MS 
measurements, upon introduction of the GBP allows for the simultaneous identification of OSmod ligands 
and quantification of their affinities. 

To demonstrate the implementation of CUPRA, the assay was used to screen a library of 50 OSmod 
against a series of GBP with known OS binding specificities. The OSmod were produced from purified 
neutral and acidic OS with structures found in humans, including histo-blood group antigens, human milk 
OS and glycosphingolipids. Cholera toxin B subunit homopentamer (CTB5) and two multi-subunit 
glycoproteins, Maackia amurensis agglutinin (MAA) and Sambucus nigra lectin (SNA), served as model 

GBPs. Application of CUPRA to CTB5 correctly identified the OSmod containing the Gal1-3GalNAc1-

4(Neu5Ac2-3)Gal1-4Glc (GM1) and Fuc1-2Gal1-3GalNAc1-4(Neu5Ac2-3)Gal1-4Glc (Fuc-GM1) 
structures as the only high affinity ligands in the library. Moreover, the measured affinities, 7x105 M-1 
(GM1) and 1x104 M-1 (Fuc-GM1), agree within a factor of 2 with the affinities measured for the 

corresponding oligosaccharides. Screening the library against MAA, which is a Neu5Ac2-3Galβ1-

4GlcNAc/Glc specific lectin, identified Neu5Ac2-3Galβ1-4Glc (3SL) and Gal1-4(Neu5Ac2-3)Gal1-
4Glc (GM2) as ligands. The corresponding affinities were measured to be 1x104 M-1 and 1x103 M-1, 

respectively. A single ligand, containing the Neu5Ac2-6Gal1-4Glc structure, with an apparent affinity of 
1x105 M-1, was found for SNA. This result is consistent with the reported specificity of the lectin for 

Neu5Ac2-6Gal structures. Together, these data demonstrate that CUPRA allows for the simultaneous 
screening and quantification of glycan ligands with affinities ≥103 M-1. Future efforts will focus on 
expanding the size and diversity of the OSmod library, with the goal of producing a library of ~200 
components derived from purified OS. Natural libraries of OSmod will also be produced from OS extracted 
from human milk and N-glycans released from isolated glycoproteins and tissue. The OSmod libraries will 
then be used for the discovery of biologically-relevant glycan interactions involving human, bacterial and 
viral GBPs. 
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Title: Chemical tools for the study of natural and labile sialic acids 

Authors: Carmanah D. Hunter, Michele R. Richards, Neha Khanna, Reza Rezaei Darestani, John 
S. Klassen, and Christopher W. Cairo* 

Institution(s):  Department of Chemistry and Alberta Glycomics Centre, University of Alberta 

The recognition and hydrolysis of sialic acids by the human neuraminidase enzymes (hNEU) is central to 

the modulation of many cellular processes. Sialic acids are a diverse family of carbohydrates, many of 

which are unstable and consequently difficult to study. For instance, 9-O-acetylation of N-

acetylneuraminic acid (Neu5Ac) to make Neu5,9Ac2 has been implicated in immune suppression and 

tumor malignancy. Yet, the 9-O-acetate is susceptible to hydrolysis which has slowed study of the role of 

Neu5,9Ac2 in hNEU recognition and hydrolysis. 

To investigate the substrate activity of hNEU towards Neu5,9Ac2, we acetylated fluorogenic hNEU 

substrate 4MU-NANA at O-9. We also generated a panel of octyl sialyllactosides as mimics of the 

ganglioside GM3 to explore hNEU specificity on more natural substrates. The panel contained variable 

sialic acid residues as well as 2,3 and 2,6 anomeric linkages. The results of screening these 

compounds as substrates for hNEU indicated that 9-O-acetylation has a significant impact of sialic acid 

hydrolysis by hNEU. Moreover, the influence of the modification on hNEU-catalyzed hydrolysis was both 

isoenzyme- and substrate-specific.  Specifically, the nature of the sialic acid anomeric linkage and 

reducing end sugars or aglycone influenced the specificity of the hNEU enzymes for Neu5,9Ac2 

sialosides. We propose that a full understanding of hNEU specificity will require additional study of 

sialoglycoconjugates with diverse sialic acid residues, anomeric linkages, and aglycones. We will report 

on progress in our ongoing studies of unusual hNEU substrates. 
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Title: Programmable T cell responses through Siglec-1 macrophages 

Authors: Landon J. Edgar, Norihito Kawasaki, James C. Paulson 
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Methods for precise control over adaptive immune responses are limited; however, such control would 

enable future medicines with extraordinary specificity and efficacy. Classically, dendritic cells (DCs) have 

been considered the most important mediators of adaptive immunity—these cells are remarkably adept 

at presenting antigen and subsequently priming T cell responses. Other cell types are now of interest as 

professional antigen presenting cells, such as macrophages (MOs) expressing the endocytic receptor 

siglec-1 (a.k.a. CD169, sialoadhesin). Siglec-1 is the largest member of the sialic acid-binding 

immunoglobulin-type lectin family of proteins, which selectively bind glycans capped with sialic acid. MOs 

expressing this siglec (Sig-1MOs) have unique attributes: the ability to mount DC-independent adaptive 

immune responses, expression of proteins involved in immunological tolerance, and preference for a 

niche environment lining lymphatic vasculature. Here, we demonstrate that the phenotype of Sig-1MOs 

can be controlled using toll-like receptor-activating lipid vesicles targeted to siglec-1 via a synthetic 

glycan with high specificity for the protein. Through this platform, we gain control over expression levels 

of proteins involved in T cell activation on Sig-1MOs and explore the downstream consequences of these 

changes on the adaptive immune response in vivo. Our findings suggest that modulation of Sig-1MO 

phenotype enables programming of a distinct antigen-specific T cell repertoire. This work represents an 

important advancement in our understanding of the relationship between MO phenotype and their ability 

to mediate adaptive immunity. 

This work is supported by NIH grants HL107151 and AI051043. 
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The mammalian nervous system is organized by a variety of cells, such as neurons and glial cells.  They 

are generated from common progenitor cells, such as the neural stem or progenitor cells (NSCs/NPCs).  

NSCs are defined as undifferentiated neural cells that are characterized by their high proliferative 

potential while retaining the capacity for self-renewal and multipotency.  NSCs and their progeny may be 

distinguished by the expression of glycoconjugates (e.g., glycoproteins, glycolipids, and proteoglycans).  

Throughout neural development, dynamic changes are observed in the composition of these 

carbohydrate-rich molecules, particularly gangliosides.  Gangliosides, sialic acid-containing glycolipids, 

are implicated to play essential and complex functional roles in brain development and NSC 

maintenance. They are localized primarily, but not exclusively, on the plasma membrane surface of the 

cells and serve as excellent biomarkers for various stages of cellular differentiation.  More importantly, 

gangliosides are likely to localize in specific regions of the plasma membrane, such as the lipid rafts, and 

have also been suggested to have a wide range of receptor and signaling functions in NSCs.  In this 

presentation, I will focused on the importance of gangliosides for growth factor receptor signaling and 

epigenetic regulation of NSC cell fate determination. I will show that GD3 is the predominant ganglioside 

species in mouse NSCs (>80%) and modulates NSC proliferation by interacting with epidermal growth 

factor (EGF) signaling.  In postnatal mouse brain, GD3 is required for long-term maintenance of NSCs. 

Deficiency in GD3 leads to developmental and behavior deficits, such as depression. Developmentally, 

the synthesis of GD3 is switched to the synthesis of complex “brain-type” gangliosides, such as GM1, 

GD1a, GD1b, and GT1b; this metabolic switch is accompanied by terminal differentiation and loss of the 

“stemness” of NSCs. The synthesis of the complex “brain-type” gangliosides can be achieved by 

epigenetic regulation of the expression of the key N-acetylgalactosaminyltransferase gene. Interestingly, 

GM1 also epigenetically promotes neuronal differentiation, perhaps by a feed-back mechanism.  These 

findings suggest that stage-specific gangliosides play specific roles in maintaining NSC functions and in 

cellular differentiation. 
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The pathobiology of many important infectious diseases involves the sialic acids (Sias), a diverse family 

of monosaccharides that are ubiquitously expressed by vertebrate cells.  Typically positioned at the 

outermost ends of glycan chains that densely decorate the cell surface glycocalyx and most extracellular 

molecules, sialic acids are natural targets for binding, cleavage, nutritional foraging or other 

manipulations by microbial pathogens and symbionts of vertebrates. Conversely, some such microbes 

deploy diverse approaches to molecular mimicry of host sialoglycans, thereby promoting colonization and 

immune evasion via multiple mechanisms. As Sias are also essential for vertebrate development and 

physiology, they are subject to an evolutionary trade-off between preserving intrinsic functions and 

escaping such microbial pathogens. Our own work has focused on several examples of such processes. 

How frequent is the involvement of sialobiology in infectious diseases?  Considering humans as the best 

studied host, we found examples in the published literature of every imaginable role for Sias and Sia-

recognizing proteins in infectious disease pathobiology. Extending this literature analysis to a complete 

catalog of established human infectious disease agents, we identified definite or likely roles of 

sialobiology for ~70% of bacterial, ~45% of viral, ~25% of fungal and ~70% of protozoan infections––a 

number certain to expand further when focused investigations of sialobiology are applied to all 

pathogens.  The high frequency of Sia functionality at the human host-pathogen interface could be 

related to multiple changes in sialobiology that have occurred during human evolution.  But extant 

literature suggests that Sias may also influence the pathobiology of most microbial infections of all 

vertebrates.  More attention to sialobiology should improve approaches to the diagnosis, prevention and 

management of infectious diseases. 
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Gangliosides are glycosphingolipids concentrated in glycolipid-enriched membrane microdomains. Mainly 

restricted to the nervous system in healthy adult, complex gangliosides such as GD3 and GD2 have been 

shown to be involved in aggressiveness and metastasis of neuro-ectoderm derived tumors such as 

melanoma and neuroblastoma. GD3 synthase (GD3S), the key enzyme that controls the biosynthesis of 

complex gangliosides, was shown to be over-expressed in Estrogen Receptor (ER)-negative breast 

cancer tumors, and associated with a decreased overall survival of patients. We previously demonstrated 

that GD3S expression in ER-negative breast cancer cells induced a proliferative phenotype and an 

increased tumor growth. In addition, our results clearly indicate that Tumor Necrosis Factor (TNF) 

induced GD3S over-expression in breast cancer cells via NFB pathway. In this study, we analyzed the 

effect of TNF on ganglioside biosynthesis and expression in breast cancer cells from different molecular 

subtypes. We showed that TNF up-regulated the expression of GD3S in MCF-7 and Hs578T cells, 

whereas no change was observed for MDA-MB-231. We also showed that TNF induced an increased 

expression of complex gangliosides at the cell surface of a small proportion of MCF-7 cells. These results 

demonstrate that TNF differentially regulates gangliosides expression in breast cancer cell lines and 

establish a possible link between inflammation at the tumor site environment, expression of complex 

gangliosides and tumor development. 
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The majority of the sialic acid binding Ig-like lectins (Siglecs) are inhibitory co-receptors expressed on 

white blood of the immune system, and regulate cell signaling via immuno-receptor tyrosine inhibitory 

motifs (ITIMs) in their cytoplasmic domain. Their ability to suppress immune cell signaling depends on 

their location relative to receptors that activate cells. For example, while CD22 (Siglec-2) is known as a 

regulator of B cell receptor signaling, there is little effect on B cell receptor (BCR) mediated activation of B 

cells from CD22 null mice, but there is a profound stimulation of B cell activation mediated by certain toll-

like receptors in the same cells1. This suggests that in naïve B cells, CD22 is not significantly co-localized 

with the BCR, but constitutively co-localized with the toll-like receptors. With this paradigm in mind, we 

have designed nanoparticles bearing ligands of activitory receptors and ligands of Siglecs to actively 

recruit Siglecs to the immunological synapse and suppress receptor mediated cell activation. Recent 

results with antigenic nanoparticles targeting the IgE-FcεRI receptor complex on sensitized mast cells 

show that particles with antigen alone activate mast cells, while particles co-presenting both antigen and 

ligands of a mast cell siglec (CD33) profoundly suppress mast cell activation both in vitro and in vivo.  In 

contrast, activation of mast cells with antigen is unaffected by either nanoparticles bearing only Siglec 

ligands or anti-Siglec antibodies, suggesting that ligating the Siglec has no inhibitory impact on FcεRI 

signaling unless it is physically proximal to the receptor. (This work is supported by P01 HL107151 and 

W81XWH-16-1-0303). 

Reference: 

1. Kawasaki N, Rademacher C, Paulson JC. CD22 regulates adaptive and innate immune responses of 

B cells. Journal of innate immunity. 2011;3(4):411-9. 
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Sialic acid (N-acetylneuraminic acid, Neu5Ac, SA) metabolism has been extensively studied for several 
decades and some disorders of SA metabolism were described more than 15 years ago. Despite this 
knowledge, there are no approved therapies for patients with such disorders.  It may require a concerted 
effort of SA experts world-wide, such as those attending this SialoGlyco conference, to design therapeutic 
strategies for metabolic disorders of free SA overproduction, storage or deficiency.  

Human inborn errors of SA metabolism include at least 6 rare disorders without approved therapies. 
Three of them involve decreased free SA production and are recessively inherited. GNE myopathy (~ 
900 reported patients) is due to UDP-GlcNAc 2-epimerase/ManNAc kinase (GNE) deficiency and is 
characterized by adult onset slowly progressive muscle weakness. NANS-deficiency (9 patients) results 
from N-acetylneuraminic acid synthase deficiency and is characterized by infantile-onset severe 
developmental delay (DD) and skeletal dysplasia. SLC35A1-deficiency (3 patients) results from Golgi 
CMP-sialic acid transporter deficiency and includes neurological and/or hematological features. 

Three other disorders result in accumulation of free SA. Sialuria (8 patients) is due to a dominant 
mutation in the allosteric site of GNE resulting in loss of CMP-SA feedback inhibition of UDP-GlcNAc 2-
epimerase activity and uncontrolled overproduction of cytoplasmic free SA. It is characterized by subtle 
features that include DD, hypotonia, recurrent respiratory infections and hepatomegaly. ISSD (Infantile 
Sialic Acid Storage Disease; ~ 35 patients) and SALLA disease (~150 patients) are due to bi-allelic 
mutations in SLC17A5, encoding the lysosomal SA transporter Sialin, resulting in excessive lysosomal 
storage of free SA. ISSD is characterized by a severe phenotype of early-lethal multi-systemic disease 
involving DD, muscular hypotonia, failure to thrive, coarse facies, seizures, bone malformations and 
hepatosplenomegaly. SALLA disease is a milder, progressive form of ISSD with increasingly severe 
features and survival into adulthood.  NPL-deficiency (1 patient) is due to bi-allelic defects in N-
acetylneuraminate pyruvate lyase, resulting in sialic acid aciduria and dilated cardiomyopathy. 

Even though these 6 SA-related disorders are rare, together they affect a substantial number of patients, 
and are likely underdiagnosed. Potential therapies of one disorder may also benefit another disorder. Of 
course, the basic protein/pathway defect and nature of mutations needs to be kept in mind when 
designing therapeutic strategies. But general strategies to overcome SA overproduction or SA deficiency 
may be feasible. Therapies for SA deficiency are being explored, but remain in research, preclinical or 
clinical trial stages, including the use of oral ManNAc to increase free SA production. Potential 
therapeutics to reduce free SA overproduction/storage are not actively being pursued to our knowledge.  
The negative charge of SA and its ‘simple’ cleavage as well as pathway interventions may provide 
avenues to develop therapeutics. 

We propose a concerted action from the Sialoglyco research community to help design therapeutics for 
Sialic Acid-related human disorders. 
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Neisseria gonorrhoeae (Ng) is the causative agent of the human-specific sexually transmitted infection 

gonorrhea, and widespread antimicrobial resistance is seriously compromising its management and 

control – posing a global health problem.  Ng deploys a unique immune evasion strategy wherein the 

lacto-N-neotetraose (LNnT) structure of lipooligosaccharide (LOS) is capped via its sialyltransferase Lst, 

using host derived CMP-sialic acid (CMP-Neu5Ac in humans).  This sialic acid capping allows evasion of 

complement mediated killing by recruiting factor H, an inhibitor of the alternative complement pathway, 

and by limiting classical pathway activation resulting in serum resistance.  Previously, we have shown 

that various analogs of CMP-sialic acid sugars or CMP-nonulosonates (CMP-NulOs), with variations in 

the NulO C7-C9 exocyclic moiety, can serve as a substrate for Ng Lst.  For example, the bacterial CMP-

NulO, CMP-Leg5,7Ac2 is a substrate for Ng Lst and incorporation of Leg5,7Ac2 into Ng LOS results in Ng 

being fully serum-sensitive.  Importantly, administration of CMP-Leg5,7Ac2 intravaginally significantly 

reduced the duration of infection and bacterial burden in the BALB/c mouse vaginal colonization model.  

We now report on further characterization and development of candidate therapeutic CMP-NulOs.  

Included is an evaluation of: 1) other CMP-NulO candidate in vitro/in vivo efficacy, 2) efficacy of CMP-

NulO candidates against various Ng strains including multidrug resistant clinical isolates, 3) efficacy of 

CMP-NulO candidates with ‘humanized’ mouse models, 4) pH and temperature stability of CMP-NulO 

candidates, 5) safety - assessment of NulO incorporation within human cell surfaces, and 6) dose 

responses.  Through this battery of testing, CMP-Leg5,7Ac2 remains our lead anti-gonococcal CMP-

NulO. The implications of these findings will be elaborated upon in the context of a 

therapeutic/preventative strategy to control antimicrobial resistant Ng. 

 

  



 

———————————————————————————————————————————————————————————————— 

26 

  
  

Title: Sialic Acids and Neuraminidase Activity in Inflammatory Diseases 

Authors: Won Ho Yang and Jamey D. Marth 

Institution(s):  Center for Nanomedicine, SBP Medical Discovery Institute, and UC Santa Barbara 

Inflammation is a central feature of syndromes and diseases including sepsis, colitis and the human 

inflammatory bowel diseases (IBDs).  Both are precipitated primarily by environmental factors which in 

some cases remain unidentified.  Pathogenic infection is the basis of sepsis and has been considered 

further as an environmental factor likely precipitating intestinal inflammation.  Bacterial infections have 

been linked to seasonal increases in hospital admissions in both cases.  From our recent studies, we 

have observed that recurrent low-titer (2x103 cfu) non-lethal gastric infections of Gram-negative 

Salmonella enterica Typhimurium (ST), a major source of human food poisoning and disease, caused 

inflammation of murine intestinal tissue, predominantly the colon, which persisted following pathogen 

clearance and escalated in severity with repeated infections.  In this model of human food poisoning, ST 

infection progressively disabled a mechanism of host protection by inducing intestinal neuraminidase 

activity, with Neu3 gene induction among enterocytes, and thereby accelerating the molecular aging and 

clearance of host intestinal alkaline phosphatase (IAP).  Disease onset and escalation were linked to IAP 

desialylation and endocytic degradation, and were recapitulated by a genetic deficiency of IAP sialylation.  

Pathogenesis ensued by a Tlr4-dependent mechanism responding to infection and amplifying the 

abundance of LPS-phosphate in the colon.  Oral administration of IAP or the marketed anti-viral 

neuraminidase inhibitor Zanamivir were similarly therapeutic with reductions of LPS-phosphate and 

intestinal inflammation.  This is a surprisingly similar mechanism to what we have recently discovered 

regarding sepsis caused by multiple Gram-negative pathogens including ST and E. coli, and regarding 

the ability of these pathogens to accelerate the molecular aging and turnover of host anti-inflammatory 

enzymes in promoting pathogenesis.  Novel and effective approaches to diminish the onset of colitis and 

the mortality of sepsis were thereby discovered and which may be useful in the development of future 

clinical treatments for these syndromes.   
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Chemical sialylation reactions leading to stereo-controlled and high-yielding synthesis of alpha-sialosides 

are a long-standing challenge in the field. The lack of stereodirecting effects and concomitant elimination 

reactions still hamper our ability to synthesize sialic acid-containing glycoconjugates. Contrarily to the 

mainstream in carbohydrate synthesis, little is known about the O-protecting group manipulations and 

their effects in sialic acid chemistry. 

As a part of an ongoing research effort dedicated to the investigation of the effect of O-protecting groups 

in sialylation reactions, we introduced selectively picoloylated sialyl donors. Among a variety of examples 

we investigated 4-picoloylated sialyl donors that showed a very strong alpha-directing effect for the 

synthesis of alpha (2-6) glycosidic bonds. 

 

Escopy, S.; Geringer, S.; De Meo, C. Org. Lett. 2017, 19, 2638. 
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The 2,3-ene of 5-N-acetyl-neuraminic acid (Neu5Ac) commonly called DANA is the lead compound from 

which the existing viral neuraminidase inhibitors were developed by medicinal chemistry methods.  

Consequently, new synthetic routes to DANA and analogues are of medicinal interest.  Our principle 

targets are 2,3-enes of bacterial nonulosonates, Legionaminic acid and Pseudaminic acid and their 

derivatives which are accessible by in vitro and in vivo methods using their biosynthetic enzymes.  Our 

starting materials are the natural anomeric cytidine-monophosphate esters of these sugars.  Thermolysis 

of these CMP-derivatives in DMF directly leads to the enes which can be easily purified without additional 

chemical steps.  Preliminary testing of these enes as inhibitors of a small selection of bacterial, viral and 

human neuraminidases suggests that both Leg5,7Ac2ene and Pse5,7Ac2ene preferentially inhibit human 

neuraminidases.  Since Leg has the identical stereochemistry to Neu5Ac this may not be surprising but 

Pse has different stereochemistry which may open up some new medicinal chemistry opportunities.  As 

well, the 5-amidine (Am) of Leg is an even better inhibitor suggesting that other natural or semi-synthetic 

derivatives could also be good neuraminidase inhibitors. 

 

                  Leg2ene                 Pse2ene R = NHAc or NHAm 
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The human neuraminidase enzymes (NEU) are a family of four isoenzymes (NEU1, NEU2, NEU3, and 

NEU4) which have wide variability in their substrate preferences as well as cellular and tissue 

localization. Specific functions of this enzyme family continue to be investigated, and the availability of 

isoenzyme-selective inhibitors are powerful tools for in vitro and in vivo studies. Due to a lack of structural 

data on several isoenzymes, development of new inhibitors requires the synthesis of libraries and 

screening for activity. Furthermore, the development of computational models of these enzymes has 

aided in directing the synthesis of new, more selective compounds. Our group has developed a panel of 

selective inhibitors, many with nanomolar potency, which we are using as tools to investigate systems 

where NEU play important roles.  

Previous investigations in our group have examined the role of NEU enzymes in integrin-mediated cell 

migration. We found evidence that β1 integrins were positively regulated by the NEU3 isoenzyme. Our 

current work is examining the role of this isoenzyme in β2 integrin–mediated cell adhesion and migration. 

Applications of selective inhibitors to cell migration and T cell adhesion will be discussed. We propose 

that these compounds will be essential tools to reveal the specific roles of NEU isoenzymes in important 

pathologies, including cancer, atherosclerosis, and inflammation. 
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Influenza A neuraminidase is the enzyme that cleaves the sialic acid receptors on host cells and is 

responsible for the mobility and spreading of the virus.1 The most successful drugs derived from targeting 

NA function by mimicking the sialic acid natural substrates are Oseltamivir,2 Zanamivir,3 and Peramivir,4 

drugs consisting of an unsaturated six- or five-membered ring. The rise of drug-resistant influenza A virus 

strains5 has recently motivated the development of new antiviral drugs, with different structural motifs. In 

particular, we explored the use of a bicyclic analogue of sialic acid (bicyclo[3.1.0]hexane) to mimic the 

conformation adopted during enzymatic cleavage within the enzyme active site.6 Since these compounds 

were at least four orders of magnitude less active than available drugs, we hypothesized that the new 

carbon skeleton did not elicit the same interactions as the cyclohexene frameworks used previously. With 

the aid of molecular modeling, we proposed the introduction on the bicyclic scaffold of free ammonium 

and guanidinium groups and ether side chains other than the 3-pentyl side chain, the characteristic side 

chain in Oseltamivir. The communication presents the synthesis of a small library of these new bicyclic 

ligands, starting from the cyclopropanation of cyclopentenone and followed by an aziridination, via a 

highly simplified route. Nonetheless, none of the structural variants that we could synthesize displayed 

activity against influenza A neuraminidase (N1, its H274Y mutant and N2).  Overall, the information 

collected allowed us to speculate that 3-pentyl side chain moiety could be of crucial importance for 

productive interactions of this scaffold with influenza A neuraminidases, although the poor affinity may 

depend on the rather extreme flattening of the bicyclic ring system. 

1. McKimm-Breschkin, J. L. Influenza Other. Respir. Viruses 2013, 7, 25. 

2. Kim, C. U. et al. J. Amer. Chem. Soc. 1997, 119, 681.  

3. Vonitzstein, M. et al. Nature 1993, 363, 418.  

4. Babu, Y. S. et al. J. Med. Chem. 2000, 43, 3482. 

5. Nguyen, H. T. et al.  Emerging Infect. Dis. 2013, 19, 1963 

6. Colombo, C., et al., Org. Biomol. Chem. 2016, 14, 6539. 
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Sialyloligosaccharides of protein surface play important roles in many biological events. In order to 
evaluate the function of sialyloligosaccharides dependent on glycosylation positions, glycoproteins having 
homogeneous sialyloligosaccharides are essential.  

In order to have homogeneous glycoproteins, we have examined chemical synthesis. Homogeneous 
sialyloligosaccharide was isolated from egg yolk and used it for solid phase peptide synthesis (SPPS). 
SPPS employs many acidic conditions, however. Sialoside is known to be labile under acidic conditions 
and therefore chemical modification was examined in order for sialoside to stand acidic conditions. 
Successful SPPS of sialylglycopeptides enabled us to examine chemical synthesis of glycoproteins by 
native chemical ligation, which can couple peptide segments through native amide bond. Subsequent 
folding experiments afforded correctly folded homogeneous glycoproteins including concomitant disulfide 
bond formation.  

Using these methods, our research group has synthesized several cytokines such as erythropoietin and 
interferon-beta.  The biological activity of these cytokines was evaluated dependent on the number of 
sialyloligosaccharides and glycosylation position. 

In this presentation, I would discuss the contribution of chemical characteristic nature of sialoside to their 
stability and biological activity of glycoproteins.  

References: 

1. Prompt chemo-enzymatic synthesis of diverse complex-type oligosaccharides and its application 
to the solid-phase synthesis of a glycopeptide with Asn-linked sialyl-undeca- and asialo-nona-
saccharides, Y. Kajihara, et al., Chem. Eur. J., 2004, 10, 971-985. 

2. Chemical synthesis of erythropoietin glycoforms for insights into the relationship between 
glycosylation pattern and bioactivity, M. Murakami, et al.,  Science Advances, 2016, DOI: 
10.1126/sciadv.1500678. 

3. I. Sakamoto, et al., Chemical Synthesis of homogeneous glycosyl-interferon-β that exhibits potent 
antitumor activity in vivo. J. Am. Chem. Soc., 2012, 134, 5428-5431. 
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Sialic acids are complex nine-carbon sugars abundantly expressed at the termini of cell surface glycans 

and on secreted glycoproteins.1 The electronegative charge of sialic acids can facilitate the binding and 

transport of ions, the stabilization of proteins and membranes and enhance the viscosity of mucins.2  

Additionally, they mask underlying galactose residues thereby regulating protein half-life and recycling. 

Moreover, sialic acids are recognized by a variety of endogenous immunoregulatory receptors such as 

Siglecs3,4 and Selectins.5 Sialic acids therefore play an important role in physiological processes. Not 

surprisingly, aberrations in sialic acid expression are linked with a number of diseases such as 

pathogenic infection, cancer, (auto)immune disease and neurodegenerative disease.6  

The goal of my research is to develop new chemical tools to study and modulate aberrant sialic acid 

expression with the ultimate aim to develop therapeutic strategies. For example, we have developed new 

synthetic sialic acid derivatives that can be used to track sialic acid expression with high efficiency and 

fidelity to diagnose aberrant sialic acid expression.7 Furthermore, new sialic acid derivatives were 

developed to either boost or down regulate sialic acid biosynthesis to enable the modulation of sialic acid 

expression. Finally, new methodology was developed to modulate the recognition of sialic acid by Siglec 

receptors on live cells.8 These tools were used to study mainly sialylation in cancer, immunology and 

pathogenic infection but in principle could be extended to other settings as well. 

References: 

(1) Angata, T.; Varki, A. Chemical Reviews 2002, 102, 439. 

(2) Varki, A.; Schauer, R. 2009. 

(3) Büll, C.; Heise, T.; Adema, G. J.; Boltje, T. J. Trends in Biochemical Sciences 2016, 41, 519. 

(4) Macauley, M. S.; Crocker, P. R.; Paulson, J. C. Nature Reviews Immunology 2014, 14, 653. 

(5) Ley, K. Trends in Molecular Medicine 2003, 9, 263. 

(6) Varki, A. Trends in Molecular Medicine 2008, 14, 351. 

(7) Büll, C.; Heise, T.; Beurskens, D. M. H.; Riemersma, M.; Ashikov, A.; Rutjes, F. P. J. T.; van 
Kuppevelt, T. H.; Lefeber, D. J.; den Brok, M. H.; Adema, G. J.; Boltje, T. J. ACS Chemical Biology 2015, 
10, 2353. 

(8) Büll, C.; Heise, T.; van Hilten, N.; Pijnenborg, J. F. A.; Bloemendal, V. R. L. J.; Gerrits, L.; Kers-
Rebel, E. D.; Ritschel, T.; den Brok, M. H.; Adema, G. J.; Boltje, T. J. Angewandte Chemie International 
Edition 2017, 56, 3309. 
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Various methods for the chemical synthesis of gangliosides have been investigated to date and 
numerous natural gangliosides and their structural analogues have been synthesized during the past 
three decades. One of key technologies in the synthesis of gangliosides is α-selective sialylation. 
Although various useful α-selective sialylation methods have been developed so far, in many cases the 
generation of the corresponding β-isomer as a byproduct is unavoidable and it makes the isolation of the 
desired α-sialoside from the reaction mixture laborious. Recently, we have developed a practical 
synthetic method for α-sialoglycans using a 5-ureido-modified sialyl donor as a key compound. This 
method featured α-selective sialylation with the 5-ureido-sialyl donor followed by selective isolation of the 
desired α-sialoside via 1,5-lactamization [1]. Furthermore, the synthesis of a tetrasaccharyl sialoglycan 
found in the Chol-1 ganglioside core based on this method has been accomplished [2]. 

Another synthetic challenge for gangliosides is introduction of the ceramide moiety into the 
oligosaccharide chain because linking the flexible ceramide moiety to a large glycan is difficult. To 
overcome this synthetic challenge, we have developed a practical method called as the glucosyl 
ceramide (GlcCer) cassette approach [3]. This approach involves the coupling of glucose and ceramide 
(forming GlcCer) early in the synthesis, and has been used for the efficient total synthesis of natural 
gangliosides such as GQ1b, GalNAc-GD1a/GM1b, and X2 in satisfactory overall yields. 

Recently, a trend in the field of ganglioside synthesis appears to be a shift toward gangliosides isolated 
from echinoderms. Some of these gangliosides have not only unique and complex structures but also 
greater neuritogenic activity than that of the gangliosides isolated from vertebrates. However, the 
conventional synthetic approaches are not always applicable to the synthesis of echinodermatous 
gangliosides possessing unique structures. For example, starfish ganglioside GP3 possesses a unique 
glycan structure including rare Galα(1,4)Neu5Ac linkages. Thus, its total synthesis is expected to be 
hard. We utilized the combination of our di-tert-butylsilylene(DTBS)-directed α-galactosylation method [4] 
to construct a Galα(1,4)Neu5Ac linkage and the GlcCer cassette approach to introduce the lipid moiety to 
the glycan in the chemical synthesis of GP3, leading to its efficient total synthesis [5]. 

Here we present recent achievements in the chemical synthesis of structurally complex gangliosides via 
originally developed unique synthetic approaches. 

[1] Tanase, M.; Imamura, A.; Ando, H.; Ishida, H.; Kiso, M. Org. Lett. 2016, 18, 1454–1457. 

[2] Tanase, M.; Imamura, A.; Ando, H.; Kiso, M.; Ishida, H. Biosci. Biotechnol. Biochem. 2017, 81, 2268–
2278. 

[3] Imamura, A.; Ando, H.; Ishida, H.; Kiso, M. J. Org. Chem. 2009, 74, 3009–3023. 

[4] Imamura, A.; Matsuzawa, N.; Sakai, S.; Udagawa, T.; Nakashima, S.; Ando, H.; Ishida, H.; Kiso, M. J. 
Org. Chem. 2016, 81, 9086–9104. 

[5] Goto, K. et al. Chem. Eur. J. 2016, 22, 8323–8331. 
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Institution(s):  Genomics Research Center, Academia Sinica 

Influenza virus infection depends crucially on the interaction of the viral envelope hemagglutinin and 
sialosides on the cell surface. Apart from the linkage preference between the terminal sialic acid and 
galactose, glycan composition and length also influence the binding of hemagglutinins from the 
circulating viral strains. To extend the one-pot glycan assembly to long sialoglycans, we examined the 
modulating effect of thioaglycones on the reactivity of thioglycoside donors. The steric and electronic 
effects of these thioaglycones provide key influence on donor reactivity. Thus, we were able to generate 
two sialoglycans in one-pot three-glycosidic bond assembly that combines orthogonal glycosylation and 
thioaglycone-based reactivity tuning. The synthetic sialoglycans were employed in the surface plasmon 
resonance binding assay of several hemagglutinins particularly that from the viral strain A/H7N9, which 
recently crossed the species barrier from birds to humans in China. The extended sialoglycan structure 
displayed strong binding, which was also seen enhanced by mutations in the Gln226 of tested 
hemagglutinin H7 into either leucine or isoleucine. Evaluations such as these should benefit our 
understanding of the human adaptation of influenza virus and its pandemic potential. 

 
  
  

Title: Discovery of host cell receptors for bacterial toxins using photocrosslinking 
sialic acid  

Authors: Jennifer J. Kohler, Amberlyn M. Wands, Nicole Nischan, Soumya Krishnamurthy, Han 
Wu 

Institution(s):  University of Texas Southwestern Medical Center 

Many pathogenic bacteria secrete protein toxins that recognize glycosylated receptors on the surface of 
host cells.  While physiologically significant, the interactions between bacterial toxins and host 
glycoconjugates are often low affinity, and therefore difficult to characterize using traditional biochemistry 
methods.  To solve this challenge, we have developed photocrosslinking analogs of monosaccharides, 
including sialic acid, and developed strategies to incorporate these sugars into glycoconjugates of 
cultured mammalian cell lines.  Activation of the photocrosslinking functional group leads to covalent 
crosslinking with neighboring molecules; this approach can be used to covalently crosslink bacterial 
toxins to their host cell receptors.  I will discuss strategies for incorporating photocrosslinking sugars into 
host cell glycoconjugates, as well as the application of these tools to define receptors for cholera and 
pertussis toxins. 
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To remove road blocks in glycoscience in terms of the structural diversity and scarcity of natural 

glycoconjugates, synthetic chemistry of glycans needs to be reinforced by inventing reliable and practical 

methodologies.  Our research group has been seeking for a synthetic chemistry that enable to create a 

large amount of diverse sialic acid containing glycoconjugates.  Recent research outcomes in our group 

will be shared in this talk, highlighting the following topics. 

For the purpose of detailing the interplays between gangliosides and other molecules in the plasma 

membrane, we recently developed  fluorescently labeled ganglioside analogs, which possess very similar 

biophysical and biochemical profiles to those of native molecules based on our method for ganglioside 

synthesis.1  Meanwhile, over 25 kinds of fluorescent gangliosides have been  synthesized and applied to 

the live cell imaging by single molecule tracking technique using total internal reflection fluorescent 

(TIRF) microscopy.  Importantly, the single molecular observation revealed specific and transient 

interactions between  gangliosides and lipid raft domain comprising a cluster of GPI-anchored protein 

receptor (CD59) and cholesterols and saturated phospholipids for the first time.2 Moreover, it was 

observed that gangliosides were frequently forming transient homo-oligomers (mainly dimer) at the 

quiescent state of cell membrane, implying the existence of homogenous glycolipid domains in which 

gangliosides are dynamically interacting each other. Currently, we are undertaking the comprehensive 

synthesis of fluorescent gangliosides by following a benchmark for the molecular design established by 

our study to figure out the mechanism and biological significance of the homogeneity of ganglioside 

interactions. 

To spur the chemical biology of sialic acid-containing glycoconjugates such as the abovementioned, we 

have also been long addressing the development of complete -glycosidation of sialic acid, which allows 

for an efficient and rapid production of various sialosides.  Very recently, we have found that a bicyclic 

sialic acid donor with -configuration produced exclusively -glycoside via the formation of anti-Bredt 

type oxocarbenium cation, which completely limited the attack by a hydroxyl group to its -face by the 

macrocyclic moiety.  An optimized bicyclic donor showed a broad substrate scope with complete stereo-

selectivity and high yields of glycosides.  Furthermore, we extended our method to construct the most 

challenging glycan sequence, (2,8)-linked oligosialic acid. 

1. (a) H. Ando et al., Tetrahedron Lett. 2003, 44, 6883; (b) H. Ando et al., Angew. Chem. Int. Ed. 2005, 
44, 6759; (c) A. Imamura et al., J. Org. Chem. 2009, 74, 3009; (d) H. Tamai et al., Angew. Chem. Int. 
Ed. 2011, 50, 2330. 

2. (a) N. Komura et al., Nat. Chem. Biol. 2016, 12, 402; (b) N. Komura et al., Trends Carbohydr. Res. 
2017, 9, 1; (c) N. Komura et al. Methods Enzymol. 2017, 597, 239; (d) K. G. N. Suzuki et al., Methods 
Enzymol. 2018, 598, 267. 
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Authors: Kay-Hooi Khoo1, Cheng-Te Hsiao1, Pao-Yuan Wang1, Hua-Chien Chang1, Chien-Yu 
Lin2, Hsing-Lin Lai2 and Yijuang Chern2 

Institution(s):  1Institute of Biological Chemistry; and 2Institute of Biomedical Sciences, Academia 
Sinica, Taiwan 

The characteristic complex type N-glycans of mouse brain are known to comprise truncated structures 
with 2 to 3 non-galactosylated GlcNAc termini, and bi- to multi-antennary structures elaborated with a 
combination of ±sialyl LacNAc and Lewis X termini. Other less abundant glycotopes including disialylated 
LacNAc and various sulfated structures have also been reported on specific isolated glycoproteins but 
not in the context of global glycomic analyses of single mouse brain. Taking advantages of recent 
advances in mass spectrometry (MS), we have undertaken in depth glycomic analyses of tissues derived 
from different mouse brain regions by a nanoLC-MS2/MS3-based glycotope-centric glycomic workflow. 
We not only identified all previously reported glycotopes and a range of novel sulfated glycans but 
importantly, the terminal disialyl unit (NeuAc-NeuAc-Hex-HexNAc) versus disialylated type 1 structure 
(NeuAc-Hex-3(NeuAc6)HexNAc, as well as such di- and trisialyl units extending from O-glycans. We 
further demonstrated a significant reduction of these terminal NeuAc-NeuAc-disialyl units in glycomic 
samples derived from ST8Sia3 KO mouse and Huntington mouse (R6/2). Strikingly, ST8Sia3 is the only 
notable glycogene among striatal-enriched transcripts compared to other brain region and that its 
expression is significantly reduced in Huntington disease, in which the most severe damage occurs in the 
striatum. Moreover, ST8Sia3 KO selectively impact the sialylation of several important striatal proteins 
that are involved in motor response to drug targeting. 
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Human Siglec-14 is expressed on myeloid cells and recognizes select bacterial pathogens to elicit pro-
inflammatory responses. Although Siglec-14 is a type 1 transmembrane protein, a soluble form of Siglec-
14 is also found in human blood. It is unknown how soluble Siglec-14 is generated and what role it plays. 
In this study, we investigated the generation mechanism and the function of soluble Siglec-14. 

SIGLEC14 gene consists of 7 exons, of which exons 1–5, 6, and 7 encode extracellular, trans-
membrane, and intracellular domain, respectively. We found that soluble Siglec-14 is derived from an 
alternatively spliced mRNA that retains intron 5, which contains a termination codon and thus prevents 
the translation of the exons 6-7 of Siglec-14. The translated segment in the intron 5 encodes a unique C-
terminal 7-amino acid extension, which can be detected by a specific antibody we developed. Using this 
antibody, we found that the majority of soluble Siglec-14 in human blood is generated by alternative 
mRNA splicing, rather than by proteolysis of transmembrane Siglec-14. The intron 5 contains a 
guanosine-rich segment that assumes a tertiary structure called G-quadruplex, which may regulate the 
efficiency of intron 5 splicing. 

Soluble Siglec-14 suppressed pro-inflammatory responses of Siglec-14+ myeloid cells against non-
typeable Haemophilus influenzae (NTHi) in a dose-dependent manner. To reveal the mechanism for this 
anti-inflammatory effect of soluble Siglec-14, we used a proximity labeling method to identify cis-ligand(s) 
of Siglec-14 on myeloid cells, and found toll-like receptor 2 (TLR2) as a likely candidate. Soluble Siglec-
14 attenuated the TLR signaling triggered by NTHi, which can engage both TLR2 and Siglec-14. Taken 
together, we concluded that soluble Siglec-14 suppresses the pro-inflammatory responses of myeloid 
cells against NTHi, which co-engages TLR2 and transmembrane Siglec-14, by interfering with the 
association of the two receptors. 

This work was supported by Ministry of Science and Technology, R.O.C [grant number: MOST 106-2321-
B-001-032 to T.A.] 
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Title: G x E views of polysialic acid expression 

Authors: Chihiro SATO 

Institution(s):  Bioscience and Biotechnology Center, Nagoya University 

Polysialic acid (polySia or PSA) is a homopolymer of sialic acid with the degree of polymerization 8-400 
Sia residues. PolySia mainly modifies neural cell adhesion molecules (NCAM) in embryonic and 
restricted area of adult brains. PolySia expression is highly related to the plastic areas. In vertebrate 
brain, polySia is shown to be involved in memory, circadian rhythm, and social behaviors via a variety of 
neuro-cellular functions. Therefore, impairments of polySia expression may lead to the mental disorders. 
The molecular mechanism underlying these phenomena is considered to be related not only with the 
bulky and hydrated properties, but also with reservoir functions as a scaffold for various neurological 
active molecules (1,2): the brain-derived neurotrophic factor (BDNF), catecholamine neurotransmitters, 
and the fibroblast growth factor 2 (FGF2). Recently it has been shown that polySia and a 
polysialyltransferase gene, ST8SIA2, have some relationship with psychiatric disorders such as 
schizophrenia and bipolar disorder. We investigated the genetic effects of reported single nucleotide 
polymorphisms (SNPs) (cSNP, sSNP, iSNP and rSNP) of the ST8SIA2/STX gene on their products and 
found that all the SNPs examined so far influenced on the structure and function of polySia (3-6). In 
addition, we have also been analyzing the effects of environmental factors that are known to affect the 
mental disorders on the polySia expression on human neural cells and mouse brains, showing that 
polySia expression is highly sensitive to the environmental factors especially at restricted area(s) of brain 
(7). Collectively, these data suggest that impairments of "quality and quantity" of the polySia structure, 
which is regulated by "genetic factors (G) x environmental factors (E)" in a brain region-specific manner, 
bring about the high risk of mental disorders, probably because polySia functions as a multi-molecule 
regulator. 

References: 1) Sato, Kitajima (2013) Front Cell Neurosci. 7, 61; 2) Sato, Kitajima (2013) J Biochem. 154, 
115; 3) Isomura et al. (2011) J Biol Chem. 286, 21535; 4) Hane et al. (2012) Pure Appl Chem. 84, 1895; 
5) Hane et al. (2015) Glycobiology 10, 1112-1124; 6) Hane et al. (2016) Biochem Biophys Res Commun. 
478, 1123-1129; 7) Abe et al. (2017) Int J Mol Sci. 18, 1123. 
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Plasma Glycoproteins:  Implications for Infective Endocarditis 
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Streptococcus gordonii and Streptococcus sanguinis are typically found among the normal oral 
microbiota, but can also cause infective endocarditis.  These organisms express cell-surface serine-rich 
repeat adhesins containing "Siglec-like" binding regions  (SLBRs) that mediate attachment to 2-3 linked 
sialic acids on human glycoproteins.  Two known receptors for the Siglec-like adhesins are the salivary 
mucin MG2/MUC7 and platelet GPIb, and the interaction of streptococci with these targets may 
contribute to oral colonization and endocarditis, respectively.  The SLBRs display a surprising diversity of 
preferences for defined glycans, ranging from highly selective to broader specificity.  In this report, we 
characterize the glycoproteins in human plasma recognized by four SLBRs that prefer different 2-3 
sialoglycan structures.  We found that the SLBRs recognize a surprisingly small subset of plasma 
proteins that are extensively O-glycosylated.  The preferred plasma protein ligands for a sialyl-T antigen-
selective SLBR are proteoglycan 4 (lubricin) and inter-alpha-trypsin inhibitor heavy chain H4.  
Conversely, the preferred ligand for a 3'sialyllactosamine-selective SLBR is glycocalicin (the extracellular 
portion of platelet GPIb).  All four SLBRs recognize C1 inhibitor, but detect distinctly different glycoforms 
of this key regulator of the complement and kallikrein protease cascades.  The four plasma ligands have 
potential roles in thrombosis and inflammation, and each has been cited as a biomarker for one or more 
vascular or other diseases.  The combined results suggest that the interaction of Siglec-like adhesins with 
different subsets of plasma glycoproteins could have a significant impact on the propensity of 
streptococci to establish endocardial infections. 
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Glycans have distinct properties that make them appealing as disease biomarker targets, and novel 
highly specific reagents are essential to overcome current limitations in the discovery and exploitation of 
disease-related glycans.  

Lectenz® Bio is engineering glycan-processing enzymes into catalytically inactive, high affinity glycan 
binding reagents with tunable specificities. These novel lectin-like, enzyme-derived reagents called 
Lectenz® are being developed for a variety of glycan detection and enrichment applications including 
affinity chromatography, Western blot, and immunohistochemistry.  The conversion of such enzymes into 
affinity reagents is facilitated by computationally-guided directed evolution.  Using site-directed 
mutagenesis and yeast display selection of a site-saturation mutagenesis library, multiple Lectenz® 
candidates can be identified. 

Here we present two novel sialic acid recognizing Lectenz® engineered from a sialidase enzyme: 1) the 
pan-specific sialic acid reagent, Sia-PS1 Lectenz®, which recognizes sialic acid in a linkage independent 
manner; and 2) the Sia-3S1 Lectenz®, which is specific for α2,3-linked sialoglycans.  The data 
demonstrate that the Sia-PS1 Lectenz® reagent recognizes glycans terminating in α2,3-, α2,6-, and α2,8-
linked sialic acid sequences, but not Gal-terminating sequences.  With the Sia-3S1 Lectenz®, we 
demonstrate binding to Neu5Acα2,3Galβ1,4Glc, but not Neu5Acα2,6Galβ1,4Glc or Galβ1,4Glc. 

Research Support: National Institutes of Health (R41GM113351) 
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The gastrointestinal (GI) tract is inhabited by a diverse microbial community (gut microbiota) that has a 
major impact on human health. The mucus layer covering the GI tract is at the interface between the gut 
microbiota and the host. In the colon, the mucus layer is divided into an outer layer providing a habitat to 
commensal bacteria and an inner layer adhering to the epithelium and providing protection from bacterial 
invasion. Mucins are the main structural components of mucus with mucin glycan chains providing a 
source of nutrients and binding sites to the bacteria which have adapted to this niche. 

Ruminococcus gnavus is a prominent member of the gut microbial community with a disproportional 
representation in many diseases including inflammatory bowel diseases. The ability of R. gnavus to 
degrade mucin is strain-dependent and focuses on the utilization of terminal mucin glycans, in particular 
sialic acid.  

R. gnavus mucin-degrading strains harbor a Nan cluster dedicated to sialic acid utilization which is 
upregulated when these strains are grown in the presence of mucin. The R. gnavus Nan cluster includes 
a gene encoding for a sialidase (RgNanH) with an unusual activity. RgNanH comprises a GH33 catalytic 
domain and a sialic acid-binding carbohydrate-binding module (CBM40). We showed that RgNanH 
cleaves off terminal α2-3-linked sialic acid from glycoproteins, releasing 2,7-anhydro-Neu5Ac instead of 
sialic acid, which classifies this enzyme as an intramolecular trans-sialidase (IT-sialidase).  We 
demonstrated that IT-sialidase expressing R. gnavus strains were able to utilize 2,7-anyhydro-Neu5Ac as 
sole carbon source, allowing the bacteria to thrive within mucosal environments by scavenging sialic acid 
from host mucus in a form, 2,7-anhydro-Neu5Ac, that can be used to their own benefit. In addition, using 
glycan microarray, X-ray crystallography, STD NMR, ITC, mutational analyses, and cell/tissue binding 
assays, we identified RgCBM40 as novel mucus adhesin with specificity for sialic acid. We proposed a 
novel role for CBM40 in targeting gut bacteria towards sialic acid-rich regions of the GI tract, therefore 
promoting bacterial colonisation within the outer mucus layer.  

Taken together these data support the hypothesis that IT-sialidases provide commensal bacteria such as 
R. gnavus with a competitive advantage in the gut, by preferentially targeting and accessing sialic acid, a 
rich and much coveted source of nutrient in mucus. 

Owen CD, Tailford LE, Monaco S, Šuligoj T, Vaux L, Lallement R, Khedri Z, Yu H, Lecointe K, Walshaw J, 
Tribolo S, Horrex M, Bell A, Chen X, Taylor GL, Varki A, Angulo J, Juge N. Unravelling the specificity and 
mechanism of sialic acid recognition by the gut symbiont Ruminococcus gnavus. Nat Commun. 2017 
8:2196.  

Tailford LE, Owen CD, Walshaw J, Crost EH, Hardy-Goddard J, Le Gall G, de Vos WM, Taylor GL, Juge 
N. Discovery of intramolecular trans-sialidases in human gut microbiota suggests novel mechanisms of 
mucosal adaptation. Nat Commun. 2015 6:7624. 
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Title: Mammalian Neuraminidases in regulation of signaling and metabolism 

Authors: Alexey V. Pshezhetsky 

Institution(s):  Ste-Justine University Hospital Research Center, University of Montreal; Department of 
Anatomy and Cell Biology, McGill University, Montreal, Canada. 

Terminal sialic acid residues are found in abundance in glycan chains of glycoproteins and glycolipids on 
the surface of mammalian cells. Their presence affects the molecular properties and structure of 
glycoconjugates, modifying their function and interactions with other molecules. The growing evidence 
suggests that three mammalian neuraminidases, neuraminidase 1 (Neu1), neuraminidase 3 (Neu3) and 
neuraminidase 4 (Neu4) residing on lysosomal, endosomal and plasma membranes cleave sialic acid 
residues from surface glycoconjugates changing their structure and modulating molecular recognitions. 

To identify physiological substrates and to elucidate the physiological functions of Neu1, Neu3 and Neu4, 
we generated gene-targeted mouse strains deficient in one or several enzymes. My presentation will 
summarize emerging data demonstrating involvement of specific neuraminidase isoenzymes in signaling 
and regulation of cholesterol metabolism, atherogenesis, inflammation and glucose homeostasis in 
peripheral tissues.  In the CNS, Neu3 and Neu4 are mainly responsible for maintenance of  brain 
ganglioside composition contributing to axon growth and neuritogenesis. In contrast, Neu1 plays major 
role in processing sialic acid residues of surface glycoproteins on brain cells. Following exposure to 
inflammatory cerebral injury Neu1 activity is selectively increased resulting in massive reduction of 
polysialic acid on cortical neurons potentially leading to long-term alterations of CNS homeostasis. 
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Title: Low-pH stability of neuraminidase isolated from H7N9 influenza virus 

Authors: Yuuki Kurebayashi1, Chihiro Tamoto1, Hiromu Tanaka1, Tadanobu Takahashi1, Yoshihiro 
Kawaoka2, Takashi Suzuki1 

Institution(s):  1Department of Biochemistry, School of Pharmaceutical Sciences, University of 
Shizuoka, Shizuoka-shi, Shizuoka, Japan; 2The institute of medical science, University 
of Tokyo, Minato-ku, Tokyo, Japan 

The first human infection with H7N9 avian influenza virus was reported in March 2013. H7N9 avian 
influenza virus may have a potential to induce a pandemic in humans because there have been five 
outbreak waves in China during 2013–2017. Neuraminidase (NA) glycoprotein is known to facilitate 
progeny virus release from the host cell surface through sialidase activity, which cleaves sialic acid from 
glycoconjugates. We previously showed that influenza virus NAs differ in their stability at low pH. The 
NAs of pandemic human viruses, such as 1918 H1N1, 1957 H2N2, and 1968 H3N2 viruses, are also low-
pH-stable. On the other hand, the NAs of most seasonal human influenza A viruses are unstable at low 
pH. We also showed that sialidase activity of low-pH-stable NA in late endosome/lysosome traffic 
enhances influenza A virus replication. Low-pH stability of NA is different among influenza virus strains 
and involved in influenza virus replication. So, it is important to examine pH dependent sialidase activity 
for assessment of characterization of influenza virus. In this study we examined pH stability of sialidase 
activity in H7N9 avian influenza virus NAs and the replication ability of the transfectant viruses bearing 
modified pH-stable NAs. 

We analyzed pH profile of sialidase activity of N9NA derived from H7N9 influenza virus, A/Anhui/1/2013 
(AH1) and A/Shanghai/1/2013 (SH1) that were isolated from human. We generated NA expressing cells 
and measured each sialidase activity at pH 3.0 to 8.0. We identified amino acid residues responsible for 
pH dependent activity of N9NA by generation of amino acid residue substituted mutant NA. 

AH1 NA had two high peak activities at not only acidic pH but also neutral pH. SH1 NA had high activity 
under acidic pH, but low activity under neutral pH. According to analysis of mutant NA, the residue 
located in active site was responsible for neutral-pH activity which is difference between AH1 NA and 
SH1 NA. Furthermore, two amino acid residues located near active site and an amino acid residue 
located in subunit binding site, which were identified by comparing the sequence of N9NA and N2NA, 
were essential for low-pH activity. We showed that specific amino acid residues defined pH dependent 
characters of H7N9 sialidase activity. We also generated recombinant N9 influenza virus which modified 
NA characters and demonstrated the effect of pH dependent sialidase activity to virus replication. We 
observed that the low-pH stability of N9NA promoted recombinant influenza virus replication. 
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Title: Directed evolution of bacterial polysialyltransferase for in vitro synthesis of 
polySia. 

Authors: Bettina Janesch, Lars Baumann, Alison Mark, Lyann Sim, Stephen G. Withers and 
Warren W. Wakarchuk 

Institution(s):  Ryerson University and The University of British Columbia 

Polysialic acid (polySia) is s natural polymer found on a handful of eukaryotic proteins, and bacterial 
capsular polysaccharides. The enzymatic addition of polySia, to existing glycans on a therapeutic protein 
can increase the serum half-life of the protein, improving the efficacy of treatment. The enzymes that 
have been used for this process (PolySTs) come from bacterial pathogens such as Mannheimia 
haemolytica serotype A2, Neisseria meningitidis group B, and Escherichia coli K1.  

These PolySTs are membrane-associated proteins and suffer from inherently low solubility, low 
expression levels and/or thermal instability. To improve their physicochemical and biochemical properties, 
we developed a directed evolution approach using a FACS-based ultrahigh-throughput assay in 
combination with a secondary screen using a micro titre plate-based assay to assess activity from the 
enriched mutant pool directly on a protein substrate. We will present the results for mutants we found 
which show better synthetic properties than the wild type enzyme.  
Bettina Janesch was supported by the FWF - Erwin Schrödinger Fellowship (J3834) 
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Title: Comparative studies of the insect and vertebrate sialate 9-phosphate synthase 
(SPS) 

Authors: Ken Kitajima, Hirona Ishikawa, Kayo Hamaguchi, Chihiro Sato 

Institution(s):  Biosci Biotech Center & Grad Sch Bioagr Sci, Nagoya Univ, Nagoya 464-8601, Japan 

Sialic acids (Sias) are a family of nine-carbon sugars with a carboxylate group at C1 position. More than 
50 derivatives have been described, including N-acetylneuraminic acid (Neu5Ac), N-glycolylneuraminic 
acid (Neu5Gc), deaminoneuraminic acid (Kdn), and their modified forms. While Sias ubiquitously occur in 
vertebrates, their occurrence in invertebrates is restricted to protochordates and echinoderms in 
deuterostomes, and anthropoda and mollusks in protostomes. These features make it difficult to 
understand the origin of Sia in terms of simple phylogenetic tree. To obtain an insight into the evolution of 
Sia, we are focusing on characterization of enzymes involved in the metabolism of Neu5Ac and Kdn. In 
vertebrate, Neu5Ac and Kdn are de novo synthesized by conjugation of N-acetylmannosamine 6-
phosphate (ManNAc-6-P) and mannose 6-phosphate (Man-6-P) with phosphoenolpyruvate (PEP) using 
a key enzyme, the sialate 9-phosphate synthase (SPS), followed by dephosphorylation. 

<SPS-catalyzed reactions>: 

ManNAc-6-P  +  PEP  →  Neu5Ac-9-P  +  Pi 

Man-6-P  +  PEP  →  Kdn-9-P  +  Pi 

We performed a database search and cDNA cloning of the genes for SPS from vertebrates (human, 
mouse, and medaka fish) and insects (fly, moth, and beetle) and characterized the enzyme activity using 
the recombinant proteins without any tag-labeling. After determining their substrate specificity, pH 
dependency, metal ion requirements, we carried out kinetic analyses for ManNAc-6-P, Man-6-P, and PEP. 
Our results showed: (1) All the insect SPSs tested showed the activity to synthesize Neu5Ac-9-P, 
although their activities were much lower than the vertebrate SPSs with 10-100 times lower kcat/Km values 
for ManNAc-6-P; (2) Different than the previous results with N-terminal tagged enzyme, the moth SPS 
showed the Neu5Ac-9-P synthase activity without changing Gln at the catalytic domain to His, whose 
change induced the gain of activity; (3) Both the vertebrate and insect SPSs had the Kdn-9-P synthase 
activity with similar relative activities to Man-6-P; (4) Interestingly, an allosteric effect by the Neu5Ac-9-P 
was observed for fly SPS, but not for moth or beetle SPS. Optimal pH’s for fly, beetle, and moth SPSs 
were 6.0, 6.5, and 7.5, respectively, while those for the vertebrate SPSs were pH 7-8. The enzyme 
properties are still more diverse and complicated in insects than in vertebrates. 
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Title: Sialomics of zebrafish - Diversity and metabolism of sialic acids in Danio rerio 

Authors: Nao Yamakawa1, Jorick Vanbeselaere1, Lan-Yi Chang2, Anne Harduin-Lepers1, Chihiro 
Sato3, Kay-Hooi Khoo2, Ken Kitajima3, Yann Guerardel1 

Institution(s):  1 Univ. Lille, CNRS, UGSF F- 59000 Lille, France; ² Institute of Biological Chemistry, 
Academia Sinica, Taipei 11529, Taiwan; 3 Bioscience and Biotechnology Center, Nagoya 
University, Nagoya 464-8601, Japan 

The emergence of zebrafish Danio rerio as a versatile platform model provides the unique opportunity in 
a vertebrate to follow the functions of glycosylation throughout its complete embryogenesis and to dissect 
human diseases caused by glycosylation defects. Systematic organ-specific profiling of glycoconjugates 
and expression patterns of enzymes involved in the terminal glycosylation in adult zebrafish revealed a 
wide array of glycotopes associated to N-glycans, O-glycans and glycosphingolipids, that may exhibit 
exquisite organ specificity. Of particular interest, the nature of sialic acids (Neu5Ac, Neu5Gc and Kdn) 
and their association to glycans show a high degree of temporal and spatial variability. As an example, 
while Neu5Ac dominates the sialylation of most organs, Neu5Gc and Kdn exhibit high prevalence in 
ovary and intestine respectively. Here, we will first provide an accurate account of the zebrafish 
glycosylation profiles along development and in individual organs. We will then show how concomitant 
screening of the expression of a wide array of enzymes involved in the synthesis and transfer of sialic 
acids established that the presence of key structural motifs correlates with defined subsets of metabolic 
pathways of glycans. We will further discuss about the possible origin of the sialylation diversity in 
different zebrafish organs and tissues.  
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Title: Impact of the acetyl-CoA transporter AT-1/SLC33A1 on sialic acid O-acetylation 

Authors: Albers, Malena, Baumann, Anna-Maria T., Hartmann, Maike, Grove, Melanie, 
Mühlenhoff, Martina 

Institution(s):  Institute of Clinical Biochemistry, Hannover Medical School, Hannover, Germany 

Sialic acids (Sias) are acidic nine-carbon sugars that are usually found at the terminal ends of N- and O-
glycans and as a component of an important class of glycosphingolipids, the gangliosides. A common 
modification of Sia is 9-O-acetylation, which impacts sialoglycan recognition and ganglioside biology. 9-
O-acetylation is mediated by the sialate O-acetyltransferase CASD1, a Golgi-resident protein with a 
luminal catalytic domain that transfers acetyl groups from acetyl-CoA to CMP-activated Sia in vitro [1]. 
While the import of CMP-Sia into the Golgi lumen is well understood, our knowledge on the acetyl-CoA 
import is still limited. Here, we studied the role of the acetyl-CoA transporter AT-1 /SLC33A1 for sialate O-

acetylation. SLC33A1 has been reported as an ER-localized protein that provides acetyl-CoA to N-lysine 
acetyltransferases in the ER [2], but was originally identified by its ability to increase ganglioside 9-O-
acetylation upon overexpression [3]. Using CRISPR/Cas technology, we inactivated SLC33A1 in CHO 
cells by introducing either a large deletion or frameshift mutations in exon 1 and/or exon 3. Compared to 
wildtype cells, Slc33a1-deficient cells were impaired in 9-O-acetylation of sialoglycoproteins and 
completely lost their ability to 9-O-acetylate GD3. Mutations in SLC33A1 have been associated with 
Huppke-Brendel-Syndrome, a recessively-inherited disorder characterized by cataracts, psychomotor 
retardation, and hearing loss [4,5]. Patient mutations include frameshift mutations in exon 1 and 3, which 
resemble our frameshift mutations that affected Sia O-acetylation in CHO cells. In summary, our data 
demonstrate an essential role of AT-1/SLC33A1 in ganglioside O-acetylation and may contribute to 
understanding the pathology of Huppke-Brendel-Syndrome. 

References 

[1] A.-M. T. Baumann et al., Nat. Commun. 2015, 6:7637. 

[2] M. C. Jonas et al., J. Cell Sci. 2010, 123, 3378-3388. 

[3] A. Kanamori et al., Proc. Natl. Acad. Sci. 1997, 94, 2897-2902. 

[4] P. Huppke et al., Am. J. Hum. Genet. 2012, 90, 61-68. 

[5] S. Chiplunkar et al., Metab. Brain Dis. 2016, 31,1195-1198. 

  

  



 

———————————————————————————————————————————————————————————————— 

50 

  
  

Title: The development and use of analytical techniques to quantify the sialic acids 
borne by gut mucins and milk glycoconjugates 

Authors: Wesley Zandberg1, Aaron Wylie1, Sara Vicaretti1, Deanna Gibson2, Jaclyn MacMillan3 
and Wade Abbott3 

Institution(s):  UBC, Okanagan, Department of 1Chemistry and 2 Biology, and 3Agriculture and Agri-
Foods Canada (Lethbridge Research and Development Centre). 

Our group has developed several analytical tools—specifically capillary electrophoresis (CE), liquid 
chromatography-mass spectrometry (LC-MS), and tandem MS—to enable the accurate and precise 
quantification of sialic acids and sialylated glycans from replicate biological samples. The use of these 
tools to analyze sialic acids borne by gut mucins in animal infection models and on glycoconjugates 
found in milk and dairy products will be presented. For decades sialic acids have been quantified, either 
by MS or using optical detection, after their derivatization with the dye 1,2-diamino-4,5-
methylenedioxybenzene (DMB), and efficient protocols have been reported that are capable of using this 
reagent to distinguish between free and glycosidically-bound forms of sialic acids. We have paired these 
protocols with the use of a related dye, 4,5-dimethyl-1,2-diamine (DMBA), that eliminates several of the 
liabilities of DMB. LC-MS and tandem MS methods for the quantification of DMBA-labelled sialic acids, 
inclusive of O-acetylated species, were developed and used to analyze the metabolism of sialylated O-
glycans linked to gut mucus (i.e. mucins) both in vitro (by Clostridium perfringens) and in vivo (in 
chickens). Our data demonstrate that while O-glycan profiles between healthy and C. perfringens-
infected animals differed significantly, as assessed by CE, nevertheless the total levels of glycosidically-
bound sialic acids quantified by LC-MS remain unchanged. In contrast, however, chronic stress appeared 
to significantly reduce the sialic acid levels linked to gut mucins in these animals. The use of these 
analytical methods has also permitted the discovery of previously undescribed, sialylated 
glycoconjugates in infant formulas, and both bovine and human milk. Our efforts to chemically 
characterize these glycans will be presented. In addition, we have used these tools to assess the 
biosynthesis of sialic acid-containing glycans in both bovine and human milk. These glycans, in particular 
those biosynthesized from the abundant milk sugar lactose, have received considerable attention as they 
are known to perform many health-promoting functions in neonates. Our research has been focused on 
environmental factors, particularly the maternal diet, that impact the biosynthesis of sialic-acid containing 
lactose-based milk oligosaccharides. Evidence will be presented that demonstrates that the diet does 
alter the relative levels of sialic acid-containing milk oligosaccharides. 
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Title: Changes in Sialic Acid during B-cell Differentiation Controls the Germinal Center 
through CD22 

Authors: Matthew S Macauley 

Institution(s): University of Alberta 

Siglecs are an immunomodulatory family of receptors whose ability to control immune cell function is 
regulated by their sialic acid-containing glycan ligands. The role for Siglecs on B-cells has received 
significant attention. For CD22 (Siglec-2), the major B-cell Siglec, the prevailing model is that its sialic 
acid-containing ligands keep it away from the B-cell receptor (BCR). A key question that we have been 
exploring is what physiological circumstances promote association of CD22 and the BCR? On naïve B-
cells, one circumstance that can drive CD22 together with the BCR is when a B-cell encounters an 
autoantigen on another cell also displays glycan ligands for CD22 (Macauley and Paulson, Journal of 
Immunology, 2014; Spiller et al, Journal of Immunology, 2018). Co-ligating CD22 with the BCR enables 
the inhibitory nature of CD22 to strongly inhibit the BCR, thereby preventing an autoimmune response to 
‘self’. More recently, we have been investigating the role of Siglecs on germinal center (GC) B-cells, 
which is the B-cell subtype where antibody affinity maturation takes places. Immunologists use changes 
in sialic acid on GC to identify this immunological structure. One of these change is a shift from Neu5Gc 
to Neu5Ac expression. As murine CD22 recognizes Neu5Ac 20-times weaker than Neu5Gc, this results 
in a profound alteration to CD22 ligands on GC B-cells. We hypothesize that this shift in sialic acid may 
increase co-localization of CD22 with the BCR and play an important role in regulating the GC. To test 
this hypothesis, we have developed several mouse models. We find that abrogating CD22 or its glycan 
ligands results in defective GC B-cell responses as well as antibody affinity maturation. In summary, 
although sialic acid-containing ligands on B-cells keep CD22 away from the BCR on naïve B-cells, sialic 
acid ligands on other cells or changes in sialic acid on different B-cell subsets can dramatically impact 
CD22 and B-cell function, which ultimately controls the quantity and quality of antibody responses. 
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Title: Interfering with sialoglycan biosynthesis in mice: From embryonic lethality to 
kidney failure 
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Stephanie Groos3, Rita Gerardy-Schahn1, Birgit Weinhold1 and Anja Münster-Kühnel1 

Institution(s): 1 Institute for Clinical Biochemistry, Hannover Medical School, Hannover, Germany; 2 
Clinic for Renal Diseases and Hypertension, Hannover Medical School, Hannover, 
Germany; 3 Institute for Cellular Biology, Hannover Medical School, Hannover, Germany 

Sialoglycans play a critical role in cell-cell-interactions and communications, including the control of 
immune reactions (1,2). Thus, it was not unexpected that genetic interference with the de novo 
biosynthesis of sialic acid (Sia) caused embryonic lethality in mice (3). In addition, the application of a 
global sialyltransferase inhibitor as well as the introduction of hypomorphic mutations into enzymes in the 
biosynthesis pathway of sialoglycans discovered kidney as the organ reacting most vulnerable to 
limitations in the sialylation capacity in mice (4,5,6). Observed defects primarily affected podocytes (6), a 
highly specialized cell type forming the visceral layer of the glomerular filtration barrier (GFB). Molecular 
information on how sialylation impacts embryonic development as well as kidney development and 
function are, however, missing. To address these questions we generated and characterized several 
mouse models by targeting CMP-Sia synthetase (CMAS), the enzyme catalyzing the activation of sialic 
acid (Sia) to CMP-Sia. The significance of Sia for podocyte function, was studied with the help of a 
podocyte-specific Cmas knockout model (PCmas-/-). Unexpectedly, kidney development and tissue 
sialylation were normal until postnatal day 21 (P21). Then, Sia-levels of podocytes progressively declined 
and these glycomic alterations were accompanied by altered podocyte morphology, the onset of 
proteinuria, and a mislocalization of the major structural component of the GFB, nephrin, as reported for 
patients suffering from Hanta virus infection or diabetic nephropathy. PCmas-/- mice died around P60 from 
a nephropathy mimicking the clinical picture of Focal Segmental Glomerulosclerosis. The role of 
sialylation in mammalian development was studied with the help of a constitutive Cmas-/- knockout model 
and murine embryonic stem cells (mESC) derived from these mice. Strikingly, Sia negative mESC 
behaved like wildtype with respect to germ layer formation and differentiation into beating cardiomyocytes 
(7). Confirming this observation that sialoglycans are dispensable for early developmental steps in vitro, 
Cmas-/- mice developed similar to wildtype until embryonic day (E) 6.5. Thereafter, intrauterine growth 
restriction and disturbed placentation became visible and were accompanied by an infiltration with 
maternal neutrophils and deposition of the complement component C3 on fetal trophoblasts. Embryos 
died at E9.5. Remarkably, depletion of the maternal complement system by injection of cobra venom 
factor (CVF) rescued the Cmas-/- phenotype, restored placentation and fetal growth defects. Taken 
together, our work suggests that sialylation is dispensable for early developmental steps, but crucial for 
maintaining the immune homeostasis between the semi-allogeneic fetus and the maternal immune 
system. 

(1) Schnaar,R.L. et al., (2014). Physiol Rev. 94, 461-518. 

(2) Ricklin,D. et al., (2010). Nat. Immunol. 11, 785-797. 

(3) Schwarzkopf,M. et al., (2002). Proc Natl Acad Sci U S A. 99(8):5267-70.  

(4) Macauley,MS. et al., (2014). J Biol Chem. 289(51):35149-58.  

(5) Galeano et al., (2007) J Clin Invest. 117(6):1585-94. 

(6) Weinhold et al., (2012) J Am Soc Nephrol. 23(8):1319-28.  

(7) Abeln et al. (2017) Chembiochem. 18(13):1305-1316.
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Title: Resolving the Interactions between Human Hemagglutinin and Sialoside Ligands 
by NMR Study 

Authors: Wenjie Peng1,2, Beatriz Fernández de Toro3, Andrew Thompson1, Gema Domínguez4, F. 
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Universidad CEU San Pablo. 5. CIC bioGUNE. 6. Dpto. Química Orgánica I, Fac. C.C. 
Químicas, Universidad Complutense de Madrid 

Human influenza viruses recognize2-6 Sialylated N-glycans present on the surface of host cells. In our 
recent studies, we found that human H3N2 viruses have evolved specificity for branched N-glycan 
sialosides with poly-lacNAc extensions. We reasoned that such ligands are capable of forming bidentate 
binding interactions with two subunits of a single HA (hemagglutinin) trimer. However, atomic-resolution 
analysis of the interactions between viral hemagglutinin and such authentic biological receptors have not 
yet been investigated. Here, we rationally designed and chemoenzymatically synthesized truncated 2-6-
linked sialosides with LacNAc extensions. Through recent development of a paramagnetic NMR 
technique, we were able to observe and fully characterize each individual sugar unit, even for an 
extended N-glycan with di-LacNAc extensions. Saturation-transfer difference NMR and modeling analysis 
revealed that sialylated N-glycans with two LacNAc extensions have additional internal interactions with 
HA trimer, which could increase the binding affinity. Such findings facilitate our understanding of the 
fundamental interactions between HA and host carbohydrate receptors. 
This research was financially supported by funding from the NIH (AI114730 to J.C.P.), the Kuang Hua 
Educational Foundation (to J.C.P.) and Spanish government, MINECO, projects: CTQ2016-76263-P, 
CTQ2015-64597-C2-1-P and CTQ2015-64597-C2-2-P and FPI fellowship. A.J.T. is the recipient of a 
Long-term Fellowship from the European Molecular Biology Organization (EMBO ALTF 963-2014). 
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Polysialic acid (polySia) is a long homopolymer consisting of α2,8-linked sialic acid with tightly regulated 
expression. In healthy adults, it occurs on cell surface glycoproteins in neuronal and immune tissues, 
where it imparts a migratory phenotype that is important for axon formation, synaptogenesis and immune 
system function. However, polySia is also present in many cancers and its overexpression correlates with 
significantly increased metastasis and poor prognosis. Our hypothesis was that investigating the role of 
polySia in cancer would identify potential new therapeutic strategies. We developed a method to purify 
and identify polysialylated proteins from various cancer cell lines, which resulted in the discovery of three 
new polysialylated proteins in the breast cancer cell line, MCF7. Chemical and enzymatic methods were 
used to determine whether polySia is attached to N- or O-linked glycans. We discovered that polySia can 
be found in human serum and used to stratify cancer patients into those with high risk of metastatic 
disease. 
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Glycan moieties associated with proteins and lipids have been implicated in the regulation of numerous 
biological and physiological events. We recently observed that gene editing-based depletion of the (neo-) 
lacto series glycosphingolipids (GSLs) impairs α2-6 sialylation on N-glycoproteins in ovarian cancer cells 

(Alam et al 2017). To understand this unexpected interplay between two distinct classes of 
glycoconjugates, we further investigated how different glucosylceramide-related GSL series differentially 
affect the glycoproteome by deleting specific glycosyltransferase-encoding genes in ovarian cancer cells. 

We utilized the CRISPR-Cas9 system in order to delete the following genes: alpha 1-4-
galactosyltransferase (A4GALT), beta-1,3-N-acetylglucosaminyltransferase 5 (B3GNT5), and beta-1,4-N-
acetyl-galactosaminyltransferase 1 (B4GALNT1) as key transferases directly involved in the extension of 
the lactosylceramide to globo, (neo-) lacto and ganglioseries, respectively. In addition, we also deleted 
gene encoding for UDP-Glucose Ceramide Glucosyltransferase catalysing the first glycosylation step in 
the biosynthesis of GSLs. Membrane glycans from proteins and lipids were analysed using negative 
mode porous graphitic carbon liquid chromatography mass spectrometry (PGC-LC-MS). 

We successfully deleted these transferases through CRISPR-Cas9 -mediated gene disruption in the 
ovarian cancer cell line IGROV1. We observed massive changes in protein glycosylation in mutant cells, 
specifically N-linked glycans showed several terminal glycan epitopes such as sialic acids, LacDiNAc and 
bisecting GlcNAc that were significantly different. For example, there was an increase in bisecting 
structures in ∆A4GALT and ∆B3GNT5 cells, while in ∆B4GALNT1 cells these structures were decreased. 
The impairment of α2-6 sialylation in ∆A4GALT and ∆B3GNT5 cells was consistent with previous 
observations, whereas ∆B4GALNT1 cells showed an overall increase in sialylation with relatively lower 
amount of α2-6 sialylation. The underlying carrier proteins of these altered glycan structures are also 
characterized using a labeled multiplexed glycoproteomics approach using reverse-phase 
chromatography and high-resolution mass spectrometry. 

This is the first ever study of systematically modifying GSL biosynthesis to characterise their effect on 
protein and lipid glycosylation. GSLs play an important role in moderating cell surface glycosylation and 
therefore its physiological state, an important factor in ovarian cancer metastasis. We are currently 
profiling for these altered glycans in clinically matched ovarian cancer patient samples using MALDI 
imaging mass spectrometry. 
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Bacterial vaginosis (BV) is a common imbalance of the vaginal microbiota that is associated with 
increased risks of reproductive health complications, including preterm birth. Women with BV are more 
likely than those with normal microbiomes to be vaginally colonized by Fusobacterium nucleatum, a 
Gram-negative bacillus, obligate anaerobe, and among the most commonly isolated microorganisms 
from amniotic fluid of women in pre-term labor. However, little is known about how F. nucleatum colonizes 
the vaginal niche or interacts with other vaginal bacteria. One of the biochemical features of BV is the 
presence of microbiota-derived sialidase activity in vaginal fluids. Although F. nucleatum does not express 
sialidase activity, we here provide genetic and biochemical evidence that the organism encodes 
functional machinery for the catabolism of free sialic acids. Use of this carbon source encouraged better 
growth of F. nucleatum in vitro and improved both initial colonization and persistence by F. nucleatum in a 
mouse vaginal model. However, during growth in culture, sialic acids present within bound sialoglycans 
remained inaccessible to F. nucleatum unless sialidase activity from other bacteria were present. 
Similarly, the ability to forage on sialic acids improved F. nucelatum vaginal colonization in mice with 
endogenous microbiota-derived sialidase activity, but not in mice lacking vaginal sialidase activity. 
Surprisingly, F. nucleatum not only received, but also bestowed a growth benefit to sialidase-producing 
vaginal bacteria from both mouse and human. These results demonstrate the first molecular mechanism 
of bacterial symbiosis in the vagina and may help explain why women with BV are more likely to harbor F. 
nucleatum. 
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The chemical synthesis of the sialic acid-containing glycoconjugates is one of the most challenging 
subjects in the field of carbohydrate chemistry due to characteristic structure of the sialic acids. Although 
there are several efficient methods for highly stereoselective sialylation, some of which exploit the nitrile 
solvent effect and/or C5-modified sialic acid donors, their stereoselectivity frequently vary depending on 
the structures of coupling partners as it has also been seen in other glycosidation reactions that proceed 
via SN1 pathway. In this study, we attempted a novel stereocontrol of sialylation by using a macro-bicyclic 
α-sialyl donor, in which the C1 and C5 positions were tethered with a proper alkyl chain. We envisaged 
that the bicyclic oxocarbenium ion generated from the sialic acid donor could direct the nucleophilic 
attack of the coupling partner exclusively to α-face by the steric hindrance of macro-cyclic moiety on the 
β-face (Fig. 1). 
According to our previous report, a 1,5-lactamized sialic acid donor, having a bicyclo [2.2.2] system, was 
not capable of generating the oxocarbenium ion at the bridgehead anomeric position, following the 
Bredt’s rule [1]. First, we examined a proper tether length between C1 and C5 that allows to form 
oxocarbenium ion at the anomeric position. A C5-NH2 intermediate was conjugated with various tether 
parts through a carbamate linkage, which then underwent macro-cyclization reactions to provide bicyclic 
donors. The examination of glycosidation of the sialyl donors in CH2Cl2 revealed a suitable tether length 
and reaction conditions to proceed α-sialylation. The tether part of sialoside was then successfully 
removed by LiOH·H2O to give the corresponding C5-NH2 derivatives. We also found that substituent 
modifications of the tether part with optimized length greatly influenced on the efficiencies of α-
sialylations. Here, the details of these results will be presented. 

 
Figure 1. Concept of this study 

[1] H. Ando, Y. Koike, S. Koizumi, H. Ishida, M. Kiso, Angew. Chem. Int. Ed. 2005, 44, 6759-6763. 
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Aspergillus fumigatus (A. fumigatus) is the causative agent of invasive aspergillosis (IA), a severe and 
often lethal respiratory disease for immunocompromised individuals.  Currently treatments for IA are 
limited due to drug toxicity or the emergence of resistance.1,2 Thus, a need exists for additional 
therapeutics to treat IA. Recent studies have shown that A. fumigatus is an atypical sialidase (AfKdnase) 
in that its preferred substrate is the nine-carbon sugar 3-deoxynon-2-ulosonoic acid (Kdn) rather than N-
acetylneuraminic acid (Neu5Ac). It was also shown that the Kdn derived glycal (Kdn2en) inhibits 
AfKdnase, albeit weakly, whereas the prototypical sialidase inhibitor Neu2en5Ac does not.3 Kdnases are 
not present in humans and thus may be a viable target for the development of therapeutics.  Probing the 
activity of AfKdnase imparts insight on the mechanism of the hydrolysis and thus provides a design 
template for potential lead compounds for the treatment of IA. 
To broaden our search for an inhibitor, we plan to utilize high-throughput screening with a stable 
fluorogenic Kdn substrates. Previously made probes were not suitable for a screen as they have shown 
to spontaneously hydrolyze.  The proposed self-immolitive substrates have been designed and have 
shown to be much more stable than aryl Kdn glycosides, which suffer from spontaneous hydrolysis. 

 
Figure 1.  Self-immolative Kdn substrates used in enzyme activity assays. 

1. Latge, J. P. Clin. Microbiol. Rev. 1999, 12, 310-350. 

2. Dagenais, T.R.T.; Keller, N.P. Clin. Microbiol. Rev. 2009, 22, 447-465. 

3. Telford, J.C.; Yeung, J.H.F.; Xu, G.; Kiefel, M.J.; Watts, A.G.; Hader, S.; Chan, J.; Bennet A.J.; Moore, 
M.M.; Taylor, G.L. J. Biol. Chem. 2011, 286, 10783-10792. 
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N-Acetylneuraminic acid is the most abundant member of the sialic acid family that is predominately 
found at the terminal end of glycan chains and glycoproteins on mammalian cells.  These molecules 
participate in recognition of pathogens such as influenza viral cells and are involved in many other cell-
cell interactions.  Sialic acid naturally forms glycosidic bonds in the α-configuration. 

Herein, we present the synthesis of O-picoloylated sialyl donors and their effect on stereoselectivity. High 
or even complete α- stereoselectivity was obtained in a variety of applications. 
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The recognition and hydrolysis of sialic acids by the human neuraminidase enzymes (hNEU) is 
central to the modulation of many cellular processes. Sialic acids are a diverse family of 
carbohydrates, many of which are unstable and consequently difficult to study. For instance, 9-
O-acetylation of N-acetylneuraminic acid (Neu5Ac) to make Neu5,9Ac2 has been implicated in 
immune suppression and tumor malignancy. Yet, the 9-O-acetate is susceptible to hydrolysis 
which has slowed study of the role of Neu5,9Ac2 in hNEU recognition and hydrolysis. 
To investigate the substrate activity of hNEU towards Neu5,9Ac2, we acetylated fluorogenic 
hNEU substrate 4MU-NANA at O-9. We also generated a panel of octyl sialyllactosides as 
mimics of the ganglioside GM3 to explore hNEU specificity on more natural substrates. The 
panel contained variable sialic acid residues as well as α2,3 and α2,6 anomeric linkages. The 
results of screening these compounds as substrates for hNEU indicated that 9-O-acetylation has 
a significant impact of sialic acid hydrolysis by hNEU. Moreover, the influence of the modification 
on hNEU-catalyzed hydrolysis was both isoenzyme- and substrate-specific.  Specifically, the 
nature of the sialic acid anomeric linkage and reducing end sugars or aglycone influenced the 
specificity of the hNEU enzymes for Neu5,9Ac2 sialosides. We propose that a full understanding 
of hNEU specificity will require additional study of sialoglycoconjugates with diverse sialic acid 
residues, anomeric linkages, and aglycones. We will report on progress in our ongoing studies of 
unusual hNEU substrates. 
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SSEA (stage-specific embryonic antigen) -3/4 and Globo-H, which belong to globo-series 
glycosphingolipids (GSL), are known to be specifically expressed in the stem cells (iPS/ES cells) or 
cancer cells. It is considered that cellular interactions mediated by GSLs direct cell differentiations. 
However, there is little known about how GSLs interact with each other or other molecules in the cell 
membrane. Recently, we have developed the fluorescent probes of representative  gangliosides (eg. 
GM1, GM3) for observing the interaction between gangliosides and lipid raft by single molecule tracking 
technique [1]. In this study, we have synthesized the fluorescent probes of SSEA-3/4 and Globo-H for 
detailing their biological functions at the single molecular level. 
Based on the previous biophysical evaluations of the chemically synthesized fluorescent ganglioside 
probes, we set the dye labeling position at the end of the glycan moieties of the target molecules. To 
synthesize three kinds of probes in an efficient manner, we designed a trisaccharide acceptor 
[GalNβ(1→3)Galα(1→4)Gal] as a common intermediate. The α(1→4) linkage of Gal-Gal disaccharide 
was established by di-tert-butylsilylene (DTBS)-directed α-galactosylation [2]. For the next β-
galactosaminylation of Gal-Gal acceptor, we have newly developed a 4,6-(p-tert-butylbenzylidene)-
GalNTroc donor to improve the poor solubility of the corresponding benzylidenated analog [3] in organic 
solvents. The novel GalNTroc donor showed high solubility and allowed for a large-scale glycosylation of 
the Gal-Gal acceptor. After the deprotection of Troc group and N-acetylation, the obtained trisaccharide 
acceptor was elongated to the non-reducing tetra- and penta- saccharide moieties of SSEA-3 and Globo-
H, respectively. For the synthesis of SSEA-4 analog containing sialylated glycan moiety, we applied 
“bicyclic sialic acid donor” that we have developed recently. The tetrasaccharide acceptor was elongated 
with a C9-trifluoroacetamide modified bicyclic sialic acid donor to give “only” desired α-sialoside. The 
resulting tetra- and penta- saccharide derivatives were then transformed into glycosyl donors, and 
coupled with glucosylceramide acceptor [3] to give the glycolipid frameworks, respectively. After global 
deprotection that gave amine-modified glycosphingolipids, the conjugation with succinimidyl ester of 
fluorescent dye afforded target fluorescent probes. We evaluated the synthesized fluorescent probes in 
terms of biophysical and biochemical properties, and observed their behavior in the cell membrane by 
single molecule tracking. 
[1] N. Komura, K. G. N. Suzuki, H. Ando, M. Konishi, M. Koikeda, A. Imamura, R. Chadda, T. K. Fujiwara, 
H.Tsuboi, R. Sheng, W. Cho, K. Furukawa, K. Furukawa, Y. Yamauchi, H. Ishida, A. Kusumi, M. Kiso, Nat. 
Chem. Biol. 2016, 12, 402-410. 
[2] A. Imamura, H. Ando, S. Korogi, G. Tanabe, O. Muraoka, H. Ishida, M. Kiso, Tetrahedron Lett. 2003, 
44, 6725-6728. 
[3] A. Imamura, H. Ando, H. Ishida, M. Kiso, J. Org. Chem. 2009, 74, 3009-3023. 
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Sialylation of glycoconjugates catalyzed by sialyltransferases are enzymatic reactions whereby sialic acid 
residues are added from an activated sugar donor (CMP-sialic acid) at the non-reducing ends of 
oligosaccharides[1]. Because sialylated glycans play critical roles in a number of human physio-
pathological processes[2], the past two decades have witnessed the development of modified sialic acid 
derivatives for a better understanding of sialic acid biology. Previously, we have optimized a chemo-
enzymatic preparation process of CMP-Neu5Ac and of its unnatural derivative CMP-Neu5N-
(4pentynoyl)neuraminic acid (CMP-SiaNAl) monitored by real-time 31P NMR[3]. In the present study, we 
devised several approaches to investigate the donor specificity of human β-D-galactoside 
sialyltransferases using these two CMP-sialic acids donors. Thanks to an extended and functionalized N-
acyl moiety, the presence of the newly incorporated SiaNAl on glycoprotein acceptors could be assessed 
by chemical ligation of azidobiotin via copper-catalyzed azide-alkyne cycloaddition (CuAAC) allowing its 
specific detection with an anti-biotin antibody. We engineered two recombinant and truncated protein 
isoforms of the human ST6Gal I and ST3Gal I that were used in in vitro enzymatic assays with 
asialofetuin. Using a Western blot approach, we demonstrated the use of CMP-SiaNAl by the two 
enzymes. Using DMB derivation and LC-MS analysis we established that the 2 enzymes have 
comparable affinity towards CMP-Neu5Ac or CMP-siaNAl. Furthermore, we performed Selective Exo-
Enzymatic Labeling (SEEL) of cell surface glycoproteins using these recombinant enzymes and CMP-
SiaNAl[4]. We successfully and selectively labeled cell surface N-glycosylproteins and O-glycosylproteins 
of CHO cells as assessed by immunofluorescence and FACS analysis[5]. Finally, we recently set up a 
sensitive colorimetric microtiter plate assay for rapid and efficient characterization of sialyltransferase 
activities towards glycoproteins. 

References: 
[1] A. Harduin-Lepers, R. Mollicone et al. Glycobiology. 2005, 15, 805-817  
[2] A. Varki. Glycobiology. 2017, 27, 3-49 
[3] PA. Gilormini, C. Lion et al. Glycobiology. 2016, 26, 1151-1156 
[4] NE. Mbua, X. Li et al. Angewandte. 2013, 52, 13012-13015 
[5] M. Noel, PA Gilormini et al. Chembiochem. 2017, 18, 1251-1259 
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Neuraminidases, also known as sialidases, are glycosidase enzymes which catalyze the hydrolysis of 
sialic acids from glycan chains of glycoconjugates. Four human neuraminidases are known: NEU1, 
NEU2, NEU3 and NEU4, each with different cellular locations, physiological substrates, and proposed 
functions. Only a handful of selective inhibitors of this family have been reported. 
In order to study the functions of individual isoenzymes, we have designed a library of modified 2,3-
didehydro-N-acetyl-neuraminic acid (DANA) analogs to be tested as inhibitors. Starting from Neu5Ac, 
DANA analogues with modifications at C4, C5, and C9 positions were synthesized. Compounds with an 
aryltriazolyl moiety at C9 position and guanidino group at C4 position showed outstanding potency and 
selectivity towards NEU3. We tested whether the selectivity of inhibitors observed in vitro was similar for 
mouse ortholog enzymes from brain tissue. Experiments with genetically-targeted mouse strains that 
lacked expression of individual isoenzymes confirmed the selectivity of a number of compounds.  
Molecular modeling of the active sites of the NEU isoenzymes provided insight into the origin of 
selectivity for these compounds. Our compounds provide valuable tools for the functional study of human 
neuraminidases, and also reveal structural features of the active site for the enzyme family that should 
allow for the design of improved inhibitors and substrates. 
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The human neuraminidase enzymes (NEU) are comprised of four isotypes, NEU1, NEU2, NEU3, and 
NEU4. These enzymes cleave sialic acids from glycolipids and glycoproteins, and may participate in 
signal transduction through their modulation of cellular glycan structures.  These enzymes have been 
implicated in a range of pathologies including cell adhesion and migration through activation of integrins. 

Using an in vitro cell assay, we have investigated the role of these enzymes in regulating the integrin-
dependent transmigration of T cells (Jurkat) across a fibronectin-coated membrane. We observe that 
transmigration of cells can be blocked through the use of inhibitors for NEU, using isoenzyme-specific 
neuraminidase inhibitors developed in our laboratory. We have also tested the effect of NEU3 in the 
adhesion of T cells to intracellular adhesion molecule (ICAM-1), which is an essential step in 
transmigration leading to inflammation. Our results suggest an important role for neuraminidase enzymes 
in modulation of adhesion and transmigration processes in inflammation. We will report on the activity of 
inhibitors for blocking transmigration, and mechanistic studies of adhesion. 
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Influenza A virus (IAV) utilizes various hosts including humans, aquatic birds, ground birds, pigs and 
horses. IAV recognizes terminal sialic acid moieties of sialo-saccharides on host cells through the viral 
envelope glycoprotein hemagglutinin (HA), followed by initiation of entry into the cells through an 
endocytic pathway. Generally, human IAV preferentially recognizes sialic acid of galactose by the α2,6 
linkage (SAα2,6Gal), while avian and equine IAVs recognize sialic acid of galactose by the α2,3 linkage 
(SAα2,3Gal). Swine IAV recognizes both SAα2,6Gal and SAα2,3Gal. Molecular species of sialic acid are 
largely divided into two moieties: N-acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic acid 
(Neu5Gc). Almost all equine IAVs and some human, swine and duck IAVs bind not only to Neu5Ac but 
also to Neu5Gc. 
Human cells cannot synthesize Neu5Gc due to dysfunction of the CMP-Neu5Ac hydroxylase (CMAH) 
gene, which converts CMP-Neu5Ac to CMP-Neu5Gc. However, exogenous Neu5Gc from Neu5Gc-rich 
dietary sources is able to be metabolically incorporated into surfaces of tissue cells and may be related to 
enhancement of the infectivity and severity of IAV. Here, we investigated the receptor function of Neu5Gc 
on IAV infection in Neu5Gc-expressing cells by transfection of the monkey CMAH gene into human cells 
or by incubation with human cells in the presence of N-glycolylmannosamine. Expression of Neu5Gc on 
human cells clearly suppressed infectivity of IAVs that possess Neu5Gc binding ability. Furthermore, 
there was no difference in infectivity of a transfectant virus that included the wild-type HA gene from 
A/Memphis/1/1971 (H3N2), which shows no Neu5Gc binding, between parent MCF7 cells and cells 
stably expressing the monkey CMAH gene (CMAH-MCF7 cells). On the other hand, cell entry of the 
transfectant virus that included the Neu5Gc-binding HA gene with a single mutation to Tyr at position 
Thr155 was arrested at the stage of internalization from the plasma membrane of the CMAH-MCF7 cells. 
These results indicate that expression of Neu5Gc on the surface of human epithelial cells suppresses 
infection of IAVs that possess Neu5Gc binding ability. 
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Sialic acids are important components of glycoproteins and glycolipids essential for cellular 
communication, infection and tumor metastasis1. In humans, genetic defects leading to abnormal 
synthesis/cleavage of sialoglycoconjugates or transport of sialic acid result in severe metabolic diseases. 
N-acetylneuraminate pyruvate lyase (NPL), a mammalian paralogous enzyme of bacteria using mucus as 
a carbon source, has a specific tissue expression profile suggesting that NPL might be important for sialic 
acid catabolism. However, nothing is known about the physiological role of this enzyme. Recently 
p.Arg63Cys and p.Asn45Asp missense mutations in the npl gene, have been identified in-trans in a 
human patient presenting with cardiomyopathy, skeletal myopathy and sialuria. 
In order to characterize the function of NPL and the effect of identified mutations, we expressed WT and 
mutated versions of this enzyme in HEK cells. Our data showed that the p.Arg63Cys changed almost 
completely abolished the NPL enzymatic activity and dramatically decreased protein stability. The 
p.Asn45Asp mutation decreased 3 fold enzymatic activity and affinity of the enzyme towards its 
substrates N-acetylneuraminic acid and N-glycolylneuraminic acid, resulting in overall 10-fold reduction of 
the enzyme specificity. 
To characterize the role of NPL in vivo we have developed the first mouse models carrying knock-in 
(p.Arg63Cys) and knock-out (26-nucleotide exon deletion) mutations in the npl gene.  The mice 
developed using CRISPR-Cas9 technology currently undergo phenotypic and biochemical 
characterization. 
Altogether our findings will allow us to characterize, for the first time, the role of the NPL enzyme in 
humans and its involvement in sialic acid homeostasis. The first mammalian model of NPL deficiency 
should also be an important tool, in the future, to develop and evaluate the efficacy of new treatments. 
References 

1. Varki, A. Sialic acids in human health and disease. Trends Mol. Med. 14, 351–360 (2008). 
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The sialic acid binding Ig-like lectins (Siglecs) are a family of cell surface receptors expressed on one or 
a few immune cell types. Siglecs play important regulatory roles on these immune cells with implications 
in diseases such as inflammation, cancer, autoimmune diseases, neurodegeneration, and host-pathogen 
interactions. Due to their expression and functions, Siglecs are well suited as targets for cell directed 
therapies. Natural glycan ligands typically bind to the carbohydrate recognition domain (CRD) with low 
selectivity and low monovalent affinity (0.1-3 mM range), gaining avidity through multivalent interactions. 
High affinity and selective ligands or inhibitors of Siglecs are needed to investigate their normal function 
or as lead compounds for potential therapeutics. A productive strategy to develop high affinity and 
selective monovalent ligands has been to use natural ligands as privileged glycan scaffolds that are 
modified with non-carbohydrate substituents to increase affinity and selectivity. To identify Siglec ligands, 
we chemo-enzymatically synthesized a library of glycan analogs on sialyl LacNAc scaffolds. The 
sialoglycan scaffolds are modified in a parallel synthetic approach using highly efficient sulfonamide, 
urea, and thiourea chemistry. Using a microarray format, the glycan analog library was screened against 
a panel of Siglec-Fc's to identify ligands of high avidity and selectivity. Several lead compounds for 
Siglec-F, -8, and -9 were identified and subsequently conjugated to lipids for display on liposomal 
nanoparticles to evaluate targeted delivery to cells. Liposomes decorated with these analog ligands were 
found to target fluorescent liposomes to cells expressing the corresponding Siglec target. Using these 
novel analogs, we have further demonstrated the utility of Siglec ligand decorated nanoparticles for 
targeting siglec expressing cells. (NHLBI grant HL107151). 
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Galectins are animal lectins predominantly found in the cytosol and contain one or two carbohydrate-
recognition domains (CRD). Sialylation of glycans modulates their recognition by galectins. For example, 
galectin-3 has significantly higher affinity for N-acetyllactosamine (LacNAc) than for sialylated LacNAc, 
while the opposite is true for the N-terminal CRD of galectin-8. Intracellular galectins can accumulate 
around damaged endocytic vesicles in a glycan-dependent manner. Accumulated galectins then engage 
adapter proteins to mediate cellular events, such as targeting damaged endocytic vesicles for autophagy. 
We employed a model system consisting of illuminating endocytic vesicles containing photosensitizers to 
induce damage in endocytic vesicles. We demonstrate that intracellular galectins accumulate around 
damaged vesicles through binding to glycans that are initially present on the cell surface and 
subsequently confined to the lumen of the endocytic vesicles, before they are exposed to the cytosol. We 
also identify that the amounts of accumulated galectins are dependent on the sialylation status of cell 
surface glycans. Specifically, galectin-3 and -8 accumulate around damaged endocytic vesicles at 
significantly higher and lower levels, respectively, when sialic acids are removed from the cell surface. 
Furthermore, accumulated galectins can direct autophagy adaptor proteins toward damaged endocytic 
vesicles, which are also significantly affected following changes in sialyation of the cell-surface glycans. 
We conclude cytosolic galectins conjunctively control cellular responses in a manner that reflects 
dynamic modifications of cell-surface sialylation, which can occur under a variety of conditions. 
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Immune cells use inhibitory receptors to guide self/non-self discrimination by recognizing molecular 
patterns that are unique to self. One large family of cell surface inhibitory receptors are the sialic acid-
binding immunoglobulin-type lectins (Siglecs), whose ability to modulate immune cell function is 
intimately tied to interactions with sialic acid-containing glycoconjugates via their N-terminal domain. 
Glycan recognition is coupled to inhibition of activatory receptors by spatial regulation of Siglecs on the 
cell surface. A better understanding of the glycan ligands of Siglecs is needed for elucidating how 
immune cells are controlled. In this respect, it is noteworthy that Siglecs are endogenously expressed as 
membrane proteins, so biochemical studies with their full-length forms difficult. A common approach is to 
use Fc-chimeric versions of Siglecs consisting of the first 2-3 domains of the Siglec fused to the Fc region 
of an antibody. While this platform has advanced our knowledge of glycan ligands of Siglecs, a new 
generation of Siglec-Fc chimeras is needed. Here, we present efforts to develop a new versatile set of 
Siglec-Fc chimeras. These features include a: (1) His-tag for purification purposes; (2) streptavidin-
binding peptide for detection purposes; (3) proteolytic site between the Siglec and Fc regions to enable 
monomeric Siglecs to be produced for affinity and structural purposes; and (4) mutations in the Fc 
domain that render the Fc region ‘silent’ for binding Fc-receptors on immune cells. Progress will be 
presented on validating these new Siglec-Fc chimeras in a flow cytometry assay, in conjunction with 
genome editing strategies to elucidate the sialyltransferases responsible for creating Siglec ligands, as 
well as in mass spectrometry studies in collaboration with Dr. Klassen’s group. 
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Cell surface sialosides constitute a central axis of immune modulation that is exploited by tumors to 
evade both innate and adaptive immune responses.  A few mechanisms for this include the engagement 
of factor H to inhibit complement-dependent cytotoxicity, blocking of activating ligands with sialic acid, 
and sialoside engagement of Siglec receptors prompting inhibitory signaling in many immune cells. For 
these reasons, removing or altering cancer-associated sialosides is a promising approach to immune 
therapy of cancer.  Previously, our lab has demonstrated that a trastuzumab-sialidase conjugate protein 
“T-Sia” can potentiate a natural killer immune cell response to breast cancer tumors expressing the 
HER2 receptor by removing sialic acid from the cell surface.  Here we present a new version of this 
molecule “T-Sia 2.0”, which is smaller, more hydrolytically stable, and has improved specificity for target 
cells.  T-Sia 2.0 has shown improved cancer cell killing from a variety of immune cells in vitro, and we 
hope that this model will allow us to better understand the effects of unmasking highly sialylated cancer 
cells in vivo. 
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Microglia are the innate immune cell population of the brain and adopt distinct reactive phenotypes in 
response to insults to the brain like infection, injury or tumors. The glycan polysialic acid (polySia) has 
been implicated in the regulation of microglia and macrophage activation. Unlike in neurons, polySia in 
these cells is not attached to the neural cell adhesion molecule NCAM at the cell surface but confined to 
the Golgi compartment and attached to two different proteins, namely E-selectin ligand 1 (ESL-1) and 
neuropilin-2 (NRP2; Werneburg et al. 2016, Glia 64:1314). In response to pro-inflammatory stimulation by 
bacterial lipopolysaccharide (LPS), polySia-ESL-1 and polySia-NRP2 are released by metalloproteinase-
dependent ectodomain shedding and inhibit LPS-induced production of nitric oxide and proinflammatory 
cytokines, arguing for a cell intrinsic negative feedback mechanism. 
Here we demonstrate by CRISPR/Cas9-mediated knockout that sialic acid-binding immunoglobulin-like 
lectin-E (Siglec-E)-negative murine microglia show increased LPS-induced activation and loss of 
reactivity to exogenously applied polySia. Both findings are in line with the predicted polySia-receptor 
function of Siglec-E. A newly established analytical platform for sensitive detection of shed polySia 
enabled us to reveal persistent polySia release by LPS-induced microglia, indicating that tissue 
availability of shed polySia may be much higher than anticipated from our initial findings. Furthermore, we 
provide first evidence for the appearance of Golgi-confined polySia at distinct stages of microglia 
activation in the stab lesion model of traumatic brain injury as well as in tumor associated 
microglia/macrophages (TAM) of highly malignant brain tumors (glioblastoma multiforme, GBM). Notably, 
TAM-associated and Golgi-confined polySia is detected in GBM with or without polySia on the surface of 
tumor cells, challenging the conflicting results concerning the beneficial or adverse role of polySia in 
GBM. 
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Upon malignant transformation, tumor cells upregulate sialyltransferases resulting in aberrant levels of 
sialoglycans. In fact, tumor cells decorate their surface with a dense layer of sialoglycans that confers 
resistance to apoptosis, promotes tumor cell adhesion and migration and mediates resistance to 
therapy1. Moreover, tumor sialoglycans emerge as potent immune modulators that contribute to the 
formation of an immunosuppressive tumor microenvironment and tumor immune evasion2. The 
mechanisms by which tumor sialoglycans modulate anti-tumor immunity as well as therapeutic strategies 
directed against tumor sialic acids are, however, limited. We have recently demonstrated that the sialic 
acid mimetic Ac53FaxNeu5Ac developed by Paulson and co-workers potently blocks sialic acid expression 
in melanoma cells in vitro3. As a consequence of sialic acid blockade, the migratory and adhesive 
capacity of melanoma cells was impaired and they failed to metastasize in vivo4. Currently we explore the 
effects of sialic acid blockade using the sialic acid mimetic on tumor growth and the tumor 
microenvironment. We found that the sialic acid mimetic, blocked sialic acid expression in the tumor 
microenvironment and suppressed tumor growth in multiple tumor models. Sialic acid blockade had a 
major impact on the immune cell composition of the tumor, enhancing tumor-infiltrating natural killer cell 
and CD8+ T cell numbers, while reducing myeloid regulatory cell numbers. In search for a mechanism, 
we found that sialic acid blockade enhanced cytotoxic CD8+ T cell-mediated killing of tumor cells, both in 
vitro and in vivo. Sialic acid blockade therefore synergized with adoptive transfer of tumor-specific CD8+ T 
cells and moreover enhanced immune adjuvant therapy by increasing dendritic cell activation and 
subsequent CD8+ T cell immunity. Collectively, these data emphasize the crucial role of sialic acids in 
tumor immune evasion and show the therapeutic effects of sialic acid blockade with this glycomimetic. I 
will present our data on how sialic acid blockade influences tumor growth with particular focus on the 
tumor microenvironment.  
References 
1. Büll C, Stoel MA, den Brok MH, Adema GJ. Sialic acids sweeten a tumor's life. Cancer Research. 2014. 

74(12):3199-3204 
2. Büll C, den Brok MH, Adema GJ. Sweet escape: Sialic acids in tumor immune evasion. Biochimica et Biophysica 

Acta - Reviews on Cancer. 2014. 1846(1):238-246 
3. Rillahan CD, Antonopoulos A, Lefort CT, Sonon R, Azadi P, Ley K, Dell A, Haslam SM, Paulson JC. Global 

metabolic inhibitors of sialyl- and fucosyltransferases remodel the glycome. Nature Chemical Biology. 2012. 
8(7):661-668. 

4. Büll C, Boltje TJ, van Dinther E, Peters T, de Graaf AM, Leusen JH, Kreutz M, Figdor CG, den Brok MH, Adema 
GJ. Targeted delivery of a sialic acid-blocking glycomimetic to cancer cells inhibits metastatic spread. ACS 
Nano. 2015. 9(1):733-745 
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Prostate cancer is the most commonly diagnosed non-cutaneous malignancy in men.  With the advent of 
prostate-specific antigen (PSA) screening detection rates of prostate cancer dramatically increased.  
While PSA screening has reduced prostate cancer mortality rates it has also led to a significant increase 
in overdiagnosis and overtreatment.  Thus, there is a great clinical need for a method which discriminates 
low risk/indolent prostate cancer from high risk aggressive disease.  
Aberrant glycosylation is a hallmark of cancer cells; in particular, elevated levels of polysialic acid 
(polySia) in cancers such as neuroblastoma and small cell lung carcinoma correlate with a poor 
prognosis. We investigated polySia expression in prostate cancer and found that polySia is present on 
patient tumor samples and elevated levels correlated with tumor staging and increased risk of disease 
progression.  To further develop this into a non-invasive screening platform we incorporated polySia as a 
biomarker into an extracellular vesicle based liquid biopsy.  By characterizing extracellular vesicles 
derived from the prostate we were then able to interrogate their polySia levels. Elevated levels of polySia 
prostate extracellular vesicles were found in high-risk patient plasmas.  A discovery cohort consisting of 
over 300 patient plasma, representing health, benign, low-risk and high-risk prostate cancer was 
analyzed and an Area Under the Curve was generated to determine the performance characteristics of 
the test.  To validate our results we generated a patient validation cohort and analyzed polySia prostate 
extracellular vesicles levels based on the parameters generated in our discovery cohort. Our test proved 
to be significantly better at detecting aggressive prostate cancer compared to standard of care PSA 
testing. 
Distinguishing indolent prostate cancer from high risk prostate cancer through noninvasive approaches is 
essential for improved patient care and quality of life.  Our work is the first demonstration of polySia 
expression in prostate cancer and our results validate a non-invasive testing platform to detect and risk 
stratify prostate cancer patients through the evaluation of polySia positive extracellular vesicles.   
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Authors: Simon Wisnovsky, Prof. Carolyn R. Bertozzi 

Institution(s):  Stanford University 

Cancer cells are frequently characterized by extensive remodeling of their cell surface glycocalyx, the 
complex pattern of sugar modifications that decorate cell surface proteins. In particular, cancer cells often 
overexpress an unusually high density of sialic acid glycans on their plasma membrane; this modification 
shields tumors from detection by the immune system by robustly inhibiting immune activation. In recent 
years potent cancer immunotherapies, which target tumors by enhancing the native anticancer activity of 
immune cells, have shown the potential to revolutionize cancer treatment. These advances have made it 
critical to better understand the mechanisms by which cancers evade immune surveillance. The 
oncogenic signaling pathways that specifically coordinate upregulation of cell surface sialic acid in 
cancer, however, remain poorly characterized. Here we describe a strategy for uncovering and 
annotating these pathways using a CRISPR-based genetic screening approach. A library of gRNAs was 
screened using FACS to identify genes whose ablation significantly reduced binding of fluorescently 
labeled Siglecs (Sialic acid-binding immunoglobulin-type lectins) to the cell surface. We thereby 
generated a list of genes with putative roles in driving the cell-surface expression of sialic acid-containing 
Siglec ligands. This list included known factors in sialic acid biosynthesis as well as a number of 
potentially druggable novel molecules, including a member of the MAP kinase family and a 
bromodomain-containing chromatin-remodeling factor. Follow-up studies to confirm the role of these 
screen hits in sialic acid-related pathways have also been performed. This preliminary study provides a 
novel insight into the genetic factors that underlie changes to the cellular glycocalyx and hints at how 
these pathways may be targeted for cancer therapy. 
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The adult onset muscular disorder GNE myopathy results from mutations in GNE (reported in 2001), 
encoding the rate-limiting enzyme of sialic acid (SA) biosynthesis, UDP-GlcNAc 2-epimerase/ManNAc 
kinase. Animal studies suggested that the paucity of SA due to GNE deficiency likely causes hypo-
sialylation of muscle glycans, resulting in progressive muscle weakness and atrophy. Therefore, 
sialylation-increasing therapies are plausible approaches for GNE myopathy.  
In 2005, we tested intravenous immunoglobulin G (IVIG) injections in 4 patients, since the abundance of 
SA on IgG could potentially be utilized to sialylate other glycans. In 2010, we were involved in a single 
patient study of intramuscular or intravenous injections of GNE cDNA. Results of these early studies 
were encouraging but inconclusive. Additionally, they were either impractical (frequent IVIG injections) or 
with an unclear path for regulatory approval (gene therapy). Preclinical studies showed that oral SA 
pathway intermediates (Neu5Ac, ManNAc, sialyllactose) ameliorated muscle decline and glycan 
hyposialylation in GNE myopathy mice, leading to rationale for clinical evaluation. Supplementation with 
SA (Neu5Ac) was pursued into a Phase 3 trial, but failed to show efficacy (Ultragenyx Pharmaceutical). In 
parallel, we evaluated twice-daily oral administration of the neutral SA precursor N-acetylmannosamine 
(ManNAc) in a 30-month Phase 2 open-label trial (NIH).  
Cellular and SA pathway properties and pharmacokinetic (PK) results of ManNAc provided evidence for 
potential significant benefit. ManNAc is uncharged with an efficient cellular uptake (diffusion), while SA is 
negatively charged and acidic, which requires more complex cellular uptake (micropinocytosis). In fact, 
ManNAc is commonly added to cell cultures for full sialylation and/or growth of the cells.  Oral SA PK 
studies showed a significant first pass effect in rats and mice, necessitating design of alternative SA-
delivery formulations for human trials. Our studies in GNE myopathy subjects demonstrated that twice-
daily ManNAc administration was safe and well tolerated and led to sustained increases in plasma SA 
levels, confirming intracellular (where GNE is located) conversion of ManNAc to SA. Muscle biopsies 
taken at baseline and after 3 months of ManNAc therapy showed improved sialylation of membrane 
glycans. Muscle strength studies at 18-months showed a ~45% slowing in the rate of decline (compared 
to natural history decline), with a 96% probability that ManNAc slowed the rate of progression of disease. 
When subjects were asked about their ability to perform tasks or functions, the majority reported their 
functional ability to be the same or improved. These findings support further development of ManNAc as 
a therapy for GNE myopathy. 
The presented timelines of gene discovery and therapeutic investigations for GNE myopathy are 
illustrative for therapeutic development for many rare metabolic disorders, which is often a 
costly, time-consuming process. 
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Title: Development of a cell-based assay for quantitative polysialic acid analysis and 
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Institution(s):  Institute of Cancer Therapeutics, Faculty of Life Sciences, University of Bradford, United 
Kingdom 

Background: Polysialic acid (polySia), a unique carbohydrate homopolymer of sialic acid, is widely 
expressed on the surface of the neuronal cell adhesion molecule (NCAM) in a number of cancers. 
Functionally, it regulates cell-cell and cell-matrix adhesion, migration, invasion and metastasis and is 
strongly associated with poor clinical prognosis. Polysialyltransferases (polySTs) are responsible for 
biosynthesis of polySia and are thus a potential therapeutic target. Although immunology-based 
techniques and analytical/fluorescence-based methodologies involving intact polymer cleavage have 
been extensively used in polySia analysis from biological samples, they are not ideal for routine anti-
polyST inhibitor screening. The antibodies cannot directly distinguish polySia of various degrees of 
polymerisation, while the intact polySia cleavage-based assays are less sensitive and cannot offer 
straightforward quantitative results for inhibitor screening. To quantitatively evaluate polyST inhibitors, a 
sensitive, robust cell-based assay to measure cellular changes in polySia expression is required.  
Methods: In this study, a sensitive cell-based assay was developed to quantitatively analyse the cell-
surface polySia-derived sialic acid in neuroblastoma cells. This was achieved by purifying the released 
polySia released by pH adjustment, organic precipitation and acid hydrolysis. This method was applied to 
evaluate polySia changes as a result of treatment with novel polyST inhibitors. The polySia was first 
separated from cell lysate by mild acid hydrolysis and acetone precipitation. It was then purified by 
ethanol precipitation. We further analysed the role of lactonisation of polySia during the organic 
precipitation. The purified polySia is further hydrolysed into sialic acid monomers, followed by DMB 
labelling and RPLC-fluorescence analysis. This method was validated by analysis of polySia in C6-
ST8SiaII cells, with the treatment of Endo-NF in a various concentrations.   
Results: The method was optimised after investigating lactonisation of polySia during organic 
precipitation. Lactonised polySia was mainly soluble in 90% acetone/90% ethanol, while natural polySia 
(non-lactonised) can be precipitated by ethanol in the presence salts. Based on the different solubility of 
polySia, a cost-efficient assay was designed to purify polySia released from cells with a low level of non-
polySia-derived sialic acid contamination before further acid hydrolysis. By applying this method, we 
quantified the different levels of cell-surface polySia-derived sialic acid between polySia-positive and 
polySia-negative cell lines. Furthermore, we successfully validated this method by Endo-NF treatment in 
C6-ST8SiaII cells: the EC50 of Endo-NF digestion of polySia in C6-ST8SiaII cells was approximately 5.4 
pM. Compound inhibition data will also be reported.  
Conclusions: A cell-based LC-fluorescence-based method for quantitative analysis of cellular polySia 
expression has been described. The assay has significant potential for the evaluation of novel polyST 
inhibitors. 
Keywords: Polysialic acid, sialic acid, polysialyltransferase, cell-based method, inhibitor screening 
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Institution(s):  Complex Carbohydrate Research Center, University of Georgia, Athens, Georgia, USA 

Mass spectrometry (MS) has become an essential tool for glycomic analysis of biological materials. We 
have developed comprehensive MS-based analytic methods for characterizing N-linked and O-linked 
glycoprotein glycans, glycoproteomes, glycosylation site mapping, glycosphingolipids (GSLs), lipid-linked 
oligosaccharide precursors, glycosylphosphatidylinositol anchors, and free oligosaccharides. An 
important advantage of our approach is that it yields multiple glycome profiles from a single aliquot of 
starting material. Our analytical methods have produced a greater understanding of the consequences of 
altered glycosylation in human disorders. For example, we have applied our glycomic strategies to 
dissect the functional and biomedical significance of a neurodegenerative disorder caused by a mutation 
in ST3GAL5 (GM3 synthase) and have investigated pharmacologic approaches for modulating 
glycosylation in collaboration with our clinical partners. We have also characterized the glycomic 
alterations in a select set of rare human disorders modeled in rat (α-galactosidase A deficiency) and 
zebrafish (COG4 deficiency).  
We use permethylation for glycomic analysis in order to simultaneously assess structural diversity of 
complex glycans. Permethylation enhances ionization of glycans by neutralizing the impact of charged 
moieties and aids in quantification for both neutral and acidic glycans. However, significant questions 
remain unanswered regarding whether and under what conditions MS spectral signals can be used to 
fully elucidate the structures of complex glycans. Therefore, we have been dissecting the MSn 
fragmentation pathway of permethylated glycans and constructing glycan fragmentation database in 
order to develop high-throughput automated MS-based glycomic tools supported by MSn fragmentation 
workflows that provide rich structural glycan datasets. We have previously established glycan structural 
database at MS1 level for N-linked, O-linked glycans and GSLs that can be linked with our MSn glycan 
fragmentation database for the detail analysis of glycan structures.  
We have developed GRITS Toolbox which is an extendable software system for processing, interpreting 
and archiving glycomics MS data and associated metadata (http://www.grits-toolbox.org). GRITS Toolbox 
also includes an integrated annotation module, called GELATO, which annotates experimental MS data 
with glycan structures and their fragment from glycan databases. This software can be used for loading, 
analysing, and storing of N-linked, O-linked and GSL glycomics MS data. A newly developed extension to 
the GRITS-Toolbox, called DANGO (Data ANnotation system for GlycolipidOmics), now also supports 
automated annotation of intact GSL structures.  
In this study, we have dissected GSL fragmentation pathways in order to implement DANGO for high-
throughput automated glycolipidomics. GSL produces signature fragment ions derived from glycan and 
ceramide moieties which differ from those of other complex glycans. We have also tested DANGO for the 
analysis of clinical GSL samples in GM3 synthase deficiency. As implemented, our software dramatically 
streamlines data interpretation for glycan analysis. 
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Authors: Gour Chand Daskhan1, Bruce Motyka2, Lori J. West2,3, and Christopher W. Cairo1* 

Institution(s):  1Alberta Glycomics Centre, Department of Chemistry, 4-082 Centennial Centre for 
Interdisciplinary Science (CCIS), University of Alberta, Edmonton, AB, T6G 2G2; 
2Department of Pediatrics, Alberta Transplant Institute, Canadian National Transplant 
Research Program, University of Alberta, Edmonton, AB, T6G 2E1; 3Departments of 
Surgery and Medical Microbiology & Immunology, University of Alberta 

Extending the in vivo half-life of bioconjugates is of particular interest for their therapeutic applications. 
Conjugation of biomolecules with poly(ethylene glycol) (PEG) has been successfully used to enhance the 
pharmacokinetic properties or proteins and conjugates.1 However, conjugation of this large and 
heterogeneous polymeric scaffold may present difficulties. Alternative small-molecule based approaches 
have been explored to enhance the in vivo half-life of peptide and protein conjugates.2,3 Among these, 
AG10 has been identified as an epitope that can bind tightly to human serum protein transthyretin (hTTR) 
and rat TTR (rTTR), and has been found to extend the half-life of peptides in serum.3 We propose that 
this strategy could be extended to synthetic glycoconjugates and may enhance their in vivo persistence. 
We have synthesized analogue of AG10 which can be easily prepared and attached to a glycoconjugate. 
This analog was confirmed to bind tightly with both hTTR and TTR from mouse plasma using 
fluorescence polarization (FP) assays. We have developed a conjugation strategy for synthesis of 
multivalent homo- and hetero-functional conjugates presenting both BCR-specific ABO blood group 
antigens and sialosides as Siglec ligands that showed clustering of BCR and CD22 receptors in vitro.4 
Using this strategy for attachment of carbohydrate epitopes and fluorophores, alone or in combination 
with the AG10 analogue, to a well-defined tetravalent PEG scaffold allowed us to prepare modified 
conjugates for studies of persistence. Synthesis of the AG10 amine, carbohydrate amines, AG10 analog 
and glycoconjugates, as well as evaluation of in vivo half-life in mouse serum will be presented. 

1. Kontermann, R. in Therapeutic Proteins: Strategies to Modulate Their Plasma Half-lives (Wiley-
VCH, Weinheim, 2012). 

2. Qi, Y.; Chilkoti, A. Protein-Polymer Conjugation-Moving Beyond PEGylation. Curr. Opin, Chem. 
Biol. 2015, 28, 181-193.  

3. Penchala, S. C. et al. A biomimetic approach for enhancing the in vivo half-life of peptides. Nat. 
Chem. Biol. 2015, 11, 793-798. 

4. Dashkhan, G. C.; Tran, H. T.; Meloncelli, P. J.; Lowary, T. L.; West, L. J.; Cairo, C. W. 
Bioconjugate Chem. 2017, in press. 
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Institution(s):  National Research Council Canada, Human Health Therapeutics 

Actinobacillus suis is a facultative anaerobic Gram-negative bacterium and a common commensal in the 
upper respiratory tract of swine. It can be an opportunistic swine pathogen causing a variety of diseases 
such as pneumonia, septicemia, meningitis and arthritis. The genome sequence of the virulent A. suis 
serovar O2 strain H91-0380 was reported in 2012 (MacInnes et al., J. Bacteriol. 194:6686-6687). Three 
sialyltransferase genes were identified in the CAZy database: two in GT52 family (ASU2_01205 and 
ASU2_10565, the second one being also annotated as “possible fragment”) and one in GT80 family 
(ASU2_08685). A. suis H91-0380 was reported to produce three surface polysaccharides including a 
sialylated O-chain (Deutschmann et al. 2011, Biochem. Cell. Biol. 89:325-331) and a “free” sialylated 
oligosaccharide (Deutschmann et al. 2010, Glycobiology 10:1227-1232). The O-chain polysaccharide 
carries a sialic acid that is alpha-2,3-linked to a side-chain galactosyl residue while the “free” 
oligosaccharide carries a (9-O-acetylated) sialic that is alpha-2,6-linked to a galactosyl residue that is part 
of the backbone chain. We cloned and expressed in Escherichia coli the three putative sialyltransferases 
as fusions with the E. coli maltose binding protein. The purified recombinant sialyltransferases were 
assayed with a panel of potential mono- and di-saccharide acceptors labeled with fluorescein. We could 
not detect activity with MalE- ASU2_10565, which is consistent with the proposed annotation suggesting 
that it is present as a “possible fragment”. ASU2_01205 was shown to have weak activity (low 
mU/mg) with N-acetyllactosamine labeled with fluorescein. NMR analysis of the product showed 
that ASU2_01205 is an alpha-2,6-sialyltransferase. The GT80 family sialyltransferase 
(ASU2_08685) expressed very well as a MalE fusion (construct AST-03) yielding over 50 units 
per liter of culture when assayed with either lactose or N-acetyllactosamine (labeled) acceptors. 
TLC and NMR analysis showed that ASU2_08685 transfers an alpha-2,3-linked sialic acid to the 
terminal galactosyl residue of lactose and N-acetyllactosamine. The regio-specificities of 
ASU2_01205 and ASU2_08685 suggest that they are responsible for the sialylation of, 
respectively, the “free” oligosaccharide and the O-chain polysaccharide produced by A. suis. We 
showed that ASU2_08685 (construct AST-03) can transfer sialic acid to de-sialylated N-linked 
glycans attached to apo-transferrin, alpha1-antitrypsin and IgG1, although less efficiently than 
the mammalian ST6Gal1. Interestingly, ATS-03 was specific for glycans attached to the Fab 
glycan of IgG1, which we used as a basis for developing a method for specific labeling of that 
glycan. 
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